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Abstract

Fluorescence properties of the newly discovered chlorophyll (GHminated cyanobacteriuthcaryochloris sp. strain Awaji were examined
by a combination of steady state and the time-resolved fluorescence measurdmentshloris sp. strain Awaji, in contrast tdcaryochloris
marina MBIC11017, exhibited photosystem (PS) Il fluorescence at 745nm at room temperature and at 750186°& with a few Chld
components in the shorter wavelength region of the maxima. PS | fluorescence was not detected by steady state measurements but was by tir
resolved spectroscopy as a transient component. The results clearly indicated diversity in the antenna systems inAthe\gehiisis that
contains Chi as major pigments. Delayed fluorescence was observed only in thdl@hlescence region, consistent withnarina. This strongly
suggested that the primary electron donor for the PS 1l reaction center should bev@tith is identical to all other oxygenic photosynthetic
organisms.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction molecules is well studiedB,9], little is known in respect to
antenna systems having Ghholecules because only one genus
Chlorophylls play important roles, such as light harvestingis recognized as a Chi-dominated organismAcaryochloris
in antenna systems and electron transfer in reaction centers iturina is a cyanobacterium that contains @hés a major Chl
photosynthetic organismd]. Most oxygenic photosynthetic pigment, along with a small amount of Gh[10]. In A. marina,
organisms contain chlorophyll (Chilas predominant pigments, Chld molecules work as antenna pigments in photosystem (PS)
and Chlb, Chlc and Chld are also present in addition to Ghin land in PS I[11] and as the primary electron donor of H$2],
oxygenic photosynthetic organisnoheme 1[2]. Itis known  whereas Chi molecules are the primary electron donor of PS Il
that Chlb molecules work as antenna pigment in green algae anfl 3,14] Under a high light condition, additional Céamolecules
higher plants, and Chl, in brown algae, diatom and dinoflag- are accumulated in cells; therefore, it has been suggested that
ellates[2]. Since @ bands of Chb and Chlc locate at shorter the additional Chk molecules function as a quencher of @hl
wavelengths than that of Chl Chl 5 and Chlc transfer exci-  [14].
tation energy to Chk with high efficiencied3—7]. Although In 2004, Murakami et al. discovered a CiHdominated
the diversity of antenna systems containing Ghdnd Chlc  cyanobacterium,Acaryochloris sp. strain Awaji (hereafter
referred asAcaryochloris Awaji) on the surface of a macro-
_ phytic red algahnfeltiopsis flabelliformis, and concluded that
Abbreviations: APC, aIIophycocyar_ﬂn; Chl, chlorophyll; DF, dela_yed fluo- the real producer of ‘Chlin red algae’ was the cyanobacterium
;ﬁiﬁggggnzssfécﬁ: PC, phycocyanin; PS, photosystem; TRFS, time-resolvgfl o+ attached to the surface of red aldas]. Acaryochloris
* Corresponding author. Tel.: +81 75 753 6855; fax: +81 75 753 6855. Awaji was classified to the same clade as thatofnarina
E-mail address: mamo-mi@mm1.mbox.media.kyoto-u.ac.jp (M. Mimuro). MBIC11017 (hereafter referred dsmarina) based on the 16S
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O= 2.2. Steady state and time-resolved spectroscopy

Steady state absorption and fluorescence spectra were
recorded under a microscope (Olympus BX50) using a light-
guided multi-channel photodiode array detector (PMA-11,
Hamamatsu Photonics, Japan). Excitation wavelength for flu-
orescence spectra was 435nm (bright line of mercury lamp).

‘ Steady state fluorescence spectrum at liquid nitrogen temper-

ature (-196°C) was measured with a fluorescence spectrom-

NeH o o OCHO eter (Hitachi 850, J_apan), in combination with a custom-made

OR s OR 3 Dewar bottle[13]. Time-resolved fluorescence spectra (TRFS)
Chl a chi d and fluorescence decay curves were measured with a picosec-

ond time-correlated single-photon counting sysfg&16] The
Scheme 1. Molecular structures of Ghaind Chld. R stands for phytol chain. light source was a Ti:Sapphire laser (Spectra-Physics Tsunami,
USA), and the second harmonic of the Ti:Sapphire laser gener-
rRNA sequencg15]; the difference between them was only ated by a BBO crystal (425 nm) was used for excitation pulses.
12 out of 1258 bases in the conserved region of 16S rRNAWe employed a microchannel plate photomultiplier (Hama-
Compared withA. marina, Acaryochloris Awaji showed a red- matsu R3809, Japan) as a detector, combined with a monochro-
shifted fluorescence peak by spectroscopy under a microscopgator (Nikon P-250, Japan). Measurements of TRFSI&6°C
[15]: 715 nm forA. marina and 729 nm foAcaryochloris Awaji.  were carried out with a custom-made Dewar sysf&®j. For
This suggests a variation in the fluorescence properties of thew temperature fluorescence spectroscopy, polyethylene glycol
two strains of the genuscaryochloris. Therefore in the present (average molecular weight, 3350, Sigma) was added to obtain
study, we examined the fluorescence propertiescafyochlo- homogeneous ice (final concentration, 15%). Fluorescence life-
ris Awaji by means of steady state and picosecond time-resolvegimes were estimated by an iterative convolution calculation, and
fluorescence spectroscopy. We discussed energy transfer ag@ time resolution was 3 ps.
charge recombination (electron transfer) processes in photosys-

tems having Chil molecules as a major pigment. 3. Results
2. Materials and methods 3.1. Steady state absorption and fluorescence spectra
2.1. Algal culture Fig. 1 shows absorption spectra ataryochloris Awaji at

room temperature measured under a microscope. Cells grown

Acaryochloris sp. strain Awaji was isolated from a red alga under W-light showed the absorption maximum at approxi-
A. flabelliformis [15] and grown in IMK-medium (Nihon Phar- mately 706 nm with several additional components in both wave-
maceutical Co., Japaf)1,13]based on natural seawater underlength regions of the maximum, i.e. 695, 714 and 738 nm. In the
12-h light:12-h dark condition. Culture bottles were settled onSoret region, the maximum was located at 460 nm, which came
the shelf in an incubator and illuminated from the top. Air wasfrom Chl d. Absorption of carotenoids was clearly observed
not supplied. Cells were grown under two light conditions; oneat approximately 500 nm. These features were retained in cells
for growth under far-red light (hereafter referred as FR-light) togrown under FR-light; an additional feature was a small bump
excite predominantly PS I, and the other for growth under lightat 650 nm that may be ascribed to phycobiliproteins. A long tail
longer than the yellow region (hereafter referred as W-light) tan the Q, region of Chld was common to both types of cells that
excite both PS | and PS Il. For the former, a glass plate filteindicate multiple Chl/ bands. This was striking difference from
(R-70, Toshiba, Japan) was used in combination with a far-rethat of A. marina together with a blue-shifted maximum.
enriched fluorescent lamp (FL20S FR-74, Toshiba Electronics, Fig. 2shows fluorescence spectradafuryochloris Awaji at
Japan). For the latter, a yellow acryl filter (Sumipex #200, Sumyoom temperature measured under a microscope. When grown
itomo Chemical, Japan) was used in combination with a normalnder FR-light, the fluorescence peak was detected at 745 nm
type fluorescent lamp (FL40SW, NEC, Japan). Temperature favith a shoulder at approximately 728 nm. The third peak at
growth was 22C. The growth rate alcaryochloris Awajiwas 710 nm was cryptic but most probably present. Contrarily, when
very low; doubling time was longer than 5 days. Therefore, argrown under W-light, at least two peaks were detected at approx-
intermediate(s) for pigment biosynthesis might accumulate, asnately 710 and 744 nm; the 730nm band was not clearly
is reported for other cyanobacteria. resolved but its presence was likely. To this extent, three fluores-

A. marina MBIC11017 was used as a reference. Cells werecence bands were common to both types of cells. A fluorescence
grown in IMK-medium based on artificial seawater under incanband at approximately 675 nm was small but clear in the W-light
descent light. Air was continuously supplied through a filtergrown cells; this was a clear difference between the two types
(Millex, Millipore, USA). Growth temperature was 22. of cells.

Cells were harvested from culture bottles and used without Itis known thatin cyanobacteria, a fluorescence peak at room
any treatment. temperature comes from Chland is detected at approximately
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Absorbance / a.u.

Wavelength / nm

Fig. 1. Absorption spectra ofcaryochloris Awaji measured by microspec-
trophotometry: (a) cells grown under W-light and (b) those under FR-light. Cells
are sticky toward each other; therefore, the absorption spectrum was measured
only under a microscope with use of a light guide and a detector (Hamamatsu
Photonics, PMA-11, Japan).

650 700 750 800
685 nm. The magnitude of variation is small, usually within a Wavelength / nm
few nanometers. This shoyvs a conggrved molec_ular archltectu,;flsg 3. Steady state fluorescence spectrat6°C: (a)A. marina, (b) Acary-
ofthe !DS Ilin cyanobacteria, and thisis also applicable ta@hl ,.,yis Awaji grown under W-light and (c) those grown under FR-light. Exci-
organisms (green algae and higher plants). In the case@f-  tation wavelength was 470 nm (solid line), 495 nm (broken line) and 550 nm
ochloris Awaji, a large red-shift of the fluorescence maximum (dashed dotted line). A difference spectrum is shown as a dotted line in (a).
was observed from 685 nm in other cyanobacteria to 745 nm, and

was assigned to replacement of Ghlith Chld, which was not Fig. 3 shows fluorescence spectradfmarina andAcary-
surprising. However, the presence of plural PS Il fluorescencechioris Awaiji cells at—196°C. Three peaks were located at
components was unique. 647, 670 and 731 nm fot. marina cells, and two peaks at 670

and 750 nm for caryochloris Awaji cells. Besides these peaks,
L LA weak bands were observed around 710 and 760 nm for the for-
mer, and around 647, 710 and 770 nm for the latterAF@urina
cells, the 731 nm band was assigned to fluorescence from PS I,
and the 760 nm band to PS | fluorescefk®]. This assignment
was confirmed by excitation wavelength dependence of fluores-
cence intensities. The 760 nm bandiofrarina cells decreased
in its relative intensity to the 731 nm band upon excitation of
phycocyanin (PC) at 550 nm, whereas it increased upon exci-
tation of carotenoid (495 nm) or Chl (470 nm). Therefore, it
can be concluded that the 760 nm band oharina cells is due
to fluorescence from Clal molecules that do not accept excita-

rar-ront RSP T Ll IR RS tion energy from phycobiliproteins, i.e. Clilmolecules in PS
650 700 750 800 I. The PS | fluorescence band af marina cells, which was
Wavelength / nm obtained as a difference spectrum between the spectra upon the

Fig. 2. Steady state fluorescence spectraf-yochloris Awaji at room tem- phycobiliproteins and Chf excitations, showed a broad band

perature measured by microspectrophotometry: cells grown under W-light (soli@t 760 nm Fig. 3a). In addition to a decrease in the fluores-
line) and those under FR-light (broken line). Excitation wavelength was 435 nmcence intensity of the 760 nm band, the 647 nm, and the 670 nm
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bands increased in their intensities, indicating that these banggeak at 745 nm with a broad band in the short-wavelength region;
are responsible for the fluorescence of PC or allophycocyanipeaks were recognized at 718 and 734 nm. These three corre-
(APC). sponded to the fluorescence bands detected at room temperature
The most intense band was shifted to the red by 19 nm irfFig. 2) with a slight variation in wavelengths. When increasing
the spectrum of the FR-light growtcaryochloris Awaji cells  the time delay, the blue side of the 745 nm band decreased in
(750 nm), compared with that &f marina cells (731 nm), and its intensity, resulting in a dynamic red-shift with a spectral nar-
the 750 nm maximum was close to the marina PS | fluo-  rowing. After approximately 400 ps, the maximum was located
rescence (760 nm) band rather than #henarina PS Il band. at 749 nm as observed in the steady state fluorescence spectra at
However, the 750 nm band was assigned to the PS Il fluores-196°C (Fig. 3), indicating thatthe Chl molecules, which emit
cence because it exhibited strong fluorescence upon excitatidhe 749 nm fluorescence, work as energy sinks in PSAtofy-
by PC. The 750 nm band has a tail to the red side, and the rebchioris Awaji. On the other hand, in the wavelength region
ative intensity of the 750 nm band and this tail did not dependonger than 750 nm, the relative intensities varied with time; a
on the excitation wavelength. This is in striking contrast to therelative intensity at 778 nm decreased from 0.12 (92-120 ps)
fluorescence behavior df marina cells. No fluorescence band to 0.06 (3.8—4.3 ns) for the W-light growtraryochloris Awaji
that could be responsible for PS | fluorescence was observed loglls, and from 0.14 (92-120 ps) to 0.06 (3.8-4.3 ns) for the
steady state excitation farcaryochloris Awaiji cells, however, FR-light grownAcaryochloris Awaji cells. This behavior is con-
its presence was suggested by TRFS (see Segt®n sistent with TRFS ofA. marina cells where the PS | band was
At room temperature, fluorescence spectrd@fryochloris ~ recognized around 760 nm at 50 ps, and vanished at the later time
Awaji varied according to the light condition for growthig. 2). stage{13]. Even though the PS | fluorescencedetiryochloris
However, at—196°C, there was a minor difference in spectra; Awaji cells was not detected in the steady state measurements
the main fluorescence was observed at 750 nm for both types @Fig. 3), it was recognized in TRFS as a short-lived component
cells, except for minor bands in the short-wavelength region ofith low intensity. In addition to these results, the spectra of

the maximum Fig. 3). the W-light grownAcaryochloris Awaji cells exhibited an addi-
tional peak at 670 nm. The relative intensity of the 670 nm band
3.2. Time-resolved fluorescence spectra to that of the PS Il band increased with time, suggesting that the

670 nm pigments do not contribute to energy transfer in PS II.
TRFS ofAcaryochloris Awaiji cells grown under W-lightand  After 15 ns, the FR-light growAcaryochloris Awaji cells emit-
FR-light conditions are depicted Fig. 4a and b, respectively, ted fluorescence at approximately 630 and 670 nm; the latter
after normalization to the maximum intensities in individual corresponded to the component observed in the W-light grown
spectra. At the very beginning, both types of cells exhibited aells, however, the origin of the former was not yet identified.

TT [ r T [ rrrrqrrrr LI LI B B N B B B B L

15-18ns

3.8-4.3ns

1.4-1.6ns J

380 - 440 ps

Fluorescence Intensities

92 - 120 ps

26 - 40 ps

-5-5ps

650 700 750 800
Wavelength / nm Wavelength / nm

Fig. 4. Time-resolved fluorescence spectradofiryochloris Awaji at —196°C: (a) cells grown under W-light conditions and (b) those grown under FR-light
conditions. Excitation wavelength was 425 nm.
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Table 1
Analyzed fluorescence lifetimes and their amplitudes for W-light and FR-light grawryochloris Awaji cells at—196°C
Sample Wavelength Lifetime (Amplitude)
nm
(m (bs) (ps) (ns) (ns) (ns)
Acaryochloris Awaji W-light grown cells 670 - 300 (0.115) 4.33(0.254) 7.80 (0.631) -
685 - 210 (0.200) 2.04 (0.133) 6.59 (0.619) 11.5(0.048)
720 35(0.810) 290 (0.124) 2.27 (0.025) 7.03 (0.041) -
750 - 920 (0.402) 2.12 (0.564) 4.85(0.034) -
778 30 ¢0.557) 510 (0.683) 2.00 (0.298) 4.80 (0.019) -
Acaryochloris Awaji FR-light grown cells 670 - 250 (0.287) 1.98(0.288) 5.98 (0.425) -
685 - 400 (0.224) 1.76 (0.303) 5.22(0.424) 12.8 (0.049)
720 30(0.917) 360 (0.046) 2.35(0.022) 6.68 (0.015) -
750 30 ¢0.801) 710 (0.251) 1.86 (0.656) 3.48 (0.093) -
778 40 (-0.956) 520 (0.715) 1.99 (0.252) 3.15(0.033) -

Excitation wavelength was 425 nm.

3.3. Fluorescence rise and decay kinetics W-light grown cells and 12.8 ns for the FR-light grown cells.
This was also the case i marina where a 15ns component

Fluorescence rise and decay curvesiafryochloris Awaji ~ was resolved on the decay at 685 fifl]. A clear difference in
cells were measured at several wavelengths typical to specifitynamics betweeficaryochloris Awaji andA. marina cells was
molecular species or spectral components ofd{kig. 5). Life- recognized in the wavelength region longer than the respective
times analyzed by convolution calculations are summarized ifluorescence maxima; the fluorescence kinetics of the W-light
Table 1 A shorttime constant of 30—40 ps was resolved at longegrown Acaryochloris Awaji cells at 778 nm and that of the FR-
than 720 nm, indicating a fast relaxation process among CHight grown Acaryochloris Awaiji cells at 750 and 778 nm con-

d molecules. On the other hand, a long-lived component watained a rise component(s), wherdasiarina cells did not show
resolved in fluorescence decay curves at 685 nm: 11.5 ns for ttey rise component longer than 3 ps in the wavelength regions
examined13]; 3 ps was a time resolution of our measuring sys-
tem. The rise time of the 778 nm band for the W-light grown
Acaryochloris Awaji cells and those of the 750 and 778 nm
bands corresponded to a decay time of 30-35ps at 720nm
(Table 1.

In the short-wavelength region of the respective maxima,
Acaryochloris Awaji cells showed a clear difference in their
fluorescence component depending on the light-condition for
growth; the W-light growmcaryochloris Awaji cells exhibited
the 670 nm band, whose contribution, contrarily, was very small
in the FR-light growm caryochloris Awaji cells during all time
regions examined(g. 4). This band had a relatively long life-
time whose amplitude was considerably large (7.80 ns, 63.1%),
and located at a longer wavelength than that of APC. There-
fore, the 670 nm band, especially at the later time stage, was
not assigned to phycobiliproteins but to a biosynthetic interme-
diate(s) of a pigment(s) not incorporated in the energy transfer
system.

Nomalized Intensity

4. Discussion
4.1. Energy migration and transfer

Acaryochloris Awaji showed three fluorescence bands at
—196°C in TRFS irrespective of their growth conditions, i.e.
W-light or FR-light grown; those were located at 715, 731 and
749 nm, all of which were assigned to PS II, even though there

0 10 20 30 40 was a large red-shift of the main peak. Short-wavelength compo-

Time /ns nents remained until at approximately 100 ps, indicating a slow

Fig. 5. Normalized fluorescence decay curves observed@6°C: (a) W-light ~ €nergy flow from these components. In addition to these, the
grownAcaryochloris Awaji and (b) FR-light growmAcaryochloris Awaji. presence of PS I fluorescence was clearly indicated by a transient

10"




S. Akimoto et al. / Journal of Photochemistry and Photobiology A: Chemistry 178 (2006) 122—129 127

increase in the relative intensities at approximately 778 nm. DifThis value is almost the same as reportedAomarina cells,
ferences in TRFS by growth conditions were ascribed to th®.82—-1.014]. Therefore, the extremely small contribution of
relative intensities of individual components. On the other handthe PS | fluorescence icaryochloris Awaji cells would not be
A. marina showed a fluorescence maximum at 729 nm in itsdue to PS | content, but to the content of the &imolecules with
TRFS[13]. It showed a short-wavelength component(s); how-a longer wavelength form in PS I. In the case@beobacter
ever, that was not resolved as a clear peak, suggesting that thi@laceus, a cyanobacterium, PS | fluorescence was completely
energy flow from this component was fast. These componentsissing due to the lack of the red Chlmolecules[17]. The
were assigned to PS Il Chl In the longer wavelength region existence of PS | fluorescence in the TRFSAotiryochioris
of the maximum, a peak at 760 nm was transiently detectediwaji ensured the existence of red Ciimolecules. It was
and this was assigned to PS | fluorescence. Since its lifetimiund that the architectures of antenna system&cinyochio-
was short, it did not last until a late time region. This was inris Awaji are different from those iA. marina; the low-energy
contrast to the TRFS of other cyanobacteria in which PS | fluChld molecules of PS | are present in bdtturyochloris Awaji
orescence in 720-735nm remains as a major compghént andA. marina, whereas those of the PS Il are present only in
As a consequence, a simple red-shift of the maximum in a fewcaryochloris Awaji.
nm was observed in the TRFS Afmarina. A difference in the Fluorescence spectra of the two typedafryochloris Awaji
TRFS betweercaryochloris Awaji andA. marina was clearly — at room temperature appeared differently; a contribution of the
detected in the time-dependent behavior of the short-wavelengghort-wavelength forms was very large for the W-light grown
component(s). cells, and very limited for the FR-light grown ones. At room
In the case ofA. marina, there was a fluorescence compo- temperature, it is reasonable to assume thermal equilibrium
nent assigned to PS | at 760 nm. When we resolved the rise arminong Chl moleculdd 8], and this is applicable tdcaryochio-
decay kinetics at this wavelength, we were not able to detect &s Awaji. Therefore, fluorescence from short-wavelength forms
rise term (data not shown). Since the absorption fraction of thevas reasonable, however, was weak in the FR-light grown cells.
long-wavelength component is small, it is natural to assume aifihis might be due to a fast energy transfer to the non-fluorescent
energy transfer from a short-wavelength component(s), resultr short-lived PS | Chd, or alow content of the short-wavelength
ing in the presence of a rise term in its kinetics, even thougliorm(s) of PS Il Chld. Absorption spectra of the two types
the bulk of Chl is excited. Compared with this general phe-of cells are similar to each otheFif. 1), suggesting that the
nomenon, the kinetics od. marina PS | were peculiar. On difference in the relative content of PS Il Ghivas not signif-
the contrary, in the decay kinetics at 778 nmAafuryochlo-  icant. Together with a slow energy migration among PS Il Chl
ris Awaji, a rise term was resolved for both types of cells.d in the FR-light grown cells, we are tempted to conclude that
This rise term could be assigned to the energy transfer to P®e energy flow to PS | CH{ is faster in the FR-light grown
I Chl d, however, we concluded that the rise term(sjpiary- cells.
ochloris Awaji would be assigned to energy migration in PS Il
Chl d based on the following results. In the casedofnarina,  4.2. Primary electron donor of PS Il
PS | fluorescence was detected both in steady state and time-
resolved spectra, but a rise term was not resolvedichry- It is well known that delayed fluorescence (DF) originates
ochloris Awaji, the PS | fluorescence component was merelyfrom the charge recombination between the primary electron
detected as an increase in the relative intensities at 778 nm in itlonor and the primary electron acceptor in the PS Il reaction
TRFS. center. The lifetime of DF is longer than 10 ns; therefore, DF
Energy transfer times among PS Il Ghbf Acaryochloris ~ can be easily distinguished from other fluorescence compo-
Awaji varied depending on growth conditions; in the initial time nents, because the lifetime of Ghis at most 6 ns even when
range, the short-wavelength region of the 750 nm maximum wasnergy acceptors do not exist. A pigment contertairyochlo-
larger in its relative intensity in the FR-light grown cells than in ris Awaji was preliminary surveyed and Chlwas detected as a
the W-light grown ones. It was, therefore, found that the energyninor component, as in the casedfmnarina (Murakami et al.,
transfer in PS 1l occurred slower in FR-light grown cells. Thisunpublished data). Therefore, DF from Ghis not enigmatic
was confirmed from the facts that the rise terms were detected terms of pigment species.
at 750 and 778 nm for the FR-light grown cells with a longer In TRFS at the later time stag@caryochloris Awaji cells
time at 778 nm than that observed for the W-light grown cells showed two peaks at 670 and 749 riag( 4). However, in the
and that a rise time was resolved only at 750 nm in the W-lightChl 4 fluorescence region (704-778 nm), the longest lifetime
grownAcaryochloris Awaji cells. was analyzed to be in the range of 5-7Tal(e J), suggesting
The difference in the relative intensities of PS | fluorescencéhat the primary electron donor of PS Il would not be @hl
betweem. marina andAcaryochloris Awaji did not come from  The DF was resolved in the decay at 685 nm (11.5 ns for the W-
the relative contents of PS | in individual cells. Wherefas  light grown cells and 12.8 ns for the FR-light grown orfég, 5
marina cells clearly exhibited PS | fluorescence in the steadyand Table 1. This long-lived component was not resolved at
state and the transient fluorescence spdtBh Acaryochloris 670 nm, suggesting that its bandwidth is not wide. Therefore,
Awaiji cells did only in TRFS Figs. 3b and ¥ It was revealed it is reasonable to conclude that the DF was observed in the
from pigment analyses that the PS I/PS Il raticdofiryochlo- wavelength region for Chil fluorescence, not in the wavelength
ris Awaji cells was 0.89 (Murakami et al., unpublished data).region for Chld fluorescence. This is consistent with the results
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for A. marina cells (14.0 ns, 685nnf13,14] Inthe TRFS, clear  still just a small difference (86 crit). These results indicate that
peaks for DF of Chi were not recognized even in a time range we do not yet have a general understanding of PS Il fluorescence,
long after excitation due to high intensities from an unidentifiedand the common fluorescence features atroom temperature in the

pigment(s), however, the DF was clearly resolved in the decayxygenic photosynthetic organisms remain to be better clarified:
curves Fig. 5. The existence of DF, a long-lived component of surely, a topic for future studies.

12-13ns, indicates that the primary electron donor of PS Il of
Acaryochloris Awaji would be Chla.

5. Summary
4.3. Diversity in the antenna system of Acaryochloris sp. in

We examined the fluor n r rti fthe newly discov-
the frame of eyanobacteria e examined the fluorescence properties of the newly disco

ered Chl d-dominating cyanobacteriutaaryochloris sp. strain
Awaji, by comparing them with those af marina MBIC11017.

It has been thought that the fluorescence properties of O"Yis differences between two species it was found that: (1) the PS

genic photosynthetic organisms at room temperature, that is tr]f"of Acaryochloris Awaji cells contains Chd molecules of lower

origin of PS Il fluorescence at room temperature, are strictly . . .
) . citation energy that work as an energy sink, (2) as a common
conserved. The 685 nm fluorescence is observed in almost & e . ) .

Characteristic, the red Chlin the PS | ofAcaryochloris Awaji

oxygenic photosynthetic organisms in the group of cyanobacﬁas a low content and (3) the primary electron donor of PS Il
teria, red algae and Chlb organisms (green algae and higher . y

; .=~ .was Chla for Acaryochloris Awaji cells.
plants). To date, no exception has been reported. Variation in
the location of the peak is limited tba few nanometers. Even
though we do not clearly understand the reason or mechanisfhcknowledgements
of this conserved property, itis an easy assumption that the con- _ o _
served organization of PS Il especially a molecular arrangement This work was supported in part by a Grant-in-Aid for Sci-
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