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FEE koK 2 E 4 452 ¥ (Pyropia yezoensis) F i B F 2 —, H 3BT AR Atk A
WA R ALE, ARFFR DL 2016 £ 3 AKRE LAEF GBI ERENME, FART KAMETH
KAERMTEANEE N NAFME, EREF, MAERKMERENE X, PSIEAL Mk #h8F
(Fy/Fo) B 2 AR, £ R KE 60%2 i FFZ&KME, B2 K 1h T HREEFH, "t4 % a(Chla).
KWE N RCanfn T EREESP)EEZRH BRI, BEAEARPEFELEEARPCSELTRRE
FF. BAEE GR-PE+R-PC) : SP LB R e % 5% HE G R MAH LN, EAKKE 40%0
FAEXEAT, kK 80%H B E & T EBE. B MDA)E B K KE30%H T HEEL N,
KAKEZ40%0H B F L, £ RKEAE 40%-80%0, BERFEEHEFZR, ERKES20%H, #
A S A BE(SOD) L A A B (CAT) I E R A B E R, THNYEPOD)EKEE FFA; M
FRKERW I, 3 MENENEETE, WTAEE, HAKEAE 50%-80%H , 4% HLEE
S, RAELL LR KKEH, A NE SOD. CAT, 42 POD Z#F FEhER 8 dE1EAH,
., MDA &R AW E L, MAEXKEES I, REEANRFERZHEN, YEEKER
K G PRI K B AE L (Fy/Fo) R BER R

KR Tl £3EE; b Ak
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2R A A R AR AN B B 22 R AR 0 A
MR PRI . 5838 R AR 22 A K AR () 1 A A
(8% HET, 2014)), BEEWWER, MR EELE KT
PR R BB . IG5, sl i ik
TR, PIFIAEEA T, HOG A 6T AfE AL EE
ANTA] o LB FHE KA, T i A FH A A v 1 i A P TE AL
R(FE N HCONHATEAIEM; ETHIRET, K
S R A 2 SR CO, BEA TG (41 2 HE
25 2001), AS[RIEESEM) ot S SRR 855 AR Ak )3 7 RE
AN IR RIA T S P Kk 8 h, KKK
ik 90% LA b, SKJE BEARATIE R AR K (TSR, 2014);
A K AR ) ) 7 7K T8 Hh 2 42 3% (Pyropia katadae
var. hemiphylla)ifi 52 2 7K 38 i lim 5t 2508 42%—46%
(Lin et al, 2009; Wang et al, 2016),

MW AE 28 )07 3 5 3 B, A 9 P AR 4y
(ROS), FHMHERG A, N MDA R AR
i EAL B bR . WAE Cur AR A, ARBE
HIFR MDA &N, HiE TR 300%
(BEEEE, 2004), fEMBEMMGA T, PN RPTE L
RREE LAY IER. Ak REIELEY
YT EA LR, LR KRR KRR, AN
[i) 55 2 LA PN SR A0 340 T ) 5 ) % i 5 e 1 AR Akl
AR . Bt R AW E R, 58S RGP
A LT, A LEF(SOD) . Ak
S (CAT) B G PE B0 T R s, 2 e H KR g
(GR). FiIRIMAR(ASA), B JFEEIZR B H K (GSH)
TR R, RIS AN A & A R K A
B BT = AR B e SRR 4, EZEH GR. ASA. GSH 2
B804, 2014); Porphyra columbina #: 1A CAT %
1.6 &% 11 (PS 1) I Be S AL (F/F ) LA S i
4% a(ChlayF 2B M BT, BIEAR-PE).
A HR-PC)F = W 2B T AY % (Contreras-
Porcia et al, 2010), EEAMFFR RN, KL P RLL
RN EE R 2 ) S 2 RSN A 0 PE(BR A, 2012;
] 5545, 2015) o HFERIKIIA T, ABEE AN EZ
() S8 A A8 T 40 T ) o T T I B R L, i
b o AR ST DL A I S BT AR AR BE SR R AR E AR
[F T e T, SARPDOEEER . b EaER . T
PEFE H(SP)MI MDA &, VUK EHZ G E LB 110
ARG B, DASR BT A 2R B 58 S X T H e %) A
i) o R AIE Ry 48 7R 2% B 58 3 PR A2 X T 3 2R 7K Y 3

o, ML 2S5 BE A
1 #RE5FE
1.1 LI HPAAIE

SCE MR 2016 4F 3 AR H IR S\
WA A Lo WURLE 57 20K 2 R T I B TR R
Wigesidh, OEsEN 30 pmol-photons-m™-s™, JREE K
13°C, BCEARRBE, R RKE,

2 IR F=( Mt B R R K )/ X 100%

XK 10% ., 20% ., 30% ., 40% . 50% . 60% .
70% . 80%IAEAh, 4 AlillE F/F, . J6A{E Chla,
Car, R-PE, R-PC, SP. MDA W&+, IAIIEL
fif SOD. POD. CAT WGk, MM 3 NMEY
HEE,

12 MEFERXRXSHBNE

P fif SR MRS TR WK, BT OLI S 57
FrPHEAT T I SCHe, B RE A E TR 10 min, JUE
Fo/Fuff. BASCEMRE 3 MHEE ., BE AL HEE
i EAT SR AL B
13 MEZ afMEPRE MERSEHNWE

FRECT HYE B8R 0.1 g, WA T 0HE S, i 5 ml
100% 1 EEHEA THE L, SR 5 A 4°C UKAR P GREGIRAE)
8 24 h, 4°C 5000 g &0 10 min, AR UL5E5
BTN LT W R, X RRIRCR 100% Y
R AT Chl a B i (Robert, 1983): [Chl a]=
16.29%Ag6s nm—8.54%Ags nm o I 25 2T Car 175 1
[Car]=7.6%(A4s0 nm—1.49%As10 nm) o

14 ZEBREASENNE

R-PE il R-PC % = I E 5 7% = L 16 55(1993) .
B R AR 0.1 g, F 0.1 mol/L fMEMR 22 nhiR ik
FTHEHL, 4°C 5000xg B0 10 min, B 3SR, €&
% 25 ml, MHAE 455, 564, 592, 595, 618, 645 nm
A BT EAE, X REBCRBERR S vl . AR

[R-PE]=0.123%As50 n—0.07%Ag 15 nm™0.015%Ag50 nm
[R-PC]=0.187%Ag15 nm—0.089%Ags0 nm

15 "WAMEASEMNNE

% Lt WA W (CBB)ECH . % S5 iE G-250
100 mg T 50 ml 95%Z.E%, JA 100 ml 85% H;PO,,

1) Qian JF. Study on the mechanism of Pyropia haitanensis induced by stressed and lipid metabolism related gene. Master’s
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ZEIB /KM B 2 1000 ml,

EEPRHEM L 4 vE & A, R
0.15 mol/L NaCl Bt i 100 ug/ml A8 AW . Frifih
LAk R 1 HilVE. DL ODsos wm YR, FRifidh & &
A bR, FEARBRRE bR I kAR R, 2001),

®1 BAREMRZ
Tab.1 The standard protein curve
R %5 Tube number 1 2 3 4 5 6
bR A
Standard protein(ml)
K
Distilled water(ml)
e

Coomassie brilliant 50 50 50 50 50 5.0
blue (ml)

00 02 04 06 08 1.0

1.0 08 06 04 02 0.0

AT 0.1 g BK, WA TS,
FHZEMRKESAEE 5 ml, #JE 20 min, 4°C 5000 g &0
10 min #4322 B . 0.1 ml $EHUR N 0.9 m1 ZE48 K
5 ml CBB 2%, 2-5 min J5 Ml ODsgs nmo X HRIE A 1 ml
ZE18/K N 5 ml CBB.,

1.6 MDA K POD. SOD. CAT &4EmillE

MDA & POD. SOD. CAT & i % 3% /g
BRI SR RIE , 0 SREs R

1.7 HiEALIE

A RLEAT T KAL B, HHE | SP, MDA
fE i, T TR . DL B E S x(1-4R K
), FIEAT AR G 7K R4 (] 1% L o >R H Excel 2007
Origin 8 DL}z SPSS %l ib 3 3 Ge it 47 45 1 e 114
BrofEl, i K8 P<0.05,

2 #HR

21 TFHMMBEXTEFEEPILER F/F, B

WK 1 PR, BEERKREE, F/FL 5T
[(P<0.05), 242 K K F 60%H , Fo/F o 55 5/ ME .
HEARIIK 66%IF, XTBEAIELT 1 h SZRAREE, Hefk
(4 Fy/Fo AR TE 3B (0.5-0.6) 5 2R 7K 3% 80% BEAA
K 1hJG, F/Fo AIHRE S 0.48,

22 TFHMMBEITEFELILIE Chl afl Car =/

A

MIE 2 FE 3 LR, B KRR R, £
SEMRIR Chl a F1 Car F &5 = S BB HT T BRI 3

X HEZH (7K R 4 0) Chl a Fil Car A9 & 1 i & = T 506
ZH(P<0.05), TEJIKZFN 10%-20%Mf, Chl a il Car
B ST IR E 2 R R (P<0.05); K F N 30%—
70%, Chla Fl Car )75 LR IK R 20%H} 1 3 T [
TESS KRy 80%It, Chl a Fl Car By [ 2 S AR MH
5 IKE<40%4H 2 5 1835 (P<0.05),

0.7
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27K Z Water loss rate/%
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Fig.1 Effect of water loss on the optimal chlorophyll
fluorescence quantum yields (F,/Fy,) of wild P. yezoensis
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Fig.2 Effects of water loss on the Chlorophyll a content
of wild P. yezoensis

B A [l 3 3 3R 25 5 .35 (P<0.05) . T [H]
Different letters indicated significant differences (P<0.05).
The same as below

23 TFTHMMBITEFELMEE R-PE, R-PC 1 SP

SEREN
Kl 4. 5 i7n, R-PE il R-PC s fbiadh—3,
X R S f , TESKRARIHI(J KR 10%-20%),

R-PE Fll R-PC % & It & FF#(P<0.05); Bl sk K
Z\ 20%4F] 60%, R-PE fl R-PC &% s
P BEEEIRLESE I K H B2 R KFIL 80%, R-PE Fl
R-PC Fai&A BB, Bk, SXFRAMEL,
FEHHEE FH(R-PE Fll R-PC) 7 i 78 S K B4 2 B AR Y o
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Fig.3 Effects of water loss on the carotenoid
content of wild P. yezoensis

C

—_— e
(= S
— T T T 7

(o]
T
&

ab ab

R-PEH &

R-phycoerythrin content/(mg-g ' dw)
[=)}
T
o

0 I 1 1 1 1 1 1 1 1
0 20 40 60 80

2K Z Water loss rate/%

K4 a X B ZR BE4ER R-PE & i 152
Fig.4 Effects of water loss on the R-phycoerythrin
content of wild P. yezoensis
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Fig.5 Effects of water loss on the R-phycocyanin
content of wild P. yezoensis

MIEL 6 AT H, B SR MRa R, SP &
R LB R X IRZL SP R e T

K520 (P<0.05), 2KIKFRN 10%-T0%0H}, 41022 573K i
i ORACRIKT 80%HT, HIEA KA TR, SP &t
I T RE(P<0.05), SMAKUL, SXTIEZHAHLL, SP &
TR K B R R R

FE KA (K FH 10%-20%), FEIHEE A
(R-PE+R-PC)5 SP WL 2SR TR B i
R IK N 20%38 1 2 40% , % HLAE T+ 2= % BE 7K S
(J2IKF=0); BEE MRS K H B R IKRIE 80%,
FHEEE S T RE, B2, SXEAML, %H
HFHH(R-PE+R-PC)Y SP [ HAE IS T B 5 T+ 1)
(7).
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Fig.6  Effects of water loss on the soluble protein
content of wild P. yezoensis
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Fig.7 The ratio of phycobiliproteins to soluble
proteins of wild P. yezoensis during water loss
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Fig.8 Effects of water loss on the malondialdehyde
content of wild P. yezoensis

25 FHBME X E & FPE TR LEEE TR

Gk #IEH] 10%. 20%00f, & SOD i 115 %} d
HEA REZEFP>0.05) (K 9); HIRKRILE 30%
Bf, & SOD {1 J1 W R (P<0.05); KIKFM 50%
% 80%, HZERARE, (H5RKEA0%HMLL,
&4 SOD i 71 I 2 P AR (P<0.05).

WK 10 Frn, JKE<20%M, CAT i H14EHs
TEXT RIS ; K% 30%I6F, CAT 1% i, W3
T XT BR4L(P<0.05); RIKFIEINE] 70%, CAT G
TR K5 KIK R 80%2H Y CAT 1% J1 i 3 %,
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Fig.9 Effects of water loss rate on the total
superoxide dismutase activity of wild P. yezoensis

fET it #Erh, POD i 1284k %45 SOD Hi
CAT W A [H] . 27k R 10%9 b BRAH L %t BB 2H , POD
577 3% 1 FH(P<0.05); Bl J/KEE N, POD i )
B RE(P<0.05), [HIAKR 20%0f HiE S 5% i 3%
TR ; MI KR =30%00F, A POD I%

FIBEAR ZE X B LR (P<0.05)5 2R7KH 50%-80%Ab H
2, H POD i HAKTF-55KF 30%40%HA L, X
F B R BRI A B2 22 572(P > 0.05) (K 11),
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Fig.10 Effects of water loss on the catalase
activity of wild P. yezoensis
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Fig.11 Effects of water loss on the POD

activity of wild P. yezoensis

3 Wit

ML AR L EEME a2, M
RHEE HALFER-PE, R-PCHIGIEEIEE A . BAHEHE
M EEHDCE R, BRI IOLEE, JHL i EPS
I, AR EW S Z 55 15 1 (Shen,
1995). X Il SR 4 14 39 i B A 5 S kA 7 AN ) 72 B 1) 1
AR, BEE ARG R, M RIARIChL a
FICar AW F %, BWIHEANSEERL TG
TR, oKL ER S X R E, EEAREE
L. AR A, MERKBEEMR, F/F.i
HRRAS, HEMDE TR KIE TR A RN AR, St
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A HE 1Y HL T A% 3 R — BB R 5 M . HaderZ5(2002)35
AR SEAE R RS T, PS T E R RPIR S,
B A E I LASRBETE SURE L, DA OB A Z 5
OhZEQ0IDWFFT KL, Car U5 WAL 3 RE )
AR, A S R R SRR E A R, R
T RS AR =, HEmE B R R (H B,
2009), fEMEE&MET, CarihsWROSEAL, LI
ROSHIF A=, e, #HEM Card AR S S 54
N A G MR AUR FEMEDEAEER, B2
KX ERNEZEWPLAY T . Contreras-Porciaet 55
(2010)WF5E & P, 1EPorphyra columbinaT it #
R-PEHIR-PC LA #4fE 119 I =0 FE B 14 ™= A= 1 3 2 34
i, AR PEE R K . Romay a5 (2003)fF 5745 1,
R-PCH] LA L2 7H BRAS TR 2R A A3 4, BRI i
ALK R 12 SPIY E BLAH I 4, AR E
K 36 S 350 A 1 35 10 2R 1 (R-PEFIR-PC) FISP %
REARCCRA L X BB ZH), (X O A [R) 2 B 2 7K B 3 8 AR 1)
#HE F(R-PEFIR-PC) : SPIH , & FIZ [ 1l S B oG
FREIE BT RS, AR R IKRA0% ] 3k B X HE K-
7K 80t Iid 25 H XoF BE K- . 2 W i 25 2 7K W36 i
Jil, ZRBESSEEE AN (A YT E B B, — 7T
VE R S FER IS B 2L LR 4y, XA A I ) 52 %
M HBURAE L, AR 2 KR P R B A 1
(F/F)BOfEE s i —Jr i, fEhdtE ey, milgn
F P9 3 R R B R, ek R AR Y o AR AE
(MDA =),

Davison “5(1996)WF58 %W, HHPIALE Tt ria
Rt A, Eeez 20 E R, B AR R
Ak, 7oA MDA, FfiZE J KRR EE IR, A4 41 jE
WEEEAWTLR, MDA A& S m, A5
KL, BEEJAKMHEAL B, SR MDA K5 R B4
By B« X BEZKSE FIINE K- MDA & 5 7E K R <30%
A B, KKK =40%M 2 T, (HAK
KA 40%-80%IT, AR EAT I E 2 . RIAKIK
IR 40%F, AN & AR B B Ak (HAROK AR B
E—25 R, AR BE 58 S NN o ST R B A Bl
Jil, IR B A A AT e R P B A 38 T B X
MDA /= A: HATEZ 5TRk . /K IHE Y], MDA 7K
ERAEHEAR, MiZzSPE LR R AL,

R T e I R P O A0 B A G, R A A
00 3 2 3 2 4 v A DG BT E AL i ) T 1 S PR
JO T R R R AL 22 B 3 1 AR DA N X B (RGP A,
1997; Lee et al, 1982), B A 4B 48 SR AARAE 2 7K iy

AR (10%-20%), SOD Fil CAT %445 % R 4H TG &
FPEES; BB JOKMRE R, HIE ) B TR,
fHRIKFE 40%-80%2H TG V22 5 o VLI B A 2k B
LM ) SOD Ml CAT ZEAR 2 K iE T 2 5t i
TG bR, (AR 0 &K B i, SOD Hi
CAT 7 B WA . FEME e i i, T
Ykl AERIREE DL R X AR 0 25 5, 40 P A R 1)
PrEAL N R R A T2 5. A MY SOD itk
BT SR T R — EH TR e ETHE FRE . RS
AR R R (2RISR, 2002; X R4, 2008), 1%
TE Hp i XA B IR 25 2% (Porphyra umbilicalis) e 2% 7K
W38 J5 AR SOD & Jy 82 T R, T A= T A P AT X
(2 B ST A & B L4 (Liu, 2009)", i AR 5
SOD i J1 B 2% 7K Jolp a6 358 in i S5 RRAIG, v RE R T AC
TIFFT T R 45 B 4R BE 28 28 i R A KA BE 5 Liu(2009)"
ANFFE, CAT 16 2 AR i I S, B
— U PERZE, SO T B R A6 OB K 7 4,
2008); H4Hh, MEBHE TR A S IR S0 5 S
CAT LB &%, WAL CAT 1)if 71 (Asada,
1999), 7T HdFih, POD I 1A fkia# 5 SOD
. CAT BHE A . 7EJIKHIHI(10%-20%), HigJ)
W LY, RS G b 2 P AR R B TR 5% i
ik, X 5BBHYEAE(2009)7F Xt 4% BE L8 S0 k17 58 BE a6
AR BRI E ) POD 16 H1AEfb—3, FRWATE LKt
I BE AR E AL FE R POD BTG P DAk 2 ilpat 7= A i)
ALY A LR E . SRR, TR T
B FES, POD. SOD 5 CAT 7E W8 w11
PR EY B R R R T — e EH, A
JpE R B, MR B P K B D, ASRERE A BT
AL R BT TR SR SRR 8 A K IR, T B
A1 1 BEAR

ZE Lk, A AR BE SR SR SR Ia R, BEAR
HAEVERRRAL, BK)G R E B IEHR4&; Chl a.
Car fil SP & i/b; MIHEATEEILTRE L
TH#aH; HEHE RS SP HE AR L5 A &
HAR LR, e IOKIba T, ZEEE&T
YRR ZH 5 A AE R K R 40% DL B (F) ekt E
MDA ; SOD. CAT. POD i J1 ¥ 7e ik 2< K W36
(<20%)IHE Si#c s, BE MR 3K, 36 88 T
W o Hg RN, 7ESKarie, F2H POD.
SOD LUK CAT 25t & AL il vE vk S8 3 ks FER
KB JE I, PUAAREEEG SRR, AR A TR A
HEREER M ER

1) Liu YC. Mechanism for differential desiccation tolerance in porphyra specie. Boston: Doctoral Dissertation of

Northeastern University, 2009, 47-60
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Antioxidant Physiological Characteristics of Wild Pyropia yezoensis
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Abstract Desiccation is the main abiotic stress for Pyropia yezoensis. In this study we investigated
the photosynthetic and antioxidant physiological responses of a wild P. yezoensis thallus to desiccation
stress, including the optimal chlorophyll fluorescence quantum yields of photosystem II (F,/Fp), the
contents of photosynthetic pigments [chlorophyll a (Chl a), carotenoid (Car), R-phycoerythrin (R-PE),
R-phycocyanin (R-PC)], soluble proteins (SPs), malondialdehyde (MDA), and the activities of superoxide
dismutase (SOD), peroxidase (POD), and catalase (CAT). The results revealed that as the water loss
increased, F,/F,, decreased linearly and reached the lowest when the water loss was 60%; F./F, returned
to the normal level after the blades were rehydrated for 1 h. The contents of Chl a, Car, and SPs decreased
gradually. The contents of R-PE and R-PC decreased when the water loss was <30% and then increased as
the water loss was =30%. The change of phycobiliproteins/soluble proteins was similar to that of
phycobiliproteins. This ratio increased to the control level when the water loss was 40% and was
significantly higher than the control when the water loss was 80%. There was no significant difference in
the content of MDA between the control and the blades when the water loss was <<30%. The content of
MDA increased significantly when the water loss was =40%. However, there was no significant
difference between the blades when the water loss ranged from 40% to 80%. There was no significant
change in the activities of SOD and CAT when the water loss was <<20%. The activity of POD was
significantly increased when the water loss was <20%. When the water loss increased to 30%, the
activities of SOD, CAT and POD decreased significantly. There was no significant difference between the
blades when the water loss ranged from 50% to 80%. The results above suggested that during the early
stage of water loss, the antioxidant enzymes POD, CAT and SOD played key roles in scavenging the
reactive oxygen species, which inhibited the yield of excessive MDA as water loss increased, the water
condition became disadvantageous for the antioxidant enzymes, and MDA was accumulated as a result.
Based on the change of phycolibiprotein/SP, we speculated that the function of phycobiliproteins became
more and more significant in protecting the blades against desiccation stress when the water loss was
=30%, which could help with the rapid recovery of photosynthesis (F,/Fy,) during rehydration.
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