42 % 8 T H
2018 47 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 42, No. 7
July, 2018

XS 1000-0615(2018)07-1077-08

DOI: 10.11964/jc.20171010994

IR B BRI R B A

O, B

BEE, FAE,

MR

(TRRAUEVEA BT, WL A EE R TR fsign %, Wil T 315211)

WME: HJTHARERERET SR XML R AR LAEKRPRRT R RO B LN
W, SRR R IR AR R R KK B 2R R, DU AR AR AR IR R 3 2 R E L A
AR E WA A DR K 7 B (POHPAA) T 5 & A Il 3% 2 38 22 4R 44 8y HyO0 % ik
& AIALC-MSE M &M 48X Mh; A ELHEEPCRE AR IR & X2 KK
H,0, /= & 4 k % Bl (Phrboh. PhSOD)#n 41 % % 4 & W A0 k % B (Phnhol. Phgpdh.
Phips)fy =B ; HAREHERNZ LN R T ERKEN L. ERXA, HK
FRRGH AL g LR RPImR, R &M ARE LR SR
OREBHFNEEM AN SR LI I, HO KR BRI, 57 £H 0.4 x 12/
4 B Phrboh#n PhSODHy R ik ¥ 1o WSk, R EME LB REAEIZ EL B b 2 REH K
H, ERFRFIORN, HREBABAN TR T ERYRELES%, DEmTHRL
46%. F LHTA, RMEREEH T EX o L REG L ERR MRS R LT, I
HAT RH0 M B R ARESFEANBN, FRFERLREHEEX 8 b2 REH

FHRE

KRB IZ R WIRERE,; BhLRE; miE

FEDES: S968.4

SRR - REENEYMAE T, BBiES
MYyt RN, HEAGRYHYARK . KT
MEREER, EERMR K, R
VB R B 35 T 1 35 1Y) B A0 S 1 o O B S T
AENS S S LWV (Gracilaria conferta)r= = F 1%
&, WD A ARG R SR RE IS R AR
647 (Laminaria digitata)y™ = A8 %, 3558 AL
N A A W) GRG0 (Laminariocolax tomentos-
oides)fZ e 1™, ATIARIIE LI, 155K (Pyropia
haitanensis)" R AR B8 W N 3 e SFEREALBE, AR
TG M AU A BT Ll e A R T B A TR B R
B AR R R VE S, ok, fESS TN S
T2 00 B e T W A R 08 1 n B iR B, B A Y 2
EER SR R A 1, R R =,

W s HER: 2017-10-10  f{&EIHEA: 2018-01-03

SEARERE: A

32 B AR 3 SRR AV TR 2R A LA
PRIRIA B Be o 22RIRTE BAL T, =&
B 22 | Fe T A BB S S8 A T O A
BB, VBT R EE S A ST A T A R R
—EER K A A T EACE e K
TTERAT AT 52 B AR B UE 92 35 52 3R IR IR RE A5 2
S Y IUR O S E 2 N L NS L TPV RV VS| IZN
o BT LIRS B i 22 RO # kL, it —
AT 5 B E T Bl R X 22 KOR T BRI
MG 3 5 G 1 S B 98 K 25 A TR R BF 5 221K
AR IO 285 Bt S B R A T 305 9 O 56 B IR 5 M o
KRB 22 I8 A HEAE T, AT Sy B I 55 i A 5%
A o 2R R B SRR A e i T RACE T W
(1% 87 FH A A0 25 1) BV A B

BENIE - BACR AL Ak 5 R R R L BI(CARS-50); #iiL & E KA L B(2016C02055-6B); 7 %% 1 B 1 R 5T H

(2017C110026, 2017C10020)
BIE1EE: MM, E-mail: chenhaimin@nbu.edu.cn

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20171010994
http://www.scxuebao.cn

1078 KopE o R 245

R R SRS RES

L1 S
AR VSIS 5 1 2RI, LA it
PR T R S s AR

1.2 SLWHE

URFES A RNE (O R PR, Bt
WSS I IR IR, BN 53 328 (990 nmol/L
KNOj;, 57 nmol/L K,HPO,, 9 nmol/L FeSO,-7H,0,
54 nmol/L Na,EDTA, 1 nmol/L MnSO,-H,0){E K
B 2R B 5 W . B SR 20 °C, DGR
55 8 4140 pmol/(m’-s), JEIEEWIAI12L : 12D,

QB IR FERER 45 o 2%BU I, 7E90 °C'F
P10.05 mol/L HCIF&f#2 h, B E =5 A1
mol/L NaOHIF T T flpHZE 7, HEATE % T1T, LI
100 pg/mLB I S AL BRGS0 38 B i 22 Rk, 1%
IR % M (10+£0.02) g/L, A ZFEO0, 0.5, 0.75,
113 b 3 i S HE A i

(3 A T A B R I . ) FH VR A R LR
(Hansatech, & =X 5 S #1765 ik A
REME . PRSI 20 °C, OGLRETR B
40 pmol/(m*s), HAREAERIT R T LSHCOH
SCHRM

(4) H, O BT A il o A it Ak 3 AS (] B i)
J&, ME R RH0,M P, BT RIrks e
A SCHRY, ¥4 POHPAAJS 1 (6.13 pmol/L POHPAA,
276.9 U/L i &AL ¥ #E(POD), #i18.6 mmol/L Tris-
HC1, pH=8.8)/1 AF|200 pLy5 55, B &1
TWEE 35 min DL 4 K #2268 bR AL
(Thermo, 3&[E)MEZGIE S, MASGHASHL
515 313F1400 nm, MR A [F] R B H,0, 0 98
G bR, R b o i 2 RN A
FE i B9 CAF S T4 FE i T H, O B2

(VLT HBERE B iR, A A i B 2 100 mg
T &1 mL 70% BER 2 BOE L LY A
(Bertin, :[FE)AHL9 min (5 000 t/min, 30sx3, 15s,
6N ). B LW, 30 °CCIEZE K 2
T, A1 mLEAER R RER, BERRW
BESOf, £0.22 umA HLYE B 38 5 LALC-MS%y
Mo MR AS [F) e B8 5 40 98 B A 2 W) 4 S5 A4 1Ak
(floridosideliso-floridoside) TR & 7 M i 1) U T A1
ol 25 An e I 2, ) AZ b v il 6 RRE 5 45 A
G H 0 T AR SR A5 AR S 2T BE R S i . LC-
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MSHKEI . AR ZF: &I, s A A A
10 mmol/L & FR B /K i W (IR BR L =1+ 9)%F FE ¥k
B, 300 pL/min, AHIE30°C, Fig &k H
Wt 25 HL B YR T B T B K, SE A2 500 V,
S (N,)FE 7125 L/min, HliBIA (N, S Arbs,
B L B AR E300 °C, SR IR RN Wi
(SRM)HIHBEE, SRR E #0.6 5, Fim il
Bl H50~600 m/z., ;=¥ & T253/89(m/z)Hl
253/119(m/z) FAE & 12 .

(6)7¢ ) & 5 PCR(qRT-PCR)#&: Il , 2 B Plant
RNA Kit (OMEGA ). RNA 2 12851 5 13 1 45 $2 B
B BLRNA, #i24jE Takara PrieScript RT re-
agent Kit (TaKaRa, ™ [E)i7l & % licDNA,
PL18S rRNAKEHAE N2 31K, ELight Cyber 96
System (Roche, Ffi 1) o K 4 45 5% 22 4R {4
T NADPHE Vi (Phrboh) LA | #8440 L AL T
(PhSOD)Y}EH | H il (Phnho ) | 3-BE R H
TH 8 S (Phgpdh) 3L TR | 21 350 1T -6-15 R A B il
(Phtps1-4)5: K A XS Rak &, FLaEAT3R AE W2
Y, BRI EARER, RN IARR20 UL,
PR . 95 °CHIAE M3 min; 95 °CAEM:S s, 55°C
B K18s, 72°CHEMI13 s, SONIEIR; B (L,
HUG A ik il 2R 1 ] £ (60~95 °CH [l ) 45
B 2 ARCr kit 474387

T BT R (DA RHARFE B
T UEJE KK, WNTIx10°NO;., 1x8 ° K,HPO,
VEREFEUE, TR M (28+0.2) °C, SEIRSR I 4720 umol/
(m’-s), JEMJEWI NS L : 16 D, fE5effl T AL
Bt B R R AT 3R B SE R AL B, AN AE SR O
SFII0K#E4T, 1 h/k, ALFME 100 pg/mL,
Ao 38 A RV K W PR 2~3 0K o DA N B fie M )
EE2NEN (SSPa:iEc e

Q)Fe il FRER Y BRI . REFR 10 dBE 4
MWK EE SR W, 7EIE B W88 (OLYMPUS BX60,
AA) T ML R BB, WA BEHLGE R
10 L BF I SR B o Feffl T REROY R (%)=5i ki
10~ ML BT H [ Fy 22 R 44 b 58 4 7 2R R H /B
K ) A 22 R S E <100, BCFE{E

1.3 #HiEst

n=3, ¥ L1 1E £55 fE 22 (meanxSD) %
TN o I FH RS T B R i 2H 5 X R A ) 24 H ] Y
29, P<0.05F%/REEES,
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&1 qRT-PCRY B HREEHSIHF

Tab.1 Primer sequences of target genes amplified

by qRT-PCR
5y FHI(5—3) iﬁjf

primer sequence length
Phrboh-QF TGCCGCTCAAGACGACCTA 90
Phrboh-QR CACCCACCACAGACCCAGA
PhSOD-QF GCTGATGGAGGGCATTGTC 158
PhSOD-QR CGGTGTAGTTCTTGGCAATGA
Phnhol-QF CAACCTGCACCTCATCCACACG 214
Phnhol-QR CATCACCTGAAACGCAATCGCC
Phapdh-QF AACCTCACGGACATCATCAAC 138
Phapdh-QR CGGCAGCACAAACACCAG
Phtps1-QF GCCCGACGAGGACCAAGACT 132
Phtps1-QR AAGAGCGGCCACAACACG
Phitps2-QF TATGTCAGGCCAAGAACCG 196
Phitps2-QR GAGTGCATGAGGATGTAGCG
Phitps3-QF GGGACCTCACCCGTACACTT 142
Phtps3-QR GCTGACAGATAGCCCATTCG
Phitps4-QF AGGTGGTGGAGGTGTATGAT 184
Phtps4-QR CACGGAATGTGAAGGAAGAA
Ph18S rRNA-QF  AGTTAGGGGATCGAAGACGA 153

Ph18S rRNA-QR CAGCCTTGCGACCATACTC

2 4

21 EREFENBHZLREELEHMERE
aEAlD

FE100 pg/mLE I FEREAL BT, IR 538 220k
TR A TR R R R L N A H . 73 hi
35 3]53.3 pmol O,/(h-g FW)(FWHs 2 R4kt &, T
(& 1)

22 IMERERENBHRLZREH,0,FMERE
KEFERIEME

I R AIRARH, 0, B B 5, WREEAE
120.9 nmol/dm’, Wi N T B S 5, Sit—
A BN 22 RARHL O, 10 B0 &, IR Rl I ) 5 42
Tt #E3 hish B T A B R AL B 2,065, K
237.0 nmol/dm*(P<0.01, [£2), 15 B b RE %
i R TN ata ol s YO N F =3 QR (ERZA VXN
XoF S AR 118 W 8 S R R G, 7R 0.75 hi AR R

IR . TR B hDh B A BoR 2 3 i H, 0,1
FEI(P<0.05),

B 5 X 42 28 5% S5 HL,0, T AT 5% B 24 il
R B LR VAT T qRT-PCRIGK I . 7E A= 9 44
M, NADPHE LS 5 T & 7 (0, )™
A=, T JE O, #E SOD W/ Fl F I i H,0," . 7
TS T WE AL 3T 35 5 3% 22 AR Th Phrboh il PhsS-
ODJSE [H 1) 22 3K B B ) #45 Hh B0 b T 34 e il
Phrboh() FiHAEH W1, 7£0.5 hist AP & i 90 b 2%

~
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1% 6B A R /[umol O,/(h-g FW)]
(=]

0 050 075 1.00  3.00
B[] /h
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LS DA
*P<0.05, **P<0.01, ***P<0.001(n=3), S50httL; T
Fig. 1 Effect of agar-oligosaccharide on net
photosynthetic rate of free-living conchocelis
of P. haitanensis
*P<0.05, **P<0.01, ***P<0.001(n=3), compared with 0 h; the same

below
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Fig.2 Effect of agaro-oligosaccharides on the release of

H,0, from free-living conchocelis of P. haitanensis
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R (P<0.01), FI3 hitf, H]kHE] X B 15.784%
(P<0.001), PhSODW[FIFE I B ik #a#, 7E1 hitf
KB KRB, XA R6.014%5(P<0.01),
{HFE3 hit BN T 95 (B13) o

18 sk Ooo0h B05h
S s D075h ®lh
Z B3h
iy &
19 & 121
[}
iﬂf < 94
= Z
T
& 61 -
S —
g 3 =
3 =
0 d ==
Phrboh PhSOD
A
gene

3 RREMELE TIZEEB B L KK+ Phrboh
FNPhSODERF BN RILE
Fig. 3 Relative expression of Phrboh and PhSOD genes
in free-living conchocelis of P. haitanensis treated

with agar-oligosaccharides

23 HRBEMNBHLRFLEREETIER
PSS A

AR R AR L DA TR f A E TR/ €
ST N SR 2D MR 2R . S5 IR R, RS
LR DL ALY O, AR LR
(7845 . FEBICSEREAL S, — A AR AR
fbi&a#, #£0.75 W2 LTS, 7£0.75 hAf,
B Ay B R X BB ZH Y 1,534 F11.4017% (P<0.05), B
Ja SRR I B AR, 783 A LA 0] & 5 X AR OK
F-(1#4),

B S X 21 B A A W A O 1 224 BT
()38 AT T QRT-PCRIYS T . Hrpr, 3-8 —
H I U B (NHO- 1) Fl 3-8 i — H- 7 i =0 (GPDH)
BB AL BEE T A TR 5T 3 - R — il Y A iR
" Phnhol M Phgpdh3k N 7E B I SEHEAL B H
A MBI R IX S, Hh Phgpdhi) b i
Ko THETETURFEREALFE0.5 hisk B H B0 K R Y
EFRIR(P<0.01), 1E1 hiF A B i KFkE, 7
SR X B 4.7 165 F16.0145% (P<0.01), {H7E3 hitf 3
HELT PR (E15).

TEIR 5858 h L R BA R S i 21 BE M 1 -6-Wh IR
A B (TPS) Y SE P, i & BUAT BB 1 56
R U SERALBE R, 7E PhipsFE R KR
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Fig. 4 Effect of agar-oligosaccharides on total

floridoside content of free-living conchocelis of

P. haitanensis

AN K2 A T DL Phips2 1 Phips 30 W 3 W 5, 7E0.5 h
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414145 . 3.914%(P<0.01). fii Phtps1K: K I Pht-
psAKE R A8 Ak iR BE AR X RSN, (B A A L T
o AFR X AN LR 7E 3 hiIREHR H 0 e 5k 5 10 I
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Fig. 5 Relative expression of Phnhol, Phgpdh and
Phtps1-4 genes in free-living conchocelis of
P. haitanensis treated with

agar-oligosaccharides


http://www.scxuebao.cn

74 KA, AR SRS bR A I 1 B SR A R 1081

Ao FIH A 2200 1 B 8 E HOk otk 4% 48 0 5%
22 RIEF I, WIACE BERAE, CHTE T SR
R A R e T AR R . SEREAE iR
KFREIE IR L K kB MR R,
PP SR ININOR 3 =5 A N F R S
FATVR B SERE 4 IR 25500 SFI10R AL B
H 22k, BRI b/, HREE100 pg/mL, REMS
PR 53R [ 22 RAR Y e A SRR BUR
TERE FR 10K, AL FRA (B iR B T4 1
41, TEHFRH30KNE, AbFHA K)o T RERTE B
RIKFN59%, b FH 5 T X IR 4146%(P<0.05)(1&16).
AL BERH , B SRR AR U8 12 42 28 3 A fh 22 4R
KWEE .

[2)

g 701 —o— X HEZH control %
© .§ 60 - —8— b H4 experiment
N 50 .
=L
g 401
270
b5 )
= g 20
2 S 10 1

o]

5 0

& 0 10 30

PN A
time

El6 RREBEMIZEFEHLRAZTAEFER
R EHIF M
Fig. 6 Effect of agaro-oligosaccharides on sporangium
branches formation rate of free-living conchocelis of

P. haitanensis
3 e

A ME R B 2 S A Y A R IE , %
FAk 2 R AR R . SRR AT DL P dE
Yt R B BORUCT ARBFGE R, B S [
FE T DU SR 58 S0 22 AR AR 1) 1 Y B T AL R 1Y
FREe e, A BUR SR RE A2 48 M dn R SR 220k
WHEAER, (e AR . 2080 2
YL R EEMOC A IR AN TR, RS
A B B P 4, A 305 20 3 B R S5 40 3
Wifh. JeaVEAIR, 403 2 RubisCORf [ & JoHL
e, PSR R IOME 8 1% 55 BN TR 13- R H I
UDP-Y- 7L 0 5 H5 G0 s 4n s b 11 . Bk, 20
R Y B AR bt BB R H AT R A RIUR

W, £Edm T Wk iR E R FE B S
RS, S 58K EER. 125835
2 MRARTT E R o R IR BB, LU Y
B BRI BN 22 AR AR S ) 5 R 0 B A
o ARG LI, 22 AR b 2T R T DA
SLAFHT ST REZ, X 5HRAAHER, HMN
X & EAER, 2RIk ZHEN S BT
PR AAR L S 21 M A i i R A4 J2:9.26 meyg,
] A o T 22 R b HA54.55 mg/g. Ui B 2R AR %)
oA RN A KT R R R, X5 H
TR AT . AT A, 2RI R RE
AT DLAZ BRI S B N, FEALBRAY0.75 hi, 2
R AR T I R 21 350 T Y B o R R
B (8] 21 %65 BEOK P, 30 3 W S0 R A5 P 5 | i
22 RAR 2T ERE R ARG B AS B AR A X I
JURR 5 21 305 & A SC W 1T T qRT-PCRIY
ST BEAR R I, AT A O Y il TR T B B
G ek S VA N T o B I S A R S
fif 3 Kl Phnho |1 H I 3-8 2 I8 &0 1l 33 Xl Phgpdh ity
S LY [ NS ok - S PR A I
MNP U IRy BNy S PN
P, U B LR AR A ISR T 42k 2T A 1 -6-
B R A BB L R B R E A BT 2R, U
Phips2F Phips31%) LS & , 6B 455 FE A 7R 3R
SR PR AT BEAFAE AN [A] 43 T, 40 5 G A4S B [
TELLEENETT A A B R 2] F 2AEH .

AR R TR B AR S I o R 4, 2
RIABIESE & B, 3558 30 22 Rk B A W HL O, B ik
MR R, 2RI HL O R T i i ao IR A4 74521,
AW G 25 R SR B B SR S, 22 R AR
M H, O, B & i — A3 iy, B 5 iR AR Sl At
BRI, HAbEEIZ RSO E, Sl
MCH SN, I ] A I e AR A 0
R+ LA e IR EIEH T 2, WA
S8 H,0, /4 S b B8Rl , FEALFRA90.75 hiy TG ik
F2AL, Thi A BRI, HiFZ3h, BIfE2h
WG AIF A T . SRRk, Uil 2
ARAKRE 8 7K 22 55 IO 06 MR 40, 40 I HL O, 19 7=
A= B 2 0 i o NADPH 4 1 il 8 16 F 18 420 25
F(027), Firi SODEH#ILO, ™ JE H,0,, A&
WFFEXT HL O B 143X 1~ 5 K Phrboh F1 PhSODiE
P ARt KB, —H R RIEY B,
Wi W B0 S P RE 618 T 15 B 3 2 R IR P NADPH
AL K FISODE A 1 M 223k, I #4 v il
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BRIRFS9%, 3 T IR 46% . 16 B
SEVRRE O N5 T F 22 i A 529 T AL
PRI R A ML RN LT . BAT, MR
HE SRR X B A B R T VR FHBLA o BRI IX b
LRI T A e AR 0 A A 4 B 5
R, HIEFAmLREEF SRS, ®H
EHSM G Ralbl ., RAKEEYEE—-HE L
T, 57 PR 2 ) A Y IE A
Koo WHE P S5MHaRalE N b i TS
R, HlE LI E 2B E LR EOEEE
FHSCR P2 5 o 20 BEWE T 1R R dn 38 b E 221
AT, R EBEM A EEmRKEEY . &
WFoErh, B SEMEAL S, 15800 A B 2RIk
(96 A VR FARDG A R AL 7= H B 38 i o 00 Bt e
SERRE IR RS 2RI B R T, TTEE
Je 38 T R E H 22 R AR 6 A AR RS G TR Ak
PRI BRI % B R A B Y 3
Bifh, 3 IR HE 5 0 A AT

gi LTIk, BB S ME R AL RE W B & AR Ik
MBSOV, [R)RE RE A5 38 i 22 4R AR 1) 6 A R
FOGA R =45 I 38 23 38 e s H,0, 1 il 1)
TR A IR E B O H B SRR A BE
e In S E A M RIR B Lk H . Wik,
FEIR SRR AR SRA D, BT R B o
WEVE N 2RI L 7, RitHAKMES, H
HACRAT 5 7 S PR AR P IS IE
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Response of free-living conchocelis of Pyropia haitanensis to
agaro-oligosaccharides

DULi, YANGRui, LUOQijun, YAN Xiaojun, CHEN Haimin "
(Key Laboratory of Marine Biotechnology in Zhejiang Province, School of Marine Science,
Ningbo University, Ningbo 315211, China)

Abstract: This study was designed to research the response of free-living conchocelis growth and sporangium
branches formation stage of free-living conchocelis of Pyropia haitanensis to agaro-oligosaccharide. After being
treated with agaro-oligosaccharide, the net photosynthetic rate of free-living conchocelis of P. haitanesis was
measured by liquid phase electrode; the concentration of H,O, in the medium was determined by the dimerization
of (p-hydroxyphenylethyl) acetic acid; the floridoside content was detected by LC-MS; the H,0, related genes
(Phrboh, PhSOD) and the floridoside synthesis related genes (Phnhol, Phgpdh, Phtps) expression was detected by
real-time PCR; the number of sporangium branches was examined by microscopy. The results showed that the
agaro-oligosaccharides can stimulate a series of responses of free-living conchocelis of P. haitanesis. These re-
sponses include increased photosynthetic rate; increase the content and biosynthesis of photosynthetic products of
floridoside; the release of H,O, continues to increase which was associated with the activation of two enzymes as-
sociated with H,O, gene Phrboh and PhSOD. In addition, agaro-oligosaccharides can also promote the develop-
ment of free-living conchocelis of P. haitanesis. On thirtieth day of culture, the sporangium branches formation
rate of agaro-oligosaccharides treatment group reached 59%, significantly higher than the control group 46%. In
conclusion, agaro-oligosaccharide can increase the free-living conchocelis of P. haitanesis photosynthetic rate and
photosynthetic products, and can increase the expression of H,O, synthesis enzyme to induce the release of ROS.

Meanwhile, agaro-oligosaccharides can promote the reproduction of free-living conchocelis of P. haitanesis.
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