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Abstract 
The fixation of leaves of Tanacetum vulgare L. in glutaraldehyde makes it 
possible to isolate chloroplasts without sacrificing an electron dense sub-
stance in the thylakoid lumen. The extraction of lipids from the chloroplasts 
isolated from the leaves preliminarily fixed in glutaraldehyde has demon-
strated that glycerolipids (galactolipids and phospholipids) are not mani-
fested in TLC, whereas isoprenoid lipids (chlorophyll, carotenoids) are mani-
fested. Presumably, isoprenoid lipids are not fixed with glutaraldehyde and 
are extracted from the thylakoid membrane. The ultrastructural control de-
monstrates that the electron dense substance from the thylakoid lumen is also 
extracted. It is possible that this substance is of isoprenoid nature. 
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1. Introduction 

Thylakoids, photosynthesizing membranes of chloroplasts, are flattened closed 
membrane structures with an inner space, the lumen. The thylakoid lumen can 
contain an electron dense substance (ED substance), which has been recorded 
for numerous species of cultivated and wild plants [1]-[8]. 

Personal observations of various types of wild plants have demonstrated that 
ED inclusions in the thylakoid lumen with varying degrees of occupancy are typi-
cal for the chloroplasts of plants under field conditions. One cell can contain the 
chloroplasts both with impacted thylakoids with no inclusions and with the thy-
lakoids filled with an ED substance to a very large extent [9]. The ED substance 
is formed in the thylakoid lumen, then enters the chloroplast matrix and after 
that, the cytoplasm [6] [10].  
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Such a prevalence, probably total, of a substance in the inner space of thyla-
koids in wild flora requires its nature to be determined. The purpose of the work 
is to discover the nature of a yet unidentified ED substance localized in the thy-
lakoid lumen. 

2. Materials and Methods 

The work was conducted in quadruplicate using upper leaves and isolated chlo-
roplasts of a wild Tanacetum vulgare L. (Asteraceae) plant at the stage of flower 
bud formation. 

The pieces of leaves were fixed in 2% glutaraldehyde dissolved in 30 mM 
phosphate buffer (pH 7.2) with postfixation in 1% OsO4 solution or without it. 

Chloroplasts were isolated both from fresh leaves (fresh chloroplasts) and 
from the leaves preliminarily fixed in 2% glutaraldehyde dissolved in phosphate 
buffer during 2 - 24 h (glutar chloroplasts), as described in the work of [6]. 

Fresh chloroplast sediment was fixed in 2% glutaraldehyde solution. The fresh 
and glutar chloroplasts were additionally fixed in 1% of OsO4 or left without os-
mium plating. The fixed material was dehydrated in alcohols and acetone and 
then embedded in the Epon 812 epoxy resin (Fluka, Germany). 

Ultrathin sections were contrasted in saturated aqueous solution of uranyl 
acetate (Sewa, Czech Republic) and 0.25% solution of lead citrate (British Drug 
Houses, England) and were examined with an electron microscope (Jeol, Japan). 

Lipids were extracted using a chloroform/methanol (1:2, v/v) solution [11] 
from the isolated chloroplasts, which were obtained both from fresh leaves and 
from those preliminary fixed in glutaraldehyde. 

Qualitative analysis of lipids was carried out using thin layer chromatogra-
phy (TLC) on silica gel (Merk, Germany) in a chloroform-methanol-water sys- 
tem (65:25:4). The chromatogram was developed in 50% sulfuric acid with sub-
sequent heating to 120˚C.  

Classes of lipids were determined using the standards [12]. 

3. Results 

In the leaves of tansy at the stage of flower bud formation, an electron dense 
substance in the thylakoid lumen was always present in mesophyll chloroplasts 
(Figure 1(a) and Figure 1(c)). 

Figure 1 presents regions of mesophyll cells and demonstrates that the thyla-
koid lumen is filled with the ED substance that is retained upon both glutar- 
osmic fixation (Figure 1(a) and Figure 1(c)) and glutar fixation without os-
mium plating (Figure 1(b) and Figure 1(d)). 

Numerous plastoglobules that are electron dense upon glutar-osmic fixation 
appear electron transparent upon purely glutar fixation, presumably due to ex-
traction in a series of alcohols and acetone. 

Upon the isolation of chloroplasts from fresh leaves, they lose not only their 
membranes and stromas, but also ED inclusions in the thylakoid lumen (Figure 
2(a) and Figure 2(c)). 
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Figure 1. The ED substance retains in the thylakoid lumen. (a) Chloroplasts in the tansy 
leaves fixed with glutaraldehyde with subsequent osmium plating (small zoom); (b) Chlo-
roplasts in the tansy leaves fixed with glutaraldehyde without osmium plating (small 
zoom); (c) Chloroplasts in the tansy leaves fixed with glutaraldehyde with subsequent 
osmium plating (large zoom); (d) Chloroplasts in the tansy leaves fixed with glutaralde-
hyde without osmium plating (large zoom). 

 
Upon the isolation of chloroplasts from the leaves preliminarily fixed in glu-

taraldehyde (glutar chloroplasts), the ED substance retains in the thylakoid lu-
men along with the chloroplast matrix (Figure 2(b) and Figure 2(d)). 

Extraction of lipids from fresh chloroplasts and from glutar ones has shown 
different pictures.  

From fresh chloroplasts, all membrane lipids are extracted, both glycerolipids 
and isoprenoids (Figure 3).  

From glutar chloroplasts, glycerolipids are not extracted. Presumably, they bind 
tightly with membrane proteins. But both isoprenoids (Figure 3) and the ED 
substance from thylakoids are extracted (Figure 4). Thylakoids in grana are im-
pacted and have no ED substance.  
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Figure 2. Contents ED substance in the thylakoid lumen. (a) Chloroplasts isolated from 
fresh tansy leaves (small zoom); (b) Chloroplasts isolated from the leaves previously fixed 
with glutaraldehyde (small zoom); (c) Chloroplasts isolated from fresh tansy leaves (large 
zoom); (d) Chloroplasts isolated from the leaves previously fixed with glutaraldehyde 
(large zoom). Thylakoid lumens are electron transparent and do not contain the ED sub-
stance upon isolation from fresh leaves ((a) and (c)). Glutar chloroplasts retain their form 
and the ED substance in the thylakoid lumen ((b) and (d)). 

4. Discussion 

The plants that are grown under conditions of stable temperature and lighting 
have an electron transparent thylakoid lumen. And the plants that grow in the 
wild with temperature and lighting fluctuations very often have the ED substance 
in the thylakoid lumen, which was proved for the members of a wide variety of 
plant families by personal observations. 

Additionally, the presence of the ED substance in the thylakoid lumen of the 
plants growing under field conditions can depend both on the age of a plant and 
on the time of day. The ED substance comes out of the lumen and enters the 
chloroplast matrix in the form of ED globules and then the cytoplasm in the 
form of ED aggregates [6] [10] [13]. 
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Figure 3. TLC of tansy lipids extracted from fresh chloroplasts (1) and from glutar chlo-
roplasts (2). (Ch) chlorophyll; (С) carotene; (L) lutein; (MG) monogalactosyldiglyceride; 
(DG) digalactosyldiglyceride; (PG) phosphoglycerol; (SL) sulfolipid; (PC) phosphatidyl-
choline; (I) possible isoprene. 

 

 
Figure 4. Chloroplasts isolated from the leaves previously fixed in glutaraldehyde and 
then extracted with chloroform-methanol. Thylakoids in grana are impacted and do not 
contain the ED substance (arrows). 
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In the plants growing under strong lighting, isoprenoid lipids (carotenoids, 
α-tocopherol, and plastoquinone-9) accumulate in chloroplasts in significant 
numbers in the form of ED globules [14]. 

In the cells of Stevia rebaudiana, steviol glycoside, which is isoprenoid, is syn-
thesized; the chloroplast thylakoids contain ED inclusions, and the chloroplast 
matrix contains ED globules [8]. 

A series of cytochemical reactions performed in order to determine the nature 
of the ED substance in the thylakoid lumen demonstrated that it is not protein, 
not lipid, not polysaccharide [15]. An attempt to identify the nature of the ED 
substance in the thylakoids of Stevia rebaudiana was made in the work of [16] 
using the method of gas chromatography-mass spectrometry. The authors claimed 
that the ED substance is triacylglycerol. The authors isolated chloroplasts from 
fresh leaves, while in the work of [6] it was demonstrated that upon the extrac-
tion from fresh leaves, the ED substance leaves the thylakoid lumen for the isola-
tion medium. As far as no structural control was presented in the work of [16], it 
is doubtful that this substance is triacylglycerol. As shown above in this work, 
extraction of lipids from fresh and glutar chloroplasts results in different pic-
tures. 

From glutar chloroplasts, only pigments (chlorophyll and carotenoids) are ex-
tracted, whereas glycerolipids remain binded and are not manifested in TLC. 
Simultaneously, the ED substance from the thylakoid lumen is extracted, which 
was demonstrated by the structural control. Both chlorophyll and carotenoids 
are derivatives of isoprene. 

It can be assumed that the ED substance from the thylakoid lumen is of iso-
prenoid nature. 
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