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ERER. SEONRERFEIARTMRIRMALEOEY, BERNENO0.5~1.0g - kg™'.
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Immunostimulated blue algae as feed additive for Anguilla japonica black fry
ZHU Xiao-ming', ZHANG Jun?®, LIU Shao-ping?®
(1. College of Oceanography and Environmental Science, Xiamen University, Xiamen, Fujian
361005, China; 2. Xiamen Clonesun Genetech CO. , Ltd., Xiamen, Fujiun 361005, China;
3. Putian Xinghua Feed CO. , Ltd. . Putian, Fujian 351102, China)
Abstract; The immunostimulated blue algae is the transgenic Synechococcus sp. PCC7942 in which human thy-
mosin-alpll (Te;) gene had been expressed effectively. It has been confirmed that the immunocompetence in mice
can be improved by oral administration of immunostimulated Synechococcus sp. PCC7942. The immunostimulated
Synechococcus sp. was fed to Anguilla japonica as feed additive in this experiment. And the black fry was infected
with epidemic pathogenic Vibrio sp. which had been isolated from the diseased A. japonica in the laboratory. -Tul
contents in the measured tissues and organs of the black fry increased after fed with immunostimulated Synechococ-
cus sp. The immunocompetence in A. japonica could be improved by oral administration of immunostimulated
Synechococcus sp.. Resistances to bacterial pathogens such as Vibrio sp. and to environmental stress could be in-
creased by fed with this immunostimulated blue algae, and the effects of the immunostimulated blue algae facilitat-
ed on growth of the black fry have been also observed in the experiment. The immunostimulated blue algae was the
feasible aquatic feed additive and its dosages was about 0.5 to 1. 0 gram per kilogram formulated feed.

Key words: Immunostimulated blue algae; Thymosin ay; Anguilla japonica; Black fry

WEKFRBMRERRE, FEPADREFR  REIWEOFREN SRR R, Wi
BEREE, KR, BEEARERMAESRA  SERIUREANDY. BRTA -SRI A FRERM
IANEBRBRE, MERER—RNARER.  FmBe6H . B, FREGHF. HESH
B, ERsh—sezd NGREAEFRKTHFE . B SBREXLIOREREFEIY E
WEFIRIER, BAHK=oIRA G ERMARE  PLEMER. B2, 22 -8 R8%RHE M

WAE B . 2005—04—15 WHG; 2005—10—29 BB
e . /AN (1966—), B, BIESE, ML, AERRESEMREHYEDREREFESEWR.
HEeWE . EREELIMA (819—04—03); BEITEAMBEE ITRAMBRATARIME (CS040319A),



234 BEARLER

%20 %

(BFR R RBERFD FREFR. BRSEEEIEH
SERBRBURFMEIL JgY) BFE. R
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RERGE T, GEER EEEL A TR K
EB R E DS RB SN TR S R
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W, AR EE, EAEMK=REDNY
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BB, BITREEGEEERMEIEARRE
EATRAERAFEERSITMEZRHRT, BXTHK
BEANEETERGHRERNTEAR, €Ty ZEEE
B — BB E PCC 7942 (Synechococcus sp-
PCC7942) M TMEIEEE (Spirulina platensis) Refd
B, BIMEERERRERE, REEEISE
SMRIRHARIKFE, B/PARERIERHAREEY
EEEFAORAEH, ZHEERGITMREE
A, A8 EHIRFE, A CREN A ZEEEN
HZAE W (Anguilla japonica) BAFIERIER INF H40
SHRER.

1 ##HE5F &
1.1 %

BB oG F R WK ¥ (Synechococcus sp.
PCC7942) REITEAMBRERN TEFRAFE
R ETREY . B RSB RFEEHTRLE
REEEINAEARAFBE.

1.2 ERIVHFE

L2.1 Rphm AHFEMN2004 54 A15 BIF
SRR HTRILR KA HEIRFEARAT (B
BB E AR L R TE RN T, KBERAREM
FERREREMN A 1 A GTRA), S AR
GEHRIEHO. 5 g A T A, N2 5 g 14
(FH I, I, L4, BHMBLYS TR (82200
~250 @), FE T 150 m* WRFRTF, RiFESE
Kigkt2 )k, REBABKBREN4X~5%, BE
WRFE27~29C. RitRIFH1~2 1A, BfF1sd

BUREIN € Tay & 81 K, B HEAT 48 £ 00477 B R
REHN, BT KEGR, BF@BRESRFEY, &
BHHETFS5 A5 BB,
1.2.2 RREHE
1.2.2.1 ERZEYHK HA1FT2004 55 A22 HR
FHBAKRMEHBEL coo BRFE, MikkEI0
B kg™ 38 GARRAGZFHERR, HI., I
HEEmMESH A1 g M 10g) 6 KK (0.5
m?®) FRFE . FFF KBRS B RK, BKRE. A
BEFHERB/E2 K, RHS 1K, RIEREI&K
HY3%~4%. FHEKEBHERKE (24~27C),
BR6 d HHBAMHITERESE.
1.2.2.2 XREHRHE T20044%6 A30H, B
ANEHMBELRFE320 8, 5ZREVFHBHE
fFE8 3t 450 B—B4 N3 H (HASEREDFERD
D3T3 KRS (0.5 m®) Y PR T 8 BAF ¥,
ARG —KERBEBEMEEHE, BRET
T40) , TR E150~160 B « kg™ ; Fr il Fl K X i@
KM BERK, #TRARHE; FRBE2 K, BME
1R, BEBEYAKENSK~10%; FEKBEH
F27~31C; Bk6 d HIEBAYHTERNE. 3
WX ZES A 10 HER,
1.3 MRK« SBAE

RBIFERE, BERKIRILMGTEN, #5886
SRR CRE. PR, EMERYI—SMA, LA
ABRAES, BTFEE—20CKBTEH. §448
WE, FERIMA—E&H0.5mol - L™ HCIO, &)
¥, S¥WAEOC. 1000 g B4 10 min, B EHE,
A1 mol-L"! NaOH i L#EW# pH {H, pH {HF
HIEFE4CH R 60 min KA Lk, #F 0°C., 20 000 g L
30 min, BUEEW, kA RERHE (ELISA)
B Te, WEE. BMERTE2 NPT, 14
51, IA#TEEERE,
1.4 SRR ITREMERR
1.4.1 AATAHBBHGEF 2004 F6 ANER
BIRIKIK = IT BT 5458 3 448 0 40 B 4 50 0 1 0 I
B FO1 BEFLINE (Vibrio cholerae) (96 -3), &
M BHE (Aeromonas sobria) (96 -4), BRI
F& (Acinebobacter lwoffi) (96 -7), 2004 4E9 A
HESHINRIEEmMAEE. KkGO. HikE. §F
FESSRFIE 5, K18 1 PREB I 40 3 VB B R TR
— 0@ (Vibrio sp. ),
1.4.2 AFAB
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02004 48 A 10 H#fTRMBRRIAE . &M
WA 10 BB, B2 NPT, BEERE (10°~
10°4 « ml™) ByIEO1 BEEINE . BM BB
EERAHFEREHBESEFRBHREN, XK
#10d, REEBFHL2WMT L

@2004 4£9 A15 H AT HIKBIHILEE16 &%,
16 H EH B4 5 AR FE A8 S 00 B8 | B BR5 0 L THAKIE .
RS fugse, B8 1 bt 368 i 40 3 i R 89
RIRE, 21 HEibiEsR.

®2004 9 A 15 B HR AT HBXE 60 BREF
8, TREFRYIFEI0d, EX3TBARNRKESEE,
9 H25 HiftfT T Ha B EE MM ERE,; R
FI¥ VR RRER BT, AR B i S IR

@2004 9 A27 B, 3 MARASFIE 10 B8
i, #ITERAR. SREHTHHEN0.2~0.3
ml, B 3% FE 9 DR B VR 49105 » ml™Y; 2 R R BRI
EEEs. EHERIEANEEL, fFREHRR
EREET. EHREENBIFERTHEROL 8
KEXKWECERERN. AE, 8RB E
FKok—2,

®2004 10 A3 H, 3 MARA L HIH10 B4g
i, AT SRR . BRI R RO, 4~
0.5 ml, B AREEEREAH10°~10°4 - ml ™ &
URELREE, RS, S E RIS ASLANE Y,
REMRBAHEE. FHRREANBTFERTE
BN (&R 9 H 27 BikED) .

®2004 £10 A 6 Bt 9 A 27 BRI B A%
AEB K HITRIEE TS . SR EST RS
H#0.2ml, BIFHREEKEL107~10°) « ml™;
BUREE R, RS B E RIS AAE T,
BREHRELGHET. ERNWREENRIFERT
BRMN AR 9 A 27 BiRED,
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2.1 HBRRIMEEEREREANNEFBERE
iSRRI

AGHHERREREY, FRFNAZERE
WIEA SR BFEOIERN R, RUEERER
FRHR A B E DR, 20 d EGFREAER
BT, H DR 0 G 5 5 R Y R X R AT R A R FF
FERAEHRENEW, RRA. XRASEMORFY
M) BT £ KAFTEIEH .

KB RG KM BFAKE 5E N LR EKE

MR, EiL, REAGH RN RIFEEK
BRI PERAL, E58d R, H5
d FEAHBFET, BNKEREREAHRERITE
FET-. Hod FiEmEBE28~30C, 6 H10HfG, B
FEFHEE, BEEXMAERE, 2ULE, 2N
+JLE. 6 13 H, i FREHS, KRR, &
WARIT, 3H6 MNP0 KRB, TRIEHE R
FEBEFTF 1 NMKKRFEW, RIEEKRFEKE LS
cm ZEAMYF, R EBIFBHBRED, 21540
i, BIFERHSWBIEY, ATHERD . £,
RBAFHB I BRI Y SR E AR T,
SREFBERRE, H7 ATEEHTRE
EF. KB—B&EBL30C, EEEEN, HIX
MRES, BRFEHEEY, FHENEK.6 A
30HE9IH2H, BFEXEERBEMAERTFER
MREL LEHBREESHRENHhAEYR
F|Lo-o--100f] R B R S SR M HL0 (HUH . FLIRD B
FHER, FEXEBMAE -CHRREEER.

®1 AFUEREHREMEHEFEFNERER
Table 1  Survival and growth of black fry of Anguilla

Jjaponica fed with immunostimulated blue algae

I I X
o H (KHEBE) (Qg-kg™ (0g-kg™
6 A30 BERHRE) 150 150 150
8 A10 HRBHM ) 69 59 67

6 A3 BEE W
8 H10 HKE ()

6.25~6.67 6.25~6.67 6.25~6.67

8.34~16.23 8.53~24.32 9.34~78.45

8 A10o HEARH B 39 29 37
9 A2 HEKRBE R 4 22 31
9 A2 HEE(D 8.6~12.3 8.6~30.5 9.7~110.3

¥ 8 A10 BEASFIE 20 BAFRERF T SE.I0EBAT
BEBRIARE.

2.2 BRBMEEHREEEAHERFEBEE
o FEMHTEN

ARG FHERE TR d G, S HE20 B
RIFEATRNT, &8, TREFHEHG6 A30H
Fif, 8 410 REALAE 20 BRAFBH TR
Tey, &8, 2AERFELM, DU, VLA, AT
RERER To, &8, RMEK2, To, HERGHMER
EIHAK 2 WML R P REHELIE,

BRALASL, HABASE | HM Te, SEUE
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BT, D4R, SAAFEN T SRIAES, O
MR, @ MEYRAR. AR BHE AR AR HE R A
ALFEMNA, CESRBREH Ta,, TRBE
ERBHARARE Ta, SEAEKR. XTHESHE
MEEBHEREFERETRERANTAT
KoL, GBE R R I Y Toy 1E AR A B R
RO, LB LIRS 2 K Ty HRMER GR
2) WTLLRE, %2 WAal BFEREHNAHE Tau @

EERARMKTHELRY, TREFELE, 1HRE
WREERNBME LA KEMES, T HFHEN
FJLFRAG KB 3 FF, TFERBATERESR
A ERFENRRERNIAGARY . Hik, &
WiH— 2R RR U R R FENG T, B
Ty WRTEER, BNEGA FTEE S f &SR
BERMELL0.5~1.0 g HH.

%2 RAFRFALRBEEERE SRUTHER
Table 2 Thymosin «;in the tissues and organs of the black fry measured by ELISA

- . I A FHE) 14 518K
FHE BN REE O THE RSN REER OTHE RSN hez  EREFEM
£ 0.6134 7 0.1310 0.9016 7 0. 2007 1.1576 7 0. 2997 <0.01
DR 1.1145 6 0. 1490 1. 8557 6 0.3275 1. 5503 6 0.3474 <0.01
E% MW 1.7780 6 0. 3075 1. 7150 6 0. 3787 3. 4013 6 0. 3075 =0.027
FFEE  0.7878 6 0.1539 1. 4653 6 0.2136 1.5537 6 0.1766 <0. 01
B 1.0548 6 0. 3083 1.2758 6 0.1283 1.7730 6 0.1948 <0.01
£ 0.5646 8 0.2193 0. 8548 8 0. 3306 0. 8578 8 0.1842 <0. 01
LRE 08211 7 0.1590 1. 0627 7 0. 3594 0. 9799 7 0. 3325 <0.01
(ié’é) Ml 0.9231 10 0. 2072 0.9529 10 0. 1556 0. 9505 10 0. 2371 =0.68
FFE 0.7843 7 0.1180 1. 3084 7 0. 1407 1.1416 7 0.1676 <0.01
HHE  0.7389 10 0.1798 1. 0581 10 0. 2589 1.2317 10 0. 4226 <0.01

E L VASATAN P RERERORMES 1 KRS A K05 g M2.5 g, B2 RIARSH A1 g M 10,

2.3 MEHBEER

8 A 10 HEHE 10 BB FE8#17 R EIK
WK sE AN, I ASE W HMENARAR TR
EAFER, HRARAZAEZFFAFEE. dFH#
R 3 HREB AN B YRR MR R T (FEO1 BERLIN
B, BRSBERE. 8RANITHE) REMEKXA,
EXREZHEFNEE, RRURFHE, LHASH
By R E AT R A . '

2004 E9 A25 HEL 1 4 (W HR4A) 8510 BHE
SR HETH S ERREEEMRERE, —4
ST 100 ~10°4 « ml ™ Hi 2 B AL 15 3R 49 INEA 0. 5
ml, H—HEE 1.0 ml, FEH 1. 0 ml HRE K48 5
6 h HEIEL, AR BMAGRS; E4f0.5
ml FHRE 8810 h HEiFET, BNTAFHEN
AP, RUIH 2K TN 758 6 40 B R R
ARG, SRR, TaWAERRERR, &
BHBE 5 ml IF, HE10'~10°4 » ml™,

200449 A 27 H, s MNMARASFIE 10 Bg
i, HTERRRAE. SREMESAERN0.2~0.3

ml, BPABREERELH10° - ml™!, THMIYH
¥EESS h f10 h BIETI1 B, B8 A 10K T B
REIERAER, U AH 1 BBHTE DT o i
A, £10 A6 H T FREBLIALLE. HH
TSR AR ERH'ERE,

2004 4210 A3 HMEHBRRRLE R, rEM
BAFSBEENEW LS h A2TIET, ENFETATE
MEME ST HERE, BIBAESHREN
RI>1>1 (K3, HHAENRERER T8
SEURARE S, EIET SRR AR S T B Y
BERET

2004 4E10 A6 HXT9 A 27 HRBRRBSHE
MEEmBERESHER, RRER (R0 H10A
SHMBRARERER I,

R AT BRI R IRRE R, B
o I ATk A B 7 S Ak R A 4R 0 B K A I R
Fx, REMBRFMERANE. FHVRERESH
BrEr) R HEBRMRAER, M TF—B2EMN%
A AR B SR MAAFRERS . &
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Wh, SERERMESHERETFTORMREY
FHRE), R|BRBZRER, oW EREER
IR INE R 0.5~1.0 g - kg™, TS BB A7
BRI EEX RSB LW RT, IR
FIE AR, MBS SRR NERTFRER

RIE T HEE A RLE

Table 3 The observation of Anguilla japonica after infect-

#3 REFMMRNE

ed by bacterial pathogens

R B ] 14 14 L
(B/R,8:4) (10 &) (10 B) (10 &)
3/10,17:00  FERLMES ¢ L 5T SERLHE 5t
22:00 ReRWE4RE FH2BIESE NOoREIOR
4/10,06:00 4 RBEOR HeRBE2R RIBETR
08 * 00 FR2EBEOR HSEEZR
10: 00 F2REOR

T MR 4~0.5 ml, KRB 108~10°4 « ml !,

T4

Table 4 The observation of Anguilla japonica after re-in-

BEFRFRENRRE SRR E

fected by bacterial pathogens

TR B [B]

(E/E’N

)

14
B8R

14
8RB

| 7]
Qo @)

6/10,17 :
22
7/10., 06 :
10 :
15:
21:
22
8/10, 05 :
10
17 =

00
00
00
45
00
00
30
50
30
00

b3 4:2:5)
FoRIES R
FEABELR
2 RBE2R
JLIRELE
FEORBELR
FORBEIR
FEORBE1R
FEORELR
FORBELR

13/10,10: 00 FEORIE1 B

F RIS
FLoRBiE8 B
FoRIES R
JLo RS R
L2 BiEc B
FE2RELR
Lo BG4 R
Lo BiE4 B
JEORELR
FoOREAR

TR S
FEORIEI0RE
FE1REIRB
1RGSR
FEORES B
FE2RIER
FE1RBES B
FE1RELR
FEOREE
FEORBIEL R

FEORNELR

. OESHEHRO. 2 ml, EHKRELT~1004 - ml~1,@ THAL
0 5 1 0 B I RN, SR LIRS B R AL T E R

Wi, 51 BERRA L.

3 #ibERY

3.1

R ERERH, FTa, FEERE AR K

BamaEl, BAMERRATY. RERR
BB, A —EWRKMEER. REHR
Ve BE BT LAAE 7K A 45 Bt 8 ARDRL A S B 3R A, T
AEEFRHEFTEHFEEAMOIERNIEA,
ERARBDAREEWRBEFA.

3.2 SR N R UE B AR b 4 Bt IR AH £ 25T RHAR b0 7
BOWRE, EERMERNO.5~1.0g - kg™',
3.3 HENWREESH To, EEENHRS LK
FEHMRB/EFR. B —SHRBREEEX
Hi#EfT. ARKRAEMBREERERB T HREIY
WISy, I RHR T R 400 i B 40 P K P Y R
W K fpEaainihil (EPEEE. EEN. B
Wt A L VE . BN EE T B S A R 4y
WHHEE T,

EF30H -
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