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o EWIRN ABA A AT AR SN M R AR
(Isopentenyl diphosphate, IPP)A PiFh & Wik s, —Fh
LA PR TR R0 Y -3 - R A RIS, Bl 2-C-FH J-d-
% B B I -4- % TR (2.methyl-D-erythrit01.4.phosphate,
MEP)i& 4, 53 —F &Ll L WE-CoA NIEY 2 W K
% (mevalonate, MVA)& i, FXA MVA #4210
MVA e 2r 2 Y. Bl s & iRk
TR ME—IR R, AR S A T LS
I JE R TR A 8L JE 5L £E W5 2 (Farnesyl pyrophos-
phate, FPP)f5, W & — &%) i ie fl 8 b i 72 H 3%
AR ABA, WATSEIE RIS MR, ZJEEE N
KA B i a5 4 ABA, Hirp ABA W) B iR 1%
EA KPR RATTY, HAr R B R A R, %
D R AL 45 1% WE It — W% R TR (Farnesyl diphosphate,
FDP) IR ML S 2 > X 2 By AL, w4k
ABA FEMEAY M FRBEMES K, KHE MR
TR E IR R E KRB, 4 9-C-FR 42
BN Z U AR (NCED) K ik A A0 E )l B o/, o
Jo T A 24 o 0 i A T 5 ST (ABA2) . T ALK il
(AAO3) LT i ABAI 4,

ABA 7 A 3 Fhigte, AFE ABA ¥
HALIBIE AT LU ABA 0 F iR AR5 A iy FE A4S 3
(C-7j, C-8j Fl1 C-9j). 3 MIEA M ¥HE L ABA ¥ EE
AP, (RS Tt — 2 i 0 g A0
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FRAEA KL, B4, 2R R EIAAE ABA A R
M) 7 3o 2 7

H A OC T3 [R] 7 58 S0 AL i i i 98 2 T
PEI AL X G R R GRS, Kbt A AL

.hmAWUE

R 3 P 5 202N T, Sun SRR F BT S R 4
IR L3 T KRB L3R (Porphyra. yezoensis) /A [a) i &
AbHT 22 SRR IS, R BUIRIRPME TR, ABA 1]
REZ 5 7 By 45, A SCERHGE 7R TR 52 (P
umbilicalis)FI 21 532 (P. purpurea)™ & ¥ NCED HI
JIiE % T AR AL T, R TR (S 4 A S Y O ik
H ARG SN 2R BE 263 ABA AT 38 o 2 (L il A
MY ACIR AR B A P R, AR SR FHAS [ 19 15
Ehpa, AFRAABEERRIR, WE ABA S, W]
i ABA A UG iy 3R B0 i Ry 5 JEAE SRR |, R
I ABA [H42 G BGEAE Ky i 2 iyl 35, B 4%
BEER T ABA BRI R, Sl ik e Z PO, D
EAFSFMTICHERSEN L, 11 ABA 7E5%
REESOCEEH RGP ER .

1 H¥5h%

1.1 A

RBEE T (Py. yezoensis) T 2018 4F 1 AR Hi%E =
S VAR BB IR T 7 it AT BR A W) SR B 58 SR Ak I v Bk, i [
FEE A —L, 1B e E TR, IR AR E N
JREE 15°C; JEMEBREE 50 pmol/(m*s); JGEH 121 :
12D, B R —R¥e— %0k,

972 41 (Sodium Tungstate)l H Macklin 28 7] | 28
£ (Naproxen) ) 1 I (%45 B 2R AT FRA ) L 4
M i (Diniconazole) W H I it A= ¥ A ®] . 2 2w
(Paclobutrazo)l H &K E /Al .

1.2 ik
121 HEHhhiaiE

FE F ARG K TP AS N NaCl EER 43914 30, 50,
90, 120, i fif 2% BE 2835 3 ) B T RH I B Vg oK v i
8 4 h, HoAh SRR SE0 E O R IR AR, A AR
R E B RARE, WK ARE T, WA, TR TR
BT, WA BN, HHRET, 20CHRAE, AT
ABA FitllE . HE 3R, DIRIEEEE MER A 15 .
1.2.2 ABA F&JE

Z M8 Fu(2012)/ 7%, KA UPLC-MS/MS &
ABA P MEFRFREL 200 mg 1B M0 S B A< BE
LMK, IMANFR(QH6-ABA 45 pmol), FfiJ&HI 2mL
F I F—20°Cid K i242, 4°C 18 000 rpm/min #.0> 15 min,
Wtk B3, WURTHR, BT 1 mL ZIE (%) N
LW . >R Oasis MAX SPE #:SHHL R A T40 58,
M ATOIEHEKIRZ 4 mL HEE ., 4 mL /K. 4 mL &%
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W (5%) TP, AR 4 mL 20 (5%) . 4 mL
IR (5%) . 4 mL HEEPERE . ABA WTH 4 mL HIEE(F
5%3% 10% PRGN . Vel AER P T4, ARG R
F 200 pL ZK/FEE(20: 80, vV, BIA ABA P

K61 45124 Waters ACQUITY UPLC BEH C18 {7,
HEAE(2.1 mm=100 mm id., 1.7 pm); FEIHHE: A: 0.05%
LRIKIEW (vIV), B: 0.05% TR IR (vIV); b
JEVERL: WA B 7E 5 min N 15%0 2 40%, Bl
£ 0.5 min T+ 2 80%; ik 0.5 mL/min; HEFERE 5 uL,
FEIR 35°C., WatersQuattro Premier XE Jij%{¥ (Micro-
mass, Manchester, UK)£: .
1.2.3  ABA RS FIFI b AR BEE K

ABA S ARSI FIECH]: ¥ ABA 4h % T 2
g, BCwl A 100 mg/mL AYREME, PRAF T—20°CokAH &
F; 0 R drme it | 2838 A IR 2 T PR B, TG ALk B
k7 32.6 mg/mL 1 57.6 mg/mL FI B, H IRBOGIRAAE,
Fid D10 50, Zoombali Sl v 1 g, T ok i
M 65.2 mg/mL BIEFR, HIRARAAE, TR 110> 58 H;
RO TR AN IR EE 3 mmol/L, WERAFRELIE: T-4H 1 1
K g, BLECELA .

B OBE A BE KSR S TE Oy B S A e R
(10 pmol/L)T | 2% 3% 4= (25 pmol/L)> | £ % mk
(200 pmol/L)POFI4S 2 4k(3 mmol/L)" i 120 w5 h i
K, JREE 15°C, JEIEEREE 50 wmol/(m® ) &E T
AbFH 4 ho BEFEORE R a0 Ah B AR S A A R
B IE K TP 2 IR o [FIEE, SEFT— 41X 1R A 2,
FRBEERARTE 120%o0 /1 £R /K LS 4 h, JETER
A ARG PR IEF K TSR, A Dual-PAM,
XA SR 0.5 h, 1 h F12 h BFEREETHEAE S50
ME . SWER 3K,
1.24 FWMEFLEERASHENE

) FH I #1564 Dual-PAM-100(Heinz Walz, Ef-
feltrich), [EIBHIEYERSE 1 (PS 1)ADERS L (PS It
BRI, VA VER R GRS PP BRI i
FRALFE: FARE TR AL 5~10 min 5 LA 12 umol/(m*s)
FR) I 5 Y T 5 ) B e (L), 2, R A A ik
(SP, 5RJ¥ 6 000 umol/(m* s), FFZEMFIA]: 300 ms)3ifS
I RKRNBE(F ), AITOG(F )BT KT Fy Fl
WILRDOE F, M2E(E4RAS, I s fE ottt i s A
H 635 nm LED 4EFEHRAE, #8JE 2N 63 pmol/(m™s),
WAL B TR K e R T vk, R4S PS ITE 7= #i(Y1D),
FEXT B %3 3 %8 ETR(IDARYE Y1 BOGAOGA A,
A AR FF R RS B i ARk A AR AR

) H@ART/CLE

U U ARG AR Gk AR e AR R A
435k YINPQ)FI Y(NO),
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P700, K15 P LGRS T ANk b 45 HU5
ME Py, B PuS0OBE FulHE I 340
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LR S T RYSEPR a7 (YD) H b A5 Y
B REREFERL[Y(ND) R 132 M 5 | L A AE DL
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Y(I)XPARX0.5 k75128,

MEVERASE A S G, 78 Microsoft Office
Excel 2003 R4 54 4b BV, P<0.05 AN Ry 22
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3 X
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WE 1R, B SR 4 h 5 &RBEL PR
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Changes in ABA content in Porphyra. yezoensis during
different salinity treatments

32 FmEERCERALSSASNE ABA K
HRMPH A LE T LA

SR BEEESE MR AR TE 120 £588 F 38 4 h S 7EIE %
WK Th A SN, & REA ETRADBEYR & W] ) i 5% 2 91
Wmr EEE 2), B, WERERS I LT
ORI X AR S, fE 1 h i ek E . £
RO b B B REAS T ETRADK S W 48 X i, HE
TER I5 4 h 5 AP A REVK & 2 bk 36 115 %) 16 & K, R
KB, FaE AN ZE A R ETR(IT)E 75 0 3R
IR A (1 A AR T 0 2 s A i1 ) R AR A 1
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Fig. 2 Changes in ETR(II) of P. yezoensis during rehydration and responses to inhibitors
TE: A BRTE S A IR A E T AT 120%0 5 2 a8 430, & 95 ETR(IDBE 8] 4928 4k B: SRR AR S HIR 4 0k F#E 4T 120 B3k
AL, AR ETRADBEN [RIAYZE4L . LA BRI 3 7 SE00 7 B 45 R+hr iR 22 (SD). BB I B AR TR] i AR IR] 1

FVEE R (P <0.05, BRI E T 25341, Tukey K 55)

A: Response of ETR(II) during rehydration after stress treatment in the presence of corresponding inhibitors, and B: response of ETR(II)
without pretreatment by the inhibitors. The data are the mean of three independent experiments (+SD). Different letters represent significant
differences in ETR(IT) between the different inhibitors (P < 0.05, ANOVA, followed by Tukey’s post-hoc test for comparisons)

4 ik
4.1 FHEMBFEHEFE ABALSSTH YA
AL LA W RS A R SR R ), SR A
SR R B T A A W S, R e
W L IR B AR A B0 2 s e A
ASBO ABA ) BRUBEIA AR 15 BRI 3 4
SO, 38 VR R R SR ik, B
ERZEMAR, (HEAT, XTEIEP ABA MAFR
AR B, B, FoATBRSE T AR a0 o 4 BE 4
3 ABA AR, RIERN ABA (5 BB

BEEREE R T . OB IRAE SR B
T ABA A HBIIRIE, S5/NEREE(C. vulgaris
Beyerinck) F1Eh i ABA & 12 Fl £ B2 14 finifiy L& i
GEARIM UL NEREEAE A0 R B2 A K R
ABA, DR AR B Hod st | 5k
A 0 2% BE 2SR [ 4 T (6] 4 e W A M I iy o A, Bl
B 232 T ROK, EER L SROGSEAN R Y
Belhan, FRATA I 25 R U] ABA 70455 28 S8 45
e )7 38 v A $ E E AR

4.2 BB F ABA £ WA feIEARHHT
B, ABA B AR A K. B R
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KT I ABA WA MIEEH RGP, Hirsch
SR b, @it MC dRicmor ik, KT
ABA [R)H: G g 48 i i A v (] 4 oS R e
KR, JHE C-HEILMR N ABA A BN HIA,
M asie, b e g B TR &S 26
LI ABA fRIHEE . AR AR TP A S N R G
il IR B Ab BRSO T (6 55 2, B RANUR K ABA
G A, MR ABA A& Bk, B e
Tl T BEAEFE ABA I BLEE G B4R, 52508
L5 7o S

DS I M R ik e SRR s, T
Zo— FIN PR A A AL R B 5 ABA, [HE] H G
Wik ABA BEEESA M EARBLHA A H w2
IEFAEOUT, FEY NG A 4 5 bR AT —Fh
o M ah B AR, H 2440 F 5 500 F i, i
Tt V-7 388 B IR, 1 TG P AR K e A o T i R
B, CAERZE W, R BE BN AH
F 3 7= A 1 e AT e O G A VE T R g oo i,
S A i A S B R IE H ThaE . RO, FRATTOR
ABA [z A BGEARRAMEI R, b A SR A
FEAS, 3 3 00 e AR T, R R
HOLAERS BN IR RO, BT T 4B 3]
REAETERY ABA A RR R, 45 BoR, 2230 ik H#g]
MRS 11 H A3 R ol ] AR T X R, &
R 2 22 R S B T ABA A AT B 2 0 ]
YER, Horh S a0 SE AR IR (IPP) - 238 i MVA %42
G 2R AR R RRE A T A E S8
WA, VLI SEBE4E3E T NCED fiEfbpy2eii sy &AL
WHETEXT ABA & BUEA B, SRR AT
2R N F R A ABA BIATHE, X SEREE
SR(P. umbilicalis) FN 41 5532 (P, purpurea) ™ i B
M &M, FE, B AR A BN N KR BEE T
ABA J&3l a3 2 Ui A 4 00 AR AR A ), 3
ABA [ R G — 2 h R IE AL A L ABA (1)
It V% T AE AL (A AO3) A B 45, FRATTAY I 2 45 SRl
7R, XF AAO3 HAMHIVE T B HS IR h Ak B 2% 5%
¥, HotBERSEEE Jad B 5%l —3, Tk
2, VEBEHEN, TEARBEZESE D, IR AT — 47 3K
AR ABA BECY, MR, I, B
] A R 16 o 1, VR PP 2 k1, X
HGYEH R GR B ER . L, RBEESEHLTAF
FEANIA) T H ATHFTE ARG A = SR X B ABA
G B, HETAR SRS HE MVA B,

' H@ART/CLE

ABA G 5 & EEY Y b R RIEREEL,
e B 75 T % 78 ABA R RE v, A 7 AE 5 w5l
WIARTFR /Pl e BRNmBLE], ARk —2 0ot
43 FHEXABASZTRABEHAHFEL

WA N 45 R 200 ROS FEBT AL BRI VER T
I Z AR AL TR BN Ho0, T8 AR . A1 it
ABA ]I R EoK e E L A (Catalase, CAT)IH
FIRIEE, ABA AT Catl iE3E [H A 3458 1 X I8 4
PO T e 2 P BOZ IR IR W LIH, T HL0, A k&
ABA %55 Catl W&EPERY R, B2 R,
HEMARN SRS ABA FHREHIEM, /A H%E
16 ABA {5 51& Sl B h A Carl JE R A5 AL kAR
M, £ Carl SR RIBH, ABA 2A1ER—A-Mha
G, AR EE S R EERNEY ., 5H RE K
ABA S5 AHY T U A A BEAR B AU A AL ) L
(Cu/Zn-SOD) . % AL S Ak ¥ B fL /i (Mn-SOD) . £k
T S ALY AL i (Fe-SOD) Rl CAT FE[H ik il
X4 ABA /71 SOD Fil CAT 5& N ik = FEA R
AR R SRR —FERIBY, AL, ABA IR fERE IR = E oK
UL RE 3SR 7 RS S v (1B I 1787 N 1§ 72
WIFERABH K, o-4E/EZF E RS MRS &,
AT 2 o R S AR Y B SR AL 7 7 08

ABA TEHLAAER R G007 IHIR G A 2, 1T R
WEFE M IET ROS F=/E R R CAT. Uik iRl &
LW (Ascorbate Peroxidase, APX). At H KA R
fif} (Glutathione Reductase, GR)ZFHT & ALl K i AL
Sy FEITEE, IR SRA Y (5T A AL BE ) o LR ALl
KA AR AR A3 —F 7 ) TR 5 Vi 35 7 380 [ ol A A R B
IR HE T EEAE, HF R R B A A5
A7 ) SRR, 0 Ak I I 1 v P D S 2R TR AE =
BT 4R T T P AU 1% o 28 ) A 35 A I 4R 7
BN H AR 1 AR BE SRR TR TE AT, HE R LA
PN SR A AR AT R T Ak il R B 4R A o T R 4
PRI E WK G325 A 1

HLIAR N ABA () 5tk i A B 0 i Tl 7~ e
JEo HHYITT ABA AN B Z R E R
P450 7+, Bl ABA 8™-Ffblifis, A i & B Jasme
FE] /R IR IT ABA 8- 5 fh i (4 5 4 410 i 550 BHL
Wi ABA 70 f A, i s8R ABA & i
Fris, [RIHE KB ABA I i 35 B (14 7 557K 4,
(AR 22 2 K e 1) 6 7 45 2 FR AT
ELE R WIR, ARPEEESEAE " E M0 E R E T,
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A ABA (153 AR 32 B, HOGA VR F A A
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JG IR EEA T, SCEVE IS EON 3R Z1 0 AR,
XA AT R Y ABA FER A SRR R RS R, TR
REW AR, e80T A LA M B BB, 1 e
BEBEERRGE MBS, X522 RER T
HRIEARE, AR EE SN ABA 23 i 2 m i

AR, %%U*?E’\J ABA WA R, i,
SRBEESET ABA i TR, 7 T N i [ AR i
ZAR BRI R B R
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Abstract: Active oxygen radicals are induced when a plant is subjected to environmental stress. The burst of ROS
usually leads to gene upregulation related to stress response and an increase in antioxidase activity. Our results
showed that the ABA content in high-salinity stressed Pyropia yezoensis presented a significant upregulation com-
pared with that in the control. The results strongly suggested that there might be an antioxidant pathway mediated
by ABA in P. yezoensis. To find the possible ABA synthesis pathway, the thallus of the algae was treated with in-
hibitors related to the carotenoid biosynthetic pathway of ABA. Then, the samples were stressed with 120%o salinity
to induce active oxygen radicals. The control was set as the same high-salinity treatment but without corresponding
inhibitors. Based on the determination of ETR(II) variation during rehydration, the potential effect of various in-
hibitors on ABA synthesis was side evaluated. The results showed that ETR(II) was influenced obviously by the
addition of paclobutrazol, indicating that the precursor of ABA synthesis was derived from C5 unit, which was
similar to the MVA pathway in fungi. Naproxen could slow down the recovery of ETR(II), which meant that the
synthesis of ABA in P. yezoensis was through the indirect pathway. However, sodium tungstate, which was the in-
hibitor of the last step in the ABA carotenoid biosynthetic pathway, showed no influence on the recovery of ETR(II),
indicating that there might be a bypass pathway in which ABA was biosynthesized through abscisic alcohol, which
has been reported as an active molecule with a function similar to that of ABA. Diniconazole repressed the decom-
position of ABA, which led to excessive production of hydrogen peroxide, thereby causing damage to photosyn-
thetic apparatus. The results provided data support for future investigation of the antioxidation mechanism mediated

by ABA in P. yezoensis.
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