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Shigeki Mayama and Ikuko Shihira-Ishikawa:

Putative nucleoids

scattered in chloroplast of Pinnularia nobilis

(Bacillariophyceae)

Chloroplasts of the diatom identified as Pinnularia nobilis (Ehr.) Ehr. were stained with 4',6-diamidino-
2-phenylindole (DAPI) and studied with both epifluorescence microscope and confocal laser scanning
microscope (LSM). Numerous DAPI-fluorescent dots were observed throughout the chloroplast. DNase
treatment confirmed that these dots contained DNA. LSM observation clarified that these DNA dots were

located within chloroplasts.
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It was suggested the chloroplast nucleoids were scattered in this species.
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Geitler (1937) described sieve-like perfora-
tions in chloroplasts of Pinnularia nobilis (Ehr.)
Ehr. with light microscopy. Each of the per-
forations was about 0.5 ym in diameter and
they were scattered evenly throughout the
plate-like chloroplasts. Further observations
concerning this structure have not been pub-
lished thereafter even in other diatoms. The
perforations described by Geitler are identical
to the scattered DNA spots in the chloroplasts
of P. nobilis we first present in this paper.

P. nobilis was collected from a small mire
in Hachigata, Saitama Pref. Some of the
cells were isolated for culture and the others
were cleaned with bleaching method for
identification (Nagumo and Kobayasi 1990).
For observations of the cleaned valves and
live cells, a light microscope (Nikon SKE)
and a microscope equipped with differential
interference contrast (Nikon Optiphot) (DIC)
were used respectively.

The isolated cells were cultured in Bold’s
Basal Medium (Bischoff and Bold 1963), to

which was added 50 mg NaySiO;-H,O per.

liter (pH 6.8), and then diluted with distilled
water to one-fifth. The cultures were main-
tained at 20°C under a cool white fluorescent
light of 1500-25001ux on a 12:12 (L:D)
photoperiod.

This study was supported by a Grant-in-Aid for
Scientific Research (No. 06804056) from the Ministry
of Education, Science and Culture, Japan.

The diatoms collected were identified as
P. nobilis on the basis of the following
characteristics (Fig. 1). Frustules rectangu-
lar in girdle view. Valves linear, slightly
swollen in the middle portion, broadly round-
ed and sometimes slightly swollen in the ends,
246-309 #m in length, 39-44 ym in width.
Raphe complex with the fold of raphe slit
and the strongly sigmoid outer fissure. Striae
radiate in the middle portion, convergent
toward the ends, 5-6 in 10 #m. Longitudinal
band of striae, i.e. alignment of the internal
aperture of alveoli in scanning electron
microscopy, wide, about 2/3 width of each
stria. Chloroplast plates, two per cell.

Light and epifluorescence microscopy

We found many dots on the chloroplasts in
P. nobilis. With DIC microscopy, it looked
as if many granules were scattered on the
chloroplast surface (Fig. 2). Each granule is
about 0.5 #m in diameter corresponding to
the perforation described by Geitler (1937).
Using bright field microscopy, although
usually hardly visible, they were observed
as scattered pits (Fig. 3). When the whole
diatom cell was stained with a DNA specific
fluorochrome  4',6-diamidino-2-phenylindole
(DAPI) (Kuroiwa and Suzuki 1980) and
observed with an epifluorescence microscope
(Olympus BH2-RFK), these granules were
detected as DAPI-fluorescent dots (Fig. 4).
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These dots completely disappeared with
DNase treatment (Fig. 5). For DNase treat-
ment, 13 units-ml~! of DNase I (Type 1V,
Sigma) dissolved in 0.08 M sodium acetate
(pH 5.0), 4 mM MgSO, and 0.025 M NaCl
were applied to the specimens, followed by
incubation at 30°C for 1.5 h. Before DNase
application, frustules of the specimens had
been broken partly near the apex with a micro-
knife under a light microscope to improve
penetration of the enzyme. In Fig. 5, the
DAPI-fluorescence of the nucleus is scarcely
visible, however, it entirely disappeared fol-
lowing 2 h in DNase. This result confirmed
that the scattered DAPI-fluorescent dots
contained DNA.

Confocal laser scanning microscopy (LSM)

The location of DAPI-fluorescent dots
was examined in detail using LSM (Olympus
LSM-GB200 UV-type) with “U-excitation”.
The levels of 10 serial optical sections ob-
served in girdle view and 5 serial optical sec-
tions in valve view are diagramed in Fig. 6.
The real distances between two sections were
0.9 pm in girdle view and 1.4 #m in valve
view. In Fig. 7, the photographs a-f were
taken at the levels of optical sections a-f indi-
cated in Fig. 6. The photograph of the upper-
most section (Fig. 7a), the girdle bands and
valves, was taken using twice the exposure
time of the others, because an obvious fluores-
cence was not observed. This section shows
the obscure images of red fluorescence being
reflected from the autofluorescence of chlo-
roplast to the girdle bands (Fig. 7a, middle
part) and blue fluorescence which is possibly
mitochondrial DNA located in alveolate striae
(Fig. 7a, clear in right side and obscure in
left) and non-specifically adherent DAPI to

Figs. 1-5.  Pinnularia nobilis. Scale bars=10
pm (Figs. 1, 3-5) or 5 m (Fig. 2). Fig. 1. A whole
cleaned valve. Fig. 2. Enlarged chloroplast show-
ing scattered granules in girdle view. DIC. Figs.
3-5. The same cell stained with DAPI in girdle
view. Fig. 3. Bright field illumination image. Fig.
4. Epifluorescence microgram showing scattered
DAPI-fluorescent dots throughout chloroplast and
fluorescence of nucleus (below). Before DNase
treatment. Fig. 5. DNase treatment for 1.5h.
DAPI-fluorescent dots disappeared.
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Fig. 6. Diagram showing a transapical sec-
tion of the cell with lines indicating the levels of 10
serial optical sections observed in girdle view and
5 in valve view respectively. The optical sections
at the levels indicated by arrows a-f and a-d are
presented in Figs. 7a-f and Figs. 8a—d respectively.
C=chloroplast, F=frustule, G=girdle view, V=
valve view.

the valve surface, while two bacteria attached
to the valve surface are also seen (Fig. 7a, one
on the left side and the other on the right).
The photographs b-e in Fig. 7 are the images
of horizontal sections of a chloroplast. A
number of scattered DAPI-fluorescent dots
are observed in white. In this case, the
DAPI-fluorescence is too strong to appear
blue. Blue dots aligned on both sides of the
chloroplast area are possibly mitochondrial
DNA in the alveolate striae. The distance be-
tween sections b and e is 2.7 g#m, but the chlo-
roplast is a little thicker than that, i.e. about
3 ym. Most DAPI-fluorescent dots are con-
tinuous throughout serial sections of the chlo-
roplast (Figs. 7b-e, arrows). The average di-
ameters of dots in sections b and ¢ are larger
than in section d (Figs. 7b-d). Very small
fluorescent dots are rarely scattered in the
middle area of section e, i.e. the bottom level
of the chloroplast (Fig. 7e). From this three
dimensional observation, it is suggested
DAPI-fluorescent dots are globular and. are
embedded in the chloroplast. The chlo-
roplast-autofluorescence is not seen in the
middle area of section f because of the chlo-
roplast curvature, while three storage oil
drops are visible due to the reflection of chlo-

roplast autofluorescence (Fig. 7f). On the
right side of Fig. 7f, the band of chloroplast
represents a longitudinal section of the lobed
chloroplast extending immediately under the
valve face. The discontinuity of the band
shows the fimbriation of the chloroplast
edge. The thickness of the chloroplast in this
portion is about 2.5 gm which is a little thin-
ner than the distance estimated between sec-
tions b and e. DAPI-fluorescent dots are
clearly located within the chloroplast itself, as
shown in the chloroplast band in Fig. 7f.
The left band of the chloroplast does not indi-
cate the real thickness, as the chloroplast sinks
slightly inward and the band is a tangential
section of the chloroplast lobe.

Serial optical sections in valve view are
shown in Figs. 8a-d. In the horizontal sec-
tion of the valve, the alveolate striae with
possible mitochondrial nucleoids are visible
(Fig. 8a). The edge of the chloroplast is com-
plicatedly lobed and DAPI-fluorescent dots
are seen in the chloroplast (Fig. 8b). The dots
are not only scattered but also arranged along
the edge of the lobed chloroplast. In the next
section (Fig. 8c), a part of the lobed chlo-
roplast is still observed with DAPI-fluores-
cent dots in two patterns of arrangement.
As DAPI-fluorescence of the nucleus is too
strong, it sometimes causes flaring inside the
cell. This flaring is visible as blue fluores-
cence in the upper middle of Figs. 8c and 8d
and no part of the nucleus is included in these
photographs. Fig. 8d shows a cross section of
two chloroplasts extending under the girdle
bands. Here again, it is confirmed that
DAPI-fluorescent dots are located within the
chloroplast. The thickness of the chloroplast
is 2.5-3.7 pm which includes the range of
thickness estimated from the observation of
serial sections shown in Figs. 7b-e.

LSM was useful, in this study, to analyze
the three-dimensional structure of DNA spots
in chloroplast in optical sections. It revealed
that DNA spots were located in the chlo-
roplast, suggesting these scattered DNA spots
were chloroplast nucleoid (ct-nucleoid).

The scattered DNA spots were also ob-
served in several species of Pinnularia (in
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preparation) and the fine structures of DNA
spots in their chloroplasts are under investiga-
tion. The TEM observations has already re-
vealed that these DNA spots were not derived
from invagination of mitochondria or en-
dosymbiont into the chloroplast but cor-
responded to the discrete areas of stacking
thylakoids. In addition to the results of
DNase treatment and LSM observation,
these TEM observations also suggest that the
scattered DNA spots are ct-nucleoids.
However, it has not been proven that these
DNA spots comprise the chloroplast gen-
ome. Conclusive evidence of the scattered
DNA spots being ct-nucleoid is under investi-
gation.

Coleman (1979, 1985) and Kuroiwa et al.
(1981) reported the ct-nucleoids in DAPI-
stained diatoms. They have examined 12
species belonging to 12 genera and described
that diatoms have ct-nucleoids arranged
along the chloroplast edge, i.e. ring ct-
nucleoids. The P. nobilis we observed pre-
sumably has the scattered ct-nucleoids in
addition to the ring ct-nucleoids.
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Figs. 7,8. Serial LSM sections in P. nobilis stained with DAPI. Scale bars=10 gm. ch=chloroplast with
DAPI-fluorescent dots. n=flare of nucleus fluorescence. o=storage oil. arrowhead=possible mitochondrial
DNA. Figs. 7a-f. Serial optical sections from girdle inward. Arrows (b-e) indicate the serial sections of single
DAPI-fluorescent dot. Figs. 8a—d. Serial optical sections from valve inward.








