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

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

Abstract : We investigated the changes in photosynthetic activity, L* value and chlorophyll fluorescence
of Pyropia yezoensis 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 flucrescence
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.

Key words : Pyropia yezoensis, chlorophyll fluorescence, Imaging-PAM, low nutrient, L* value, thallus,

T

il

WHEQ ) EBEICBITAMEDLI L LT, WRoER
BIZEL D) DBEELFBTONL, %D L3, K
HOBER VEORBEIARTHIEICLY, S
REDEBFFRRLEBIEILILETHD, BEBLICLY
BB VHEDL B OBHE & L BROESMES T
Y, HRCBVTHELSLRVEELH DY, /&M
BB, BRLORREEET 57010, HEOKER
BT A M, ) ERGEE SGEBRETHEL, B
EeRyLMER R~ MERTa"ECRELORER
HHLTWATO, 72, /) ERBIEREAT A EEN
PHWERESEOWYM TSI 7 M OBmEES YY) VT
L, VVERBOBELEFHUT S LIS L D HEOTR
AWM FATHEY,

I VEREOBEL KT IHBIIOWTIE, FIRER

DHBLBOWY, KEREROEI, FREOHICE
MOBHE, 7 7Y ROMAR EFHESNTWEYY,
—HT, ARBIZIINFIEEI SN HREREESEOERE
M BBIIOVTRIBEALRAROR TV, EE

B RIBEA b LAICHT BT R BT X BFHE L
T, 7SIWAER 7 ua 7 4 VELHE (Pulse Amplitude
Modulation ;: PAMIE) BSHIb6hTw5b, ZOFEIIEE
W) % pROMBREBAERE Y P KBV, o > TSR ET S
BHEL EIZBNT, BARZ P LVRICHT HERORE
BETOEEL LTAVLRTWAE P, 7</ VET
i, — B )V BBEICAVWORTVWAATESY
Pyropia yezoensis (Ueda) Hwang et Choi7Zi} Tk <, 7
2% 7 JP. tenera (Kjeliman) Kikuchi, Miyata, Hwang
et Choi, =7 <. VP. dentata (Kjellman) Kikuchi et
Miyata, 4 F < / UP. seriata (Kjellman) Kikuchi et
Miyata3 & O 4 #5 7<) I P. tenuipedalis (Miura)

! E TR TR R S A K FERR 22 - SO MK FE R AR 2 Wy 2 BE 42} (Department of Applied Aquabiclogy, National Fisheries University)
2INOBIKERSE Y v ¥ — RN EZEER (Inland Sea Division, Yamaguchi Prefectural Fisheries Research Center)

YRR b 85K abemahi@fish-uacp



14 PES, JEH, M EE

Kikuchi et MiytataZs &%\, K, Jt &% 85
% EORBEERPKABEEIIRIZTERII OV THRES
NTWBHR, PAMIER, TR % Baf 50 I
WETSZEXNTRETH Y, BEEBOTIHICEVTLE
REOR ML 2T 5 RSP BEEMEOERE~D
ISEAPFE SR TVRY,

ZIT, AR TIE, BRERICL ) BREFERGFD
HEREEICE L 5B EPAMETHR~NSL L L DIZ, &
ELEREE OB TR T, EBIC ) BT
THERASN TV RHGEMEL A, o074 VEARH
e SEFER P L AORMBIEAT RN L) 22 4RE L
720

MR B

MR, BATEENAKEREZ Y & — XK
. ETFFERT (Bl ENFIEEREAKENS - HEENE
RABERIEF) o100t L CHE, AEASREREER
REFRECREEEL-EEREFSTVAYE Y
- U-SIRE AWz, BRERL TV AAREZEH I, %
FEBB S, BB SRR T 52T 58R Tl
SNEETR S LEFARNES Y, 2~8RT TR
SR/, WHRE L. WHRAE LB FILEERR
L, 085 mmBlEic% 5 CREEEL, BoNhi/Y
EREZERICER L, JOEBLSMAE, K2
SWM-IIT® % 55-3 vitamin, THEHHY, Trisk & OHF
Mm% s L1l/2 SWM-TIIE £ # (LU, 1/2
SWM-TIEZE R #®), BE18T, HE60umol m?s™,
RAREEAII0NL : 14hD & L7

REBRTIE, FREZHRML 2VHSEEkF T ) ERE
BRELIEILIERK EFEEZE21/2 SWM-TIIHRE S
BT YEREKZRBESL S WX ET, wiho
B $022um7 4 ¥ — (SCGPTO2RE Steritop-GP,
Merck#t) 12 & D IEBBREBICHA L, 243, R
BE18T, 3t &60umol m?s™, WA BE /& HA10KL : 14hD &
L, BFEEL:. BEHHIZ4~15ABE L, EBRXB
L UREEX & HICHA*2~3HEIZT o720 BIRIRIZ, &£
BEBLUMEBRE ICILEM 2 5E 7 7 X 21104
FTOWE Lo RBEXBLUNERE b ICHlEIZ2~3F%
29T, HIEEB M TO30L L,

12 B3, 4tlies (CM-2600d, KONICA MINOLTA
) AV, UEREOL D EEROMEE T 72,

HEEBALIE 2 ) IRk gLif & L7z,

20 HIE, EHESNVAERI T T 4 VELUERE
Imaging-PAM (WALZ#) % Hv, /U ERGEONLE
RIICBTLEPETFRE (0 2HEL. EHET
WE (0y) &, MEERTICBTI2REFHI-DOET
ERBERTOOTHY, /v EREOEE LI5S 28
PEEEFIHET LI LATE L, BRCEBRRBL O
SHEEXOZNENICHWIZEEPEANR, EXbRVE
I/ ) ERERIRT, EHETFRE (0y) 2WEL
Too PHREBRIIBVWTEHETFINE (0) &7V ERE
DEMNZ L > TEPE LRI &b, REBRTII/ JE
WREOFREBERE L7

3o B, AWEHRE (BX51, OLYMPUSH), #45t5\
W A5 4 (U-LHIO0HG, OLYMPUSH:) B & U'E#
$8USB7 ¥ # v * 5 (HDCEX3, AS ONE#:) # H
v, sun7 4 VARBEEESEHREL, ERREEY 7 b
Adobe Photoshop CS6 (Adobett) # B\ Tk B E
(R), HaBRE G BLIUEFLRE B) Ml - M=z
Lize 9, EWEEME, BEHNERYRT 48 L UM
BUSBF Y ¥ VA A S ERWT /) BREIZERES20~
550nma 5 BIGE 2 (WIGED#R) # MEst L Casik
Drav7 4 VBRI FR00ET|RE L o |BT
BSEICIINRE LMY 2 YERE L EEIC 2 A L) ICATA
FA5 ALY, 72 T EHGEEOMBEAHERICES &
I E L 2o RICHE L 72T 4 % PhotoshoplZ BL Y &
B, LA LADHEARFREE, FY U ANELY
F/7) =2/ —ilBEL, SERECEEHLYD
[FH] BLU [E#FEE] O FhOBEEREL
LB, BELWETT L E ) EREBE I A

i, MBEOBEE Do & ) #EEITE 2 EESE GO
B LBI/IBEC L2 LHICHEL, COHEBEOALE
BRLUWEERAT o720 FREVEMFICH L THRE~LEHIC
P OEREF R Lz, BoN200 [FH] B
LU [BRRFE] OFRFROFHELERL T, EiRkEk
YEkBH 720 DR, G, BBLUR, G, BOERFENHEL
L7

R, BFRBELEGTIZBI2REREEOEKNEL
FRERRT B 72002, EIES mmBBED /) FRESESE E
S500mLARAT S HE T T A 2TNEL, EBRRX L FHORER
EHCTERFIEEL, BEMH, THHB L U4HBIZEX
AT MVEREL, /) EREKE BETOT UL



AFE ) OEKEZ b L AFH 15

51 2R L) (BRAT59106, AS ONE#:) o HEIZHE
BHOA, ANy P+ 7+ bwov$EiE (130-6031,
HITACHI#: ) % # 7 L 7z 4 )t ot B &F (U-3000,
HITACHI#E) % v T, #&400~750 nmo & FH o
BExiflE L7z,

7w R

Fig. 1Ild, ERKICBUA8#MH L4ABD /) ¥
WEER LUz, BB O ) REIE, EE2~4 cmiE
EThh, BHFHIBERETHo . BEMMAP, VR
FIZEEL, E#RI4HHIZIZERES~8 cnfEEIE L2
A, IEEEARE kol

Fig. 21213, WX B L OEBRKXICBIT 25301 o
MR (L*Ml) OZALZR L7z, KRB G IcHT 53R
ROL*fEix, 525+ 12~562 =07 (P9l + fEHefFz)
DFPFTH o720 EBRXIIBIT HEF4)H OL EIX, 51.8
£22ThHY, MEXEIZIZFAMETH o2, BE2HEE T
BL*EIZIEE AL L e dro 7278, B4 B HL*E
13563 =228 LR LIED 2o ZOHBOLMEIE LA L
\F, ¥3E6H BI21360.3 =22, 8H BI213634 =20, 10H

HIZ13661 =26, 12H BIZ13681 =20& 7% 1), BEagRE#%

HoO15H BIIE71.0 + 1.8I13#E L7z,

Fig. 312, HHRIX B L OERXIC BT 252 b o
ERpETIE (0 ) OB LER Lz, B pIcBl
DA X OO iE, 0461 = 0.013~0495 * 0.0090> i FF (1
Holze EBRXIIBITS O 1, B8 H TI20461

80
75 + Ocontrol

70 -  @low nutrient
65

60 -

+@-

L* value

@A

55

‘|
T

+@-
Ch

T

50

45

40 1 1 1 I 1 1

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 ®y 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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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.
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