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hypothetical and controversial selective advantages postulated by 
different transition analyses.16 Here we suggest that the scenario of 
two-membrane-bounded LUCA and LECA can be tested in physical 
and chemical context. The experiments with membrane lipids and 
fusing membrane vesicles could tell us whether scenarios proposed 
here are plausible.

Some common features of all cells might be informative of the 
origin of eukaryotic membranes. For example, co-translational secre-
tion of proteins into ER is analogous to secretion of proteins through 
bacterial and archaeal plasma membrane, but such a secretory 
apparatus is found neither in eukaryotic plasma membrane nor in 
the outer membrane of two-membrane-bounded prokaryotes. This 
indicates that eukaryotic nuclear/ER membrane is homologous to 
archaeal and bacterial plasma membrane (inner membrane if consid-
ering two-membrane-bounded prokaryotes) and inner membrane 
of LUCA, while eukaryotic plasma membrane is homologous to 
outer membrane of LUCA and to outer membrane of two-mebrane-
bounded prokaryotes.

The localization of proteins and RNAs might be informative of 
the origin of eukaryotic nucleoplasm. Eukaryotic nucleolus with 
109 unique eukaryotic protein domains101 is still the place of rRNA 
synthesis and assembly of ribosomal subunits, some components of 
signal recognition particle (SRP) (involved in secretory process) are 
still present in the nucleolus,102 and there have been reports about 
translation still occurring in the eukaryotic nucleus.103-105 From 

Figure 2. The hypothetical scenarios for the origin of two-membrane-bounded 
LUCA. (A) The fusion occurring at the orifice of a single gastruloid membrane 
vesicle. (B) The fusion of two cup-shaped membrane vesicles. (C) The fusion 
of more membrane vesicles. (D) Vesicular budding analogous to endocytic 
invagination. Abbreviations: V, membrane vesicle; F, the place of fusion; R, 
ribosomes.

Figure 3. Hypothetical scenario for the origin of eukaryotic endomembranes. 
The pre-karyote is assumed to have been bounded by two membranes, inner 
(IM) and outer (OM). α-proteobacterial ancestors (A) of mitochondria (M) are 
proposed to have been parasites of pre-karyote periplasm (P). Endoplasmic 
reticulum (ER), nuclear membrane (N = nucleus) and Golgi apparatus (GA) 
are assumed to be derived from pre-karyote inner mebrane, while eukaryotic 
plasma membrane (PM) is assumed to be derived from pre-karyote outer 
membrane. It is suggested that ribosomes (R) were removed to pre-karyote 
periplasm (nowadays eukaryotic cytoplasm).

these perspectives, it seems reasonable that eukaryotic nucleoplasm is 
derived from pre-karyotic cytoplasm.

Conclusion
The origin of cells and domains is highly controversial issue. 

Different authors suggest different hypotheses at the same time. The 
different views of LUCA and different hypothesis for the origin of 
eukaryotes depend on author’s interpretation of current scientific 
knowledge. Christian de Duve106 recently wrote: ‘The only scientific 
valid hypothesis is to assume that natural phenomena have natural 
explanations, that can be elucidated by research.’ Each hypothesis 
mentioned in this paper was suggested in this belief. Though the 
history of life on our planet is unique, reproduced nowhere else in 
the universe,107 nor in the laboratory, the reliability of the hypotheses 
mentioned here can be tested. For example, some scenarios seem to be 
obviously more likely in the lipidological context than the others.
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We conclude that eukaryotic defining features such as telomeres, 
many RNA-based systems not found in prokaryotes (including e.g., 
telomerase or splicosomal RNAs),108 perhaps also some types of 
introns, parasitic repetitive sequences, fusion process, and a number 
of unique signature proteins might trace back to the Woesean era 
occupied by the pre-cellular ancestor of LECA longer than by pre-
cellular ancestors of LBCA and LACA. In addition, Eukarya evolved 
enormous complexity in relatively short evolutionary time, while 
Bacteria and Archaea are relatively simple, though they exist longer. 
This high evolvability suggests that Eukarya are still not as far from 
Woesean era as Bacteria and Archaea.

In conclusion, we do not see any reason why the uptake of 
α-proteobacteria should pre-date sex. Furthermore, sex (fusion of 
pre-karyote outer membranes) and subsequent two-step division 
might have been themselves important for the establishment of 
α-proteobacterial symbionts within the whole population of pre-
karyotes.62 This hypothesis could be tested by theoretical models 
considering the spread of bacterial symbionts in fussing (sexual) and 
non-fusing (asexual) populations.
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