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Introduction:  A number of theories on the origin 

and early evolution of life have focused on the role of 
lipid bilayer membrane structures (vesicles) that could 
have formed spontaneously and provided a suitable 
microenvironment for chemistry leading to the origin 
of life [1, 2].  The formation of such vesicles could 
have contributed to various stages of the origin of life, 
from enabling prebiotic or protobiochemical chemistry 
to encapsulating already existing enzymatic or genetic 
systems.  These vesicles are bound by membranes sim-
ilar to those that enclose cells today and can serve to 
contain/concentrate solution species, protect against 
dilution, and can to catalyze reactions.  It has been 
shown that membrane-forming lipid molecules could 
have been formed abiotically and can self-assemble 
into water filled spherical vesicle structures  [3, 4].   

It has been postulated that vesicle structures devel-
oped the ability to capture and transduce light, provid-
ing energy for reactions.  It has been shown that pH 
gradients can be created across membrane surfaces 
photochemically [5, 6], though linking this to driving 
chemical reactions has been problematic.  Attempts 
have been made to take modern biological photochem-
ical systems and work backward to “reverse-engineer” 
the simplest possible working models of photosynthe-
sis [7-9].  Demonstration of how an energy transduc-
tion system could have existed before the development 
of the enzymatic machinery that supports contempo-
rary photosynthesis would provide a new understand-
ing of how photosynthesis originated, developed and 
could have become coupled to biochemistry. 

It has been shown that mineral semiconducting par-
ticles can act as photocatalysts, driving electrochemical 
reactions.  We have shown that titanium dioxide parti-
cles will be encapsulated as vesicles form, or reform 
after dehydration/rehydration cycles, without interfer-
ence in either lipid or semiconductor properties.  They 
can be concentrated in vesicles by dehydrate/rehydrate 
cycles and that they retain the ability to drive photoe-
lectrochemical reactions. The encapsulation of these 
particles can provide a simple energy transduction sys-
tem for vesicles that could have formed at almost any 
stage of the origin of life. 

Results:  We will describe results showing that a 
TiO2 based photosystem can be incorporated into vesi-
cles with retention of photoactivity.  This system is 
able to link to biochemical reactions.  This includes the 
reduction of quinones, and the use of quinones to me-

diate the reduction of NAD+ to NADH.  These are both 
important redox carriers in biochemical systems.  We 
have found that these products can be then be used to 
drive enzymatic reactions.  In particular, the reduction 
of nitrate to nitrite by nitrate reductase.  

Implications:  This system demonstrates a simple 
energy source inside vesicles/protocells suitable either 
for simple prebiotic systems and/or for more complex 
“protobiochemical” systems.  It could act as a precur-
sor to metabolic systems and provide a model of how 
metabolism could have developed prebiotically in a 
vesicle based “protocell origin of life”.  This would 
demonstrate a possible path for the origin and early 
evolution of photosynthesis. 
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Nitrite formation vs. time during the irradiation of 1% 
TiO2, 0.8 mM Bis(ethanolamino)benzoquinone, 0.25 
units/ml nitrate reductase, 1% MeOH in 0.1 phosphate 
buffer, pH 7.5. 
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