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Phaeodactylum tricornutum

Phaeodactylum tricornutum

Na*

1)

P. tricornutum Na*

2)

[Na’]

P. tricrunutum

P. tricornutum UTEX640 (The Culture Collection of Algae at the

University of Texas) ¥ F2ASW*  Na' Cl
05 M (Na) 0.6 M (CI) F2ASW-0.5 M NaCl
100 ml 25 ml 20°C
60-100 pmol/m?/s Na*
F2ASW-0.5 M NaCl
OD+¢ = 0.005 14
F2ASW
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F2ASW  Na' of} 0.1 M (Na")
0.2 M (CI)
F2ASW  Na' cr 1.0 M (Na")
1.1 M (CI)

F2ASW-0.1 M NaCl

F2ASW-1.0 M NaCl

F2ASW-0.1 M NaCl
+0.45 M Na,SO,
F2ASW-0.1 M NaCl F2ASW-0.1 M NaCl 0.45 M H,SO4 Tris
+ TrisSO, pH

F2ASW-0.1 M NaCl
+ 0.9 M Cholin-ClI
F2ASW-0.1 M NaCl
+0.2 M LiCl
F2ASW-0.1 M NaCl
+ 1.0 M Sorbitol

F2ASW-0.1 M NaCl 0.45 M Na,SO,4

F2ASW-0.1 M NacCl 0.9 M Cholin-ClI

F2ASW-0.1 M NaCl 0.2 M LiCl

F2ASW-0.1 M NacCl 1.0 M Sorbitol

2
a 6.5 pg/ml
PSII 2
mM 1,4-p-benzoquinone
Na* CI
Na* Na* Sodium
Green tetraacetate /cell permeant type (Molecular Probes) Ccr Ccr
6-methoxy-N-ethylquinolinium chloride (MEQ)
(Molecular Probes) Sodium Green 50 ug/ml MEQ
1 mg/ml 30

LSM 510 META, version 3.0 (Carl Zeiss) lambda mode 350 nm - 640 nm

Sodium Green MEQ
1 mM EIPA: 5-(N -ethyl-N -isopropyl) -amiloride
360 uM ouabain 60 uM TTX: Tetrodotoxin 0.5 mM DIDS:
4,4’-Diisothiocyanato-stilbene-2,2’-disulfonic acid disodium 30 uM 1AA-94: [(6,7-
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dichloro-2-cyclopentyl-2,3-dihydro-2-methyl-1-oxo-1H-inden-5-yl)-oxy] acetic acid 94

Na*
0.5 M NacCl F2ASW-0.5 M NacCl
10

Fig. 1 F2ASW-0.5 M NaCl Fig.

1 F2ASW-1.0 M NaCl Fig. 1 F2ASW-0.1 M NaCl
Fig. 1
[CIT  [Na'] F2ASW-0.1 M NaCl + 0.45 M Na,SO,
F2ASW-0.5 M NacCl Fig. 1
[CIT  [Na'] F2ASW-0.1 M NaCl + 0.45 M Na,SO, [SO.%]
F2ASW-0.1 M NaCl + TrisSO, [CIT [Na'] F2ASW-0.1 M NaCl + 0.9 M
Choline-ClI Fig. 1
Li* F2ASW-0.1 M NaCl + 0.2 M LiCl

F2ASW-0.1 M NaCl + 1.0 M Sorbitol Fig. 1

Figure 1. Effects of sodium chloride on the
growth of diatom. Cells grown in F2ZASW-0.5 M
NaCl ([Na*]: 0.5 M, [CI]: 0.6 M) were transferred

T into modified F2ASW and were grown for 14 days
| + 0.9 M Chaline-C1

under illumination at 20°C. The concentrations of
NaCl and additional chemicals in modified F2ASW

are indicated in boxs.

y
— P K
' .

L 0.1 M Na(l e
& | +1.0M Sarbiial ’

0.5 M NaCl F2ASW-0.5 M NaCl
Fig. 2 [CIT  [Na']
F2ASW-0.1 M NaCl + 0.45 M Na,SO,

2 mM 1,4-p-benzoquinone
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Na*

0.45 M Na,SO,
Na,SO,4
Na* Cr
F2ASW-0.5 M NacCl

sodium green

META, version 3.0 (Carl Zeiss)

MR B MNSTT AN NEDY W L

0.5 M NaCl
F2ASW-0.1 M NaCl + 0.2 M KCI

Figure 2. Effects of sodium chloride on
photosynthetic acivity. Cells grown in
F2ASW-0.5 M NaCl were transferred to
modified F2ASW and photosynthetic O,
evolution was measured with a Clark-type
oxygen electrode at 20°C in the absence (Net)
or presence (PSI) of 2 mM
1,4-p-benzoquinone. The concentrations of

NaCl and additional chemical in modified

MEQ

L F2ASW were indicated in figure. The
photosynthetic activities at F2ASW-0.5 M
NaCl were also determined as a non-treated
standard.
F2ASW-0.5 M NaCl
F2ASW-0.1 M NaCl + 0.2 M LiCl 10
Fig.3 K3, L3 0.2M
[Na’]
Fig. 3 K1-K2, L1-L2
Na"* Cr
LSM 510
lambda mode
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Figure 3. Effects of Na* on K'-stress or Li*-stress of diatom. Cells grown in F2ASW-0.5 M
NaCl were transferred into modified F2ASW and were grown for 10 days under illumination at
20°C. Con.: F2ASW-0.1 M NaCl, K1: F2ASW-0.1 M NaCl + 0.2 M KCI + 0.45 M Na,SO, ([Na']:
1.0 M, [K*]: 0.2 M), K2: F2ASW-0.1 M NaCl + 0.2 M KCI + 0.2 M Na,SO, ([Na']: 0.5 M, [K']:
0.2 M), K3: F2ASW-0.1 M NaCl + 0.2 M KCI ([Na']: 0.1 M, [K™]: 0.2 M), L1: F2ASW-0.1 M
NaCl + 0.2 M LiCl + 0.45 M Na,SO, ([Na*]: 1.0 M, [Li*]: 0.2 M), L2: F2ASW-0.1 M NaCl + 0.2
M LiCl + 0.2 M Na,SO, ([Na']: 0.5 M, [Li*]: 0.2 M), L3: F2ASW-0.1 M NaCl + 0.2 M LicCl
([Na']: 0.1 M, [Li*]: 0.2 M).

Chiorsphyil —— Figure 4. Localization of Na” and CI" in
cells grown in F2ASW-0.5 M NaCl.

% Cells grown in F2ASW-0.5 M NaCl were

treated with sodium green and MEQ for

30 min in the dark in the presence or

Cl IMEQ) Murgo i i
{+ 20 4 M Monencin) absence of Monencin. All images were

taken with laser-scanning confocal
microscope under conditions described in

the text. Scale bars, 2 um. Light: Light

image, Chlorophyll: chlorophyll
autofluorescence without Monencin, Na*: fluorescence of sodium green without Monencin, CI:
fluorescence of MEQ without Monencin, Marge: merged images of all fluorescence image
without Monencin, Marge (+20 pM Monencin): merged images of all fluorescence image with 20

MM Monencin.

Fig. 4
Fig. 4
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Fig. 4

Na* Monencin (20 pM)
Na"*
F2ASW-0.5 M NaCl sodium green MEQ 1 mM
EIPA 360 pM ouabain Fig. 4
EIPA sodium green
Fig. 5 MEQ
sodium green MEQ
sodium green Fig. 5 ouabain
sodium green Fig. 5
MEQ EIPA
MEQ EIPA
Fig. 5
Figure 5. Effects of EIPA and
ouabain on localization of Na*
Con. and ClI"in cells grown in
F2ASW-0.5 M NacCl. Cells grown
in F2ASW-0.5 M NaCl were
treated with sodium green and
+ EIPA MEQ for 30 min in darkness in the
() presence or absence of 1 mM
EIPA or 360 uM ouabain. All of
cH images were taken with a
laser-scanning confocal
[];“?\.E; microscope under conditions

described in the text. Scale bars, 2

pm. Light: Light image,
Chlorophyll: chlorophyll autofluorescence, Na™: fluorescence of sodium green, CI': fluorescence of
MEQ.

Na"* Cr Na*/HCO3
F2ASW-0.5 M NacCl sodium green MEQ 60
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MM TTX 0.5 mM DIDS, 30 UM 1AA-94 Fig. 4
TTX sodium green
Fig. 6 2 MEQ sodium

green Fig. 6 2
DIDS TTX

Fig. 6 2 2 1AA-94 sodium green ouabain

Fig. 6 MEQ
ouabain
Fig. 6
Con. TTX @ vy DIDS @smyy  TAA-94 (o u)

Figure 6. Effects of TTX, DIDS
and 1AA-94 on localization of
Na* and CI" in cells grown in
F2ASW-0.5 M NacCl. Cells grown
in F2ASW-0.5 M NaCl were
treated with sodium green and
MEQ for 30 min in the dark in the
presence or absence of 60 uM
TTX, 0.5 mM DIDS or 30 uM
IAA-94. All images were taken

with a laser-scanning confocal

microscope under conditions described in the text. Scale bars, 2 um. Light: Light image,

Chlorophyll: chlorophyll autofluorescence, Na™: fluorescence of sodium green, CI': fluorescence of

MEQ.
Na*

C4 Na*

(ol Na*
[Na™] Na'/K*
Fig. 1
P.tricornutum 0.5 M NaCl NaCl
[CIT [Na']
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F2ASW-0.1 M NaCl + 0.9 M Choline-ClI Li* F2ASW-0.1 M NaCl +

0.2 M LiCl F2ASW-0.1 M NaCl + 1.0 M Sorbitol
[CIT  [Na] F2ASW-0.1 M NaCl + 0.45
M Na,SO, F2ASW-0.5 M NaCl
P.tricornutum [Na']
Na,SO, [Na'] [SO.%]
[SO4%] F2ASW-0.1 M NaCl + TrisSO,
Na,SO, [Na™]
PSII
Fig. 2 Fig. 1 [Na']
P. tricornutum [CI
Fig. 1 F2ASW-0.1 M NaCl + 0.2 M LiCl

F2ASW-0.1 M NaCl + 1.0 M Sorbitol

[Na']  [CI]
[Na’]
2 mM 1,4-p-benzoquinone [Na']
PSII Net
Na* Fig. 1  Fig. 2
P. tricornutum Na*
Na* Fig. 3
[Na’] [K']
[Na']  [K']
Na*
[K'] K*
[Na’]
P. tricornutum Fig. 3 K*
[Na’]
Na* Na*/H* Na"* Na*
Li* Na*
LiCl
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K* Li* [Na']
K*
Li* [Na']
P. tricornutum P. tricornutum
[Na’]
Na"* Cr
[Na"] Na*
Ccr PSII Ccr
Na*
P. tricornutum Na* CI
Fig. 4
ER
ER
ER
Na* CI
Na* CI
P. tricornutum Na* CI
Na"* Na*/H*
Na"* Na'/K*-ATPase
EIPA ouabain Fig. 5
Na"* Cr
Na"* Na*/H* Na*/K*-ATPase
Na*/H* Na*
Na*/K*-ATPase
Na*
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Na* CI

Na* CI
TTX CI DIDS
Cl DIDS IAA-94 Na*
1AA-94 CI
Cl Na’/HCO5
P. tricornutum  Na'/HCOj
Na'/HCO4 Na'/K*-ATPase
P. tricornutum Na*
[Na']
cDNA-AFLP
Na*

Na*
I1AA-94 Na* CI
Fig. 6
CrI
DIDS
PCR
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Isolation of salt responsive genes and characterization of salt responsive mechanism
in the marine diatom Phaeodactylum tricornutum

Yusuke Matsuda and Yuji Tanaka

Department of Bioscience, School of Science and Engineering, Kwansei-Gakuin University,

Summary

Physiological and biochemical responses of the marine diatom Phaeodactylum tricornutum to
various salt concentrations were investigated. Cells of the marine diatom P. tricornutum grown in
f/2 enriched artificial seawater (F2ZASW) containing 0.5 M NaCl were transferred to manipulated
[NaCl] and cultured at 20 °C for 2 weeks under continuous illumination. Cells were grown well
under 0.1 M to 1.0 M NaCl. A partial deprivation of CI" by replacement of NaCl with Na,SO, under
constant [Na*] of 1.0 M also exhibited little inhibitory effect on growth whereas the addition of 0.2
M LiCl, 0.2 M KCI, 1.0 M Sorbitol, or 0.9 M Cholinechloride to the F2ZASW containing 0.1 M
NaCl drastically inhibited the growth. These probable inhibitory effects with CI', osmotic and
cationic stresses were reduced by the addition of Na,SO,4 in a concentration dependent manner.
Under above-described stressed conditions, activities of the linear electron transport and PSII were
measured with oxygen evolution rate respectively with and without added 2 mM 1,4-p-benzoginon.
All these activities were stimulated upon the addition of 0.45 M Na,SO, to the modified F2ASW
containing 0.1 M NaCl, whereas these were inhibited upon the addition of 0.9 M cholinechloride.
The addition of 0.2 M LiCl, 0.2 M KCI, or 1.0 M sorbitol exhibited little effect on photosystem.
These observations suggest a possible occurrence of novel halophilic systems in marine
photoautotrophs.

Furthermore, Na* and CI" fluxes were monitored under several ambient [NaCl] using ion
specific fluorescence indicators. At salt concentration below the average of seawater (0.5 M), both
ions accumulated in periplastidal compartment, an intermembrane space of four-layered
chloroplast envelope of secondary endcytobiotes. 360 UM ouabain and 100uM EIPA, inhibitors
respectably for Na'/K® ATPase and Na'/H® antiporter, completely abolished Na® influx and
dissipated periplastidal CI" accumulation at 0.5 M NaCl. These observations indicate that the
periplastidal compartment might play a crucial role during acclimation of cells to broad range

[NaCl], and that these ion fluxes are driven by Na'/K* ATPase and/or Na*/H" antiporter.
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