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ABSTRACT 

The proteinoid cells are assembled of thermal polymers of amino 
acids. Typically, an appropriate mixture of amino acids containing 
aspartic or glutamic acid is heated at 190~ for 6 h, stirred with water 
for 2 h, dialyzed during 2 d, and lyophilized. Spheroidal cells are made 
from such polymer by dissolving it in the water by boiling, and then 
cooling. Many of them can be made by sonication at room temperature. 

These artificial cells, ranging from microns to tens of microns in di- 
ameter (depending on composition and preparation), have double 
membranes and various internal compositions. The spherules can 
microencapsulate dyes, oxidant-reductant compounds or accep- 
tor-donor substances, and can be packed together. 

Such spherules display electrical polarization and electrical dis- 
charges and respond to intra- and extracellular ionic and electric influ- 
ence upon membrane and action potential. These properties arise from 
the double membrane structure, asymmetric membrane permeability, 
and channeling phenomena.  

Such features as exponential dependence of the steady-state con- 
ductance and capacitance as well as negative resistance of the mem- 
brane seem to be responsible for the flip-flop alternations of the mem- 
brane polarization, rhythmic electric oscillations, and all-or-none action 
potentials. 

The presence of such chromophores as pteridine and ravin in pol- 
ymers constituting these cells is responsible for their photosensitivity. 

Index Entries: Artificial cell, of proteinoids; proteinoid cells; excita- 
ble cells, of proteinoid; encapsulation; proteins, thermal encapsulation 
of; thermal polymers, of amino acids; polymers of amino acids, 
thermal. 
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INTRODUCTION 

The proteinoids (thermal polymers of amino acids), elaborated in or- 
der to simulate the terrestrial origins of cells, i.e., the emergence of the 
protocell (1) are also relevant to microencapsulation. They make in aque- 
ous solution phase-separated systems (2). The various degrees of 
hydrophobicity and hydrophilicity of the amino acids in the polymers 
determine also compartmentalization properties of the vesicles (3). 
Various types of microspheres have been prepared using variations in 
pH and temperature. This property and the chemical composition of the 
proteinoids make them useful materials for microencapsulation pur- 
poses. Such advantages as almost endless variability of composition of 
the polymer, high degree of purity, self-ordered homogeneity, and the 
occurrence of emergent properties (selective permeability, catalytic activ- 
ity, photoactivity, osmobility, ultrastructure, and electrical features) have 
been emphasized already (4). The proteinoid morphological units 
displaying double membrane structure (5) are endowed with electrical 
properties and with selective permeability. This may be considered 
promising both in the process of microencapsulation and in the develop- 
ment of artificial neurons. 

The present paper indicates some electrical properties of the 
proteinoid artificial cells from both of these points of view. 

MATERIALS AND METHODS 

The 2: 2:1 proteinoid was prepared by heating in an oil bath at 190~ 
for 6 h a mixture of 50 g of each individual amino acid treated with 50 g of 
an equimolar mixture of 18 amino acids under a nitrogen blanket. The 
product was stirred mechanically with water for 2 h and filtered. The dis- 
solved fraction was dialyzed during 2 d in a cold room with two changes 
of water per day. The nondiffusate was lyophilized (6). 

Vesicles were prepared by solution of 60 mg of the proteinoid and 60 
mg of lecithin in 3 mL of water with glycerol in the volumetric ratio 1 : 1. 
K2HPO4 was added to this mixture to adjust the pH to 5.8. This was then 
boiled in a water bath followed by heating twice for 1-2 s over an open 
flame. The tube was then allowed to cool to room temperature. 

Electrical properties of the vesicles were monitored by means of a 
standard intracellular technique using glass microelectrodes filled with 
3M KC1, using platinum wire as a reference electrode. The membrane po- 
tential of vesicles was measured in the mother liquor, after compensation 
of the microelectrode tip potential, by means of high input impedance 
WPI 701 amplifier, displayed on the oscilloscope and recorded on a chart 
recorder. Details were described previously ~7). 
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RESULTS 

The structure of the proteinoid vesicle and its membranous proper- 
ties with controlled permeability, depending on polymer composition 
and physical parameters of the aqueous solution, permits the microen- 
capsulation of various substances. 

Figure 1 presents an encapsulated oL-chlorophyll. The chromophore 
is evenly located in the body of the vesicle except its membrane. The en- 
capsulated chlorophyll remains in the vesicle for weeks. The electrical 
potential across the membrane of the vesicle is correlated with retention 
of the encapsulated substance. The high membrane potential is an indi- 
cation of the quality of the membrane and also of the encapsulating ca- 
pacity of the vesicle. An absence of membrane potential is correlated 
with discontinuity of the membrane and with loss of encapsulating ca- 
pacity of the vesicle. 

Electrical phenomena of the proteinoid-only and the protein- 
oid-lecithin vesicles consist of membrane polarization, spike-like poten- 
tials, and periodic oscillations. When recorded intracellularly, the ampli- 
tude of electrical discharge exceeds the zero-line of electrical polarization 
of the membrane (Fig. 2). The membrane of the vesicle displays self- 
resealing ability, as seen under the microscope and monitored on the os- 
cilloscope (Fig. 3). The frequency distribution of the membrane ampli- 
tude of measured vesicles is presented in the histogram of Fig. 4. The 
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Fig. 1. Encapsulated (x-chlorophyll in the poly(Asp, Glu) 
oid-lecithin vesicle. 
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Fig. 2. Electrical discharges of the poly(Asp, Glu) proteinoid-lecithin ves- 
icle with encapsulated chlorophyll exceeding the zero-l~-~o nf the membrane 
polarization. 
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Fig. 3. Membrane potential recovery after microelectrode impalement of 
the poly(Asp, Glu) proteinoid-lecithin vesicle. 

excitability of proteinoid-lecithin vesicles is shown by the electrical cur- 
rent (Fig. 5) and light induced potentials (Fig. 6). 

DISCUSSION 
The data obtained extend our previously reported observation on 

electrical properties of the proteinoid vesicles (4). Further studies on 
proteinoid-lecithin (7) and on proteinoid-only vesicles (8) indicate that 
proteinoid-only vesicles are endowed with membrane potential and its 
periodic discharges. They are also able to sustain potassium concentra- 
tion gradient during at least several months (ability to keep across- 
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Fig. 4. The frequency distribution of the amplitude of the membrane po- 
tential of the 2: 2:1 proteinoid-lecithin vesicles. 
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Fig. 5. The electrical current 
proteinoid-lecithin vesicle. 
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membrane  potential and its diminution followed after an external addi- 
tion of potassium ions to the medium).  This means also that the 
encapsulation capacity of such electrically active vesicles last longer, and 
can be varied at will by changing the amino acid composition of the vesi- 
cles. Chlorophyll-containing vesicles are efficient light converters (9). 
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Fig. 6. The light induced oscillations of the poly(Asp, 

teinoid-lecithin vesicle with chlorophyll. 
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Additionally, by measuring the membrane potential by means of 
conventional electrophysiological technique or potential-sensitive probes 
(10), this capacity can be tested easily. 

Because of their surface potential, the coalescence of the proteinoid 
vesicles may be diminished considerably. 

Taking into account the fact that pathologically altered cells and tis- 
sues differ in their electrical potential compared to normal cells, we may 
assume that the delivery of drugs to such cells can be enhanced by means 
of electrically charged particles. The self-resealing ability of the mem- 
branes is a further advantage of such vesicles. They can hold the same 
charge until there is complete depletion of the substance being carried by 
the vesicles. Nothing like this is possible, for instance, in the case of ny- 
lon encapsulation of hemoglobin (11). Electrical behavior is thus a possi- 
ble means for following the course of permeation through microcapsules. 

In the literature on microencapsulation, there are attempts to ap- 
proach cell simulation (12-15). This article seems to be closely related to 
such papers. 
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