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U HREKHEE K M2 TREARF R A, JNFKRESKEFREELRE,
g R TR BRI R, 7R T 510225)

WE: Y TERTHEEBKE AR AESEEE, A% KM LB KK EE PCR(QRT-
PCR) I 7 IgMEE e K B REAE, HERNT IgMEF 4R F 054 UK A
HARBTIgM A EXHR. £RET, GMENRHELEN RN XL ERLTAL,
EHBEEFEREFY 0, IMERNKWAR T T4, EXEvREERG, FHH
REEELARAENRBTHEE LR NEAEA LT, BAEMFEBMRE AR, 5
AT EWFELRE. QRT-PCR I EHEFEKAHATTRIE. HEEEEZRERE T, Bk
Eafax g kKARMELA —CHhE®Rk Y, FHHEBET YW EARYEE. 45 A
% Bk B 4 i 5 0E M A (reactive oxygen species, ROS) F1 — & k. 4, (nitric oxide, NO) # i
ERELA; DFEAELRERL r, Bt FHET L E R BikE 48 ROS B
B, At NO é’]*"?‘i)’(ﬂ?&ﬁi%%”ﬁo HREH, EEBKEARTHEHELH —
EWBEREERY, FETUNELFRBRREFRRERRN TR EES S HE K.
KB B e BB MM, B IgM; "FREKR

FEZES:Q25; S9174 XakbrERE: A

A4 (Ctenopharyngodon idella) & " [E ) H WY F RIS BT, 7ERE b 2 gk
FRORFRIE MR, FEOMA TRIL, BRI KL IEEAAENRERE A A IgM, 1gD f IgT, H
BRVLIX = KK &R, HFRM ™ & KWt ER H IgM 1Y B i 7 4 6 0 3, R A IgM S Y
KFFEZ BN, BEEFFBAME En, % RIRG W C L TE 2R M g aE e, an s
BEAWOEAL, SEEMERMERELE, Wi, (Cyprinus carpio)®. KV ¥ (Salmo salar)”. #}
PAR 7 5 N R s AR W A1 BE A, (Epinephelus coioides)™ Fll &40 25 o

0] DU ok R Sk e AR R R e RR R PR R b AR ER A T — B B AR
RAEFFN IR R EY, R E PR R B B, EAEWIR . A A MRy B BN
PUATEPER SR, A BRI (Hy Ly, b, A WA O 1 2 40 M 47 AR R 5 1k e 5
HEARLE M W 2 4 F5E (heavy chain) Fl 2 55655 m9RONY, TR EREANML . kg0 i Fify 52
(light chain) 2 A%, 5% P FIVRE 0] £7 78 0 S5 2, SR 200 L 5 i W A L S T ARG — B R L, B
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WA A B2 50 S e e Oy, AR
2006 4 Li " 7E W1 68 (Oncorhynchus mykiss) H1 1
U B B bk I 4 i A R B R RE D S,
BE SCT AR T Bk A i A . ARk,
ki 282 A7 2 25 0 B £0 B Ik B A4 N 0 A W R T R
FAF 5T, b an 7E R 6 ff (Cyclopterus lumpus)™
FWF (Paralichthys olivaceus)"™ . 1£45 (Lateolabrax
Japonicas)'" . KZZEE (Scophthalmus maximus)"” %5
BT AR PR SE . SR, HETX T AL
B bk T 20 B %) A 05 B8 T B B TR IS PR ISR A R
RESESIENS

AW R T IeM R IG & & LR
M) A RIR O, FHORWESE T 1gM 78 4H 3 1
THRBER, Rt — DR B4 HL
WG PE, s sl T AN I Y B ik B4 A,
IO A WG T 1 R P W bR S K P AT T IS

1 MRS T

1.1 LR

S2H 1A S 1ok B YL AT XU 3
iz 8] 5286 =B 95 T 200 L AR PR SR B, 4%
WAL, KT, SE5 iy g /K < i
W (Aeromonas hydrophila). KW T (Escherichia
coli) 14 35 (0, 8 B BR 4 (Staphylococcus aureus) )
K HARLEE

12 MERBAEIBERAEEHAN T
eV P

KT HIE IgM T [ IR G & & I b i 3
KK, iz [E] B SZ R ORI L E B S O,
YAIAED I . AR | JE A R L MR A
WL OBk S 1. 5. 10 f120d R&E
FE I RS T A DR . AU bR
L BEBLREE 6 Fcf@ i fa [ (100 +10) g | 9k
B MR WL . B IR RN ER A 2,
JinA 1 mL RNAiso Plus i 7] 3 & T & F R~
He P& RNAiso Plus iX 7] (TaKaRa /A 7], Ki#) 16
P X b R A R 41 4UHE AT B RNA BB, JFH
Nano-2000 3 & 73 66 BE 11 (b 5 A 28 A7 B
28] K I RNA () 40 B FTk B . RNA 3% B 5%
SERFI & (Vazyme 4], maY) U455 B cDNA,
20 °C P17 H -

FI ] qRT-PCR 5 I Igh 75 7R [6] % & I 191
NG EEAL N UE SN R VR N S DA VA IR
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2 18 UltraSTBR Mixture(db 503 Ry {40 4= 9 Bl 5
AR wD AU AT, SV 7E qTOWER3 touch3
7€ 5 PCRAL P HEAT o BN HE a9 H By 2 ]
IgM MW S H B-actin 43 IS 3 RER, F
FH 2798 3k AT B s 4 A o BdE Wos Or Ko P
{H+hriE2S, {8 GraphPad Prism 7 & {4F HEA 715
M E 2408, P<O.05S() BREFBFE,
P<0.01(**)3R/R 22 0 i 2% o

13 IgMEMRRRH THRIERN

flt R0 [ (100 + 10)g | BEMLAY A 3 4, 5
6 41 43 5 1 55 100 pL #1107 CFU/mL Fg 7K /< 5
6 B 4 R (0 R A ER TR, 0 R T G S AR R
TR AR K s AIFE G JE 3. 6. 12, 24 1
48 h RAE L E AL, HREMM N T RNAIso
Plus IRFABIER A, R4 88 1R ki 1T RNA
FEHCH cDNA A A%, 38 & qRT-PCR Kz il IgM 1)
TR
14 BABHERNTESHK

&4 0.1 mg/mL JHZR4M (Sigma 24F]) 19 10mL
TC T T S8 171 (500 g + 50 g) R IR SE 1L,
PUKFERY 0.7% AP K (0.7 gNaCl, 100 mL ddH,0)
Fie 20 1 LU B RGBSR AR M LWL . 7E 15 mL 2.0
B A 3 mL AN i bk I 4 H 5 B (bR
FKEBHEARAF), ¥ 3 mL MRS N5
Wb, 20°C &0FF 400 x g B0 20 min Ji5, HUp
B T2 A )2 1 mL 2R R B0, A 10 mL
Y PE IR IE 2], 20 °C, 250 x g B0 10 min Ji
FLWEW, R 2. {54 RPMI-1640 5
F% L R 0 itk BE = 2x10° AN /mL, IR 41 i R
WE T RIS TS . 7528 °C, CO, K 5%
FEAAT, KSR 1 h JE KR I RE A R A B A A
B A £, 28 CHHEIEE 1 h 5 HFA W
R 3R B LIV | mL/min BEAE 2~3 ¥, WRAE I
W, 1300 r/min & .0> 10 min J5 /53] T 4000, L15
WFRE VR T 2 e, SRR, (B 41
MBEREAR BB R, 1300 r/min 250> 10 min J&5
53 B 4,
1.5 BB IEL &4 40 E S

20 B B AE 4 °C FF 1300 r/min .0
5min, F W, JFHE RS 10% FBS [ RPMI-
1640 FH AN, BN AW 100 L TH A9 1.5 mL
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BT, IR AE TR 0.4% B 5 B i YR,
TRAT, 6o AR W EE I K6 I 41 e i 1
1.6 IHEKEBHIFERE

B4 B 4l Ak I B B bk B 41 i 24 47 Hb vk B 4R
Wh L, NTE, 4% 2R HREEEEF E 10 min,
DA BRER KIS VR R, Ko 1 i Fe G 7 1
B I (P Bt AR W TR IR 5T ) 375 A 1
SIS A, FIRY 1 min, SRIE 03 G
REWFEA AR RN BYABEEERI R, RS
Y@ 5~8 mino, JKPE 5 min, FLLL 95% [T S 75
YE10s, B, BAUEE R MEITHAIE
1.7 RT-PCRMEZERERNEZLEEBHKE
“mAm

K B LAY B bk L 40 g IR AR T ik
HEAT RT-PCR Kzl . R FH B #E R  o  ide: #
A3 4l AR 17 100 puL B bk B4 40 i 15 ) M g 31 28 3%
R, WTE, 4% B2 R PR REE 10 min,
PBST Yk 2 Wk, JH 1L 2E BAE 1ML ¥ 78 37 °C A
2he MARPLHE A [gM BFEREPUA (1 : 500) 37 °C
B E 2h, PBST UM 3KJ5, MIA FITC Aric 19
24T B 1gG (1 : 200) #F 37 °C % F 1 h, PBST
VeV 3 K. DAPI Qe (BRI TR /R AE MR A
FRA T WEHE 5min, PBST UEU 3K, #¢6RM
RVE S sl
1.8 B itk B2 2 B 25 Mk 335 14 46 0

MA—80 °C B AR I VK AR B g /K M TRy, 2
FhF LB AARRE =3 h, 7F 28 °C, 200 r/min %
IREE SR o W2 85 3% I B LA 6 000 r/min 25
> 5 min, PBS(E R £k 2% wh i W) Ve 3 G
PBS 5 2 Jf I 5 4 1§ 50 & 2x10" CFU/mL, 60 °C
KiG 1hJg, MA 10 pL S5 E R %L &£ (FITC,
Sigma 2\ F]) YL EHEARIC 30 min, PBS ¥ 3 1K,
FH RPIM-1640 $%5 7% 2244 B ik L 41 Ja 98 15 48 i 4>
BE 2x10°4>/mL, FFaEEF R 6 FLAR . 4 i Fn
IR+ 1210 e BliR ), 28 C AT I T -
YT EE JS 30 min A1 1 h 5 FH 286 100 W4
i,

1.9 B it B AR EIIFIRIR & K E

¥ BRI (2% 10°4/mL) $22 fi 4L 100 L
R FR RS 35 F 96 FLAR , B W8 K B 1 K K
FFIE (45 g 2x10" CFU/mL) 5 408 4> & 1.
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2 Fl4h,

Vil NG R sl £ 96 fLAR T A 100 pL
NBT, & T 28°CYifA T EHE 1 h)g LB+
B, FFIA 80% 1y BV R [ E 1 min, ZBR
WS N 100% FESR IR 1R, 4
JTA 140 pL — H 3 37 81 (DMSO) 1 120 uL & A
FEBR, BEARAURE I ODygog i AL E1H o

—FALR AW E RN A 100 uL
gressA A F], 37 °CH#F F 10 min J5 F fim A ik 5
100 pL gress B, 37 °C ¥ & 10 min J5 , A5 A
I ODs40 nm AW EAH o

1.10 M35 AIEXT B itk E 20 B IF IR 18 & B9 520

T RS MLE P BLAE FH X B bk T 20 I
FRR TS, KRR RS K R o 2 4
— Y 5 WA L35 AE 37 °C I F 30 min, SR J5
PBS Y& 3K, AN — A AAT T AL 2 43 51
B2 AT (LU FE N 2x107 CFU/mL) A 2 48 it
H(2x10°4~/mL), 28 °C#¥ & 30 min 5, %M I
IR o i M R — AL AR AT I E

2 R

21 MEERE&TRABIHRKREFFA
LAy EXRILE

FIFH QRT-PCR ¥ IgM 78R G Kk & 3 # vp
(IR, R W, IgM (A X % k5 B 1
R R 0 R O W 2 e, Wi, AE
SIS TE I 20 d B Igh 8 AH X 26 3k 8t 25 1
(1 1-a)o i Igh #E 20 Zrb (9 43 A 17 B0 B 2 30
IgM TR HA A FRE, Hh IgM 7B iy
Tk, HUCHHERIEE (4 1-b).

2.2 IgM o 57 4 B R 2%

SRy i — 20 W 5T A TR T IgM R DL
JH W 7K S B L T R 4 € A 2 K R R i R 0 S
FAE LB, 3@ i qRT-PCR K I IgM 1) 3% 3%
oL 45BN, 760 KM B IR YL i fa 3
6. 12F1 48 h )5, IgM AHXT O h B AR X K5k & 2
F ETF (P <0.05), {H7E 24 h Igh AIXFF ik T
(1 2-a), £ 4 B (O F 2 BRI L )5, IgM
BRI FIARAE 3. 6 Al 12 h BT, JfF7E 12h
KB (P<0.01); 7E 24 1 48 h IgM HYAHXT 21k
AT B (18] 2-b),
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E1 IgMEE&FTERE () RAEELAG (b) HENRIEE
(@)1. URZEH, 2. IR, 3. R, 4 REH, 5 UL, 6 0Bk, 7.D1, 8.D5, 9.DI10, 10.D20; (b)l. f8, 2. FFf¥, 3./,

4. WA, SAE, 6. HE, 7.k5

Fig. 1 Relative expression of IgM in different stages (a) and tissues (b) of C. idella

(a) 1. cleavage stage, 2. blastocyst stage, 3. gastrula stage, 4. eye pouch stage, 5. muscle effect period, 6. heart beating stage, 7. D1, 8. D5, 9. D10,
10. D20; (b) 1. gill, 2.liver, 3. intestines, 4. muscle, 5. spleen, 6. middle kidney, 7. head kidney
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Fig. 2 Expression pattern of IgM in head kidney of C. idella after bacterial infection

(a) A. hydrophila ; (b) S. aureus. *. P<0.05, **. P<0.01
23 WS BELEE

it — 5T B bk EL A0 R BT R AR
T XT 4 B Sk Y B bk T 20 AT e LGN W B
PEUE, SR BN, BiKEAREN,
RS ML LR, AR B L A Y 4
FARRAE 5 T WA K, 4B A AW 7 (18] 3-a).
H, VhIgM B S M 51 (3 1) X4 85 rd 4
MuiE4T RT-PCR il . 255 SR, Btk 40l A
LR N = NP TR EN 1 i U NG T W S NEOP it
(1% 3-b)o [AI A, A ] 32 e g o e ik it — A K
W IgM ™ B 4L, Z5RE/R, B8R BRKE
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i R AR A 1gM a3 A (K] 3-c), KB4 B Y 4
Lk B ik B 40

2.4 B Z0A0F 0 R M0

TWEL R BN, EEKRME S B
WREL AR 30 min Ji5, B Ik EL A0 A X g K AR
B 28 B — A W 1, BB IR ) Y
MK, 7EWFE 60 min J5, BIibkELANM A KE
WK SR AR AE, SRESOLI RS TR 30
min B, B B Ik B 40 B W6 R ) B O 7 B (] 42
K m (E 4).
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IgM Pk
anti-IgM

I3 428 . 35

pre-serum

B3 =& BHBaAmnERE
() H PR O LEE, LBWEAIN, 2 EMEA: (b) Bk ELAH M IgM B5 S ARSI KL, M. Marker, 1 EUVESH . 2. Bk ELAH

(c) IFRAR LD 2 2 B R4, 1~3. IgM $iifk, 4~6. BT XT IR

Fig.3 C. idella B lymphocytes identification

(a) Giemsa staining identification, 1. B lymphocytes, 2. macrophage; (b) detection of IgM specific primers in B lymphocytes, M. Marker, 1. macro-

phages, 2. B lymphocytes; (c) indirect immunofluorescence identification of B lymphocytes, 1-3. IgM antibody, 4-6. negative control

*1 KWEHASIY

Tab.1 Primers used in the experiments

GlEYEA S F(5-3")
primers sequences
GelgM-RT-PCR-F CTACCTCCAACTCCACCAC
GclgM-RT-PCR-R ATTGTATTTGCCACCTGAT

GclgM-gPCR-F AGGCATCGGAGGCACATTTCA

GclgM-gPCR-R ACTCTCATCTGTATCAATGGGTT
p-actin-qPCR-F ACCCACACCGTGCCCATCTA

f-actin-qPCR-R CGGACAATTTCTCTTTCGGCTG

2.5 E& BIHEHRTERE LN

Mt — ST B I LI X 40 A R AR
R, SE0M0 T A0 RO B bk AN A Y g
WERKF . GERFW, 782 PR S, Bk
UL 48 i 7™ A 19 ROS 7K 135 Bl 25 8 T X REZH, JF
EL it 5 ) 84 s ] g 25 i 28 85 T i (] 5-a) NO
MEZE R BN, AR T HIRef NO KT,
TERIGAFE R RICR , Bk & 40 i B ) NO /K
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- i o 0 st TR] ) SiE R SR E R, T AE R KR
PARIRCT , NO BEBUK-Rfifs ] 2K AR AN 5.
( 5-b),

26 E&MFFEEX BKEMEITFIRIEL
HI1ER

R TR 5 AL X Bk B 40 R R
b G- A R N 1 B v e < 1| R B g
gt RPN, MG EBLE B UE B ke gl
i ROS [ BEL (P <0.05, &l 6-a); SR, Hfall
T VR RS B R EL 40 NO B B A B ARk
(P>0.05, ¥ 6-b),

3 iR

R £ v p B b L A A 5 A TR 9 S
9 E A, RE S ORI I 2 Rl S R
Horbr, 1gM Ry, MG LA LA DU R A
B3 (s1gM) F1 B 4 ffd 15 0 ) 5 5 A (mIgM) B 5K
FAAE e ARk AFFE R, B4z
Z SRR R e S . SR H R OC TR £ B
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4 E& BiKEMEITIEKS B AR EE RN
Fig. 4 Detection of phagocytic activity of B lymphocytes against A. hydrophila in C. idella
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EX] WK TEME A hydrophila
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0.36 _h
g X [ [
Q%. 0.24 ': ’
o :
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0 A
1 2 4
B [E)/h
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0.45 | i “
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1 2 4
It 5] /h
time
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E 5 E& BihEEMmIERELFEMAE ROS 1 NO &2/ E
(a) ROS [l 55 (b) NO HIWI5E o it 5 3 % R [F) 41 5 76 17 — Fef Ii) A 5 3 25 57

Fig. 5 Determination of ROS and NO released by respiratory burst of B lymphocytes in C. idella

(a) determination of ROS; (b) determination of NO. The stars indicate significant difference between different groups at the same time, *. P<0.05,

** P<0.01

I EEL 0 A T TR A 5 P R A A S AT 5 3 A R
k= o AW E BRI T eM e IR R R H
TR RIATE O, SRR, IgM TE P 2L 3|
PRI A0 e 3k B ARDN P22, T RS R s
M I, X5 )% ¥ Ak (Oreochromis niloti-
cus)IgM TEA ] 75 I 3k i i 50 4 R — 0
AN, 38 R IgM 7R A [R] 41 23 v A X 36 58 1 1Y
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R, BEREIR, IgMAESKE L S R A A
PEHAP R IR BB, X GEREHT D
B P iy IgM A AR EE R 2. A
PGS R R, TEANR RIS, IgM 1Y
AR A5 % T, R B Bk 40T LU A
2 W 157 240 TR0 R A, ARSI
% (Labeo rohita)®™ Fl #% (Siniperca chuatsi)™
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(a) ROS il 32, (b) NO MM & ; 10T IRAL, 2. abFRed

Fig. 6 Detection of respiratory burst of B lymphocytes by serum conditioning in C. idella

(a) determination of ROS, (b) determination of NO; 1. control, 2. treatment group, *. P<0.05

IgM BT 25 A — 2.

T WE A FH J2 7 W 40 4% S0 958 D) RE i) 2
BRSNS Bk E 40 M A A ) )
REPY, T Li 55V AE 2006 AF TR it OB RS A 2R
IgM"™ B itk I 4 g H AT B ) Ar g fig 0, B
J& G 3k W fift 38 A TV WLl 11%) A W S ol AR R K BT
e e B SR 0 e TS o o NS o N N |
A (Gadus morhua)™ . By X B (Ictalurus pun-
ctatus)* . KZZEFED L Je B % R @ P Y i &
B WL AR A G . R, Btk AR R
25 2 P RRERONE, BISERAE G F R o
P20 AR5 A RT-PCR A [B] 42 50 58 ¢ )6 55
Fe ARAE B J3 85 AR A5 1) 20 B R 7L 0 B bk O 40 i
R B A0 T B bk EL 400 i X R K A B B ) A
YEH, 453 & 30 5 B bk B 40 i X g 7K <A e
WEA - EMEER), XS5EZ/MM g Mah
AIAFFE 25 S — 2, H OB Ik EL A i ) A I BE
W s [ ) 398 100 77 34 5,

WP W2 3 e TE T 0 T K R i s 2 G
WEAAER, (A a2 1 0 R R S A A
AL Z — o XA TR B B9 g ) o i it
NADPH b i A 5 3% 1 4809 2B i 345 1 B0,
21 G A0 BT AR TR L BE S A R W R AT
NERE, AMESTAETERESE, B4 NOPY, A
AIF 5 LA 7K B TR T A R i A T X B £ B K B
20 M HEAT R, & B ROS I NO /K- 1 3% Tt
f, PG, Ff B R AR A AT DL A g
X0 Ji B AT 2R A o
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Zi LTk, ASLEE STt IgM AE IR K H
A [ 70 A 2k W BLEEAT T 0F9E, K,
i IR L B, IgM AT L IO 40 TR A R
BEA, A A1 A Wit S 6 45 SR 3 W] £ B Ik L2 446 i
X g K R BB AT W AE T, JF T LU i R
J ROS 1 NO = AP I P o AS 5256 (4 F 52 45
RONFGERE SRR M T —E RS HEH .
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IgM expression and B lymphocyte antibacterial activity of
grass carp (Ctenopharyngodon idella)

ZHANG Menglan, LU Zhijie, ZHAN Fanbin, LI Yanan, SHI Fei,
ZHAO Lijuan, LINLi", QIN Zhendong"

(Guangdong Provincial Water Environment and Aquatic Products Security Engineering Technology Research Center,
Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding, College of Animal Sciences and Technology,
Zhongkai University of Agriculture and Engineering, Guangzhou 510225)

Abstract: Grass carp (Ctenopharyngodon idella) is a unique aquaculture species in China, which is mainly distrib-
uted in the Yangtze River, Pearl River and Heilongjiang River, and its aquaculture output has long been the highest
in freshwater aquaculture in China. With the increase of culture scale and density, the environment continues to
deteriorate, resulting in frequent outbreaks of a variety of diseases. Therefore, it is necessary to study its disease
resistance mechanism. B lymphocytes are the key cells of adaptive immune response, and can secrete a variety of
immunoglobulins which play an important role in the immune response. Respiratory burst is an oxygen-dependent
killing mechanism of immune cells when pathogenic microorganisms invade the body. Previous studies suggested
that fish B lymphocytes can participate in non-specific immune process through phagocytosis. However, the study
of the phagocytic activity of B lymphocytes in C. idella is still not well known. To elucidate the immune function
of IgM, real-time fluorescence quantitative PCR (qRT-PCR) was used to detect the expression of IgM in
embryonic development, the distribution of IgM in different tissues and the transcription of IgM stimulated by bac-
teria. The results showed that during embryonic development, the expression of IgM was not significantly changed
from cleavage stage to pre-hatching stage, and it significantly increased after hatching stage; IgM was distributed
in all tested tissues, with the highest expression in the head kidney, and its expression was significantly up-regu-
lated after the stimulation of different bacteria. B lymphocytes were isolated and purified from the C. idella blood
and verified by Giemsa staining, RT-PCR and indirect immunofluorescence. The results of bacterial phagocytosis
test showed that B lymphocytes had phagocytic ability to Aeromonas hydrophila. Furthermore, we also found that
the production of reactive oxygen species (ROS) and nitric oxide (NO) in grass carp B cells could be significantly
up-regulated after being infected by microbes. Finally, the serum conditioning assay showed that the release of
ROS from B lymphocytes could be enhanced through serum conditioning, however, there was no influence on NO
production. Taken together, the results of this study showed that B lymphocytes of C. idella have the potential of
phagocytic ability to bacteria and can directly participate in anti-bacterial immunity by producing non-specific
immunity such as respiratory burst.
Key words: Ctenopharyngodon idella; B lymphocytes; phagocytosis; IgM; respiratory burst
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