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Introduction 

Rhopalodia gibba O. Mueller and R. gibberula O. Muell. are motile, 
heav i ly  silicified, f reshwater  diatoms. According to K 1 e b a h n (1896) the 
vegetat ive morpho logy  of R. gibba was stu,d4ed b y  P f i t z e r in 1869, who 
descr ibed in it anomalous  cy toplasmic  inclusions which he called "s p h h- 
r o i d i s c h e K 5 r p e r." These bodies were usual ly  found in pairs  next  
to the nucleus and were dis,tinctly different f rom the oil bodies in staining 
propert ies .  All of the cells examined  seemed to possess at least one of the 
bodies at all times. They  multiplie,d b y  elongating sl ightly an, d then con- 
stricting; their  mul t ip l ica t ion  did not necessari ly coincide with d ia tom 
cell division. 

K 1 e b a h n (1896) studied sexual  reproduct ion  or auxospore  format ion  
in R. gibba and, in addi t ion to the nuclear  changes, followed the spherical  
bodies, s,ince they were also stained in his prepara t ions .  He  recorde,d no 
change in their  a p p e a r a n c e  throughout  the .entire process. K 1 e b a h n noted 
that  vegeta t ive  cells contained 1 to 4 of them and re luc tant ly  refer red  to 
them as pyrenoids ,  r emark ing  that  they seemed to be outside of the chloro- 
plast.  H e i n z e r 1 i n g (1908) refuted K 1 e b a h n's suggestion because the 
s taining proper t ies  were in some cases dis t inct ly  different f rom those of 
any  other d ia tom pyrenoid .  Al though he stated that  the s p h i~ r o i d i- 
s c h e n K S r p e r w e r e n o t p y r e n o i d s ,  H e i n z e r l i n g h a d n o i d e a o f t h e i r  
significance in the cellular activit ies of R. gibba. F r i t s c h (1945) accepted  
them as pyrenoids .  In  the present  p a p e r  we are repor t ing on the nature  
of these inclusions as o,bserved in thin section:s with t,he electron m:icro- 
scope. 
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Materials and Methods 

R. gibba and R. gibberula were collected locally and grown in culture 
as previously described (D r u In 1963). Specimens were fixed 4 hours in 1% 
()sO4 containing Ca ++, buffered at pH 6.1, or overnight in cold phosphate-  
buffered 3% glutarald.ehyde, po.stfixed 5 hours in 1% OsO4 ( S a b  a t i n i  
et al. 1963) buffered with veronal  acetate at pH 7.4 and containing Ca ++. 
Specimens were embedded in Epon (L u f t 1961), sectione,d ,~ith a Du Pont  
diamond knife, mounted in an LKB Ultratome and examined in an RCA 
EMU 3 F electron microscope after  staining with uranyl  acetate. Organisms 
were examined in wet mounts under  o,il immersion and also from slides of 
Fe,ulgen stained material  (B o w e n 1956). 

O b s e r v a t i o n s  

I n c l u s i o n s  

The inclusions are located in approx imate ly  the center of the di,atoin 
cell (Figs. 1 to 3). They  are ellipsoid to ovoid in shape, 4 to 6 # wide, 5 to 7 / t  
long and are f requent ly  surrounded by  a clear area 50 to 400 m #  wide, They  
are separated from the diatom by a cytoplasmic membrane of the diatoin 
(Figs. 1, 3, and 7). No connections wi th  the diatom cytoplasm have been 
,recognized. The inclusions have a five-layered wall: the outer dense layer,  
12 in# thick, is occasionally resolved into two layers, each 5 In# thick. Next  
are a less dense layer,  6 Inju thick, a 4 In/z dense layer  followed by  another  
less dense 6 In,u layer  and finally an inner dense layer  6 In,tt thick (plasma 
membrane) (Figs. 5 and 6). Lainellae (flattened vesicles) about 16 Inr wide 
and 25 In tt apar t  ex tend from near the inner layer  and occasionally trav- 
erse the body.  They  tend to paral lel  each other and are more numerous 
near the per iphery  of the inclusion (Figs. 4, 5, and 7). The central  port ion is 
characterized by  an ainorphons appearance  (Fig. 7). Moderately electron 
dense circular profiles, 50 to 60in# in diameter,  reselnbling oil droplets 
from diatom (D r u in and P a n k r a t z 1964) and other algal chloroplasts 
( G i b b s  1962), occur singly between lainellae (Figs. 3 and 7). Also, 18 to 
22 m #  granules occur in aggregations between the lainellae (Fig. 5). 

D i a t o m  p r o t o p l a s m  

The nucleus is a flat discoidal s tructure appre,ssed to ;the chloroplast and 
is limited by  a typical  nuclear envelope containing pores (Figs. 4 and 5). 
The Chloroplast  surrounds most of the central  cytoplasm (Figs. 4 and 5). 

Fig. 1. Longitudinal section of diatom, Rhopalodia gibba, whi& shows the inclu- 
sion (I) near the center of the cell. The pyrenoid (P) lies within the chloroplast. 

X3,500 (Glutaraldehyde-OsO4). 
Fig. 2. Transverse cross section through central region of R. gibberula, which shows 
the position of two inclusions (I), the flattened nucleus (N), the pyrenoid (P), and 

the vacuole (V). XT,000 (OsO4). 
Fig. 3. Inclusion from R. gibberula contains lamellae (L) which are closed vesicles. 

Oil droplets (OD) occur between them. XS0,000 (Glutaraldehyde-OsO4). 



Fig. 1--3. 



Fig.  -'~. L e g e n d  see page  ~47. 



Fig. 5 and 6. Legend see page 147. 



Fig.  ?. 
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The inclusions can be distingui.shed from the dia tom nucleous after F e u 1- 
g e n staining for D N A ;  the former are uni formly pink, whereas the nucleus 
has a granular  appearance.  The granular  appearance  of the nucleus was 
reported by  K l e b a h a  from haematoxyl in  preparat ions,  and this m a y  
correspond with the denser areas of the nuclei seen in our electron micro- 
graphs (Fig. 5). The dictyosome complex is perinuclear (Figs. 4 and 5) as in 
other diatoms ( D r u m  and P a n k r a t z  1964). The vesicular complex 
(D r u m and P a n k r a t z 19,64) contains mostly small circular profiles. The 
pyrenoid is an elongated-flattened, ellipsoidal .structure 60 to 100# long 
found ,entirely within the chloroplast (Figs. 1 and 2) and is similar to other 
dia tom pyrenoids (D r u m and P a n k r a t z 19,54). Oil bodies are uni formly 
electron dense structures (Figs. 4 and 5). Mitochondria are sausage-shaped, 
2 to 8 #  long, 0.2 to 0.3/z wide, and occur throughout the cell (Fig. 5). 

Discussion 

We feel that  the inclusions de.scribed from the diatoms, Rhopalodia 
gibba and R. gibberula, are either unique organelles or intracellular organ- 
:isms. Their occurrence in each diatom may  support  the organelle idea; if 
such were the case their function remains unknown. I f  they are infracellu- 
]a:r ~rganisms, they resemble neither bacteria nor fungi but are .similar to 
blue-green algal cell~s. P.oints of similarity include the wall .structure, lame l- 
]ae, interlamellar granules, and mode of mult ipl ication (P a n k r a t z and 
B o w e n  1963; R i s  and S i n  g h  196l). In the living diatom cell they are 
read.ily distinguishable from the other cell constituents. 

A blue-green alga, Richelia intracellularis has been reported living 
within the centric marine diatom, Rhizosolenia sp. (D e s i k a c h a r y 1959). 

K e y  to L a b e l l i n g  

AG = 18 to 22 m~ inclusion granules; CA = amorphous central area of inclu- 
sion; CH = Diatom chloroplast; D = dictyosome; I = inclusion; L = 14 to 16m/~ 
wide inclusion lamellae; M = mitochondria; N = nucleus; NE = nuclear envelope; 
OB = amorphous oil body; OD = oil droplet; P = pyrenoid; R = raphe fissure; 
V = vacuole; VC = vesicular complex; W = inclusion wall. 

Fig. 4. Central cytoplasm of R. gibba here contains one inclusion (I), several pert- 
nuclear dictyosomes (D), nucleus (N), vesicular complex (VC), two amorphous oil 
bodies (OB), and portions of the vacuole (V) and the chloroplast (CH). X24,000 

(Glutaraldehyde.,-OsO4). 
Fig. 5. Several aggregations of 18 to 22 m# particles (.AG) occur between the lamellae 
in this inclusion of R. gibba. Five-layered wall structure of the inclusion is shown 
at arrow. Mitochondria (M) and an oil body (OB) are also shown. )<27,000 (Glutaral- 

dehyde-OsOa). 
Fig. 6. Inclusion wall section which shows five-layered structure~ 35 to 40 m# thick. 

X66,000 (OsO4). 
Fig. 7. The central area (CA) of the inclusion from R. gibba is amorphous. The 
clear area around the inclusion is usually seen in both electron and light microscope 
preparations. The inclusion lamellae (L) and wall (W) are also noted. )<50,000 

(Glutaraldehyde-OsO4). 

10" 
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Intracellul.ar blue-green algal symbionts  have also been described in other 
unicellular  organisms (H a 11 and C 1 a u s 19,63). The relat ionship be tween 
tire d ia tom and its blue-green alga-l ike inclusion is obscure, a l though nitro- 
gen f ixation m a y  be involved (F o g g 1953), since the dia toms thr ive on 
media  wi thout  any  added nitrogen source. 

C o m p a r e d  to previous electron microscope studies of both diatoms and 
blue-green algae, our observa.tions suggest that  the inclusion is not a py re -  
noid but  possibly a modified eoecoid blue-green alga living inside of at 
least two species of RhopaIodia. To date  we have  been unable  to either iso- 
late them from the diatoms or to grow the all,atoms wi thout  them. 

Summary 

1. El l ipsoidal  to ovoid inclusions in the diatoms Rhopalodia gibba and 
R. gibberula were examined in tire electron microscope. 

2. The inclusions are 4 to 6 microns wide, 5 to 7 microns long and sepa- 
ra ted f rom the dia tom cy top lasm by  a f ive-layered wall. 

3. Lamel lae  about  16 m #  wide and 25 m~ apa r t  occur near  the pe r iph-  
ery, wi th  oil ,droplets and aggregations of 1S to 22 m u part icles  occurring 
between them. 

4. They  are neither pyrenoids  nor oil bodies. 
5. They  m a y  be unique cell organelles whose funct ion is unknown or 

possibly modified coccoi,d blue-green algae. 
6. The cy top lasm of the two species of Rhopalodia resembles that  of 

other diatoms. 
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