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Stress investigation of Pyropia yezoensts thalli under low nutrient
condition using chlorophyll fluorescence

Mahiko Abe! 7, Mayu Shiota!, Noboru Murase !, Yousuke Shikano?

Abstract : We investigated the changes in photosynthetic activity, L* value and chlorophyll fluorescence
of Pyropia yvezoensis thallus under low nutrient condition. Photosynthetic activities decreased when L*
values of thallus were the higher values of 65. As for R-SD values extracted from chlorophyll fluorescence
using graphic software, photosynthetic activities and relative values of R-SD decreased when thallus
were exposed to low nutrient condition. Under low nutrient condition, it was suggested that thallus was
maintained for photosynthetic activity using resources of nitrogen, phosphorus, iron and so on within
cells. While, by lacking of their resources, it was thought that thallus was not able to produce photosynthetic
pigment and photosynthetic activity was decreased. In the present results, chlorophyll fluorescence has
a potential to become useful tool for finding the low nutrient stress of P. yezoensis thallus.
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Fig. 1. Photographs show the foliose thalli in 0 (a)
and 14 (b) days in culture under low nutrient
condition. Bars indicate lcm.
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Fig. 2. Changes in L™ values under control and low nutrient conditions during culture periods. Bars indicate standard

deviations.
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Fig. 3. Changes in @ under control and low nutrient conditions during culture periods. Bars indicate standard deviations.
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Fig. 5. Changes in relative values of R under control and low nutrient conditions during culture periods. Bars indicate

standard deviations.
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Fig. 4. Photographs show the changes in light microscopic images (upper lines) and chloroplast autofluorescence
images (lower lines) under control (a) and low nutrient (b) conditions during culture periods.
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Fig. 6. Changes in relative values of R-SD under control and low nutrient conditions during culture periods. Bars

indicate standard deviations.
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indicate each measuring day. Bars indicate standard deviations.
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Fig. 8. Relationships between @ and relative values of R under control and low nutrient conditions. Numbers in black
circles indicate each measuring day. Bars indicate standard deviations.
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Fig. 12. Changes of the absorption spectra of foliose thalli in 0, 7 and 14 days in culture under low nutrient condition. All
lines indicate the relative values to the value of 439 nm in 0 day in culture.

13, FEEH YRS 518 AT N VEEROWIEEE MR
TL7e 7HUE7 4)a (679 nm) 22T, H#EYH
ELEL L CREERTH HI1241.7%, B53E14H HI12665%fK T L
oo 7423 7=> (620 nm) &7 4 axY R (566
nm) 22V, BEYH KL CREEITHETENE
41.1% & 445%, ¥:3214H H TENZ169.3% L 76.7%TdH
D, 743X A Y ORIUHTET L7,

ARIFETIE, ) EREOBRIEZ P LA LR 572

WIZ, BNEERICI)IE LMHE) B L OEDETIEE
(Oy) EOBFRERR, 72, ABRZEERBEOZ 28
RFFL QB HOBBEREE 2 G L, /) EREOAKEA
ML AEBRIIHRHTE 20285 L7z,

) BERROL X, BRESEMETICBWTEREH
Pl B Ligo 7 (Fig 2)o FIAY O#EETIX, L*=60
%L OMMIEE, L*=632 AIRTH TR TE S
ks, L'=TA2 EEOEELL L TWb, ¥#IHEB
L U6H HOL* 1z Fh 2 N534~61.38 & 1'57.0~638T
by, BELLINEVERISBEL T WIRCTHETE
LIEEECHEETN T, —F, BRBELRIETICBITS
) BEREO O  OEENIL O Z N L FRL o7 (Fig
3o ¥#2H H X4H H® © 413, 0433 +0014, 0404 +
0016 LT L, ##6HHD 1%, 0461 + 0014F THIE
L7ze 512, BESHHIZAR S L &TOREREOL fEA
60% 2 7-b DD, ;120428 + 0009 & 4L 2RI T I

BE ol &TH /) BEREOL EA6SE M 2 5 H 412
HHLIFE, @ 1130378 £ 001738 & 1°0.327 = 0025 X K F L
2o TNHOT EHNG, FRBIREICHES N ) FERIE
i, L"METIEEED & S IR (520 H) 1280w
TL O DIRTVRED LN, ERFEFIE () TR
IZEHREA ML ARBHTE BT EEEIRIBS N, F
7z, BRAIREDTLAR L LRk L, ) BERIKOL A
65% A S L, ETOMEAED DO 230400% Tl Y, ik
HEMET T2 EPHLNE R o7,

AWFFETIE, FEBRIXIZB W TERAEOH/D, WO R
B L UHIIEH R O R A B Sz (Fig 4o ThbHD
FRITERSLY ALY QWML LA TH -2, 5k
RZIRFETIL, 74 3EY) ¥ Sy HPBEFEFDOT— )V
ELTHRELTWAZ EATRE STV S, fiks"
% B#12, Fig TOEMBILA R bV OWEIEEE A & 5
MH, THEBIXUVUHED 71 a3x) 20 ¥ (Ay) &
suan7 1 va (Agy) OB (Ay/Age) T EHL
LA, FNENLL, 0998 & 072 o7z, D F
D, REETHH F ClRaEl—RRICHk L72AY, KE14H
HiZizzoozs vald 7403y v OFERIMETL
72EEZOND, RFFROFERIXTIE, WM L 725K
WCEER) VT TSR EOMESEBELIRML T
Ve EERXIZB W TEER2H HX4H H THERE S 725
=T (0 OKTI, fHHL2zdklkcid )%
WEDERIIBWTLELARESFTHIIEENTEDS
T, EREREE TICBUA2EHAA ML ARZRLTWL EE
AbMb, T/, BEEOHBICHRED LN/ 0 ORI,



22 IR, YEH, A, R

HMNORIFR D3R - BRIFIZY 7 b L2 & 2@k
Lhb LNB, 2070, BERBEVICR-TL 5 E5H
TMOEBENARL TS &L DI, FHTOHREIZLY 2
Ou 74 )va® 74 a8 YEROEEIEH SN, M
FANOREE T — VMR CE R Y, ARG EIME
TLCWo72eEZ BN, RIFIETIE, BEICHEH L
Hioeiks L UHHICH L CREEAIE L T vz
B, SRIEEIM D ORBEOLELZWE ST B LENDH
Do

J VGBI BT, ) BEIRMEOME D & RIICH
ML, @EICHETSZEIEEETHL, LirL, HIRT
X, WYY s RO EE=SY ) LT
J ) FEREOBE L ETFUT 202, ERILAZED
27 ) BEREOENEFIEE (Oy) & EONEBIEMEE
L 52T, BREAINLAZRYICRECE ST
BEMED D Do L L, ARWIZECHALAMmGEs oo 7 1L
FOLMERIIEF ICHETH Y, HzICEAT L2 Ltk
WICHEEE Wb D, 22T, REBMEREOZ DR
LTV R EHMEE G L, / )EREOAREA ML
AQREMIBHIZ DOV THRET L7 (Fig. 5~11). #E520~
550 nm® JEFFIIGEE (WIGH#E) Torua 7 1 )VvH
FEOGERIC B 5 REE R) offiid, MRBNORER
kofi/N LB ORI TR LTw {720, LYE
BB Lz — T, /) EREOEFEA ML A%
BHNCH T 27201213, ERRFIEE (0) oy
T% <, 7uu7 4 VAREEEEOREIERZE (R-SD)
HEDXLOERFFMT 2LENH D L Bbh/: (Fig
6, 10, 1o xtFEX 12 BT ZR-SDO HMIxH il 1%, 1.00 =
0.04~1.10 = 0.03DHFHTH - 720 FEEIX DR-SDOHIxHiE
13, BEEAEICH L ORI 2 A BEEIGRRO b e h o7z
L DO (student's t-test, p < 005), ¥#E2H HR4HHIZ
093 +0.09%°098 = 007 B # A H & ) b VEEZIRL
7o F7z, BRAEBREDWFT 2 ER-SDOMAHEIZIT
L72o R-SDOMMEDKTIZ, 7007 4 )V HRELH
BIZBWOREIBENY LT 5 2 L 2 ERT 2. RO
BEDVTRT % OFFIETHMETH 2 2 L5, BRBIRE
12 & o TEERME & S LM O E LR 7% &2 L 72
KR WO EMLATERESEZ bNb, §HhIY VT
VAR L, RRSDOFHMEEHET L T LENDH
bo U074 IVAREINIL, /) RGO MAEEEDE
W, BSOS IEO %L, Ly AOMifH R &I
L ERENEILT B, ZD0, BHFEHEEICB T

L*f, RB L UR-SDOEMEMHEZEH L T LEDH S
OO, WML ) FEIRMEOERFEA M L ADFH
MHICHIH T E 2T REMA D %o

oo

KIFEE BT B2 H72), BMEKEREY A5
B, Ko R EHOKERZEREL v ¥ — HREEK, M
I EMOKER A€ v 7 —KEFZEAT SLRIEERK, &/
WKERERY ARG, REAREKENZEE > ¥ — B
EHRK, REEAPKEREL Y ¥ — SRESERK, K
JE IR MoK EE R A v & — KR v ¥ — g
IR, BRI R A LSS0 VIR IR EE
K, ZEEKEMIFEISEKEREE ILHAER, =%
BOKBEHATR A v & —  SHREROEHIC THITES
F Lo STICRRLTEHHL EIF 5,

X #®

1) RS s 7y 7 Filiie2. S SRt
¥ ¥ —, &k (2017)

2) IFIESE D ) RO L OREL, &KL
W, 10, 49-50 (2000)

3) WOwF—, %A%, Park CS, MivAik, REFHRE : @
D ) OWFREHI & BLER T~ = T AWK D
RIIC L 2 EmAEE, HIKEE 69, 399-404 (2003)

4) T A, miste o R ERSREREEIC 81T 5 61
S REEREL /) OBEL~OFE, HIKEE 76,
849-854 (2010)

5) HAHMA D 2 ) EEOGBHTEILICET 20198, Rk
KHEF LW, 20, 131-134 (2010)

6) =RFNEW, EiEEE, =BEE RIS BIT 5 4
WWEIRE L ) I E & ORI, BEKSFEMEEE 73,
199-206 (2012)

7) ERTE, WHAKEF, BINPEE], BRI, B
ph, VEABEEE, BREEA WS BRI S
BEFEEIZ L A ) mHoEE, HKEE 78, 246-
255 (2012)

8) WARTR, HEUET, BNEIR, EURE R
A R T ICIR AT BAIKDIEAY & )
DRFIRMAS, KWL, 76, 197-204 (2012)

9) /MNbSEA, W W AR S RZSAFE S



10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

A E ) OBEFEA N L AFH 23

) (Pyropia yezoensis) \ZJ\TTREE, fRIKESR v
Wk, 23, 33-41 (2013)

FRLsERE, KRS, EARTEE L RIS ) %I B
1T 5 RAEIRE & ) OB L O HAT & DR
£, H7K&E 81, 107-114 (2015)

EARRE, BB, HERHET, WEE=a%b L
727 ) &R EERBOLAREE K, e iR
KL, SRR 2y, R, pp. 1-4 (1972)
K=, BEEE, BT TE & HTH
, EEEW] L ) RO REEOR L RE, i RhER
Ll A EIRE 2, B, pp. 22-40 (1972)
SO A, BRERECE C AR BT BB OBE HH
LRk EIEITROLE, oAb, 55, 999-1002

B oW DE

%‘fﬁ}

, EEERH, bse ks, s, moh
, IEEE - FIEO ) omE D L
BILRRZ—HFIERRZITOWT, HARMRFHERS,
63, 158-166 (2009)
REARFEE, AT LS, IR, BEMGERE, ANRZ
CRLEATE ) OGN TE & ER R B
17 B RARRZINE, HAKEE 76, 375-382 (2010)
e, HH O, RERRE 2OV AIRIEZH
(PAM) 27 uu 7 4 VHDGIEREIZ & 2 TR o &
AN L AMEORGE, R, 71, 101-106 (2002)
TREP RS, EERE, KRBGEK : F27VEIZBT5
KA L ADIEBIEFHINC BT 5 W Fe— B,
Lz v ¥ % A, PSII YieldB X WEIROZELD
fewe—, RESERSHMIZE, 11, 161-170 (2002)
g, RBITE, AL K OEEREME, TR XK
DAL, EARAMERIC X Y TORBEE=S )
7RO, HARY > THEFARE, 10, 47-57 (2008)
B AT 0 71 7 4 VEE & RIS & 2 56E
5, RIRES, 67, 507-524 (2009)
B, Gregory N. Nishihara, SFHIEK @ HAME
T = EZostera marina O 534 FE BREEE BT B FEHi
& EOLE U, HKES, 78, 692-704 (2012)
+JZH KHE, Gregory N. Nishihara, SFH®EAK : BE#%
BABRGE L OV AEH s ua T 4 vtk E 7R
By T8 (bN<y H) BELHE, X517
7, Yy=xyEs, VX, aT7/UEY, FLNE
7 ONCER - IR, HIKEE, 78, 189-197 (2012)
Lideman, Nishihara GN, Noro T, Terada R : Effect

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

of temperature and light on the photosynthesis as
measured by chlorophyll fluorescence of cultured
Eucheuma denticulatum and Kappaphycus sp. (Sumba
strain) from Indonesia. J Appl Phycol 25, 399-406
(2012)
Zhang T, Shen Z, Xu P, Zhn ], Lu Q, Shen Y, Wang
Y, Yao C, Li J, Wang Y, Jiang H : Analysis of
photosynthetic pigments and chlorophyll fluorescence
characteristics of different strains of Porphyra
yezoensis. ] Appl Phycol 25, 881-886 (2012)
Zhang T, Li J, Ma F, Lu Q, Shen Z, Zhn ] : Study of
photosynthetic characteristics of the Pyropia yezoensis
thallus during the cultivation process. J Appl Phycol,
26, 859-865 (2013)
EEW 3L, Gregory N. Nishihara, SpHEAK @ REAR
FERIRT A 74 /) BRGNS 206 & i
B, 61, 141-148 (2013)
Watanabe Y, Nishihara GN, Tokunaga S, Terada

DR

R : Effect of irradiance and temperature on the
photosynthesis of cultivated red alga, Pyropia tenera
(=Porphyra tenera), at the southern limit of distribution
in Japan. Phycol Res, 62, 187-196 (2014)
EE# 3L, Gregory N. Nishihara, SFHEA @ JLMIC
EFTHF =T/ ) A F=Y ) REEONEE
IR AL LR DR, B 64, 131-138 (2016)
HILZRR, BT, AR, BEERRG A ¢ ALEE A
HIT</)BILOATE ) BTEIREKOERIZKITT
oo, KERH, 65, 321-330 (2017)
RIZHZ 3 L Wi EREESWM-TIIIZ 2 W, &
JH, 18, 171-173 (1970)
Fujiyoshi E, Kikuchi N : Growth of excised containing
elongated denticles from the lower marginal parts of
Porphyra tanegashimensis and P. haitanensis
gametophytes. Bull Fish Res Agen, 16, 9-13 (2006),
REE AR, ARIERR, EWRW - FEEfIIow T
T/ ) AR O R (BE AR - B3R -
ARIERE - AHEAM), M ATBOE ORER S
¥ & —WaHEDOREERTFERT, M, pp. 24-28 (2014)
Lobban SC, Harrison PJ: Seaweed Ecology and
Physiology. Cambridge University Press, New York.
(1994)



