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Abstract – Diatoms are one of the most important groups of photosynthetic microorganisms ubiquitous in all aquatic ecosystems. 

These inconspicuous organisms have achieved spectacular ecological success and furthermore, are used as model organisms in 

scientific research in the field of biochemistry and genetics. Their ecological success is provided by their ability to tolerance and fast 

acclimation to rapid changing environmental conditions. Ecological significance and the ease of culture facilitate investigation and 

attempts of explanation the mechanisms of processes occurring in these organisms on the physiological, biochemical and genetic 

level. This review describes a number of our investigation strategies and techniques to understand the phenomenon of these 

organisms. We focused on five important aspects of diatoms biology, presented here as the five different faces of these algae. 

Acclimation mechanisms to environmental factors (temperature, light, heavy metals, age of the culture), on physiological and 

biochemical level at short and long time exposition of diatoms, are presented as the first diatoms face. The second face presents 

diatoms as organisms useful for phytoremediation. The results of the molecular analyses of the selected enzymes involved in 

photoprotective mechanisms of diatoms is the third face of these algae. The significance of diatoms as a treasury of bioactive 

compounds (xanthophylls and long chain polyunsaturated fatty acids) important in human diet, is displayed as the fourth face. Finally, 

as the only one which has not been investigated in our laboratory, we describe the fifth face of diatoms – the rich source of biofuels. In 

our research we used two model diatoms species: Phaeodactylum tricornutum and Thalassiosira pseudonana. 

 

Keywords: Diatoms, Phaeodactylum tricornutum, Thalassiosira pseudonana, Acclimation, Photosynthesis, 
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1. Introduction 
Diatoms (Heterokontophyta, Bacillariophyceae) are the dominant group of microalgae in fresh or seawater 

ecosystems. This important group of photosynthetic organisms fix 20 billion tons of carbon per year, which corresponds 

to 20% of global and 40% of marine net primary production [1, 2]. These  inconspicuous organisms achieved ecological 

success by their ability to acclimation to stressful and rapid changes of environmental conditions. On the other hand, the 

ease of diatoms culture facilitate investigation and explanation the mechanisms of processes occurring in these organisms 

on the physiological, biochemical and genetic level. Eventually, the newly acquired knowledge enables the use of diatoms 

in other fields of science or apply in industrial production. 

This review present a number of our investigation strategies and techniques to understand the phenomenon of this 

organisms. The experiments were performed using two model diatom species: Phaeodactylum tricornutum CCAP/1055/1 

and UTEX 645 strain and Thalassiosira pseudonana with known genome sequence. We focused on five important aspects 

of diatoms biology, presented here as the five different faces of these algae. 

 

2. The first face – Acclimation mechanisms of diatoms to environmental factors 
There is only few data about the tolerance and adaptation mechanisms of diatoms to changing environmental 

conditions, despite their widespread occurrence in nature. The greenhouse effect and fast temperature changing of water, 

strongly influence on physiology, especially photosynthesis of phytoplankton which results in CO2 fixation and finally 

biomass production [1, 2]. We analysed the short (120 min) and long-time (6 month) effect of the increasing temperature 

and light intensity on physiology and biochemistry on P. tricornutum and T. pseudonana.  
We found that the activity of photosynthetic membranes of tested diatoms depends on physical properties of the 

membrane. The structure and composition of diatoms chloroplasts are different from chloroplast of vascular plants. The 

diatom chloroplasts are surrounded by four membranes and certain regions of thylakoid membrane are arranged in group. 
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Thylakoid membranes are characterized by different pigments, proteins and lipids composition. The light harvesting 

systems of diatoms bind high amount of fucoxanthin (Fx), diadinoxanthin (Ddx) and diatoxanthin (Dtx) (details about 

diadinoxanthin cycle see chapter 4). Moreover, their chloroplasts contain chlorophylls a (chl a) and c (chls c) [3]. Diatoms 

membranes are composed of the same lipid classes as vascular plants, but fatty acids profile of these lipids is also unique 

and contain long-chain polyunsaturated fatty acids (LC-PUFA)[4].  

Photosynthesis has to be regulated by fast reaction mechanisms to adapt to numerous changes of environmental 

factors such as temperature and light fluctuation. The physical properties of the photosynthetic membrane depend of 

interaction of different membrane components, such as proteins, lipids and pigments. The carotenoids play one of the 

most important roles in changing physiological properties of the membranes [5]. Our experiments indicate that 

diadinoxanthin de-epoxidation play new, important role in the short-term stabilisation of diatom photosynthetic 

membranes exposed to increased temperature (up to 40°C) [6]. The results show, that the changes of the membrane during 

the time of course of de-epoxidation, as well as rigidifying properties of Dtx (product of de-epoxidation) result in 

temporary stabilisation of fluidity (S parameter, EPR methods) of peripheral and internal part of the membrane and stable 

rigidification of hydrophobic core of the membrane (Fig. 1). These processes affect the thermal stabilisation of the 

thylakoid membrane.  

0 5 10 15 20 25 30 35 40 45

0.15

0.20

0.25

0.30

0.0048  

0.1072

0.2585

M
e
m

b
ra

n
e
 f
lu

id
it
y
 (

S
)

Temperature [
o
C]

Dtx concentration

   [mol/molChla]

 
Fig. 1: Changes of interior thylakoid membranes of P. tricornutum fluidity (S, analysed for 16-SASL spin label by EPR methods) at 

different Dtx concentration (mol/mol Chla) against temperature (modified Bojko et al. 2019 [6]). 

   

Long-time temperature effect on physiology and biochemistry of diatoms has been analysed for almost 6 months. 

During the first two weeks of the diatom cultures growth at low and moderate temperatures (12 and 20°C), the decrease of 

the cell proliferation (measured as optical density, OD600), as well as the chlorophylls content with increasing of the 

protein concentration, were observed. We also observed the increase of polyunsaturated and decrease of saturated fatty 

acids content (analysed by gas chromatography, GC), which resulted in stabilisation of the thylakoid membrane fluidity (S 

parameter, analysed by EPR method) and photosynthetic activity (Fv/Fm) [7, 8].  

 
Table 1: Effect of temperature on physiological and biochemical parameters of T. pseudonana (modified Bojko et al. 2017 [8]). 

 
Temperature 

[°C] 

OD600 Protein 

[µg/ml] 

Chlorophyll 

[µg/ml] 

Fv/Fm S 

at 20°C 

PUFA SFA Time 

12 0.401 

(±0.019) 

33.095 

(±3.453) 

2.258 

(±0.054) 

0.51 

(±0.025) 

0.18393 

(±0.0041) 

31.38 

(±1.81) 

33,23 

(±3.76) 

 

12th 

day 20 0.48 

(±0.026) 

27.443 

(±3.95) 

2.755 

(±0.409) 

0.48 

(±0.034) 

0.18138 

(±0.0065) 

25.35 

(±2.23) 

37.69 

(±3.92) 

 

The results show that regulation of membrane fluidity by interaction of fatty acids, proteins and pigments is the most 

important factor in adaptation strategies of diatoms to environmental temperature changes (Tab.1). However, the results 

obtained during long time temperature changes (6 months) indicate that adaptation strategies to long periods of the 
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moderate temperature is manifested only by cells proliferation slow down, whereas photosynthetic activity and 

photosynthetic pigments concentration (chlorophylls and diadinoxanthin cycle xanthophylls) are more sensitive to light 

conditions, than temperature increase [9]. 

 

3. The second face – Diatoms in phytoremediation 
Heavy metals pollution of both soil and water are the rising environmental problem. The contaminants may be 

introduced to environment from industrial sewage, mining or using phosphate fertilizers. Heavy metals may be dangerous 

for many organisms including humans, but also for plants and algae [10, 11, 12, 13]. Algae are very promising organisms 

which can be used for remediation of water contaminated by heavy metals. We investigated the resistance and ability to 

remove of selected heavy metals from environment by marine diatom P. tricornutum. The effect of cadmium(II), 

chromium(IV), mercury(II), thallium(I) and arsenic(V) were analysed spectrophotometrically as a change in optical 

density of culture at wavelength of 600 nm (OD600). We found that P. tricornutum can grow in culture media containing 

tested heavy metals and that efficiency of cell proliferation and resistance depend on the metal and its concentration 

(Fig.2). 
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Fig. 2: The absolute change in mean OD600 (between the initial and the end phase of experiment) for P. tricornutum growth in control 

and in supplemented by different concentration of toxic compounds (heavy metal) (modified Tokarek 2016 [14], Listwan 2018 [15]). 

The concentrations of toxic compounds are given in mg/L above bars. 

 

Table 2: Comparison of concentration of toxic elements in the medium at the beginning and at the end of P. tricornutum culture 

(modified Listwan et al. 2018 [15]). 

 

theoretical initial 

concentration [mg/L] 

detected concentration at 

the beginning of culture 

detected concentration at 

the end of the culture 

arsenic         0.4 0.329 (±0.0106) 0.1361 (±0.0211) 

cadmium     0.1 0.1209 (±00.0019) 0.0549(±0.0037) 

mercury      0.01 0.01099(±0.00007) 0.00769(±0.00002) 

 

In lower concentration of cadmium, mercury and arsenic P. tricornutum showed ability to reduce concentration of 

those elements in culture medium (Tab. 2). The mechanism reducing mercury concentration was described [16], 

however mechanism reducing arsenic and cadmium concentration require more studies.  

Additionally, we tested P. tricornutum growth in freshwater from polluted rivers [15]. We observed the reduction of 

growth of diatoms in polluted water comparing to control medium. However, the results show that the tested diatom 

species can grow in fresh water polluted by heavy metals. Obtained results indicate potentially beneficial role of P. 

tricornutum in bioremediation of contaminated water in future.    
 



 

 

 

 

ICEPR 140-4 

4. The third face – Molecular analyses of diatoms selected enzymes 
In spite of diatoms enormous ecological significance their success is not well understood. One of the most important 

processes is self-protection from photooxidative damage in fluctuating light condition in aquatic environment. The main  

photoprotective mechanism was controlled by the inter-conversion of epoxidised to de-epoxidised form of xanthophylls 

during process called xanthophyll cycle [17]. In diatoms, on molecular level, Ddx is de-epoxidised to Dtx by one step 

reaction catalysed by enzyme named diadinoxanthin deepoxidase. In the past in diatoms only one deepoxidase was known 

[18]. The significance of diatoms in marine ecosystem leads to sequencing of nuclear, plastid and mitochondrial genomes 

of centric diatom T. pseudonana and pennate P. tricornutum and give opportunity to analyse many processes on molecular 

level. Therefore, today three genes of diadinoxanthin deepoxidase have been identified in P. tricornutum. PtVDE gene is 

similar to deepoxidase in violaxanthin cycle in plants and has different length (Tab. 3) and sequences from PtVDL1 and 

PtVDL2 [19, 20]. The aim of our study was application of the molecular methods for amplification of these three genes 

(PtVDE, PtVDL1 and PtVDL2) by PCR methods, to obtain the enzymes by expression of these genes in E. coli system and 

finally - isolation and analysis of the enzymes activity [20]. 

 
Table 3: Comparison of genes and protein size, and activity of PtVDE and PtVDL2 measured by xantophylls level (HPLC method) 

(modified Bojko et al. 2013 [20]). 

 

 PtVDE PtVDL2 

Gene size [bp] 1314 1668 

Protein size [kDa] 49 60 
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Violaxanthin 94 87 

Anteraxanthin 2 5 

Zeaxanthin 4 8 

 

We obtained all three deepoxidases genes from P. tricornutum and finally PtVDE and PtVDL2 active enzymes. 

Differences in domain structure of PtVDE and PtVDL2 [19] suggest, that the enzymes could have different function and 

localization. The first PtVDE, relative to plant deepoxidase, can take part in conventional xantophyll cycle (de-

epoxidation of violaxanthin (Vx) by intermediate anteraxanthin (Ax) and final product – zeaxanthin (Zx)), but PtVDL2 

can be more specialized in the chromist-specific diadinoxanthin cycle. Our results confirm different genes and enzymes 

size and show different activity of obtained deepoxidases in the presence of Vx as the substrate (Tab. 3). PtVDL2 converts 

Vx faster than PtVDE. The results obtained in model system suggest that PtVDE and PtVDL2 could be different in 

functions in diatoms. 

 

5. The fourth face – Treasury bioactive compounds in diatoms 
In recent years, researchers have become increasingly interested in bioactive compounds identified in diatoms. The 

main groups of them are omega-3 polyunsaturated fatty acids and carotenoids such as fucoxanthin, diadinoxanthin and 

diatoxanthin  (Fig. 3 on the left). The bioactive compounds show many properties that can be beneficial to the human 

health.  

 Fx, the main pigment present in diatoms thylakoid in the light harvesting complexes, has antioxidant properties and 

can act under anoxic condition, what is unique among carotenoids [21]. Fx shows anti-cancer, anti-obesity and anti-

diabetic activities [22, 23, 24, 25, 26] and can inhibit inflammatory response [27]. Ddx and Dtx protect the photosynthetic 

apparatus against oxidative stress generated by high light [28]. These pigments are considered as compounds of 

sunscreens [29]. Furthermore, studies on Ddx  have shown that it can inhibit the expression of pro-inflammatory cytokines 

in murine cells [30]. The analysis of beneficial properties of Ddx and Dtx for animals and human have not been studied 

extensively so far, because the pigments are presented in diatoms only in low level and their isolation and purification are 

complicated.   
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Fig. 3: Chemical formulas of carotenoid (on the left). HP-TLC plate after pigments separation. (A) when column pre-separation step 

was applied, (B) when no column pre-separation was applied (modified Tokarek et al. 2016 [33]) (on the right). 

 

One of the central purpose subjects of our studies was isolation and purification these three xanthophylls and P. 

tricornutum is useful source of them [31, 32]. The Fx and Ddx were extracted from darkened diatoms culture, whereas 

Dtx from the culture treated with intensive illumination for 1.5 hour. After extraction we applied additional column pre-

separation step (HP-TLC, conducted by solvent containing ether) to separate of carotenoids from chlorophylls  (Fig. 3 on 

the right). Our modification of the earlier isolation protocol of diatoms pigment increased the purity of Fx, Ddx and Dtx 

for biochemical studies (Tab. 4)[33].  

 
Table 4: Purification procedure yield and purity of obtained pigments (modified Tokarek et al. 2016 [33]). 

 

Carotenoid Pigment purity 

[%] 

Purification yield 

[µmol] 

Fx 0.177 (± 0.012) 99.293 (± 0.142) 

Ddx 0.031 (± 0.005) 97.61 (± 0.686 

Dtx 0.0048 (± 0.0006) 89.002 (± 1.004) 

 

The high purity of isolated carotenoids allowed us to check the anti-cancer effect of these pigments. Fx in liposomes 

(made of phosphatidylcholine) were administered into the culture of colorectal adenocarcinoma cell line. Our finding 

provide the strong evidence that Fx-containing liposomes lowered the viability of tested cancer cell line and that this 

effect was the strongest at the highest Fx tested concentration [34]. 

Second group of bioactive compounds specific for diatoms are long-chain polyunsaturated fatty acids (LC-

PUFA). Polyunsaturated fatty acids (PUFA) are recommended in prevention from many diseases such as 

cardiovascular and inflammatory diseases, cancer, brain disorders, obesity, diabetes, autoimmune diseases and are 

important in fetus and infant development. PUFAs can be classified into two main groups: omega-6 (n-6) and omega-

3 (n-3) families, depending of the first double bound. Balanced diet should include both omega-3 and omega-6 fatty 

acids. Unfortunately, the ratio of omega-6/omega-3 FA of modern diet is very high and should be reduced. Omega-3 

LC-PUFAs, particularly eicosapentaenoic acid (EPA) and docosahexaenoicacid (DHA) present in membranes of 

erythrocytes, neutrophils, monocytes and liver cells, therefore play essential role in human nutrition [35, 36]. 

Currently the main source of EPA and DHA are marine fishes, however diatoms, the primary producers, represent 

new and promising alternative source of LC-PUFAs.  
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Fig. 4: Fatty acid composition of diatoms (modified Bojko et al. 2017 [8], 2017 [37]). 

 
We grew the diatoms P. tricornutum and T. pseudonana under specified conditions, analysed the fatty acid 

compounds (by static headspace gas chromatography with flame ionization detector, HSGC-FID) and thus confirmed the 

presence of DHA, dominant amount of EPA and very low omega-3/omega-6 FA ratio (Fig. 4)[4, 8, 37, 38]. The results 

suggest, that the marine diatoms could be considered as a potential source for industrial production of omega-3 LC-

PUFAs. 

 
6. The fifth face - Diatoms a rich source of biofuels 

It is commonly known that diatoms show high potential to synthesis and accumulation of lipids, which can be used 

for production of biodiesel. The biodiesel production by diatoms has not been examined in our laboratory. Many marine 

and freshwater diatoms species were examined for their capability to produce biomass and lipids, especially triglyceride 

levels, as preferential source of biofuels [39 - 42]. Two centric marine diatoms Thalassiosira weissflogi and Cyclotella 

cryptica were selected as good candidates for oil production. Furthermore, the nitrogen limitation led to increase de novo 

synthesis of triacyloglycerols up to 88% of total glycerolipids [41]. The screening of common freshwater diatoms, 

selected Cyclotella managhiniana and Aulacoseria granulate as producers of the highest levels of lipids [39]. Generally, 

the rate of lipids accumulation under laboratory conditions is substantially improved under silicon limitation. [40]. 

Biofuels production by microalgae have been examined in continuous culture in outdoor photobioreactors. The outdoor 

biofuels production will have regional character and it will be needed to select diatoms optimally adapted to different 

outdoor conditions. For example P. tricornutum (diatom growing well under laboratory conditions [7]) was examined in 

quasi outdoor steady-stare continuous culture [43]. Stable year-round production of microalgae lipids for biofuel 

production requires application of two selected oleaginous diatom species - Fistulifera solaris for cultivation in out-door 

bioreactor from spring to autumn and Mayamaea sp. JPCCCTDA 0820  in winter [44] in Japan. The physiological and 

metabolic response of diatoms to different environment condition are the important factors in outdoor production systems.  

 

7. Conclusion 
Diatoms achieved ecological success by the ability to acclimation to changing environmental conditions (temperature, 

light, contamination by heavy metals) and show huge potential as bioremediating organisms. Their sequenced genome 

give possibility to analyse the molecular mechanisms of acclimation, together with investigations of diatom’s physiology 

and biochemistry. Unique fatty acids composition (specially EPA) and carotenoids profile (Fx, Ddx and Dtx) different 

from vascular plants thereby suggest, that diatoms can be used for supplementation of diet production.. Moreover, the 

possibility of increasing the amount of triacylglycerols in cellular mass allow to consider the diatoms as potential source 

of biofuels. 
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