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ARSI E 5T W5 T 50 m S 0 4%
BESESEBEAARRS A L i SRR Y i KOG AR 22 350%,
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1.1 SR

SRBEEEZET 2010 4F 2 J] R HE W IE & 7
FETEFIX (34, 75°N,119. 48°E ) , >R J5 gt [ T, 4
[l J5 I AR KA v, ZE— N o SEBR T, Ky
¥ K 55 3 L TE A NaNO, (400 mmol/L) |
KH,PO, (40 mmol/L) {8 & & 7K #, ) 1| 50
pmol/ (m’ - s) 15 CA&MF PR FE 24 b7 ik
B EEZY 10 em A R Y gt R e A4, 23 0 4
B rh AR A A AL S Al A
1.2 PEiIEHTALIE

TR0 1 (B 91 1 K A iR 15 C, 6 IR B R
800 pmol/ (m? « s) . K 52 5 B R 43 B A T i3
L AN TR B (AR 55 mm, K 340 mm) ,
AT S BB IMIEIEAS 3] 2 AN [F] 1Y BG4 5
Ab 3R D PAR Ab 3 (Ot & A B 3T 395 ~ 700
nm) , 4545 A1 2 395 & ( Ultraphan UV Opak,
Digefra, Munich, Germany ), J& s UV — A #l
UV - B, fifi # {& {4 PAR (485" ; @ PAB
Kb FE(PAR + UVA + UVB,280 ~700 nm) , A7 4
AL IR DR AN A S B s WA 1

W8 IR 2 TR FRABEH A (Sol 1200, Dr Honle,

Martinsried , Germany ) PN 5 5 A B, 2K FHAR 0175 4R
HHKSE 52l PAR 320 W/m?, UV — A 73.6 W/

m®,UV - B 2.24 W/m* g5 6 an &l 2, A Fl
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Fig.1 Transmission spectra of the

cut-off filter and quartz tube
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Fig.2 Spectral radiance of solar simulator

and natural solar radiation

1.3 JFRAEUFFERZENE

S SR FH Tk o 9 ) %€ 5 {X ( Water-PAM,
Germany ) Il S (A M4 e e 2480 BEdk
ANTRFB AL 280 R BEASEAPL' et S A LAY 545 30 43
F1120 F3f, 0 E Hode OG- R0 S & T
HURRFRA P, 15 C UL 10 wmol/ (m”* - s) ]
SAET 2SS 30,90 1 330 43 Hodw K
DA 2 B IR AL 1 B o I RO Ak 2 R
(optimal photochemical efficiency) Y= (Fm -F,)/
Fm, Fv/ Fm JyH53E AL #E 10 min f5 49 00 & {4 .
F, FRE3E A 0.3 wmol/ (m® -+ s) , Fm (i ik of
TSR Hy 8 000 pmol/ (m” -+ s)
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FROGER S AR M 3 (% ) =100 X (P o =
Pt>/ Pconlml
KT, P oo 2N IR R BE L 1 5 KO BAL 22303 5 P,
3378 PAR Fil PAB AP S S KA R0%
1.5 BRHUE

X S AL R A, R SOk 21 ]
AR T4 3R a (Chl a) (KW % PR
(Car) & o B2 2 cm® Fefk , FECH AR DL R
J& .3z | Photoshop CS2 153 (AT A, s 1A
BT 2 mL 4 C R kAR NS AL B
FH2E 414 %60+ (UV530, Beckman counlter,
USA) 7 280 ~ 700 nm 5 B X} 4 OB #4756 i
A, AR SOk 21 ] Sty A 5

[Chl.a] (4 a) =15.65A,, —7.34A 4 ;

[Car] (KB M&E) = (1 0004,,, —2.86Ca —
129.2Cb) /221

52BN ST T P A T R AT i AR e R WA M e
(334 nm) [) OD {i 5 i Jy- AR Y FEAECR AR

BRI UG 25 IS, IO Ak B Y AR 2 Oy 2
em’® , ZERFFER PN — 22 52 (0 A Db A/ 2 (R W R
GePi (pH =6.8) e IAMERE, in 3 mL (5L 5%
M 10 000 r/ min 250> 10 min, B35, FHUTTE
WaRSEWTIE  JF B4 BT APIR, 5 EIEHOE

mm f5%E apical

B / (Fv/ Fm)

the optimal photochemical efficiency

330
A
initial FOGHRSAAE  OGKE AL
high light treatment low light treatment
FfA) / min  time
A

/ ke %
30 120 30 90

[
B

# #1110 mL, AIERAM LT 450 ~ 650 nm
BOCHRBGR AT Y EM A . B IE R R & 4%
THARIE

[R_PE](?ETEQ:%E)=[(A5(>4_A592)_
(A —Agy) x0.2] x 0.12
[R—PC}(&E%E{)=[(A5()4—A592)—

(A —Asy) X0.517] x 0.15
1.6  ZEitorin

EARSIEIR 3 AE3 AN EEAE R
B4 % A One-Way ANOVA J#frB{ t-test 73 ¥,
BFERFB P <0.05, . FHKFBH P <
0.01,

2 4k
2.1 ZIMEHFTEMEXRZIBAHRKENLEF
B 0bA |

Kl 3 R T 2R BE 4345 5B 57 PAB Fl PAR 4b
PR i IO 2 ROR AR SR 55 06T 1R
BB, FTLIES], BEE PAR F1 PAB f 5] 4b $H
BRI RE K, 58 58 4530 07 1) die KOG Ak 25 3003 (Fv/
Fm) (% 30 min PAR ZbFRELFRL A1) 3 10 3 F B
(P<0.05), {HEE3EM Fy 253000 B T R B2 IF A
AHIR], FESS56 T PRI B8 AR B A AR K 25 57

i i FER basal

£
g
&
=
(¢]

BRI 23R / (Fv/ Fm)

the optimal photochemical efficiency

330
initial WEYRERAALEE  EOBIREAE
high light treatment low light treatment
HFIE) / min  time
B

0 % ) ) % )
Wiks 30 120 30 90

B3 FREREEREIBLA PAB 5E5170 PAR RS A0
REFBHRERNRK M FHR(Fv/Fm) B

A.PAB 403 ; B. PAR R 4TI

“ 73R PAB FiI PAR Ab3H 5 AL FERTAH L 25 5 W (P <0.05) ;% s "R EFRMIL W (P <0.001) ,
Fig.3 Changes of optimal photochemical efficiency ( Fv/ Fm) of different blade parts in

P. yezoensis during PAB and PAR treatment and recovery stages with low lights

A .with PAB treatment; B:with PAR treatment.

# ,significant difference( P <0.05) ; = ;extremely significant difference( P <0.001).
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B PAB 5t b JLIN 1B] A 2 4, Xof A AR A R
AL AR N ZE M 42. 9% (30 min ) §2 75 2|
58.0% (120 min) ; X EBFNHIZ M 71. 0% (30
min) 5 F] 75. 5% (120 min ) 5 777 %5 55 F5 141 1l
M 54.4% (30 min) F} & F] 99. 5% (120 min)
(K1) o BRSO RORT BRI B i ok HAK
IS FREE AR, SAHE AR A E R B (P <
0.05) . 7E55 6K, A7 B KOG AL 27 8803 11
PRI AEHT 30 min A7 78 i 5 BL4:, 330 min J5 R K
AR AL BRHT Y 66. 4% 5 HE A o ik
AL PRRTAY 58. 7% 1 74.3% (I 3-A, 3% 1),

&1 PAR 1 PAB REBRIEMHHFRAXLE
R KR RS HD ) 2R
Tab.1 The relative inhibition rate of optimal
photochemical efficiency in blades with earlier
and later treatment of PAR and PAB

100 % (P ot = P;) /P ourar
it ] ( min ) HAL i3 (% ) inhibition
time section PAR PAB
1435 apical 46.2 42.9
30 1% middle 40.7 71.0
LR basal 24.0 54. 4
A48 apical 42.2 58.0
120 A middle 32.4 75.6
FE5 basal 43.7 99.5

PAR 4ib $H XT3 1 56 Ak 2 1 410 1 W g AR
PAB b3, i H AW 6l B4 322 IAERT 30 min,
FEER A AR AL PR 120 min J5 /) B OB 8508
BUEA ETE . RS ER ARG 2E R T 32 3] 2 A
30 min [1¥] 46. 2% FE{KF)] 120 min %) 42. 2% , 38
3] 22 M 40. 7% (30 min) [EAKE] 32. 4% (120
min) , H PAR X JEF] 1) 10 1] 22475 bifd B[] 14 42 <
im0, M 30 min 11 24. 0% F} 5 %) 120 min [
43.7% (K 3-B, 3 1) . 856 1, FER O
2703 90 min PN, YK & 3 A2 7K OF- 5 330 min
J& , BEARAHR | S d ROt AR 2= R R 43 Tl Pk
52 R AL FERT ) 76. 6% 83. 3% F1 90. 5% , BEAA 5
PRS2 2 B2 AR 1 5 T PAB AL B (8] 3)

AU i, 5500 52 1, PAR 4b 3/ 958 14 A
BB R AR Y B SO 2R A AE 330 min YK
i ] AR RIS B AR IRAS 5 1 PAB A0 35 e A 5L
HBAE 330 min YK BB P e RGBT S5
WG I 22 SR 3 (P <0.01) (1 3) o
2.2 EIMESTEREREGFBZSENZM

BT B IUZOLA AR & EW A,
Chl. a J Car 1) 1 DA HP 31 35 A4 Y sk, i
PE F1 PC 19 &4 MRS R 2 L3038 20 -, o
SRPEEE SRR Fr FE AR A AR b i 25 S (3R
2) o FRBEEESEAS ] TR A XT A [7] 5 5 4 B A i)

%2 PAR SIEF0 PAB 2B R EMEKERFARMBUELERRAETN
Tab.2 Changes of different pigment contents of different blade parts in

P. yezoensis with PAR and PAB treatment pg/cm’
oSzl 4,2 & &+ pigment contents
treatment Chl. a PE PC
475 apical
Kb FHHT before treatment 12.01 +0.49* 2.56 £0.13% 3.11 £0.53* 3.96 £1.11%
120 min PAR #b3§ 11.89 +0.50* 2.17 £0.24° 10.51 £1.69° 13.56 £2.49°
120 min PAB b3 12.26 £0.75° 2.12 £0.16* 14.66 £0.29¢ 19.40 £0.26°
rpE middle
Kb PR before treatment 9.37 +£0.58* 1.66 +0.05* 6.29 +0.55" 8.19 +0.89%
120 min PAR 4bF 6.81£1.41° 1.69 £0.01° 7.52 £1.64% 10.08 £2.60°
120 min PAB 4bF 8.94 +1.37% 1.77 £0.34° 2.22 £0.97° 4.99 £1.17°
H3E basal
REFHTT before treatment 9.20 +£0.91° 1.64 +0.17° 12.04 2. 58% 15.81 £3.85%
120 min PAR 4bF 8.56 £0. 78" 1.70 £0.11% 7.01 £1.19° 9.27 +1.89°
120 min PAB 4hF 10.61 =1.54* 1.72 £0.58% 6.69 +0.33° 8.21 £2.41°

[E:Chl. a: WK a; Car: 2% 3 PE BLLE A PC I E 1 o AR89 _EARIIR A [l 4 5T b B i) 22 S i B35 E (P <0.05)
Notes: Chl. a:chlorophyll a; Car: Carotenoid; PE:Phycoerythrin; PC:Phycocyanin. Different superscripts denote significant differences at the

P <0.05 during different radiation treatment.
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MAFAEE 225 . PAB H1 PAR 4h# 120 min J5 , #Y
BB S BRI Chl. a Car 1) 5 A2 A0A ik
F(P>0.05), 1fi PE I PC [ & & 4E 40 PR J5
ZFE R, A PEPC S EI & (P <
0.05) , H. PAB 4b#%} PE \PC i 7T = 8 B K
F PAR {bF (P <0.05),PAB 4b# /5 119 PE . PC
AT A AL BRET ) 4. 6 £5F1 4.9 £, EEARHER
2% PAB f 4T 4b B 5 PE Fil PC 5 4 R BT %,
XS R KA, {5 PAR 4 A0 FRAY SR 5
FEB I ka#—3%, Jd PE 1 PC & A /MR L
FH(P>0.05) . BEARIEFRL ARG EE 5 PE fil PC
B AR AL G S TN RS TR 1 LA 47 AH I, PAB F
PAR 4b B35 53 PE f1 PC & B & NI (P <
0.05) , /345 PAB A HFI PAR 4b 3 2 [B]1% A o 3%
255, PAB b P B8 9 e 2 TR 2

RV EL SN S e 15175 & B ) 0 A MR S
BT A i, X BEAR 1T PAR Fil PAB 5 5 Ak 31
AR H JU d5c K Wi (334 nm) 1) OD i 5 i
AR HE(E & B, 120 min /%) PAR F PAB g i}
FEBA 5 2 AR ) 5T & i B3 N, (HAS [R] 38
AN T €7/ N SR N i i 2 N El o g2
A FR S B BB 3 pa ) a5 (&1 4)

0.6
mm X contrast
B C_J PARZNEEZ]  PAR treatment
_05f PABXGEIZH  PAB treatment
& %
Q
a 0.4F
e
= < o3l
S 03
§ =
= 0.2F
el
=
® o1t
0 Sz '
THHB s L
apical middle basal
BEEAREAT  sections

B4 FBEFRERREIBLLE PAR 550
PAB {RET AT, EEAMRICHI R E L 1B R
Fig.4 Changes of MAAs of different blade parts in
P. yezoensis during PAR and PAB treatment
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AR A AN Y2257 o
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AN R A A B, B 2 e A AR 52 2
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PREOE M AR MR B SZ A AR b
AR E]AT 5, A [ B 52 00 o) o P gy 5 5 Ak B
RN 22D L N R P e & U]
WS o o infil SR RGBS 1 R 22
o BALAR W PR AR 208
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B R A IR PSSR, Bk
T AR AR, & IO 506 VBRI S N 1]
UV 45 555 5 R 20 M7= A 9 BB KA 9 T P 4, 36
PR 2R PS IR SR 119 D1 HI D2 i
FL, AT BELAS 1 FE 7 A3 , R KO -2 R
1R Rl UV 23512 K3 Rubisco [y
AT PR A i ORI, 2 S BUR O 2300
TR, TR DG A RE 1™ o BRoE & 8L, PS 11 v
1) D1 25 A 14 W) I 38 241 9 2 E I 5, (2
s T DL 8K H A, RS,
Dl A EIHh S, f PS 1T HE 0 2 & W4 F5 1
TEHEKP Y 5 T LA A R 55 06 R AR B, ek
FRCREWKE N DI & F A A2 ZI
SCHrh PAB AR FHS AY A  DPR O E u08 T
PAR 4b B (PRI 3K 3% AT REZ A D PAB 5k
T, AR A R R RS T AR
(PRI B I TS 5 S 3o e VR 1 0k B R 4%
SN SR RS e VR TR R, L2l 285 (4 6 3 il 17
Xt UV — A i, PIRFZtim il ki xf UV - B f)
FH S bR YRR — R R
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EL AL 5 (0 3 LR ™

MASZI AR ] LA Y, A [8] S e 44 X 5¢



392 Koo

35 4

S ¢

AN S RO B AN [R] 38 I B AR kB, R S S A
PAR AbFUFT PAB Ah 3 7] 22 S 450/ )N, JEFR I A b 21
[i) 2 S 250K, 0 AT i PR Jhy 25 SR T 1Y) 52 A I i
Yy o B A, AR B 58 Zh W) o &5 1 3 e
B, LSRN B A WSS BT, R ARRET 58 Ak
TR A E AR T o R, X — 2 Y g
HOA IR HRGE th ), BT UV 4855 0
TR 55 R A ) JEE A O, B ) 5% 1 1 Rk
Thim,ﬁﬁxﬁiﬂiﬁ[m XA AT DA G5 i R AR
BE 2SRRI Z O R I R IR A
PEAAAH R 8 R R I IS AR AR B K PE (PC 1y
sl Chl. a Car g K, PE PC ZHiGEE,
A2 B W ISR A% 338 S RE 1R VR T, I 70 240 L v 2R 4 i
FETR R UKL , G KL () HE S FE R AR R Tm . v A
UV 8 57 4b B )5, & %6 5% % W ) &2 PE A
PC'™ 7 S A T ] 6L, 7 LA RS Chl. a
Car WA/, Hodr Car 604 1E T, W] LAE—
AR Chl. a 152 UV 58513513 . FIGUEROA
41 1l AGUILERA %! % BUEE K (5 ] 1) PAB 4b
H2s5| e Chl. a, Car \PE PC [N [, FH#K.
BB FEEBEEAAR Y 25 5 AT R 2 PR A R A e AR 4
JHLZE B S A A PR A AR 25 S5 T 3
SRR N B 22 AN Y BT (MAASs ) 7T LA
FESR G A T PRI AR, 355 UVR X 84K 1) 52
Y HWESE S, 403 ( Devaleraea ramentacea )
5% PAR F PAR + UV — A 585, LM% i) i
FREA AL, T PAR + UV - A + UV - B fg i ab 3
SR L AN S S RN AL e, 4
FRO OB TR S AN ) B iy i — 2
GRONIGER %™ 41 % B 48 S 5 - 35 A 5 |
T 25 5 SN WS o 2 s B BG n, mT e BN A6
R UNCE®
A TS TR R TS, RSN T SR AN f
Kb v, S —E AR AL .
WAL AT ZE AN [R) BB A 41 B 25 K UV iﬁﬁiﬂﬁﬂj
031 N AP I S B R N AT 2 o s €2
WU FEERANERE R, RBE LS PS T 2 5
HIT S P ] 3 A R AT LAREAIR PS T i+
7R (RIS A e 22 1 R o A AR HIOR T B O
A E AR
SN AL RS , AR B SR AN [ FR A B A 1
ifﬂﬁiﬂﬁﬂﬁﬁﬂﬁi%‘xlﬂ AHES BRI, &
E 58 SEAN RIS A BRI A AL A B 22 S5 0 2 L Jp

BE2 R

Ak PR B 22 e 2 S S P T T o A 1
RS EBANR] , X 5 SNSRI A8 38 AN ]
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SEOCHIARTT T B0 . BSR UL, A5 BE 5 SR AN R ¥
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Effects of UVR on the photochemical efficiency and photosynthetic
pigment content of different blade parts in Porphyra yezoensis

FENG Zi-hui', LI Xin-shu'*, WEI Hua' , HE Pei-min"'"
(1. College of Fisheries and Life Science,Shanghat Ocean University ,Shanghai 201306, China;
2. Key Laboratory of Marine Biotechnology of Jiangsu Province ,Huaihai Insititute of Technology ,Lianyungang 222005, China)

Abstract: In this study, the amount of damage to Porphyra yezoensis by ultraviolet radiation ( UVR) was
assessed by analyzing the photochemical efficiency and pigment concentration between different blade parts
under laboratory conditions. All parts of the blade were exposed to either PAB(PAR + UV — A +UV -B)
(280 =700 nm) a full spectrum or partial PAR (395 — 700 nm ) spectrum using cut-off glass filters. It was
observed that PAB caused a more significant decrease in the optimal photochemical efficiency than PAR in
all blade parts, followed by a lower recovery toward the initial values. Marked differences of the optimal
photochemical efficiency between all parts of blade under UV exposure were observed. Apical parts were
more resistant but had quicker recovery, basal parts were more sensitive to PAB and had slower recovery.
After different radiation treatment, phycoerythrin ( PE ) and phycocyanin ( PC) are more sensitive to PAB
treatment and increased significantly in all parts of blade. The PE and PC contents of apical parts had extreme
increase , while no remarkable differences of Chlorophyll a and carotenoid were observed. Determination of
mycosporine-like amino acids( MAAs) before and during exposure to solar simulated irradiation showed no
remarkable differences. The MAAs contents increased from basal to apical parts. Above all, the different parts
of Porphyra yezoensis displayed bigger dissimilarity in the photosynthetic physiology characteristics. We
presumed that the strategies to cope with UV radiation may including sheltering effect, accumulateing UV
absorbing substance and dynamic photoinhibition.
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