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L, R 5 BT R GEARAT

PRI, AW B SE U T 3 E MEM MEM «.
DMEM { 4% .DMEM i # .\ DMEM/F12,M199, L-
15 .RPMI-1640 . McCoy’s 5A 45 [ 5 55 5 v i 75
TEIEOL, 15 BB RS IR 0y feal 5 R ik o 7R I AL A
b A BEA N SR BRI R AR IR R
T dd B RIS N EPC 4 Mg i Bk k&
52, B TR E /NI RSB AR TR RS & & 0% 57
TRR OGN 2
1 MREFE
1.1 AEAERTFER

38 FH 4 10 ( Carassius auratus) Wi B T H 4
25 Y R (4.0140.15) g0 BEHLAMEC 10 B4
o, FIBCAR R B, OF 3 BUEE R 7 A, B IA TG/
JRHU AU A 27 A UG, g fa iy 5% 2 8], fe) SR 7 4
BEAKRAR T, B SR HIK O B0 ROK RS2 1S 80 2%
oA o FRGH IR B K PR EE S R - KR (2454
0.7) C, 5% (7.4+£0.4) mg/L,pH 8.64+0.1, &K
PR 1 s b UL 1A RE 5 M B R A BT & Y
2%~3%5

/NRHCRAE B 10 DU AR rh Al K 22 57 5
b, 15 N EF (Tachysurus fulvidraco) o /MK
AR 325 B Hu 5 05 2 AR AT
JEL /N I HL ) B 300 £ T AR R /K (0.22 pm BB R
1F U8 ) AT L, S FH 200 R 1 ) e i 1 BB o 44
F TR T L LR A R & ) — A T
B SR I B 3 TP B R 2~3 RS P NI T
25 CHEAE 14 ho (i RS AR I 10 pl 14t £ 4 ol
WA b R U8R (Olympus SZX16) R it
B e B0 ORI JUk b B R
FEU L MR A R, WU R AR U, AR
oA =10 000: 1 AR5 BEAE AT 0.5 LK
A 3BT (30 em X 15 em X 20 em ) B YL 6 J2 {5 e
Gt JBRGY T h I &N 1 LBES0K , Bl f5 173
ERLER, G 0 E T 25 CF KSR A~5 d R R fadk
R AR E L HEE LR R T R EE R
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1) 8 I 7 98 (epithelioma papillosum cyprini
cells, EPC) 4 ft B il £ . EPC H A Al KoK
P B AR R B AT . AR TR S R T

10% BE 4 1 (FBS) F1 1% 5 R -4 RIH I
(PS) 1y M199 3552 5 b, £f EPC 4 i < %5 R 4 H oK
O T-25 RIS SR, ] 2 mL EDTA- R H
FRANIE , 24 80 %6 1AM it i [n] € A2 AR R , A 2 mL
B B SR LR T Ak, WA A RN 5 5, 1 000 1/
min #5.0> 8 min 3¢ FF o RHICEE 2000 40 L DTTE A 4
mL BB IR L (5 10% FBS #1% PS By M199 537
BE) VRS RN ARAS 4H AR

2)EPC 4 52 625 o B R 4 A2 200 pl
F1 1.3 mL B i 35 TR AL A0 T 12 fLAN M3 e b, 75
A A A R A HOR SO R 5 97 A, BIAS 31 EPC 40 i
LN

3)EPC 4il i A1 il £ o B AR 4i i B 200 pl. Al
1.3 mL B 1% S 5L Fh T 12 FLAR R B 500, R
A A B i L R Bl Wt s 7 A S 5 R 4 1 D e
EPC 2t J 7L AR O & 1 ) s, A 340 25 100 248 it 7 £L
A g DR R S T AT B, B4 2 EPC 41 A
1.3 ZTHEFEREHREHIRKE

MR Ekless 25100 i 77 vk ) 45 0 R U B 1R BURE,
TG NSRS A SC ARG Tk 117 st vk
J& B3 FR AR (30 A ) 55 78 28 5y — IS i u8 e <K
(0.22 P PE L 8 , B 0 1% PS) A4 Bl B S 1L rp 22 35k
5min, EE 3 VLT 9% TR R AR 1 75
Z 96 LA T, B LI A 250 pl 3 JEBRE S K A 1A i
. 7825 CIEAk 14 h i, 96 FLAR A R i £ A s
o TERE ALK 96 FLAR By HUR RS & 15 mL
EPAF, I AT I BESOK AR B, 79 21 J0 i B 7R HUB
(200~300 ™ 4xi & 1A /mL)
1.4 FEREAREEFENIGE

e L M199 5 # 3 DMEM & M 55 77 3% |
DMEM/F12 #5735 (3401 [ 5% [ Gibeo 23 | ) Fl Mc-
Coy’s SA K5 F  (h [E A8 4= W) A\ ) LL & MEM
MEM o ,DMEM i B . 1.-15 , RPMI-1640 £ 35 3 (14
4 [ 2% E HyClone 23 7)), 43 51 5 1 8 i B <K 10 1
SEPRTRAR R, TR N 10% FBS M 1% PS, i 45 % 1%
FREETR . 7% 12 FLANEE F AR 2 B A 1.3 mL
IR IR RLFIR W, X BN 1.3 mL i JE UK,
FEmAFLHIMA 200 pL TCR A Bk, A i E 3
AT B 12 LA MBS SR AR 25 CRE R, TR
8% (Olympus SZX16) T £ K M 245 20 f & K
FE 15 RS (G2 Bh Ak e 2k HAF EA RS Bl & ik
WA AL T 1000 G 4% A B R B AT R (FE 15 1Y
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AR/ HUAR BBOC100 %), 07 08 H et B AR A7 3 R
B PR R, B ROE B Rt
1.5 HRMEPCAMmpEARER/MNIBNEFEERN
EKNE

HUA SC bR 05 1k 1.27 /R 5 558 2 EPC 40 i 2
JZ 814 T EPC 41 M 4119 12 FLRF 374, 43 B 5 1H
W, FRIA 1.3 mL M199 35 3% 55 09 TR W, %F B 41
A 1.3 mL it 0.22 pm 8 B 8 AR SK , I 1 1L
HIA 200 L JC TR 6 A O, B R 3T .
B 12 FLAN M B IR B T 25 “CR 9%, T8 B W i B
(Olympus, CKX31) & K MEEGe 145 /NI Y
FETE 2, B3 A A AL E B 5 A HUpARHA BRI o s AR/
(KBESEEZM/2).
1.6 BEFEPFEEERERMRERKMELH
WE

1) 5 57 5 v 5 3 TN W 0T S vk B T O . A
SE 15 77 v Bl /NI L B R B 2 T B B T
WERE  AE 12 FL AL G T Al b 4 S A 54 0.1.2.3,
4.5.6 g/L BB EE AR 2 58 1.3 mL, B i ik
FEVEE 3ATAT, Rrdi R BB A 5, i &L om A
200 pL JC B 45 B IR HOME , I BEAR ST M RE S O ik
L1 B g L h ik Sk, =2
Je B 12 FLAA M 85 FR RAE 25 “CHE 55 24 h, B TR
B T G AR FL P B T IR b A R B 3t
B AU 1= A (RG50S i W 1 Rl 5 77 2
Yy AR RCR /AR S . DL HUARR A B e AL
S R B R B N I o R

2) AN BN I o 7E S5l B o vk
BESAET AR BAR AR S R B AN R B,
HgabHlc 3SFHBNSHEHR IR B a s BUlE b
BmE BRI RIR AW 2 RITE 1290 A
1.1 mL & R S I8 0 (I H V8 BEF Biowest 24
A B SEA S IR I R HEE S, B 200 pL EPC 21
JfL B RN 200 pl 45t B AR HORTR &, RS WA H & 7
FE R ATR A BOMA B RRE IR 5 12 Bl bR B

EHE S AR R0 TR G 45 5%, BRE 200 pL EPC 4

B 200 pL e R AU S 1.1 mL & A (R0 A B
BB B A B R 364 30 “CLL FIRA , B B TR A 0
B 12 LA 8% 57 4 b I RE TR A W 5 1B e
TR VS I 2 R0 LR A W 2 BDAE 12 4L
FEM P AE RN EPC 41 MG, & F 25 ChRE R h 5 24
ho SRIGWREEIRW, A 1.3 mL & A R0 S 3 b 10
FEARYEFREL TR R AR E IS S F 200 pL TE R B4

HO R MAR L A% 22 240 L RN B R MR 1 R 52 2 1)

3) AN ) BrARARASE 2T /N TG HU A3 38 A AR R AUR
P, HF a bl e 3R IR ME S s 20 1 20 i 8
BT 25 CHEEREFRAE P B R A BCE 3417,
I T8 B 84485 (Olympus , CKX31) A K241
A2 /N I L A I B, 2 B AL B 5 > H gk
FARRI B BRI R/ DL RS R e i HAE K
PRAY LA 5 A SR i ks TS s =X
1.7 St 55H

PR 56 0 a0 B s F SPSS26.0(SPSS Inc.) . Micro-
soft Excel (Microsoft Corp.) Fll GraphPad Prism8 4
IR B g5 SR B LIS (B £ AR v 2% (mean£SD)
il IBM SPSS Statistics 26.0 #fFiEA7 5K %
75 225307 (one-way ANOVA) , 2 5K K a=0.05.
4 i GraphPad Prism8 {4 A T/ER

2 GRE5HMH

21 BRREAREBEEFENHE

BRI IR B P A E R E 1R,
Horpr X BRAH (B SK) At AR ARG I 1R 1 d L 3
5 4 Ay B AR AE T B ] R A~6 d, H i T IR AL
DMEM fii#% .DMEM = . DMEM/F12 MEM o
McCoy’s 5A 35 F He P 45 AR TE 58 4 R A7 1 %
43 5 R (10.3540.10) % | (9.43+9.10) % . (9.014
14.83) % . (12.37+12.66) Y% #1(18.21413.30) % , #F
955 KE R AT, 1 L-15. RPMI-1640
FMEM K 7% 5 b 3t & R 78 56 5 K 1Y A7 35 2 43 3l
Jy(0.41+1.23)% . (0.53+1.59)% H1 (14.30+
13.85) %, FE 5 6 KA &R 2RI T . M199 35 5%
Ferh BB RAENE B R A, AR5 6 R B R 1 A7
T RAAE (3.77H4.79) % , FE 5 7 K I 4 7Rk 45
T,

—¢—7/K H,0
—e— MEM
——MEMa
—m— DMEM{IGHH
DMEM-low glucose
DMEM i ¥
DMEM -high glucose
—¥—DMEM/F12
—— M199
—a—[.-15
RPMI1640
—%— McCoy’s 5A
o 1 2 3 4 5 6 7 8
ffal/d Time

1 ARBFEFERAENEETE

Fig.1 Survival rate of theront in different mediums
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2.2 #MEPC4Rax /KR FFEEMERR M

TE M199 35 5 a3 i EPC 4 A A1, 1 d J5 ml W
Z 3 4 it [AT vt 3B [ A, A L 20 i P e v
BN GNE , 2 BG4 [ O S I SRS 20 A
i R S /N R B SRR TR S ERis 3 —
(& 2A B). MMifESZ EPC 4/l i iR 7e i 55
AR — EH AR SRS JEIR i E TR -, B
FERG TR ] AT 25 — AL T W48 A1 5 B [ 22 [)
(F2C D). MRHEIHF fiz sh i sURTE S HRAE , H)
IR R: VAN N R e E2 SySE 7 % N 5 =

QL 3A iR, X B2 (B K) Hh 4t B AR I B
]2 1 d, a4 ARG I ] o 2~3 d, B T
IR . WRMER)ZE EPC 415 L 3 IR E 5 3 K11
T %20 (0.6340.88) %0, 7657 4 K i i & R 235t
Too HALZEH B E AR R B RO A, A
HARTES 0.3 K43 R (29.464+14.09) | (29.43+
1.07) pm (& 3B) , ol % 2 5 (P=0.05) . %/ EPC
9 A R TE SR 2 KB AF 16 R O (34.47+
32.52) %, 55 SR B RIS T, EPC 4i il rh
(R o 4 B AR R T LSRR TR EARTESE 0.2
K434 (30.0240.19) . (31.32+3.79) pm (& 3B),
Jo % 22 5 (P>>0.05) . AJ WL, M199 3 57 B s i
7K H,0

EPC 4 g 4]
EPC cell aggregate

EPC 4 1)z
EPC cell monolayer

—
(=3
=}

FE95 % /% Survival rate
o
>

) 1 1
4 5 6
I} [8]/d Time

&3
Fig.3 Survival rate (A) and mean diameter (B) of Ichthyophthirius muiltifiliis in the medium added with EPC cells

2.3 AREEEREMRMER T/NLAYEF
RINEKESE

1) 85 35 56 B0 38 B R W VR B i 5 . Gl 4 7
N, B BRI B R R AR R
e BTHE TR TR RIR N 1 g/ LT,
B A AR AE N 00 MBS Ik
JER 3 g/ LI 53R 3 5 A IUAHR A Rt , 5 3
(28.734-10.53) %0 o 17 24 T g W Jo o ¥R Ok 6 /L
B, 35 FR 500 K, R BURIR TR A IEEHR AR
0. AT UL, 7EM199 85 5 e rh IS i B it Wk B R 3 g/ L

AR P ¥ ATURR J A 3 cxsbiET )
A~B: 5 T EPC 4 AT 1957 18 (kA8 R 3R 1K) 5 C~D:
EPC 40 it 502 b AR B 30 B R (BT SRR R 3B i) s A LCa B R 1
d;B.D:}i5% 2 d. A-B: Trophont attached to the EPC cell aggre-
gate (arrowheads indicated trophont) ; C-D: Theront unattached to
EPC cell monolayer (arrowheads indicated theront) ; A, C: 1d after
culture; B, D: 2d after culture.
2 INRHEZERINEPC 4SS E PR 4T
Fig.2 Morphology of Ichthyophthirius multifiliis in the
medium added with EPC cells

B EPC 40 M A BE i 05 MR R B G SRR, B

EPC 40 Jii A1 m] {1t 450 £ U e 3 GG SR A (G SR 1A
B ERMES.

50[ 7K H,0
5 EPC 4 i 4]
% T® EPC cell aggregate
% 40 - EPC 21 2
= EPC cell monolayer
:
T =
i
@
i 20+
.5‘
-
10 1 1 1
0 1 2 3
I []/d Time

AN EPC HRaREFREH/NK RN FERADMEHERZEB)

B e 1 S BT AR

2) 3 Fh TN AL 3T /N IR B A7 3 RO AE K
FRAE o 3 Fh B BE AN A 2R /N IR dat & (A m]
WEE T3 IR B B IR 2 b (RS BUIR R 19 8 7
B N AR 2SN 18] 5 B 7 o B R Ak by e ik 2y
RONAE , HZ BSeH b B R WL sRE, 5
INKH FRRTER S Bz g r X B — (K
5A~C).

U 6 7, X BEZH (WK ) R i B A7 s )
H1d, iR a b e IR E) Dy 3 d, Bm T
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501
——EPC-a
b £ 100
E E
£ 30r =2
% 20} A Uzj
¥ g 50
o 10} i
ol—e—L |
1 2 3 4 5 6 0
Lﬁﬂg*ﬂ}ﬁ%%ﬁi/(g/L) I i8)/d Time
The mass concenlralion of agarose
B4 NKHEERMAEREREREERN -
L 4 Lru-a
=3 NEPNES
R ERIEAE .
Fig.4 Invasion rate of Ichthyophthirius multifiliis 5 A— EPC-c
o
in media with different concentrations of agarose E H,0
\
B E
£
{8
Gl
. i
) Eay
H_
100 pm
B & s o 4 5
5 1E]/d Time
p [ R AN 7] 38R 22 5 1 2 (P<<0.05) . Different letters in the
) & w’“ same group represent significant differences (P<<0.05).
oo ¢ 6 3FHIRASHEAES s/ R
BREAMEHERB)
100
— Fig.6 Survival rate (A) and mean diameter (B)
o of Ichthyophthirius multifiliis in three agarose models

100 pm

A a G FRI B A b TR C o B e P 7

& . A: Trophont in model a; B: Trophont in model b; C: Tro-

phont in model c.

ES NRE#EFETE 3PS A SE
Fig.5 Morphology of trophont in three agarose models
XL (I 6A) . Bk a b c P IATES 3 KT
TR 9k (26.73+16.59) % | (22.86+1.22)%
(36.79+23.74) % , 7545 4 RAF A K 4T AET . 3
Tl Bt Bl A v 2 3 A e AR R R O SR A L
TR ERYAZERMEE(E 6B) . 51 KA B
X ab.c P IR K B AR 4 00 R (29.51+411.96) |
(28.794:11.95) . (30.41213.26) pum; 45 3 K}, F=

a.b.c IR E AR5 B E K N (37.4043.99) |
(39.5148.51) ,(45.14410.92) pm, % I, #i= crh
W SRR T4 il (30.41£13.26) pm W E R K K
(45.14410.92) pm, ¥ IR0 AR o B dethe , PR =X
cORF B IR R 22 TN 3 o/ L BRI Y M 199 8% 7% 3
FIEPC 48 i i) 40 i 52 22 1)) f i it B 1R & oM
TR R SR
3 i it

AWFFE IR T 2 F/ NI S B AR AEAS [ 3 5
oA T L, T T 3 At A Al G R R 1 A
L ERE TN K7 98 (EPC ) 41 RN 35 T 450
BRE TR 455 % B M199 55 37 3 n] 2 R 3
AT B R A, T S il T AR IR L 7
TN EPC 40§ 14 59 M199 55 35 56 rp i ik v R &
BLEFRR  H TR TE W A K . BLAh, FE R 7R 3
rh e EOAS TR A S I B B b, B B AR X W] & B
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TR BLAFTR BRI AT 35 3 d, Horb DABUB O T s AR A
20 2 R O g R R A K A HE AR Bl
ITE

AT R IR, B B R AR 45 Tl 15 5% 5 o n] A2 7 4~
6 d, 3 i T AR K IR T i A= A7 ), 3% BH ke ks
FRIAE— R E F IR AR T TR s
T Horb i MEM B 3R S & AR T 7735 5 d,
IMAE M199 55 5% 5 vh 0 S R A7 & B TR e A, ATA 6 d
L FAL S A L L7 0o (TEHLER B 7 &3
1% FN 2 A= 25 20 1) i MEM 85 35 5, M199 35 37 5438 2
A RIS BT U I g R e A A
D 3 2 18 o3 A Al /N R S BRI s h B
TR o LY TRV 2 52 N I g A 00 1Y) E 2
K% . Ekless %10/ EMEM K 35 2 th v fin 10%4 14
G LT , PTAERUE AT 4 do 3BT B
7N AE S R LT 9 EMEM 1 35 3% rhJ5t £ 44 o] 735
14 d, TIAE 5 68 £ 103 1 2540 B AT ARG 22 do ARBIFSE
FERGFR IR N 1026 R 20 U35 )5 , BB IR A7 I B
7] 55 Ekless 2510 g 4 A — 5, = T4 M199 3%
I 3 v Jin 68 £ 10 BE A E— 2P K B IR AE T
B[R] AT 7 J B2 000 o A VR 0 I 37 B 08 2B < 4t £
AR TE 35 35 vp A7 05 B[] (R BT A 4 F T S B Ay
Tk BB AR . Rt A7 45 6 /NI U 75 A=
AW R BRI AR HE /N R B B R R Y G
A

ZANY =R S B SR R e A B R S
SR e AR TN A = i ol 52 ] ORI GRS 11 ]
AF 5%t 2 B, i B2 TR A I e A0 i /DN TR S 7 7 24 30
) $5 HPY) E B R R 0 RS,
ITHE M199 552 B i A2 EPC 405 , R &
TRTCHE & B MUK, Xa 20200 18 32 0 R [R5 47
) 2H 21 B 40 TS I 28 MI199 5 SR L), ok IR g Ak AR,
SRICTEL A T 4 M 2R 2 oh (R B T A gl &
B ML FEAR . Margaret ® 1 45 et @R FEFERD T
VG A0 A EMEM B 32 3k of | 3t & (R R B R 5
F AN M o2, (HAERE 2 T 40 i 2 R A Xk, X
S g3k LS I A2 A0 R T 5 TGk SR /NI A 1 AR
B BT A7 B 25 1k IR E , AR IR 50K EPC 40 il 3 40
JiL AT A T 2 A B 3 R S v 45 R R I B IROR Y
A AR T 40 B A vh  i ELRT A R RN SRR X
7 T /NI H 4 R T 2B A A 4 i 2R 5
MTSER H B & . 4RI, A58 h EPC 20 g 141
{18 T A X B A, L 40 i 1) 70 1 Ak 802 s i A L A8 £

T B M A AR 85 T R v G L IR e ik AR TR R s
G LAFI TN R AR . R, il iy s e
IS A /N R AE EPC 4 & B 855 540 5
H— P EAIRE .
T NG e 1) ] LB I AR T8 O AR n] 98 ) =
A 28 B 18, 33X Fh 45 1 e 7 20 A 1 5 0 2ok R v ol 2
i k7 o I i 0 e R e s B 34
BRI T2 AR B IR SR AR
WA L (Cryptocaryon irritans) f& 5| #1 K £ /8K
U B B LT L, B YA AR R S /N I HUR R
Yoshinaga 25161 84 5@ 5 75 1-15 5% 38 5 vh i A B Ig
W, FH S O )2 R0 40 o J2 4 A Bk R 2 | L
DLt R 25 A= T 0 28 B2 iR i PR, 45 2R BRI
BeAZz AT 7 523 240 L RN B A W O 1 )2 ) o AR K R
Bo et A2 3FORTE 2 (a: BiARMETE
AR S 1 R AHM N 2 b R O AR 7 3 20
RA KSR, o BUIBHAE AARRIE 400 )2 ) 10 15 5%
SE A I B AR R ARl T S AR A A R P Bk
T 40 B0 Bl 0 A AF BRI . A5 IR I 3 R I AR b A
KPR A R R T RO SRR, B SRR TE T N
TR A PR T AT A B A S B UE T A
FERSN R B T BB IS S . SR, B a Filh
rPR AR A R LA ¢ 18, X T BB P R ZE AR K
a b o B R b 2H RN Y = 2 2% 45 FAKE N TR
EPC 20 M 5325 , 5 SR A E LR B B8 B A e A b o
T, WA TEARD S SR R e 2 Hig K 2
40~50 pm, Z8/N T HAE S FIHR N L T BBUE 1R/
(500~1 000 pm )20 53 B4k 3 B AAIF 7 1Y)
W IR R 20 R R BN E R K,
FEJG SLit g, v LU — 2D U i 35 R Bk CREM A 5
AW BT LR HX - R R B 0520
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Screening of medium for Ichthyophthirius multifiliis theronts and
effect of adding agarose and EPC cells to medium
on their development

XTAO Jieyin, YANG Hao,GU Zemao

College of Fisheries, Huazhong Agricultural University/ Hubei Engineering Technology
Research Center for Aquatic Animal Diseases Control and Prevention/ National Aquatic
Animal Diseases Para-Reference Laboratory (HZAU), Wuhan 430070, China

Abstract  Ichthyophthirius multifiliis is a ciliated protozoan parasite that infects various freshwater
fish, causing ichthyophthiriasis. The life cycle of I multifiliis comprises three stages: theront, trophont,
and tomont. Theront, the only infective stage, invades the host and transforms into the trophont. This
study first compared the survival of theronts in different cell culture media to identify the most suitable me-
dium for in witro culture. Based on these findings, the effects of adding epithelioma papillosum cyprini
(EPC) cells and agarose to the culture medium on theront development were investigated using three mod-
els: (a), agarose was positioned in the lower layer beneath the theront and cell mixture; (b), the agarose
mixed directly with theront and cell; and (¢) , agarose positioned in the upper layer above the theront and
cell mixture. The survival rate and size of I multifiliis were calculated for each condition. The results were
as follows: (1) The longest survival time for theronts in medium M199 was up to 6 d. However, theronts
were unable to transform into trophonts. (2) The addition of EPC cell aggregates to medium M199 en-
abled theronts to transformed into trophonts, which survived for 2 d. The size of trophonts was (31.324
3.79) pm on d 2, with no significant growth trend observed. (3) In all three agarose models, theronts was
transformed into trophonts and survived for 3 d. The diameters of trophonts in models a, b, and ¢ modes
were (37.4043.99) pm, (39.5148.51) pm, and (45.14+10.92) pm, respectively, on day 3. In conclu-
sion, the present study demonstrated that adding either EPC cell aggregates or agarose to medium M199
promoted the transformation of theronts into trophonts. However, significant trophonts growth occurred on-
ly in the model where the medium was supplemented with both agarose and cells.

Keywords Ichthyophthirius multifiliis ; in vitro culture; theront; trophont

TR AP T)



