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- traditionally considered extremophilic microorganisms
- habitats include hot springs, solfatares, hydrothermal vents, salt 

evaporation ponds, …
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- strictly anaerobic methanogens are also Archaea
- only significant biologic producers of methane

Sources of methane emissions
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Carl Woese reconstructed their
phylogeny based on 16S rRNA

sequences in 1987.

Woese, 1987



sdu.dk
#sdudk

PRC Symposium 9/9/2024

brugerdefinerede farvepalette

Department of BiologyDepartment of Biology

sdu.dk
#sdudk

brugerdefinerede farvepalette

Department of BiologyDepartment of BiologyDepartment of Biology

H2
C
H2
C

O

O

CH

CH2

H2C O P
O-

O
O R

C

C

O

O

CH2

CH

O

O
H2C O P

O-

O
O R

Phytanyl chain

Ether linkages

L-glycerol
Diether lipid (DEL)

and their membrane lipids
ARCHAEA

6

H2
C
H2
C

O

O

CH

CH2

H2C O P
O-

O
O R

O

O
OPOR

O

O-

Tetraether 
lipid (TEL)

Biphytanyl chain

sdu.dk
#sdudk

brugerdefinerede farvepalette

Department of BiologyDepartment of BiologyDepartment of Biology

H2
C
H2
C

O

O

CH

CH2

H2C O P
O-

O
O R

C

C

O

O

CH2

CH

O

O
H2C O P

O-

O
O R

Phytanyl chain

Ether linkages

L-glycerol
Diether lipid (DEL)

and their membrane lipids
ARCHAEA

6

H2
C
H2
C

O

O

CH

CH2

H2C O P
O-

O
O R

O

O
OPOR

O

O-

Tetraether 
lipid (TEL)

Biphytanyl chain

Archaeal membrane lipids



sdu.dk
#sdudk

PRC Symposium 9/9/2024

brugerdefinerede farvepalette

Department of BiologyDepartment of Biology Distribution of TELs

DEL
TEL

Jacobsen et al., European Journal of Pharmaceutical Sciences (2017)



sdu.dk
#sdudk

PRC Symposium 9/9/2024

brugerdefinerede farvepalette

Department of BiologyDepartment of Biology

sdu.dk
#sdudk

brugerdefinerede farvepalette

Department of BiologyDepartment of BiologyDepartment of Biology

and their membrane lipids
ARCHAEA
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Bohsen et al., in preparation
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Avg. cyclization no. = average number of cyclopentane moieties in the core lipid 

Jensen et al, 2015

Hex2-
GDGT
-IP

Total 
lipid 
pool
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- Biomarkers for the presence and abundance of Archaea (Sturt et al., 2004, 
Pitcher et al., 2009, Huguet et al., 2010)

- Paleothermometer (TEX86) (Schouten et al., 2002)

- Lubricant for engines (Chang, 1992)

- Bioelectronics (De Rosa et al., 1994)

- Immobilization matrix on implants/catheters (Liefeith et al., 2018)

- Vaccine delivery (e.g. Krishnan and Sprott, 2008)

- Gene delivery (e.g. Le Gall et al., 2014)

- Drug delivery:
- transdermal (Moghimipour et al., 2013)
- intravenous (Mahmoud et al., 2015, Mahmoud et al., 2017, Plenagl et al., 2019)
- pulmonary (Hemetsberger et al., 2022)
- oral (Li et al., 2010, Parmentier et al., 2011 + 2014, Uhl et al., 2016, 2017, 2021)

Archaeal lipids in biotechnology

Monteiro et al., 2014
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Archaeosomes

Mixed 
liposomes

Application of archaeal lipids: 
Liposomes

20 nm to >1 µm

Tetraether lipids (TEL)

Diether lipids (DEL)

Conventional 
phospholipids

9

Liposomes containing archaeal lipids
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Species explored for drug delivery

Thermoacidophiles
Sulfolobus acidocaldarius
Thermoplasma acidophilum
Sulfolobus islandicus (Jensen et al. 2015)

Methanogens
Methanosarcina mazei
Methanobacterium espanolae
Methanospirillum hungatei
Methanococcus jannaschii
Methanococcus voltae
Methanosaeta concilii
Methanosphaera stadtmanae
Methanobrevibacter smithii

Halophiles
Natronobacterium magadii
Halobacterium salinarum

Bohsen et al., in preparation
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Bioavailability of vancomycin in Wistar
rats 1h after oral administration. 
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Uhl et al.

Egg-PC/cholesterol/Sulfolobus acidocaldarius 

(85/15%5, mol-%) mixed liposomes

ccHigher amounts of archaeal lipids are needed

Oral Drug Delivery 
of therapeutic peptides and proteins using archaeal lipids

Studies in literature

Bioavailability of vancomycin in Wistar 

rats 1h after oral administration. 

3-fold 
increase

24

Mixed liposomes
Egg-PC/cholesterol/Sulfolobus
acidocaldarius lipid fraction E 

(85/15/5 mol-%)
Uhl et al. 2017

In vivo changes in blood glucose levels following
oral administration of insulin to diabetic mice. 

Archaeosomes
Sulfolobus acidocaldarius

Li et al. 2010
sdu.dk
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Li et al.

Sulfolobus acidocaldarius archaeosomes

In vivo changes in blood glucose 

levels following oral administration 

of insulin to diabetic mice.

Oral Drug Delivery 
of therapeutic peptides and proteins using archaeal lipids

Studies in literature
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Archaeal biomass 

22

Lipid extraction

cc

Cultivation
Environmental harvest

Synthesis

Archaeal lipids

25

Sources for TELs

Dr. David Wurm

Treusch lab

PD Dr. habil. 
Simon Drescher

Recombinant production
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Ether lipids

Ether lipids

Ether lipids

Ester lipids

What about the future?

Zaremba-Niedzwiedzka et al., 2017
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and Thorarchaeota23 phyla, but we also identified several sequences 
that were only distantly related but still part of the same archaeal clade 
(Fig. 1a). We decided to name this archaeal clade Asgard, after the 
realm of the gods in Norse mythology. Apart from Lokiarchaeota- 
and Thorarchaeota-related lineages, we could define two additional 
candidate phyla in the Asgard clade, which we hereafter refer to as 
Odinarchaeota and Heimdallarchaeota (Supplementary Table 3, 
Supplementary Discussion 1). Whereas contigs from Odinarchaeota 
were exclusively identified in hot spring metagenomes (Yellowstone 
National Park and Radiata Pool), contigs from Heimdallarchaeota were 
detected in marine sediments (Loki’s Castle and Aarhus Bay; Fig. 1a).

To analyse the genomic content and evolutionary history of these 
novel Asgard lineages, contigs were binned into metagenome- 
assembled genomes on the basis of their tetra-nucleotide sequence 
frequencies and DNA sequence coverage patterns across samples 

(Extended Data Fig. 1b, Supplementary Discussion 2). We recon-
structed near-complete genome bins for representatives of each major 
Asgard clade (Fig. 1a, Extended Data Table 1). Analysis of the small 
subunit rRNA genes identified in these genome bins revealed that 
Asgard archaea are present in sediments of a wide variety of anaerobic 
environments (Extended Data Fig. 1c). In contrast to Lokiarchaeota, 
which are relatively abundant and mostly present in marine sediments, 
relatives of Heimdall-, Odin- and Thorarchaeota seem to represent 
low-abundance community members based on 16S rRNA gene surveys  
(Extended Data Fig. 1c). In accordance with the above-mentioned 
RP15 analyses, Odinarchaeota seem to be almost exclusively present 
in high-temperature habitats (97.5% of all available 16S rRNA gene 
sequences). Moreover, we found that the 16S rRNA sequence of the 
Heimdallarchaeota genome bin from Aarhus Bay is closely related to 
the ancient Archaea group (AAG)24.
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Figure 1 | Identification and phylogenomics of Asgard archaea.  
a, Maximum-likelihood tree, inferred with RAxML and PROTCATLG 
model, based on metagenomic contigs containing conserved ribosomal 
proteins (see Methods) revealing the Asgard superphylum. Slow, non-
parametric maximum-likelihood bootstrap support values above 50 and 
90 are indicated with empty and filled circles, respectively. Abbreviations 
of the sites mentioned are as follows: LC, Loki’s Castle; CR, Colorado 
River aquifer (USA); LCB, Lower Culex Basin (Yellowstone National Park, 
USA); WOR, White Oak River (USA); AB: Aarhus Bay (Denmark); RP, 
Radiata Pool (New Zealand); m.b.s.f., metres below sea floor. b, c, Bayesian 
inference of 55 concatenated archaeo-eukaryotic ribosomal proteins 
inferred with PhyloBayes and CAT-GTR model (b) and maximum-
likelihood analysis of concatenated small and large subunit rRNA gene 

sequences inferred with RAxML and GTRGAMMA model (c) showing 
high support for the phylogenetic affiliation between Asgard archaea and 
eukaryotes (support values in red). a–c, Scale bars indicate number of 
substitutions per site. Numbers at branches refer to Bayesian posterior 
probabilities (b) and slow non-parametric maximum-likelihood bootstrap 
values (c). Trees were rooted with Euryarchaeota +  DPANN (a, b) and 
with Bacteria (c). Branch length value corresponding to cut branch in c is 
0.6769. d, Schematic tree of Asgard lineages and corresponding overview 
of identified ESPs. Black circles, ESP predicted based on presence of 
arCOG, (TopoIB, rpb8, RNA polymerase) or IPR domain (all others); 
grey circles, putative ESP homologues present; empty circles, no ESP 
homologue identified (Extended Data Table 2). * Most Asgard genomes 
encode distantly related FtsZ homologues (Supplementary Discussion 3).

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.
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Archaea…
… form their own domain of life (maybe together with Eukaryotes?)
… cultivated species are mainly extremophiles
… ongoing expansion of known diversity

Archaeal lipids…
… have unique properties, making them interesting for biotechnology
… are not easy to source
… diversity is not fully known
… function not completely understood yet

Application of archaeal lipids…
… shows great promises in (oral) drug delivery by liposomes and LNPs
… will be boosted by better availability of them
… will be expanding to new areas
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