¥41 %5 5 10
2017 4F 10 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 41, No. 10
Oct., 2017

X EHS: 1000-0615(2017)10-1578-10

DOI: 10.11964/j£¢.20161010573

T EISRMNE & THIZEEPEYER DN
R OB, #Eml, KEE, B &

(T WKW PESE, WL T3 315211)

FEANE

WME: FTIHARGRBELFGETRREEED R Z O RS FIRERAFT R Z 2 H
WAHEXR, FRUATHRZLREWHRIFT IZEX P RAENH &L, UEAEE—F
FERAHEETTHEAEN T FE, AEUON T HEBEFET, BEXFIUM
MU ESENRN. ERET, EFBMETEFXBRMNATHENHKE, 2A AR
KA R R RES RXERELHF %R XRABRTFHE. AWBRFAXA
Mo 720, 25, 287u35°CT, RAMRMRKARTFT B & EMARBBEEN LATHAS;
kLB RREXEHRE FRERFMFAERERSEFRATHLEZAEMRT
MEA, ENTHRGHEY. U28°CEAMEIEZ, EFRMBEHET, 5%I&. K
KERFRHF T IR A0 R RTS8 & B HF 28 0 [ B ZE KT M8 185 A B
FRARFEE S EMEHEREANERT LA, XARNEGEEANBTETHR. £KA
Bradld, AWM. XAR. R IBPXARTHROSEHENTHE. AEXTH
WA, MRAERRGH. 7R R OF IR & & N HA KR8
BHHATTER TH. HEMET, ZEXERIERIXBEZT BB LR E IR
B THAMEGH, EHEFEK. AT, SEXNGARIAER, EFREMbETE

SRR B T R E LB A

KU xR 3 BiRAE, EWEE; WAERA

FESES: Q945.78; S968.43'1

SRR HAT A BN TR M EH
) — i, BAEAE R EY g
(Pyropia haitanensis)Jg: 3% & 58 32 /) 24~ F2 2L AR B Fp
Zo—, WU K R R F X R, K
i e E IR BT R T75%UL B Ak b A
EERAEASRE , FAF9—10H, . Witk
HB 23 KA R R v i AT B e RUBOTR KRR, K
Yk ek v B 58 SR Ay 1 BN RS, i R 5
KERR W, #ou IR AW, 45555 )7 1
T BTN,

VFZ YR NN IREEAEE LA SR
WER Z 5w e, Yz BN AR Y . F K
SIYREE S . TR R B N Eh B aE S A W A

WIS HER: 2016-10-12  {&EIBEA: 2017-03-17

SEARERE: A

A0 FE R, YR S 5 B
IO P 2ok A vt A P LR AE ET AE A2 3
Uik N BN N LR o e A i Bu g AL
L) 4 A BRAE AT 3 oA A AR P A e T
YR AL T R S b, (RS 1 i
VEBE S B 2 A R L, R A R
KA LG E A, I 16 35 2300 85 [y 30 i 1oy 55
A PR A AR AN B R
4 Tl 28 2 3 P2 AL B 0F 5 B AR B R A AL TR
A BRI S 25 A N IR R B A 5 T Y
M 52 1 22 18] 18 A 5 AR L 52 B A 8 3 ok i &2
MR, Horb, KRR . AR A S| e £ 1R 25 A
A3 1 195 5 Joh 3 7 D T 4 A A A AR T

BEWE: FxRE KR THQ2015GA701027); #Hiil 4 H AR R 3 4 (LY 17D060002); #i¥T 4 R T 2 28 130 B (4 #7 9130)

(2016C37090); *T* ¥ K 2% T 56 ol = 48 2k 4
BIE1E&E: ¥, E-mail: yangrui@nbu.edu.cn

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20161010573

10 4 KOG, e ARRHRMNO AT B IR RS SR o 1579

PG, BIF 50 il W38 25 1F T 32 S P i R
MRS B, A BT IRA T 550 phia
SR AT T A O U ) A B AR B

AWFFE LIRS W AR VT X4, o Hr s
[ fop 30 Y BE L B TE] L KR B 8 R AR R R WA
Yy 2SN & R A AL, KRS A [ g T B a8
RER7E - ENLCIVA e i T S TR Y B A
SRR RE R BRI LW, R m . A
[ B FIALE AL 77 50 S A BB AR A

1 MRS TTE

1.1 LI EE 57

TSQ Quantum Accessifi AH 215 — — & DU AT
i I FH 43 M1 2 48 (38 [E Thermo Fisher Scientific/Zy
F]); Hypersil Gold C,¢f& i (100 mmx2.1 mm,
1.7 um, 3 [E Thermo Fisher Scientific/y &); &%
T HL(SE F LABCONCOA H)s

H A B R i 4l 5 000 IR 1 GPA) (46
JE98%) . M IR RIS (iP)(ZE 2 98%) . E AR
(Z)(ZEE99%) . [ T AR (TZR)(ZHFE98%)
N3] W 2, R (TAA) (20 5 98%) . Jii 74 R (ABA) (4l JiF
98%). =& K NEE(BR)(41FE95%) . H LR
(MeJA)(ZEFE98%) . K7 TR (SA)LEE99%) . 7%
R (GA)(ZEJE95%) . HKFRJA)NLEE95%) . HIR
(Ll 96%) . TR B (41 99%) ¥4 2 43 B 46 (3 [
Sigma-Aldrich/A ) ; 47K iy #8 4l 7K & 4o il 4 (i
& MilliporeZs 7)o

1.2 HmiaE

¥ 20154F 1TH 2 H ZE TR LR AR R IR 530
(Wi R 15 MR PR A T —20 °CUKAS, SLER AT,
IR BT KA W K Th A2 9524 b, Pk i gt e
A, TR K AT A0 e 2 BR A= 22, &
TE&H0.7% KIF /K P IH 10 min, SR S5 HIK
MK P PE2~3 0, AR AR B 3R B Sl (19+1) °C,
5 B & 20 pmol photons/m*s, Y& L : D=
12h: 12 h, AR . IEFEEHTEHE
B, 200l & kI 20, 25, 28F135 °CHyE;
FEA N B ho AFHOEET A3 . IR A
e B, BT KR 28 CCIREFRFE N,
G322 53 HIAASL LRT6 hy AN[RIVK S B () Ab 3 . 28 °C
6 hot B K s SR, B F KN 20 °C
FIEEFRAE N B0, 10, 20, 30, 6071120 min.,
IR3AR R A IR S SR S I A T80 °C vk

FAORAFE, VR TS I AT o
1.3 HEoHh

HERR AR IS SR i T R 1 g 750 mLES L
b, MALIOmL &N : K : HER@®0:19: 1),
PR35 1 min, PKIAHA20 min, & F-20 °Ci &L
16 h, 4°CHF10000 r/mingS.0>10 min, b5 %%
FREZEM, BB M0 mLIY 2 : K : HR
(80 : 19 : 1) HEHL2K (FR3% 1 min, YK H 720 min,
—20 °CH#EH20 min, 4 °CE.[>10 min), &I LIEWH
TheEZERh, Be78% 2T 1 mLE 410 mmolL
CEREERYHEE < /K © ZER(90 = 10 : 0.05)E %, 4°C
F10 000 t/minf > 10 min, 1F0.22 umjE X2 mL
HERRIE R, BEASEAT AT 3R CH AR TE AR S iR
THREMLE, BRI E T, 3XAIFT I
Sz, ZE TR E AT 0, WA A S
PREUFE SR A3 g, BAFAT R4 T31R).

LC-MSAHTLCA A : i85 10 mmol/LZ
MR K TS (A)—H B2 (B) s BRBEBEME: 0~10 min,
85%~5%A; 10~11 min, 5%A; 11~12 min, 5%~
85%A; 12~15 min, 85%A; i 0.3 mL/min;
BERERFLL0 ul; AEIR30 °Co MSEAt: R o
FHEEIE ., R, BEhE3LV;
(NI TEIE . A F RSB 408
20115 L/min; HBI (N EFELE . U FH
BN N 10F015 Arbs; B TEH B SR
JFE 430 23001200 °C; Rl f8 <R WA, Rl
K 770.1995 Pa; QURIQ3 4 HE R ¥ 1 i hy 2 1
FE0.7 uo R B £ S W (SRM) 55
1R 40 380 25 s o i A8 R XS 7 1) 85 73 3 R Al 4
BRG],

2 4R

21 IEREFEHEIHEEST

SR FHBOAH (0 1% — = 5 DU 9T o 335 19 SRMAR.
OO AN [ g i ol 8 2% PR 32 56 SR P LI AL R
GrIURIRE . SR IRIERe . B R RAE
KFEAT . BIRLTR . Bk . =/ X AER. F
FRHIR . KR 8RR T/, R
P 1 IRBCR A9 A5 DL SR 1 I O, 0 3 2R
1B SR TR AT oE R R (B D)o I R
H O FRGMRER  ERkR . RAERRE
. BBRORR . BRI, =8 RXNE . FER
R X 8L ) 8 3R A T 8 TS 2R SR A4 1Y

http://www.scxuebao.cn



1580 KopE o R 41 4

F1 NHEYHERERESRMER THE FEE
Tab.1 The transitions of 11 phytohormone standards obtained by QqQ MS in SRM mode

JBIE1  transition 1 JBIE2  transition 2 J#IE3  transition 3

wEY
compounds Bl (mz)  REEREE(eV)  BTEEAmz)  REEAEE(V) BTEE () RiEEEEeV)
ion transition collision energy ion transition collision energy ion transition collision energy
I S 336.1>136.2 30 336.1>148.2 25 336.1>204.1 17
Ng-(2-isopentenyl) adenosine
S I K I 204.2>119.2 33 204.2>136.1 15 204.2>148.1 12
Ng-(2-isopentenyl) adenine
TKRE 220.1>136.1 34 220.1>148.2 15 220.1>202.1 11
zeatin
RATREZH 352.0>136.1 34 352.0>202.3 24 352.0>220.0 20
trans-zeatinriboside
5] W 2,1 176.0>77.2 46 176.0>102.8 31 176.0>130.0 12
indole-3-acetic acid
i 75 R 265.0>153.3 14 265.0>201.0 18
abscisic acid
=E RN 481.0>330.9 30 481.0>348.9 30 481.0>443.7 30
brassinolide
SRATR 225.0>151 20
methyl jasmonate
KGR 137.0>65.4 34 137.0>75.4 38 137.0>93.2 20
salicylic acid
HER 345.0>43.2 39 345.0>221.1 24 345.0>239.2 18
gibberellin
FRFTR 209.0>59.5 15 209.0>165.2 15

jasmonic acid
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KIS IR h 3 R TR, o ) ]
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FORBERA . 580 RS I R g e (1R
3)o TE20 °CR IR EEEH, WMINELTR . KA
FUKGIR N EE YR, bl RS
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RAFEY M E S ER D, H/MF2.0ng/g.
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Fig. 1 The structures and product ions of 11 kinds of phytohormones

(a) JA; (b) MeJA; (c) IAA; (d) ABA; (e) Z; (f) iP; (g) iPA; (h) GA; (i) TZR; (j) BR; (k) SA
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Fig.2 The total ionization chromatograms of 11 kinds of phytohormones in positive and negative modes

Positive mode: a. IAA; b. iP; c. Z; d. MeJA; e. ABA; f. iPA; g. TZR; h. BR; negative mode: i. SA; j. JA; k. GA
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Tab.2 The calibration curves of 11 kinds of phytohormones
W& Frife 2k R RBR 9 Fl/(ng/mL)
phytohormones calibration curves correlation coefficients test range
FIRIGHARTF  Ng-(2-isopentenyl) adenosine Y=3573.5+284 685X 0.9962 0.1~1000
IR ARIEN  Ng-(2-isopentenyl) adenine ¥=5605.3+187 687X 0.9980 0.1~1000
TKZE  zeatin Y=6067.1+171 836X 0.9987 0.1~1000
AT HKEETF  trans-zeatinriboside ¥=6399.75+150 052X 0.9989 0.1~1000
5|k Z. R indole-3-acetic acid Y=1763.05+2417.54X 0.9987 10~5000
Jii7EEL  abscisic acid Y=1373.58+817.52X 0.9929 10~5000
ZEEFHWEE  brassinolide Y=-2879.06+720.85X 0.9958 10~5000
FHHMEPEE  methyl jasmonate Y=3527.9+68 481.4X 0.9992 0.1~1000
KR salicylic acid Y=450.94+471.411X 0.9992 10~5000
5% gibberellin Y=-60.9+92.31.X 0.9984 10~5000
FHFIER  jasmonic acid Y=74.79+107.736X 0.9993 10~5000
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Fig. 3 The contents of phytohormones in P. haitanensis at different high temperature

1. SA; 2. JA; 3. TAA; 4. TZR; 5. iPA; 6. iP; 7. MeJA.Values with different small letter superscripts mean significant differences(P<0.05). The same

below

NN TR TP K /b e B
ST UGS ESRAIR SRS, KGR
FEHTR B A5 18 B JR PR AT N 20 )
4 75 40 S L BIL A R, KA R A D R 7 AR R B
ARAFPETUE B NIRAE 5, AW 52 B0 AR 51
AR W I R R, AR SR R K A R Y
L PRSI E AR B RS E A B A
PUaAALRE ), A —LEp; T S 8 H AR IR ™Y
KRR N NIRAE = T2 5 EY N 7 R4

YN 5 W B3 A9 15 S 1L i, BEBAENLIR 32 3
)5 2 mindl s R, SR IS4 F M AR
TR S5 T PR ) 2 325 32K 8] k3 B A AR TS SR
i W i T A o — i N IRAE 5 20 1 2 5 R B
N, BB . Tk . AL e
T, WIER TR AN ES ST, &
RE 75 ALk A AR R [ 3 i 2= UG 1R 5 7RI
ZMAE T, TR R -5 ] R A I 4 5T A o
PEATEY, TSR A TR R L5 S R A T

http://www.scxuebao.cn



1584 Ko %R 4%
300 0Oh 12 1
=i =h c
250 | ¢ S=6h 0l .G
@H 200 @4_. 8 r
on = o o
=2 150 =2 6
I# 8 IH 8
QI 100 i 4 b
a
50 27 a b b app a b O
0 0 A A LT
4 5 6 7
TR TR
phytohormone phytohormone
() (b

4 AEIRHBEE THIZEREMHEMLNSE

Fig. 4 The contents of phytohormones in P. haitanensis for different stimulated time
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Fig. 5 The contents of phytohormones in P. haitanensis under recover procedure
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The profiling of eleven phytohormones in Pyropia haitanensis under
different high-temperature environments

SONG Yue, CUI Xiaoshan, CHEN Juanjuan, YANG Rui . YAN Xiaojun
(School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: In order to investigate the relationship between the high temperature resistance and variation of
phytohormones under high temperature environment, thalli of Pyropia haitanensis, Zhedong No. 1, collected from
Xiangshan, Ningbo were used as experimental materials. And a method using high performance liquid
chromatography coupled with mass spectrometry in selective reaction mode was developed, to analyse the
variations of 11 kinds of phytohormones of P. haitanensis under different high temperature environments. The
results showed that there were totally 7 kinds of phytohormones detected in the P. haitanensis under different high
temperature environments, including Ng-(2-isopentenyl) adenosine, Ng-(2-isopentenyl)adenine, trans-
zeatinriboside, indole-3-acetic acid, jasmonic acid, salicylic acid and methyl jasmonate. At the different high
temperature 20, 25, 28 and 35 °C, the contents of methyl jasmonate and jasmonic acid were increased as the
stimulated temperature rose. While the contents of N¢-(2-isopentenyl) adenosine, Ng-(2-isopentenyl) adenine,
trans-zeatinriboside and indole-3-acetic acid in high temperature group were lower than those of control group and
showing the decreased trends. When at the different heat shock time, as the stimulated time increased, the contents
of Ng-(2-isopentenyl) adenosine, N4-(2-isopentenyl)adenine, trans-zeatinriboside, indole-3-acetic acid were
reduced, while the contents of salicylic acid and methyl jasmonate were increased by comparing to that of control
group. However, the content of jasmonic acid was increased, then decreased at 6h to that of control group. In the
recovery procedure, the contents of indole-3-acetic acid, jasmonic acid, salicylic acid and methyl jasmonate were
decreased, then increased, finally decreased again. For N¢-(2-isopentenyl) adenosine, N¢-(2-isopentenyl)adenine
and trans-zeatinriboside, the contents of them were reduced gradually. Under high-temperature stress, the stress
responses of P. haitanensis are co-regulated by positive growth regulator phytohormones and stress
phytohormones to maintain its growth. However, the defense capacity of P. haitanensis is limited and it might be

difficult for algae to repair its damage caused by high-temperature stress.
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