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Turgor regulation of Spirogyra fluviatilis was investigated. Turgor regulation was completely inhibited by

Gd?* (stretch-activated

(SA) channel blocker), which suggests that sensor of turgor might be SA channel. Turgor was also inhibited by dark condition,
tetraethylammonium (K* channel inhibitor), NPPB (CI- channel inhibitor), amiprophos-methyl (anti-microtubule reagent). It was shown

that malate and NO," increased significantly accompanying turgor regulation when solutes of Spirogyra cell were analyzed with ion

chromatography. Detection of malate was characteristic of this phenomenon because malate was not detected in control cell. These results

showed similarity between turgor regulation of S. fluviatilis and osmoregulation of guard cell of land plants. In addition, character of

conjugation of Spirogyra was discussed from these results.
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faE, BEA ML RICHL,
i (BEHERE) PREREZNICREZ ) LT3R5 (BREE
AHED 2179, EETE, ZHEMREHIEE (B Valonia,
Chaetomorpha 7 &) (Zimmermann 1978, Kirst 1990) %
IR DOEEE (> v ¥ 7 MY Lamprothamnium, ¥ #% 5
Vaucheria 7% £ ) (Okazaki 1996, Muralidhar et al. 2015)
78, RBELEFESIIEAKES ¥ 7 Y Chara (Kamiya
& Kuroda 1956, Bisson & Bartholomew 1984) T##i23
b5,

74 I Fueo—#Th 3 Spirogyra fluviatilis Hilse (Fig.
1a) i, BEEFAE 217 9 oK & L ORISR S 417 (Iwata
etal.2001), F7-, 743 Fuix, FHEMICHEDEE LMY
IEWEEHEINE AL I FrHICEENS (Delaux et al.
2015), L7235 T, 74 3 FuEEHggs, WEHEz
19 2R T 5P LAY (Shabara & Lew 2002)
R, VRKIEPE% & i (Zimmermann 1978, Kirst 1990,
Okazaki 1996, Muralidhar et al. 2015) D \>F3UTHEVE
BaRiod, REEMNERD & BRI R - 5,

Spirogyra castanacea G.C. Couch I3, FEPCTOEAT
TERGEEIZE W, i E L CEERAESZ21Tbhe 2 Ll
DY RX=IHhRL5 L, BAETIEPMERLICFEINS L
PHOPITE>TwE (BHS 2020), L7a->T, #EHT
TRFEEOBRICIZ T A S F u @B LR 08 2 2 #
RPBEEEZ SND, & 2 CARMETTIX, S. fluviatilis %

HEZICICRZ 9 LT 5K

A HRREAZ A7 DR 2 A 72 ) L 7 AR
e, AFvru~< 7774 -k 2REHHVED TN

TV, R O BRI %175 72,
S. fluviatilis 1%, FEF WG o th TEE L, Ci i
(Closterium H¥5Hl, Ichimura 1971) T, 23 °CCTHEIGE

L72boc, DEiToff% (Iwata 1995, Iwata & Itoh 1998,
Iwata et al. 2001) THW b D LHUKTH 5, RS
13 16 h light (H04AT) -8 h dark, JGHREEIX 90 pmol m2 s
E L7, L WERICAEIE L © 5 2~7 HigE L 7 flig (4
T % FEBRICHW

W E R & o Iz 13, ALK (0.1 mM each of KCI,
NaCl, CaCl,, and 5 mM HEPES-Tris [pH7.5]) % 7,
b ofilaz ALK TES §9F, v v=r—1z AL
AR L 7RI L O 2 555 L 7 (Iwata
et al. 2001), <> =t —)ViREIZ, ATtk cofifdo
BB (RARVESHEE RO 2) D 3/412dH 75 040
M 2L 7,

FHEE 113, SA-channel blocker & L C Gd*, /& s
#l & L T amiprophos-methyl (APM, DMSO i< 5 mg mL-!
IZ 2 X)L TR E L), T2F Y747 XY
FERIE LT A A 7> D (CD, DMSO i 10 mM
W27 % K 9 WML TR & L 72), K-channel blocker
ELTF b7 F V7 vEZ=Y L (TEA), Cl-channel
blocker & L T 5-Nitro-2-(3’ -phenylpropyl-amino)benzoic
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Fig. 1. Turgor regulation of Spirogyra fluviatilis. a. Spirogyra fluviatilis cells, bar=100 ym. b. Time course of effect of Gd™ on turgor regulation. Turgor
pressure value was shown as concentration of mannitol equal to limit plasmolysis concentration (cell osmotic pressure (M)). n=5. c. Time course of light effect
on turgor regulation. Turgor pressure value was shown as concentration of mannitol equal to limit plasmolysis concentration (cell osmotic pressure (M)). n=5

acid (NPPB, DMSO (250 mM 272 % X 9 IiAfE L TR
FE L) &M v, G 1320 uM (R ZEE K ),
APM iF 3 ug mL"' (i3 0.06% DMSO), CD i& 10 uM
(X 1X 0.1% DMSO), TEA 1 10 mM CofBR I Z& 8 K),
NPPB % 10 uM (X #13 0.02% DMSO) DIRET, =~
= b= VRIS A 7z, BHEEA 2 & O ALBE % & S R 1,
6 X7L—1F(AGC 77 /7 77 A)HTiro 7, ok,
L= FZT7 NI RANTEL LI DT> 7, fildi,
vty FTOEDER, £ L —MIANT,

e o EHE I R AR T ik ok 7, BRASIZE Sy
HEEoRO ML, A RAEA—F —CHIE L I, BIHD
fEi23%7 50 mM Eive2S, SR OB & IEEFE ORI & @
BRI (IS, IMEOBEEEDN EAT 2 EEN EAL
THBHETLHET S) THo7-7-® (Iwata et al.2001), 5
ElIRTEOFEE W7z, My, RLxZBEOw = F—
JWERHFT 15 min fH&E L7z, Z2 LT, ol LofiiassH
TEBESTHE L 7o AR OIRE 2 a0 REE & L 7,

RBHEWEOIWIEA Ay rne s 7774 =12k D
fTofz, =¥ = b — VIRHRAC 24 h e L 22 filE Coiii
24 h ATk uE) oK% K (Whatman) < 3 [0
Ror, KicifzzR20 mg =y RV FL7F 2 =71
L, 20°CT1 hi#E L 72, Eifi chlfidts, Mildo®EED 9
DA KZMZ, RIAEEE minicent-10 (R Y —#A&
#) ¢, 1000 x g T 10 min =0 L7, 156 N7 08K % 248
KT AHERML, 44> 7n~ 257 HIC-6A (I
1) ZHWTA A VY EOOHZiT- 7,

SA channel P55 &l Gd* 1&, T8 %2 B3 L 72 (Figs
1b, 2), BHE IS 2 h BINIC R o h, Mo REE L&
ZERICHE L7 (24 h W% 1% KETHEREEDH D),
HFETE, MW 2hEFTCRWHEEDS Kok, 2

D, HENR SN (24 h B 1% KETHEZESH D)
(Figs 1c, 2)., fhopH#EAITIE, K channel fHEHAI TEA, Cl
channel fHE#| NPPB, f/N& 3 4 APM (< BH 3 15 23
Ronzn (WFnd 24 h Bl 5% KETHESDH D ),
actin 41 CD ZHEFEABR s N o7 (Fig. 2). %
7o, BZIEFAE ENEAT LT, WHEEA A v &V v aAIRHIRIC
REERIWMLZ (Fig.3). R, Vv a@idnicidae
BHENT, ZOBREREMSTIZ2bDTH ST,

FHEAFEER DSR2 &, EHEX ¥ —& L T SA channel
R L, BEFHMHEE LT, K, CLBHHINATV?
AREMENE Z s, F7o, MilERE L L uNgE 2B S
LTwaEEZ N,

B 2 Gd* CHE X 2 B RIS, Vaucheria D54
EETH B (Muralidhar er al. 2015), L2, &R
WEOWERSRTI, BHEHRAHICX 2 K & Cl R &N
RS0, HERFEBROKMELE —AFET 2 L9 IR
%, 21, B Z I3 K & Cl D—RNRAD M Y A=k D,

MR A A >, Vv TMOBEINT 2 L EZ D EFEREL, 5
BOFEL LA,

HfEDREEDOHEIEM %, RAFETE ML & A F ot
TRELSEE Tk, TTREBXRLLEIIC, TAEX—
% —OHEME I RAETCE 7HEE L D 50 mM K<, S1Eo
B2 5, 44 V0HE 200 mM v, A RAEXA—F—L
A F VNI 2 REEE, B L 2Bk e RS 2 L
CHETHMTH S 2 Lo, BRI Z Db DIIRIFHEL
ThrLtELONS, Lo T, ZOEZIHEINTVE
WEZEREMEICE 20 TH L AHELD 5, HlAIEE
Mo & LT, W TIZZ Y va—)L (Ben-Amotz & Avron
1973), X% £ ~ (Blunden et al. 1992), FL"\m—2Z, ¥ 3
B (Bremauntz et al. 2011) 2MHEbiTw3, 743 Frd
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Fig. 2. Effect of inhibitors and light condition on turgor regulation of
Spirogyra fluviatilis, after 24 h. Gd** (SA-channel blocker), amiprophos-
methyl (APM, anti-microtubule reagent), cytochalasin D (CD, anti-actin
reagent), Tetraecthylammonium (TEA, K-channel blocker) and NPPB (CI-
channel blocker) were used as inhibitors. Turgor pressure value was shown
as concentration of mannitol equal to limit plasmolysis concentration (cell
osmotic pressure (M)).*p<0.05, **p<0.01 (t-test), n=5.

I LEWHEZAHL TO 300 L,

Vv R EEREE E L TR L TWS 2 & idEE R
Ve OBRBENING, HERUEDOHRTHL I LE2ED
% &, VbW BFIEHEITIE VDS, K[ILOBHPABIS B
¥ % (Dittrich & Raschke 1977, Scheibe et al. 1990), %
IR OFESFRCWED S 1, BEAGYEE L TOV v Wi,
FaDHIBIRY RHINTwinnrzd, MR BEEDR 72
ns,

SALOBEAESICIE, MEEKRRE LTINEE T 7 F v
DOMHENEEG L T3 2 EPHMESIN TS DY (Fukuda er
al. 1998, Higaki et al. 2010), 5RO BRI DTN
BOADET 2 WREMEDR S 47z, Iwata et al. (2001) 13,
S. fluviatilis 12 8\ TRIEW/NE DRLZAL & A%
INBIRDIH B 2 L WS LT3, LA B 3 8uNE
W20 & R ALBEEH & OBIfR &, il & Il D 5 Tl
Mepdd b, BEBEZEG, HiZ, KALBIOREICIE, K & Eifo
NI AW B 7D, Cl DALY ¥ IO ARHE Z
% 2 EDHIS T\ % (Raschke & Schnabl 1978), #iko,
S. fluviatilis ® K*, Cl D—IRINZHADY v THOREMD
bYA= % B ATHEYE & D i, BT B lifE2 D % K O
IZBbn s,

FHHS (2020) 1%, #HSR (Ikegaya et al. 2012) & VAR
R D S. castanacea DA TTIRGHEMIEDS, BIRIYICHPD
LCw2 g2 ML 72, BB Oo—2E LTRIBEA ML
A (RZBRIZ BT DU EIBRRICB T 5= v = F — VALEE)
b5, F£1z, S.fluviatilis £ S. castanacea &%, {KR%TE

Y % (Ikegaya et al. 2012), BZIEFHHiIRENH 5 (HH S
2020), WZMEA P L A THEATMLAEETE % (Ikegaya er
al.2012) &0 ) HCEBIL 2 EEZFf>T0 5, L > T,
BB D S. fluviatilis &, B FRLVIER D S. castanacea
DBIRICELIL T2 AL H 5, B R LWBERD
S. castanacea IZEB VT, HEHAOLELY v TWMDTEHK
R ERWNT 28R H 50D Litk\v, SHEHS IR
72, SA channel IZ X 28202 + L A DZAEDREMNE, L
RUEDHERTH 55, BREHIEICY) v aBEAHT MR L
B, IR R LR RD S, castanacea TH B THNIL, S.
castanacea DECT TG RFEIBIE DIRIRVRE 5 T & B3I
INs,

E7e, BWIRR EHEROBEEA P L ADBKIELTWVwS LT
5L, Ak, WEER, BWHCRHAIEKE R ZBEOKET
DUZIEA b L ANDHIEDS, EERE L )L OVERZ TIRIEE
& VI B TEN T TTREMED D 5, —HRIN A SR
1, BHEE ~BIBEOBHRTH Y, IMRORBEE LRSS EH
U2 MlENEEE O AR S5 (Zimmermann 1978,
Kirst 1990, Okazaki 1996, Muralidhar et al. 2015), L 2L,
S. fluviatilis O BRIV ORZEE L5757 O—H8 L 2>l
JINEBILED LA S sy (Iwata ef al. 2001), Z D4
HINEWRIERHTH - 7203, &K, Kpcirbi s R
LEMoB%, HBETGEA L ZICHIET 2 KG%, BHEH
flitfzTword Lk, 2054, SROMEE,
WA b L ANDIGDRNTIC D03 2 AIREEDS B D, 54
DEREPIHFI NG,

AW T, S. fluviatilis DWEERB O 2T o7, 5
B DFEHED, WICTF I FroffRicikb 3D Thi, ik
IR 2 > R IC D RS uUdE VT h 3,
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Fig. 3. Change of ionic concentration of Spirogyra fluviatilis cells
accompanying turgor regulation. Cells were incubated in 0.40 M mannitol
solution or artificial pond water (control) for 24 h. *p<0.05 (t-test), n=4.



84 HHS

51 RASCHR

Ben-Amotz, A. & Avron, M. 1973. The role of glycerol in the osmotic
regulation of the halophilic alga Dunaliella parva. Plant Physiol.
51: 875-878.

Bisson, M. A. & Bartholomew, D. 1984. Osmoregulation or turgor
regulation in Chara? Plant Physiol. 74: 252-255.

Bremauntz, P., Torres-Bustillos, L., Caifiizares-Villanueva, R. O.,
Duran-Paramo, E. & Fernandez-Linares, L. 2011. Trehalose and
sucrose osmolytes accumulated by algae as potential raw material
for bioethanol. Nat. Resour. 2: 173-179.

Blunden, G., Smith, B. E., Irons, M. W., Yang, M., Roch, O. G. &
Patel, A. V. 1992. Betaines and tertiary sulphonium compounds
from 62 species of marine algae. Biochem. Syst. Ecol. 20: 373—
388.

Delaux, P., Guru, V., Radhakrishnan, G. V., Jayaraman, D., et al. 2015.
Algal ancestor of land plants was preadapted for symbiosis. Proc.
Natl. Acad. Sci. USA 112: 13390-13395.

Dittrich, P. & Raschke, K. 1977. Malate metabolism in isolated
epidermis of Commelina communis L. in relation to stomatal
functioning. Planta 134: 77-81.

Fukuda, M., Hasezawa, S., Asai, N., Nakajima, N. & Kondo, N. 1998.
Dynamic organization of microtubules in guard cells of Vicia faba
L. with diurnal cycle. Plant Cell Physiol. 39: 80-86.

Higaki, T., Kutsuna, N., Sano, T., Kondo, N. & Hasezawa, S. 2010.
Quantification and cluster analysis of actin cytoskeletal structures
in plant cells: role of actin bundling in stomatal movement during
diurnal cycles in Arabidopsis guard cells. Plant J. 61: 156-165.

Ichimura, T. 1971. Sexual cell division and conjugation-papilla
formation in sexual reproduction of Closterium strigosum. In:
Nishizawa, K. (ed.), Proceedings of the 7th International Seaweed
Symposium. pp. 208-214. University of Tokyo Press, Tokyo.

Ikegaya, H., Nakase, T., Iwata, K., Tsuchida, H., Sonobe, S. &
Shimmen, T. 2012. Studies on conjugation of Spirogyra using
monoclonal culture. J. Plant Res. 125: 457-464.

Iwata, K. 1995. Regulation of the orientation of cortical microtubules
in Spirogyra cells. J. Plant Res. 108: 531-534.

AHAE - A - A5 - EESEE] - BTt 2020. 81 L Wik
12 & % Spirogyra castanacea (x> 3 Fufl) oBEGOFHEE | #H
68 : 77-80.

Iwata, K. & Itoh, T. 1998. Effect of ions on the orientation of cortical
microtubules in Spirogyra cells. Plant Cell Physiol. 42: 1099—
1103.

Iwata, K., Tazawa, M. & Itoh, T. 2001. Turgor pressure regulation and
the orientation of cortical microtubules in Spirogyra cells. Plant
Cell Physiol. 42: 594-598.

Kamiya, K. & Kuroda, K. 1956. Artificial modification of the osmotic
pressure of the plant cell. Protoplasma 46: 423-436.

Kirst, G. O. 1990. Salinity tolerance of eukaryotic marine algae. Annu.
Rev. Plant Physiol. Plant Mol. Biol. 41: 21-53.

Muralidhar, A., Shabala, L., Broady, P., Shabala, S. & Garrill, A. 2015.
Mechanisms underlying turgor regulation in the estuarine alga
Vaucheria erythrospora (Xanthophyceae) exposed to hyperosmotic
shock. Plant Cell Environ. 38: 1514-1527.

Okazaki, Y. 1996. Turgor regulation in a brackish water charophyte,
Lamprothamnium succinctum. J. Plant Res. 109: 107-112.

Raschke, K. & Schnabl, H. 1978. Availability of chloride affects the
balance between potassium chroride and potassium malate in
guard cells of Vicia faba L. Plant Physiol. 62: 84-87.

Scheibe, R., Reckmann, U., Hedrich, R. & Raschke, K. 1990. Malate
dehydrogenases in guard cells of Pisum sativum. Plant Physiol.
93: 1358-1364.

Shabara, S. N. & Lew, R. R. 2002. Turgor regulation in osmotically
stressed Arabidopsis epidermal root cells. Direct support for the
role of inorganic ion uptake as revealed by concurrent flux and
cell turgor measurements. Plant Physiol. 129: 290-299.

Zimmermann, U. 1978. Physics of turgor- and osmoregulation. Annu.
Rev. Plant Physiol. 29: 121-148.

(Received Mar. 23, 2020; Accepted Apr. 28, 2020)





