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THE: NT AP IKEER GRS RIE G PR R, 8RN ER 8 (Wannochloropsis oceanica)~ VAL ER EE(N.
limnetica) Tl = fA ¥ 8 B (Phaeodactylum tricornutum) WL K CIE B HLAY, Cath-1a)3R3K BN, 23 Al AAE SR 0sE, Rl %1k
T IR s B A S MR RUR , A AR RN IR R S A, W00 T IR IR SRR E SR E R RN
ANHFI G TR S RGMREI . S5 R, SNEHUREARTE 3 PG R8T USRI, RN RIRIR R, (N =fMiEiE
ST 7K P AU U B 0% T A KB (Edwardsiella tarda) 8 — € I SR, SR PR AR RIE FHEARAE 3 FhEibk RS
PEIGIN o S ISER X ) 1 PR AR A TE I S 5 0, 368 k) A P U v 5 40 A AR B 8 A DR R DR ) TR KT B T B ) 5
TR IR Y SR B 1t BT AR BT RIERE V), RIS TR AR (PtC 4Rt — DR B D e J1. 534k, Wi Pt6 (&
BE IR A LN PIC MPTRBCRE R, R = MR EE T A B R TR IR TR 1 5 1 5T RE 0 AR
BAEME .
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Expression of Antimicrobial Pepetides in Microalgae for Aquaculture and
Its Preliminary Application

PAN Yufang, YANG Huan, CHEN Yiwen, HAN Dong", HU Hanhua"

(Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: To understand the roles of antimicrobial peptides expressed in microalgae for aquaculture, expression
vectors containing Cath-Ia (from rainbow trout) gene were constructed and introduced to Nannochloropsis
oceanica, N. limnetica and Phaeodactylum tricornutum, respectively. Randomly selected transformants were
confirmed by PCR and Western Blot. Positive clones were used for the in vifro bacteriostatic experiments, and
some lines were used as additives to feed zebrafish in order to test the effect of different nutrients on the immune
system of fish. The results showed that all the three algal strains had successfully expressed exogenous
antimicrobial peptides. Only P. fricornutum showed a bacteriostatic effect on Edwardsiella tarda, a common
pathogenic bacterium in aquaculture, and there was no significant difference in the bacteriostatic effect between
the wild-type and transformants of the three species of microalgae. The growth of zebrafish fed with algae as
additives had no significant difference compared with the control (without additives). The expression levels of
antioxidant and immune related genes together with the content of malondialdehyde (MDA) in the liver of

zebrafish indicated that zebrafish fed with additives showed stronger antioxidant and anti-inflammatory ability
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than the control, and expression of antimicrobial peptides (PtC, a wild-type P. tricornutum strain Ptl transformant

expressing Cath-la gene) could further enhance the immunity of zebrafish. In addition, the anti-inflammatory

capacity of the group with Pt6 (a wild-type P. tricornutum strain with high fucoxanthin content) additives is more

significant than that of the group with PtC additives, which indicated that fucoxanthin and eicosapentaenoic acid

(EPA) in P, tricornutum might enhance disease resistance of zebrafish.

Key words: Microalgae for aquaculture; Antimicrobial peptide; Immunity; Antioxidation; Fish meal

= TR EE(Phaeodactylum tricornutum) R,
BRI (Nannochloropsis) ¥ ie A AF R R . 4
YIER BB R L, B S 2 AR
Wilg, —MmTRELE & aEm R MEeETE, &
AR BB A T A sl ), 2 B AR R BRI K
FEFRFAMY R AR R, A FIRIE, = fAdaiEEnr
DIE ok B AL, RE R 7 3o ik £ 1) AR K S el i
P BRI AE P, A Bk B A 6 s 7 v i —
— MAE v B T IR AR NI RERF S A W flh ik 4
GEETERL, B SR REA N TR AEE, B8
PO 4T A8 R B . = M e A R RO BR
HE(N. oceanica)f1 = FE R H VAR, I BE
AR 2 D@8, Rk e R Hh M — 1R K
FINATRINERFE(N.  limnetica)H3E K 20 7 41 B AR 14
RN E, Homr 2 F T i B AL R RAE AR SIS = A
T g P, 3 P A RE D Hh A SR A R,
R BT 0 o e AR I AR B B B AR R
REZSHT T T S i Bl

P71 B Ik (antimicrobial peptides, AMPs)&—FH#l
EPOEE B BB DRy FEE R, T
TEAETHEY) S SRIG A 0 UL, 3o 25 b 40 1A
TR AR AR A B BTN P
JEA 5 FEU 2R I, R — Rl AT R B
AU, HUE IROE B A K e Dk, wR
VIR i 303, FEERZ . Math. AR Y.
AP PUREER TR R mPIER Ak
IS A & R = AT 504,

HHT, PUm KR 77 X E A A B 4%
srEfRaAl, ARG B AR TR A, Hop
R TRV BB KR A T R
WAEERE, R IRRIAHURE AR 97.4%1), HIEK
FEIRE EIN A W, 5 FEZRIE RGN L)
RKIXERGALL, MERFRIE RS R B AR 77 55
B, AR, s AR 5 HLREAS E 8T 1A
M, FFHEMR 22 LR, MEEARGEFE.
BRI G NIRME R, N2 KTEMRIR

SRTERL, B HHRE PR B aifk, v LA
A=A . AT HRIE DASE B A N i 3Rk
RARIBPUAEIRIS, SR, SERACEA S Z A
NEWTIR, A& T B Rk, A EE Tk, 1
PLBRIEFN G PR SR PP IR, B BFOME AN A R A
WA AL

AT 5 346 FH AT 6 Sk R (1 5 2R SR B B IR
Cathelicidins 1 (GenBank: KP347620.1), Z#{5
5 JRIX AN Cathelin 54380, AXOR BE ATk XI5
71 MR IR (Cathelicidins 1 8 A C 5 71 MR
fig, oo 66 NI 2 K FE PR S I ) iy 4
4 Cath-la. ¥ Cath-1a 73 I 7EMFERUIUEREE . WAvH
AR = MR h R8BS PR
Jk BB A R S v M AR AT Y KR IR, (RN
F AR TR B B T £, Ik I B e A2
S b P U R 95 A O 2 DR 1Y) R 08 K P B TR
(MDA & &, RTINS RS 77 5 S 15
F DR BE ) 8 G s R REIR, AT FH R ) 0
IEHR AR -

1 BRI %

1.1 8

I EEM I8 T = A 448 ¥ (Phaeodac-
tylum tricornutum CCAP 1055/1 A1 CCMP 631, T&j#FKA
Pt1 A1 Pt6)FH 222 5 i Chris Bowler #3215t . {7
WALEREE(Nannochloropsis oceanica MBIC 10090)
HF H ALY T JE O (NITE Biological Resource
Center, NBRC). = i i 45 5 AN AU BR EE IR A4
BRFRFEN 02 INE (A E RO R) N LK 772,
pH 4 7.6~7.8. [ElfAS: F7HE AR S TR LM R 1 A%
Ja s N 1.2% 5 A HC B M o WAt ER (.
limnetica KR 1998/3) H1 4 [ 75 7K A= 25 A0 A Fefi L AT 52
Fir(Institute of Freshwater Ecology and Inland Fisheries,
Neuglobsow) Lothar Krienitz (4% #2fit, X H BG11
Bhavdk, [BREFRAEE A BGL1 5537500 1.2%
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BUARECH . 22 C1E IR 6 IS 77 58 T E 86 RS 77,
HomZI N 120 pmol/(m?-s). FEFRAIY KREEFEAE S L
BRI EAT, S SR FNG T B PR I SR
TEIETE 6 d.

REHEE  KATE DHSa (ASZ36 = A717) ]
FaRMEE, KA LB 559735 T 37 CHR¥%(220 1/min)
B3R . TCRLBERR R 5 22 4848 IC R B B R 2B K AR
AL S T U R R A A S B A, TG LA IR B A FH
IR A7 (BHI)ES 7735k, 52 1846 [ TR 4 FH IR 2 1
K RZ(TSB)E TR, [l 4435 77 & th i R 85 77 2k
TN 1.5% 1Bt i i 22 17 ol o

REBES A Fr B fafhfa i 5 E R
B K A A= WU RE S T BE ) £ SRR RO AB R AR Y,
76 E R BOK AE AT T B fa R AR AR R R
BHAEE . 4t DR R B(Paramecium
caudatum), WAk 15 d Ja LAEAE K (Artemia salina)'
£, HEL 70 HES I [A —HE Ok e A AR ae e 4, ik
I ARRTYLR AL EE 24 he
1.2 BB FEZRE NGRS &

¥ Cath-1a J5i#% % ik Jii b pGEX-4T-1-Cath-1a
(Cath-1a [ N & 7 25 EH IR0 7% 2 B [GST1hx
253 i PG AL N BL21(DE3) B2 S 40 i b,
PRHCR B B S A2 TS B R PUER LB Ki9¢
e, ZEW PCR 4552 IEWAI A U RE B 42 ODgoo—=
0.6 IF, 1 1.0 mmol/L 57 P 3&-1-HifX B-D AL A7,
PEAPTG)i%E S #1420 °C, 6 h). 55 LA 13 680xg &
O 1 min, HUEYIHE, F 1xPBS EEJE, A
U 2xSDS loading buffer IHFAAEYERIFE, H 12%
73 B B BE 1Y) SDS-PAGE HEAT HLUK 73 BT R IA 15 0«
WRABREMEKREEY REERAESRL, &
A R B R (D) A R A " AT PUR 4L, 6% 5F
AL Cath-1a [ 5o LA
1.3 FIAPUEE KA 3 2R R Bk A

pPha-NoVCP #if4 K| AL BRI vep2 £
(18 B ORI & 30 1) R VCP T L IR 28 01 752
AN FE R Rk P, PUSRL pGEX-4T-1-Cath-1a
R, S GST Kpn fw 1 Cathla Xba rv i3t
1T PCR ¥ 1415 887 bp ] GST+Cath-1a F B, %A
pPha-NoVCP 34k ] Kpn 1 Fl Xba B VIAL 5 2 18], 3
B JFUkL pPha-VCP-GST+Cath-1a. ANiFFRZEMH] Cath-
la %k # & pPha-VCP-Cath-1a F#) % J5 V2 4H [,
Cath-1a 3£ 851 Y108 Cathla_Kpn_fw M Cathla
Xba_rv, K/NH 216 bp.

FRAE = A8 18 05 - (1 D 4 MK Cath-1a %2
K47 #0040, FEEM IR | His FR25HI b5
A, R EMREARAR G, E2
pPhaT1 #AKK) Kpn 1 1 Hind 11 BEUIAL 52 18],
% N pPha-His+Cath-1a.

¥ pPha-VCP-GST+Cath-1a I pPha-VCP-Cath-
la FiRi A Hpa 181 Sca 1 2 MHEALJ5 3 NI
BRI AN A TEAUIKREE K pPha-His+Cath-1a Jig
Ki%E Sca 1 LR MEAL G e N = MAERE Ptl 4, S &0T
NTNR T3 AT AL 54k

KF CTAB A$EHUIE R 4] DNA, PUEFA AL SZ 4K
NBAPEXT IR, AH R OR N B PR IR, RIA T GST
PP R4 T UL GST Kpn_fw 1 pPha-VCP-600R
(fE VCPI Z1bF F I NG, RIEAH ISR
kB84 UL Cathla_Kpn_fw R pPha-VCP-600R N
519, FRiEA His A28 PT B K 3% 40+ UL pPhaTl-F
(TE Cath-1a 2[R L3 pPhaT1 A E 42 L i) fl
FepAt-Rev (1 FepA %11 Bt 4514, K PCR
T3 E R DR 2 S A NS I R 2 . # A
AT PCR A5 WK 1,

1.4 RIEXHUE K FE 2L R AR Y Western blot ik

BEHLIZESE PCR FHPER AL TR 7R X0, 4 °C
2.800xg B.0r 10 min WCHEFEAR, FITA R 1xPBS ¥k
VR LIRS, IINE R RIPA REBCGE = K),
SR AEAS F BT B 9 I ON B 1 B M 75 PMSF
YR N 1 mmol/L. VK _FHE 7S J5 BSOS UK I
ME AT, H BCA BEHRENERANEZCESKR)
I E B A BRI, I 1xPBS WRE R IR E —8, DL
RN R A RE S R — 8 R AR
=20 CHRAF. M EIIE TS 12%5) BRI
SDS-PAGE HiJk /) B J5#:# %2 PVDF & b, WZ#1
4358 FH B o 4 B AR ) BHE A BR A R 4T B-actin
B TR BEHTAA, 0B IO 11 Gz B 78 s 45 FH A F )
%ML Cath-1a ) Z SEFEHUA, H Millipore 2 &)
ECL KRG 45 it 47 Bt
1.5 ARSI B RCR PRl

B AT 28 CHAES F2 5 H #% R (200 1/min)ds
FRIR, HHTEAKMRERER, 2B MR
% 1x10° CFU, TIEEBREMBESE 1x10° CFU, #
200 pL FRBE i ) B VREA) S0 AT T [ A4 3 77 2SR
b, W E 6 mm KB JE U840, 4% BN 10 uL
P v 2 A BB B (1 <PBS #E A 3R EL), AR R
IR A AREGRAN 1xPBS X, PHRERT 5 37 C
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1 MM, FALT PCR %8 MI5OLE & PCR FTH 514

Table 1 Primers for vector construction, PCR confirmation of transformations and qRT-PCR

5% Primer J¥%1] Sequence (5'~3") 5|4 Primer J¥%1 Sequence (5'~3")
GST_Kpn_fw GGggtaccATGTCCCCTATACTAGGTTA TLRI1_fw CAGAGCGAATGGTGCCACTAT
Cathla_Xba rv  GCtctagaCTATGCAAAGCGATTTCC TLR1_rv GTGGCAGAGGCTCCAGAAGA
Cathla Kpn fw  GGggtaccATGAGAAGAAGCAAAGTCAGAATATG TLR2 fw CTCTCCAGCAACTTAACCTTGT
pPha-VCP-600R  ACTGAGTGCTGCGGCTGCTAC TLR2_rv CGTCCAGATGAGTGAGCACAT
pPhaT1-F GCTGGCCTAGCAAGAGTGCTC TLR4 fw ATCACCTGGACAGCAAGAATG
FcpAt-Rev AAAGCGGAGTGACTGCAACT TLR4 rv CGTTAGAGGCGATTGACTTCC
B-actin_fw ATGGATGAGGAAATCGCTGCC TLR22 fw TGGGCCAAGAAGAATGAATC
B-actin_rv CTCCCTGATGTCTGGGTCGTC TLR22 rv ATGACAACAGGAGGGTGAGG
SOD_fw CCACAGGTCTCATCCCACT myd88_fw ATGAGGCGATTCCAGTAACAG
SOD _rv AAACGCTCGCTGACATTC myd88_rv TGATCTCCAGGTACGTGAAGT
CAT fw GGACATGGTTTGGGATTT TNFa_fw GCTGGATCTTCAAAGTCGGGTGTA
CAT rv CTGGCCCTGAGCATTGAC TNFa_rv TGTGAGTCTCAGCACACTTCCATC
IgD_fw CTGGAGAGCAGCAAAAGGAT IL1B_fw TTCCCCAAGTGCTGCTTATT
IgD rv GACACATTAGCCCATCAGCA ILIB rv AAGTTAAAACCGCTGTGGTCA
IgM_fw GAAGCCTCCAATTCTGTTGG 1IL6_fw GCAAGAACGAAAACTGCAGC
IgM _rv CCGGGCTAAACACATGAAG IL6_rv CGATTCAGTCTGACCGGAGA
Lys fw GATTTGAGGGATTCTCCATTGG 1IL8 fw GTCGCTGCATTGAAACAGAA
Lys_rv CCGTAGTCCTTCCCCGTATCA IL8 rv CTTAACCCATGGAGCAGAGG

TR R E L

Underline indicates the restriction site.

B FRAEE I
1.6 ¥y R E

G3 MFREL 50 mg TR AT SR A BT S
SUIE T E o B B PR EULE A RIPA 40 B 22 A
VAR AR AL, B Bk LN 2 BCA BB H
JA LW R & S IR S 2l & U B,
i K AVE SR BB, A 3 /KA R R e S5 S b
o i S-SR R ERESR U R R, A
AR TR AR E IR .

K FH &7 - B G T R, R P2 )
TG B ) IE CRE A, ) SO Ll A
1% 2 o [ RO R} B R P 5 B F ASORE A
W I 7 R 4H e 7

Z 8 Jeffrey SFUSR T LSRG P I 3R,
I3 LTS A 5E ODg3o~ ODago~ ODges Fil OD7s0
1, 4% a (Chl a). H4E ¢ (Chl o) F1H
3 N ZE(Car)1 & & . Chl a=11.47x0Dg6s—0.4x0Dg30;
Chl ¢=24.36X0Ds¢30—3.73%0Dgs4; Car=10%(OD4go—3 %
OD750) -

Z M8 Yuan SN, FREX S0 mg R T iEA
TEIGEER Rt 2, A8 R s RO € 1 N o o T

1.7 BE5 iR & FIR SR

¥k, 4R RTRY) . TR TURY) . M
mn AR VR 2 i R BEALAT BE Bk Jis it
i, FTIRA BT RLE T, i, R
WRL ELAR N 180~250 AT 250~380 um LKL -

AR KNI Y 120 265 5 1873 L5 FREX
JREE, A4 A, X RS AR S IR kL, 3
MRS ZH PR ) AR5 AR N 1.5% () Ptl Pt6 PtC
(FRIEPUBE KN Pl B4k 1) . BRAIRTR 15 %1,
WHE 2 M EE, MESAVBAEGEERE)G
FRHAT 10 L ARERLKET, WEFE 24 do SZRBES
B 180~250 um BHAARIGIR, MHEEEN
HIIEIR T 5%~6%, 55 AR 250~380 um H
iRl HREENAYIIERET 10%~12%.
1.8 BT 4 SRR ZE R 3R TE A A

XIIEFE 23 d EEE fdE T YURAL R 24 h FFHK
H, SR NIIVKE] 1xPBS 570 BRI, PR
A ZH 2B 7E T RNA B EP & b, R RGE IR R
1£F-80°C. F Trizol WA HUHE D fa (1) FF T
RNA, #3%% cDNA, UL f-actin LN Z, 45
Hr AN 3% A0 G I B R A X mRNA 7KF, SR H
27 CCT YR HHT AR E R E
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1.9 DA B (MDA )& E/JE BT HAMKRERN 48 fLIFEFE 10 d, ek
BELh A HAERE AN 250 L PBS WEEANIE & FEBEVLEREL 6 MREL L. = MR B HLPRE 17
By, sl s BRI i, [ BCA MR TIREUER 4 DNA, FAHR 5 #1347 PCR
%Eiﬁi&}#‘{m RAVENERE S EATUREE, T %%, ¥ Cath-la HEFFIEG BRI TR E 22 EIE
MDA Wl & 355 & AR AR L Z BE(TBA)IERE 43540, TP A BRI AR 3 AR Y38 2%y, &
i MDA &, £Z45 5 L mmol/mg protein £ MR 4L T-(GC1-12 F1 C1-C12) DNA F1A#E
I = AETR AL T (% P15 248 DNA #B3 815

g5 A B ) 5 JF R0 BB (PL1-3) A 24 HO 25 (81 1: A), ¥
R WIHMIFSRE D B AN 3 PP ) 3 R H .
2.1 PHMEEFEAGEEBR B ik 2.2 FLEKKRIE
MR AT SR AL S, BEALPRE 24 N AL ¥& pGEX-4T-1-Cath-1a 1 pGEX-4T-1 5k (1)
A bp M GCl GC2 GC3 GC4 GC5 GC6 PLI NOH M GC7GC8 GC9 GCI10GCI11GC12 PL1 KR98
2000 -
1000- - e W e e - Y S e e e e
750- P

—
M CI C2 C3 C4 C5 C6 PL2 NOH M C7 C8 C9 Cl10 CI1 Ci12 PL2 KR98
o~ —

750 -
500-  ——— — — — — ‘-——-----
250-

bp M PI P2 P3 P4 P5 P6 P7 P8 P9 PIO P11 P12 P13 Pl4 PI5 P16 P17 PL3 Ptl
2000 - s

1000 - W
750- ----------—- -— o

B M 1 2 3 D NOH GC1 GC2 KR98  GC7 GC8 GST+

33 kD . —— 6 -(-Cath la

m
45KD e o ’ —

- 42 KD [ m— <€ p-actin
| "«

NOH (I c3 G5 KR98 C7 C8 C12

7kD - W —_

Cath-1a
M1 2 3 4| 2D ——— e e
40kD Pl Pl P2 P3 P4 Ps
R T
25kD — —— !
42KD — o—— W <€ pactin

Pl 1 B FERBERRITIA R Cath-1a B FRIRIB A BEEEDIBERK Cath-1a FEAff) PCR A2Jll, M: Marker DL 2000; B: Cath-la (%335, M: 40 FHARIE,
1: 2 1IPTG F5 pGEX-4T-1 Bibk M E R, 2: KBS pGEX-4T-1-Cath-1a EkREE FR; 3: £ IPTG %51 pGEX-4T-1-Cath-1a MM EHR; C: 4
BEENPFAS T Cath-1a I Z STREDLI, 1~4 JIBEMBEZRIE Cath-1a MBEARAER_L3T; D: S BT BERR Y Cath-1a # A FNERIE, Cath-1a: $iT
Cath-la FZ SEBESLA; f-actin: BT f-actin (¥ S oCkEdfA. NOH: B AR RLGAEREUIRE; KRO8: B AERLNIAMAIIRE; Prl: BFAE R = fMB4E¥E; PL1~
PL3: fhi; GC1~GC6, C1~C6: WP RINIRIE AL T, GCT~GC12, CT~C12: WAL T PI~P17: MBI TERL T

Fig. 1 Screening of transgenic strains and expression of Cath-1la protein. A: PCR detection of Cath-Ia gene in transgenic strains, M: Marker DL 2000; B:
Prokaryotic expression of Cath-la recombinant protein, M: Protein marker, 1: Total proteins of strain pGEX-4T-1 induced by IPTG; 2: Non-induced total
proteins of strain pGEX-4T-1-Cath-1a; 3: Total proteins of strain pGEX-4T-1-Cath-1a induced by IPTG; C: Antibody verification by Western Blot, 1-4: Serial
dilutions of bacterial lysate expressing Cath-1a; D: Analysis of Cath-1a protein expression in algal strains by Western Blot, Cath-1a: Anti-Cath-1a polyclonal
antibody, f-actin: anti-f-actin monoclonal antibody as an internal control; NOH: Wild-type Nannochloropsis oceanica; KR98: Wild-type N. limnetica; Ptl:
Wild-type Phaeodactylum tricornutum; PL1-PL3 are plasmid pPha-VCP-GST+Cath-1a, pPha-VCP-Cath-1a and pPha-His+Cath-1a, respectively; GC1-GC6,

C1-C6: N. oceanica transformants, GC7-GC12, C7-C12: N. limnetica transformants; P1-P17: P. tricornutum transformants.
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FikE R4 1.0 mmol/L IPTG T-20 ‘Ci5S 6 h )5,
[EJF PLA S S ) pGEX-4T-1-Cath-1a Ik ES I, #E
1T SDS-PAGE Hiik (/& 1: B). 45 £ 9], ¥4k GEX-
4T-1-Cath-1a [75 FHAE 33 kD ML HEHERES
i, T H pGEX-4T-1 FUk 1 B A4 32 88 (1 451
7 26 kD FiT(GST #3254 26 kD), B4 H GST
P2 Cath-la 7E15 R PR R T RIA. 405X
FARMIBTBEIE, HafE ST XS il i AT SR FI4difk
A2 GST 4hifk, 43331 Cath-1a ()2 7 FEHUAGHE N
TN T %) o BT T R IR DT B K TR A R AR L
%, WIREEREE EAE, ] 12% SDS-PAGE /) B MK
5, LAtk 1T Cath-1a 2 s EPUR N —HT, &
Sonl I 33 kD A7 B A BB AN, FLEE AR,
H b 2% 7 A RS , 1 B B i) % 1 — A R (B
1: C).
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BEALPRIE 2 AN EEpRIET B A R Enid ke . B AR AN
PERRAIK E (NOH) FHA A F AU R E (K RO8)FE it HH 33
AA M 2 B AR, WL BRI 3 L T (GC
AT GC2) R AU BRI AL 1 (GCT F GCR)H14%)
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(K 1: D).
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Fig. 2 Inhibition zone test of protein extracts. A, B, C: Plates with Streptococcus agalactiae coating; D, E, F: Plates with Edwardsiella tarda coating; N: Wild-
type Nannochloropsis oceanica; C3, C5: N. oceanica transformants; K: Wild-type N. limnetica; C7, C12: N. Limnetica transformants; +: Control of Cath-la

protein by prokaryotic expression; —: Control of 1xPBS; WT: Wild-type Phaeodactylum tricornutum; P1-P3: P. tricornutum transformants.
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F RN R 2R, R =MAEEEENT
Xf 57 AR AR B A A R, H 3R IE Bt IR AL,
I AR S DR TR R
2.4 ARSI B

FATTH TG BARI 55 2 B A [7) b 35k () 87 A2 7Y — 4
1B EE Pto L Ptl A A ER T &E, AR
IEHE 2 BREF AR = M TR (Pt A Pto) IR AP
JEHT Pl B+ (B 1 H g P2, ARBTELL T Ay
2R PIOATY K¥E %, B eE 3 Mgk & s
i BRIKAE R T & R 2). FibT PtC &
BRI 7 S s 2 AREF AR, BRI S &
AT 2 FREF AR, Pt6 HIBR KA B 40 = T Pl
EABANED & ELZE R

R 2 BEE T & E= (% DW)

Table 2 Contents (% DW) of nutrient composition of algae

E 74 Nutrient composition Ptl Pt6 PtC

)7 Protein 23.12+0.92b 24.91+1.68ab 30.22+4.49a
KA Carbohydrate 5.56£0.17b  6.71+0.09a  4.22+0.19¢
g Lipid 33.38+0.81b 33.12+2.07b 38.19+1.39a

[F) AT 250 5 AN [ 7 BER 7R 22 57t 2 3 (P<0.05) .
Data followed different letters at the same line indicate significant

differences at 0.05 level by One-Way ANOVA.

M 3: A, B AL, BAR 3 FhEA IR IIR & &
SR B e AN E], (HZH R B DAY S R
(C14:0) FEHER(C16:0)~ FFAEHER(C16:1)F1 =+ Hk
TUIRHIR(EPA, C20:5) 83, (A IRITIREI 90% LA .

3 TR IR e B AR AR R

Table 3 Effect of adding algae to meal on growth of zebrafish

Pt6 #E6 1 EPA 7 S IR 1 R K 1 43 LU BRARMIC T Pl A
PtC, {H T HARIRR & i =T Pl Al PtC (4355
56.5%701 55.8%), FITLL EPA &8 EE T Ptl f
PtC, iiBH Pt6 B BTG .

3 FPER B R A IYLL Chla AE, HEaAR
SRR 50%LL E( 3: C). Pt6 KM AR S EEES
F Pt1 Al PtC, H:h Chla & &L Pt1 F PtC 70515
47%H1 38%, FKEHE b FEEELL Ptl A PtC 75l
83%7#1 38%, Chlc FELE 3 MEMTPLEEER.
b4, Pt6 A EH R SR M EE & T Pl Ml PtC
(M 3: D).

2.5 PaElRh e S A X BT £ PR S

S PR B BE S 0 IR AT JE R, TH AR E Y
KHK(FE 3), LHPHE ANOVA 08, £ 4 Fhiakl
AR D AAENKEEEER.

RT-qPCR 43 #7515 /1 JiE H -5 Pt S A0 70 f g
FRFEH G IR DFRIETED, 2REHAE 4
A), SZEAAEHEMLL, WINEER R T B
SR G B A IR R (3R IE KT, Horp, B
BAGEE(SOD). i A A A BF(CAT). SR EH D
(IgD). M (IgM) % 1 B (Lyz) 1) 2 5 3 K] 22 1k 7K P
AEXFHEN, toll BESZ4A 1. 2. 4 122 (TLR1. TLR2.
TLR4 Al TLR22). #EFEMEEET 88 (MyD8S). fif&
IFEHF a (TNFa) A4 2 15,6 F1 8 (IL1BIL6+
TL.8) (1) g ) J55 (K1 1A 7K AR KT D o 98 e 2. 17
MDA & &ML T2 AR, Pt6 A1 PtC ) MDA
HIKT Ptl, Pt6 F1PtC (A8 EZ 7 (& 4: B).

i Weight X & Control Pt1 Pt6 PtC
YIEE Initial weight (g) 0.233+0.000 0.237+0.005 0.237+0.005 0.227+0.009
KE & Final weight (g) 0.487+0.029 0.464+0.062 0.4230.024 0.417+0.024
K2 Growth rate /% 1.087+0.123 0.962+0.299 0.788+0.064 0.789+0.173

3 et

3.1 THRMHEE R RIATUE K

= AR T AN UL B B e 1o & R
HERMAEDE, &2 AMEMAEIR, Fenl
EPA, FIER A I R4 A AR 7 AT I il 7 22
0 e PR AN JEURE  th BEAE Dy f SR Al AR 8 LR TH
Bl AR AR P02, A R 7
N AZ R T R IE G IE 2 A AR I ), SR

AEA KT IR, SR A S 18 TR E A W
S REBE. GOUBREESEIRLESS . IR AN
FIB Ik &, AT DUIE I A A S0 il B A0 35 5 7,
PAFF &1 LI TR GE o H 38090 SR g 1 2
DRI B 1 AR DN 5 5 X P Bl D T o s 1 2 1
TR, HLEESRIR ) Cath-1a FE K FEANEAE R K
it PREASHIE 78 ROk = A1 46 4 BT B kR Bk
P IR P e A AT T B S T uAe . (R R 3R
BHAFRIBHUHEIK Cath-1a, A F] T FEACHT R MO 15
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Different letters upon column indicate significant differences at 0.05 level. The same below
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Fig. 4 Expression of immune-related genes (A) and MDA content in liver (B) of zebrafish
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