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1 MEHSTE

1.1 #H

IR RAR (W AR 15 7), 20134F R A #iiL
BRI BIZEE S, RERTH 5 A 1450
CHAEI10H20H), 60 d(10H30H), 80 d(11H
20H), 110d(12H 19H)F1140 dCEERI1H19H),
RAEWIN, IEREWKHE ., REFEHT,
B F-20 °C M. SEHRT, SeHICHIEEKIEUE
2~37%, FLL0.7 % KI(w/v)ZL B 5~10 min, 20 °C
5 1k24~48 h,

CWTAR 157 B35 5858 H 1 220U iy W7 VAR
AR TREE S = PR i, 7£(20+1) °C 1140 pmol
photonsxm*/sQEEHIL: : D=12h : 12 h)F&xMHTH
N TR, B B 5 TR .

B SER ARSI = [, RAEAE2~12",
1.2 IEEFEBHH,0,4& M

DL 100 pg/mL Byt I SE M 1) 15 7K 355 57 W Ak 2
ANFEA K BB IE 28381 h (53R % 87 mg/mL) .
2 Rl ACHCEE SR, W R B OR 2R
(POHPAA) IR 477 (6.13 pmol/L POHPAA, 276.9
U/Lid 8L, 8.6 mmol/L Tris-HCI, pH=8.8),
S R 35min J5 A& W S8 {1 (ex=313 nm,
em=400 nm) """,

1.3 KHEEPCRAH

AN A B B ) 3 5852 03 1 42100 pg/mL3E
W SERE AL R4S minf5 RAEME M, $RICERNA, &
M cDNAJS , M f#&PCRZE W & Phhsp70 .
Phlox . Phrbohfl1Phsod() 32Kk . Phrbohf)1E
519 : 5-TGCCGCTCAAGACGACCTA-3', X
514 : 5-CACCCACCACAGACCCAGA-3', §"
590 bpfr Bt s PhsodiEM 5| #: 5'-GCTGATGG
AGGGCATTGTC-3', &I 5|4¥: 5-CGGTGTA
GTTCTTGGCAATGA-3', ¥ #4158 bp i Bt
PhhspT7O0IE M 5l ¥ : 5'-GTGGAGATGA
CTTTGACCAACA-3', Rmgl4¥. 5'-
GCTTGGGACCATCTTGTGTAG-3', #1201 bp
FBt; PhloxE i IEM 5 #: 5'-TGCCCCAC
TTCGCCGACACC-3', a5l ¥. 5'-
GCCGCCGAGAAGACGTCCATCC-3', #1130
bpFrBt; LAPhISSHZSIEN, EM51H. 5'-
AGTTAGGGGATCGAAGACGA-3', KI5 .
5'-CAGCCTTGCGACCATACTC-3", #1153 bp,
LA B A5 A9 cDNAYE M4 4 ,  F| FHl takara SYBR
Premix Ex TaqTM II(Perfect Real Time)(Takara,
China)#E 17 9% 6 2 S PCRAGIN ,  fr A5 & H R H )

—PHFEF . 95°C15s, 55°C20s, 72°C10s,
FLA0HEIL . 2B MR AT 4 AT .

1.4 EXRMRD D

100 pg/mLE I ZEFEAL B IR SR 38 5, 7RO
60 minfif RN F, WAMHE , WIMNARY) &5
B4, B F15mL SPMETZ#iH, 75 um Carboxen-
PDMS/ DVBZE Hit 3k (32 [ SupelcoZy 7)) Z AL 5 i A
TS, 40 °CHEPEZEHL50 min, 25 °C 1
BFF20 min, B ARk 57 RIAE A SERE T, B R
5min, GC-MS (H 7 SHIMADZUZ\ &)/t o

GC& M. K H Vocol B 4145 # (60 mx0.32 mmx
1.8 um, 3Z[E SupelcoAF]), #HHF HRE210 °C,
#HAH99.999% 1) F 4 A, AEiEH 2.0 mL/min, A
F AR FE35 °CIE 43 min, A3 °C /minft %40 °C,
{451 min, FELAS °C /minft %210 °C, {54525 min,

MSZ& . HLFZ5 i (electron impact, EI)i 4>
Mr, BEIEAT70eV, BFIRIRE200 °C, 2 M
210 °C, R HFIER Fm/z 45-1000, iR
PENIST 147 X WILEY 7 i FEKG R, DUbr i E i
Sy SR, AT A W, R e T AR —
BITEEmAR, FHEFEERE NS, BN
AT B R Y R0 &

I E A 4 (PCA)Y B AESIMCA-PY
(V.12.0, Umetrics ABZ ], Fi $) 70 B A [] B Bt
IR R Y 25

1.5 BEESH

B VAT Y 8 45 M 22 (mean=SD) K 7R, n=3,
B A HISPSS (11.5)LSDZ & LA br, 24 4H [A]
ZFP<0.0SHHIN N E E R BE .

2 4

2.1 ARIMBIZEXRTIEERER N
H, 0, 57

XF EE O min( B A 52 3 fise T 05 0 0 B 50 Bif 44
{4 B SR AAS T 22 AR B HL O, BRI (2 1), KR
22 AR H, O, B il i 38 328 1 T IR AR B 4T, 3R
FI5AF LA (P<0.01), AN [) sy 30 Ay R 4 1 J ik
WA R, SRR K, B
i, DAFRFEG IR 140 AR SRR R, S0 dRYShE
Kol AR KB B R 558 7E 100 pg/mL
B AL TR, HB L HL,O, M R L%, i
AR B8 e B A bR, 76 S minb UG B iy, B
IS, $54210 min, FMEBEERRDE,
M 22 AR AR T H, O, 8 & B0, 76 10 minf 3 &
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Tab.1 Differences of release of H,O, in different stages of P. haitanensis induced by agaro-oligosaccharides

FH/d stage

Ff 18] /min
time 50d 60 d 80 d 110d 140 d 2R {# conchocelis

0 —4.03+8.7 3.93+8.38"% 6.77+2.8%* 22.28+8.42% 29.73+3 .46 152.18+0.47"

5 57.29+17.51° 60.93+12.18*? 61.91+15.47" 71.74+15.02° 57.50+8.93"? 167.59+10.07"
10 51.31+42.84"> 69.85+11.55" 59.03+14.44"> 75.61+11.36" 68.64+0.65" 221.05+44.78"
15 17.21+2.08"* 37.90+5.5"% 62.35+18.9" 55.72+18.53" 34.99+9.35% 209.45+81.69"
20 28.87+0.71% 24.68+2.46% 26.23+3.88" 40.64+12.99% 48.48+18.45"> 186.91+20.49"'
30 —2.39+3.8% 43.17+5.88"'3 33.59+16.06>% 25.76+9.61% 44.32+15.17% 216.99+45.42"

H: ARJARRRREEESR, WTREENERHFRERR, MAFRERREEZRIEP>0.05), ARFEFRRE REEZER(P<0.05);
58 E 72 R HRERR, FMHRARRZER A REP>0.05), ARBFRRE LE MR (P<0.05)

Notes: Singificant differences were expressed in different superscripts. The different small letter superscripts in the same line indicate a significant
difference (P<0.05), the same letters indicate no significant differences (P>0.05). The different digits in the same column indicate a significant difference
(P<0.05), the same digits indicate t no significant differences (P>0.05)

e, 384 O AR 46 I V) 5 PR AR 3T Phhsp70. Phlox. PhrbohFlPhsod 41>%E& P A
S y — &4 = NS f
22 FREMBEERMERBEELRnE o AR D, BRI, R R
H AT N R ZL, A SRR B LR, R
RIKTE Phloxty F A5 HK F (166.06+£56.52) % (P<0.01),
DR SRR, N RKB BRI ESRE PhhspTORI Phsodth H B M 8 3% L d, 4 5 E 4
Phsod = 111 Phrboh
=1 4 sk
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EEER I %% 2
Ex S
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Fig. 1 The relative expression levels of four genes of P. haitanensis at different stages after being treated with agaro-
oligosaccharides

*P<0.05, **P<0.01 (n=3), compared with the expression of 0 min
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(20.89+4.67)% (P<0.01)F1(2.70+0.21)f% (P<0.01).
T 5[] Fsf 5 608 b DR AR ) % 66 PR 1 ) i AR A
AN, HIEA SIS A SRR, Hrhgod
I 5 ) 1 44~ B DR A8 A 2 /N, Phhsp 701
PhloxW % 58 )L RAE, H 2 Phsod i 38 41.82
RIS MR 5 104 140 di & 28 321 Phhsp70
FPhrboh) B 2 LIRS, 4351 1 (4.94+
1.25)f%(P<0.01)F1(2.95+0.81){#% (P<0.05), %4b, 60d
FRFH IR 530 1 25 FE R B R AR Bc ok,
W Phrboh I (7.7742.69)(% , (R A i 21

23 AREIEKMEIZERNFELERS 57

T X A 52 B S E AL R A AN TR) A= B BERY
ISR R AT A, T 4k ss E)
14 40 T 3R 25 01 (9 PC TS 43 PR 40 M R 5 i) F A
RIS AR AU, A bR AR — A P
— AR o 2R B I 4 R T B
B, 5 ILAS MR s 5 0 P B Ay, 16
ARV 22 R ARE R (E2), SAIARIR
BF 00 B 2 W) ELAR B SR AR 43 IF, JF AT LG AR
Hi R SRR A 5 35 B R TR) 2 B0 A 56 Y 43 A R
(A EEZET). Ho 110 df140 diyy Bk
I, 50 dF60 df g FE .

FE25) T 50, 80FIT10 dFH 4R AA N 22 4R A4 it

W35 L R IS B . dE RS R AR I K
VI ERCREESS . B Lk . B, BRNiRR
TR 45, X S W) o 7 40 B D) 0 s SR P AR
A, 2R 110 dRYHK (FE2). AL
KF, 50 dY IR AR i L RN R 2 0 I 2
GEKL, BRIOEZ, R, 4%
1% 35 51 (950.73+444.87) ng/100 mg; 80 dff i1k {4
kel Y R R R 2, Hod b ik #
(544.87+385.91) pg/100 mg; 110 dfy 4R A4 v i 2
MIRIRM PR Z ﬁ%%WM%ﬁﬁ%ﬁ%
W, SRY A T, %;m%&¢
VBRI CRIERMEY B 22, N2-SF I T |
Wi-1-F . 3-9F W0 . 1-FM-3-BE 2¢%1%ﬂ&
WS L2 AR IS0 dit IR A i b 2 B
%, MiH, ZREFPHCSERIEY RS RET
WA ANZARAR 32 T 1 I -3-EE R 20
W -1-BE I 1 AR AL o
2.4 AN[EIM B3R 55 5200 L 3R AR B 08 B B AT Y
EEMYRNTEHES
TS, &K BN R Y
R B TR, HA R B
T, JFH, R )R A B B A R R RS
T M A B, {EL R B A ) R R 2RO [
(32 3)o 80 dirf bR A T 22 4R A bsf 30 442 O P 0 Joit 4
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Fig.2 Principal component analysis (PCA) scores scatter plot for the volatiles at different

growth stages of P.haitanansis
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Tab.2 Volatiles of conchocelis and thallus at different stages 1g/100 mg
ﬁiﬁs 20d 80d 1od coﬁﬁﬁlis
+75 A2 H i methyl hexadecanoate - 23.80+11.84 3.00+£2.68 1.29+0.27
9-+ & H' i methyl dodecanoate 2.93+1.38 - - -
T F I methyl dodecanoate 6.64+4.36 0.530.12 - -
-+ VY%L F I methyl myristate - - - 6.49+2.89
T H I methyl butyrate - 0.831+0.556 4.4784.594 -
% nonanal 4.134£2.02 1.23+0.61 0.91+0.66 1.47+0.25
2,4- 1% " JfilE 2,4-pentadienal 950.73+444.87 2.67+1.80 3.1743.80 -
2-3F % 2-octana 30.50+13.88 - - 3.79+1.89
2-3F )il 2-octenal - 3.56+1.74 - 4.21£2.05
4-J%JfM& 4-pentenal - 0.969 - -
+ VU RS tetradecanal - 5.814 _ _
- % dodecyl aldehyde - - 3.960+4.235 -
Wi-2- j2 -6-F — 45 (E)-2,(Z)-6-nonadienal - 2.121+0.871 - -
5-3FJfi-1-EZ 5-octen-1-ol 16.07+10.48 - 18.81+0.00 -
1-+ DY 1-tetradecanol 12.13+0.87 - 1.15+0.57 4.93+5.81
2-2.35-1- O 2-ethyl-1-hexanol 33.80+11.62 - - -
2-3F475-1-F 2-octen-1-o0l 20.64+4.84 11.84+4.49 - 31.72+23.70
1-3Jfi-3-B 1-octen-3-ol 39.56+7.08 15.11+£7.78 10.97+10.64 56.30+46.31
1-+ Tl 1-pentadecanol 1.99+0.52 - - -
3-3FE 3-octanol - - - 9.55+10.05
5-Ffl J:-5-BE -3l 5-methyl-5-hepten-3-one 45.79+26.33 - 20.86x16.17 -
3-3 [ 3-octanone 53.74+17.53 33.97+10.85 27.01+23.08 56.92+41.10
3-J% /i 3-pentanone - - 1.608+1.549 -
1-+ T/ 1-pentadecene - - 2.16+0.00 40.23+10.20
8-+ 8-heptadecene 1.03+0.00 - 152.35+127.89 19.97+10.25
1-+ =4 1-tridecene - 3.298+3.716 - -
- k% pentadecane 10.48+6.16 1.55+0.01 0.46+0.00 -
DY tetradecane 0.85+0.02 - - -
4% heptadecane - 544.87+385.91 - 26.30+9.65
~F—%t undecane - 11.653+0.914 - -
—J\kt octadecane - 3.761+0.744 - -
)% dodecane - 5.126+5.908 - -
-+ Z M 2E-3-41 1-dodecenyl-3-alkynyl 7.7246.44 18.06+5.75 28.33+35.87 28.53+12.40
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Tab.3 The changes of volatiles of different stages of P. haitanensis in responding to agaro-oligosaccharides  ,5/100 mg

ﬁﬁﬁ?ﬁ 50 d 60 d 80 d 110d 140d ﬁﬁﬁcelis
+/5R H IE methyl hexadecanoate it 0.14 0.72 0.51 222 2.49

9-+ R F'i§ methyl dodecanoate 0.06 - - _ _ _

3% H I methyl octanoate 0.98 - 0.92 - 0.28 0.92

L2 I methyl caproate - - - - 0.17 -

I DU A2 H 5 methyl myristate - - - - - 1.31
% nonanal 0.53 0.11 2.71 - - -
2-3¢ i 2-octanal 0.33 1.20 - - - 0.95
2,4-1% )il 2,4-pentadienal 0.11 1.12 1.79 - - 1.23
2- Il 2-octenal - 0.47 2.83 - - 1.92
JIii-2- )2 -6-T: —#5 W% (E)-2,(Z)-6-nonadienal - 0.41 1.02 1.16 0.38 -

F DU tetradecanal - - 0.77 - - -
7-2Ff5-4-F% T-octen-4-ol i - - - - -
2-3¢Jfi-1-BE 2-octen-1-ol 0.69 0.97 1.76 B 0.58 1.19
5-2FJfi-1-B% 5-octen-1-ol 0.56 - - _ _ _
3,6,-F —J#-1-F% 3,6-Nonadien-1-ol 0.55 - - - _ _
1,5-3F —##-3-% 1,5-octadien-3-ol 0.48 1.39 2.55 0.27 1.06 0.99
1-3Jf5-3-B% 1-octen-3-ol 0.19 0.67 1.56 1.84 0.91 0.87

f-—# undecanol - - B - - -
9-+ J\Jfi-1-EZ 9-octadecen-1-ol - - - - 2.77 -
2-J%Jfi-1-F& 2-penten-1-ol - - - - 0.36 -
3-3¢ [ 3-octanol - - - - - 0.32
3-3%H 3-octanone 0.61 1.21 6.61 0.00 0.75 1.23
5-Ff Jk-5-BE47i-3-B S-methyl-5-hepten-3-one 0.00 1.15 - - - _
1-%)-3- ethylvinylketone - - - 1.18 3.06 -
1-+T)f 1-pentadecene 3.29 0.00 - - - 0.77
8-+-E 4 8-heptadecene 0.75 0.38 0.52 0.16 239 2.98

[~ i)t pentadecane 0.65 0.00 1.61 - - -

/L% nonadecane - i - - _ _

F—%¢ undecane - - 0.00 - - -

%t dodecane - - 0.00 - - -

f--E %% heptadecane - - - - 0.80 0.19
1-+ = 2E-3-H 1-dodecenyl-3-alkynyl 0.49 0.00 0.79 2.19 0.86 1.48

T Fh ks £, Hirh 80 dH- R A i JLFh C8¥4 & 1k
VI £, W2-EmEE . 1, 5-9F M-3-BE
1327 B B4 A0 A BB 7 2455 L) 1 (2.83 . 2.55F16.61

fi5); 22 ARAR Fp 7S R H R RN 8- - s 184 hin 3% Kk
L (2.49012.984%), IF H2-FMmlE . 3-2¢ 145
C8¥E R PEW B A BN, 50 dHRAKA 24 5 Y

http://www.scxuebao.cn



962 ko R 40 %

Wt B, o3t N R TR N T 0 -4- T, O
b, A RN 3290

3 iR

FESE S AT S rp 2R AR B )R T A7 ) o
SR ) BN S, R A SR AT A DL ST & 22 MR
WEE AR, &R, wotEA T
FRUY, PR I 3 A B 30 7 X B ks 2 SR AT HL R B
PE 5 A ] IR AR, B T R R T
ISR 22 5%, e AT 0% W6 i 87y =R g B AR
WA TRRAAEESR . AR LI, LRkt
W, H,O, M BB 2 M ARAR I SRS LA |, T4 &
PE ) 5 2R R A A AR K 25 B, UL
e 5L 7K FURR B 19 44 k1 0 5 4 B T BB R 22
RN X R RO BRI Y — SR

DR SR R AR SR — R IR R R -, T
PR RE & . PR FE IR A0 2 38 LA R 5 R M I
(1 7 A e B AR g iy 2, R B RE SEE L
A5 TR SR PU M RN AR FY A i A Y
e, FRATT R R B S BE T BT A s 5 SR I 5%
B, SR B TE A R 21 12 v B i SR, R EIY
HORA P 225, el 5 (22RO 1355 HOR i
G, FEARBEIE R, FRATULER 3] 32 B S A I
o, EAKMFE AR, 2R AR 1L 35 e
Uk, HHH, O, 7E 22 R A I 1 3 B0 A ke B[] B
e, AR SR AR EE E T LA
Pk FE AR BT W LR, BRIS SR
W K B AL AU 35 R (Phrboh)St , HoAth 343
PRI 2 R B3 3 T R AR I, RR AR IR A A
it 35 K] (Phlox) | 7535 (166.06+56.52) 15 . JE4E &
it 1) 5 P 5 R A PP ME AR OGN, TEREA e R R
IR G BGOSR I E BRI, Z A0 o & 1
15838 H Y oxylipinik 12 5 HAL M #2R T, %
A B 2 oxylipins A7 TE , (ERS I 1) K & %) PR 65 14
KPR, WiAR MR | IR S ER 2 R
RS2 oxylipini 42, e [ 1Y G Bl A2 R A
B, IF H 3553 R 8 YR 10 A A
B, SRR A M RMEIRE, S REN
CIW M, FRATT & I 22 MR A v 1 C 84 i 1
W W BB A, A BU SEMS E
JUEHE T, Ud W B AR A AR 22 DR AR B BT R HR
IR —RE ME

Xof L I R AA IS0, SR i i AN (] B S0 A
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TEZE 5, H,O, Y Wi 17 T2 B R [ 76 45 i) 30 22 5
AR HRPUrERF LR E B AR, 140 dif
ARAK K PhhspTOFI Phrboh!tl 1 B3 1, Tl RE S
BT HRMEAR, EEEMA K, 60 diIRIE
25 IR —EREN LR, HES e
FARKRE RIFAIBIE, ] DUE S 35 55 Bl S
B N BE T) ok B R T AR B 0 A K T
i, WHERVEY R RE , 80 diy BRI S 3Y
2, 3 A B O b 5050 AR KRS B v st
W1, 4 R MY R A ] RE A B T LR R
i, Hmyitk .

25 LT, AR AR A B B 1 3 58 2 e g B
SEREM T R ARE A, HEZ T, 2R IExH
LA T 5 A 1 BRE S, R B S AE 22
AR I, T BB S AR AT PRI
T IR AR T, DA AR RS R 4 v i 5 1 i)
IO7 4, A LAARE A 3R A 438 “E N S T
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Study on the different responses of different growth stages of
Pyropia haitanensis to agaro-oligosaccharides

SUN Shanshan, MIAO Hangbin, ZHU Zhenggang, CHEN Haimin,
ZHU Zhujun, YAN Xiaojun, ZHU Peng’

(Key Laboratory of Marine Biotechnology in Zhejiang Province,
School of Marine Science, Ningbo University, Ningbo 315211, China)

Abstract: Oligosaccharides could induce physiological responses of algae to defend attacks from pathogens. This
study was designed to research the different responses of different growth stages of Pyropia haitanensis to agaro-
oligosaccharide elicitor. Six growth stages including 50, 60, 80, 110 and 140 days P. haitanensis thallus and free-
living conchocelis were selected to detect the release of hydrogen peroxide (H,O,) by (p-hydroxypheny!l) acetic
acid fluorometric method, expression of defense related genes (Phhsp70, Phrboh, Phsod, Phlox) by real-time
quantitative RT-PCR, and volatiles changes by GC-MS after being elicited with agaro-oligosaccharides. The
results showed that, without treatment with agaro-oligosaccharides, free-living conchocelis contains significantly
higher levels of hydrogen peroxide and fatty-derived volatiles than those of the thallus. 100 pg/mL agaro-
oligosaccharides can induce the quick outbreak of H,O, of different growth stages of P. haitanensis, and thallus
responded faster than conchocelis. Four defense-related genes were significantly up-regulated in conchocelis, such
as Phlox was up-regulated 166.06+56.52 folds, while the genes of thallus at different growth stages exhibited a
slight extent of up-regulation, moreover, the changes of these genes had variation trend at different stages. The
composition and contents of volatile substances varied with different growth stages, but the 8-carbon volatiles
predominated, such as 2-octenal, 5-octen-1-o0l, 2-octen-1-ol and 1-octen-3-ol, etc. By using PCA method, the
profiles of volatiles of thallus and conchocelis could be separated clearly, indicating an obvious difference in the
profiles of volatiles between them. After being stimulated with agaro-oligosaccharides, some new volatiles in 80 d
thallus and conchocelis were generated, and some 8-carbon volatiles were increased significantly. Overall, these
results indicated that the different growth stages of P. haitanensis had different response modes to agaro-
oligosaccharides, in which conchocelis responded most intensively.
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