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SCHEME: SELF-REPRODUCTION OF VESICLES 

CONTAINING AMPLIFIED DNA

Kurihara et al, Nature Chem., 2011



PHOTO: SELF-REPRODUCTION OF VESICLES 

CONTAINING AMPLIFIED DNA

Kurihara et al, Nature Chem., 2011



Scenario of appearance of first living cell 

from three worlds (Sugawara et al, WSR, 2012)
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KEY POINT 1

According to the concept, experimental attempts to 

transform prebiotic microsystems into primary life 

forms were unsuccessful, because experimenters did 

not take into account the difference in thermodynamic 

method of organizing living and non-living systems



THERMODYNAMIC DIFFERENCE BETWEEN 

BIOLOGICAL AND NON-BIOLOGICAL SYSTEMS

Biological systems 
(an organism, community, etc.) 

actively extract free energy (and 
information) from the environment

FREE ENERGY FLOW 

directs inside

Non-biological active systems 

(a star, volcano, etc.)

dissipate free energy into the 
surroundings

FREE ENERGY FLOW 

directs outside

Kompanichenko VN, Orig Life Evol Biosp 
(2012) 42:153-178



UNIVERSAL CRITERIA FOR COMPARISON OF 

NATURAL SYSTEMS

• Entropy (S) is the both a measure of low-energy value and a measure of 

disorganization

• Free energy (F) is a measure of high-energy value (a part of the inner 

energy that can be converted into any kind of work)

• Information (I) is a value that reduces uncertainty in a system’s state

• Key balances in living and non-living systems:

• F contribution / S contribution

• I contribution / Si contribution

Kompanichenko V. Thermodynamic Inversion: Origin of Living Systems. Springer, 2017



THERMODYNAMIC TRANSITION FROM 

NON-LIVING TO LIVING SYSTEMS



Transformation of a prebiotic microsystem into 

primary living cell through the inversion



Principal scheme of bifurcate transition of a natural system 

under nonequilibrium conditions (based on works by Nobel 

laureate Ilya Prigogine and the followers)

• ‘a’ – direct transition from initial 
stable state into advanced stable 
state, 

• ‘b’ – direct and reverse transitions 

• (oscillations outside). 

• A – trend to advanced higher-
organized state; 

• B – to advanced lower-organized 
state; 

• B’ – to complete destruction; 

• C’ and C” - reverse trends to near-

• initial state 

• Kompanichenko VN, 2008.

• Int. J. Astrobiology 7(1):27-46



KEY POINT 2

Oscillations of physicochemical parameters (P, 

T, pH, etc.) in a highly nonequilibrium 

(hydrothermal) medium are the 4th required 

condition for the origin of life



REQUIRED CONDITIONS FOR THE 

ORIGIN OF LIFE

Three accepted

conditions:

1) aqueous medium 

2) availability of 

organics

3) energy source

Proposed fourth condition

by the author:

4) multilevel oscillations 

of physic-chemical

parameters (T,P,C,pH..)





OSCILLATIONS OF FLUID PRESSURE IN MUTNOVSKY 
HYDROTHERMAL SYSTEM, KAMCHATKA

(WELL # 30, DEPTH 950 М)

Kompanichenko VN, Shlyufman KV. J Volc Seis 7, 2013, 338-344

•



CLUSTER OF INTERACTING PREBIOTIC MICROSYSTEMS IN 

OSCILLATING HYDROTHERMAL ENVIRONMENT

 

 



KEY POINT 3

Life processes arise in prebiotic microsystems 

at the time of thermodynamic inversion, as a 

enhanced response to external influences          

(which include short-period modes: sec/min)



CONVERSION OF PREBIOTIC MICROSYSTEMS INTO 

PRIMARY FORMS OF LIFE



Transformation of a prebiotic microsystem into 

primary living cell through the inversion



SUITABILITY OF OSCILLATING MEDIUM 

FOR THE ORIGIN OF LIFE

Alternate stable

medium for life origin

Ocean, lake, ice

Alternate oscillating

medium for life origin

Hydrothermal systems 

with short-periodic 

oscillations (sec/min)

1. Oscillating regime is 

peculiar to metabolic 

processes

2. Phenomenon of stress  in 

biology: any influence to a 

living being launches the 

common set of reactions 

(stress) that stimulates 

efficient response 

(absence of stress and strong “di-

stress” result in degradation) 



SUITABILITY OF JUST OSCILLATING

MEDIUM FOR THE ORIGIN OF LIFE

Alternate stable

medium for life origin

Ocean, lake, ice

Alternate oscillating

medium for life origin

Hydrothermal systems 

with short-periodic 

oscillations (sec/min)

• Main mechanisms of heavy 

metal resistance in thermophilic 

Archaea/Bacteria (at the Root 

of Philogenetic Tree):

(Gallo,…Fiorentino, Open Biochem J (in press)



FROM EXPERIMENTS ON PREBIOTIC CHEMISTRY TO 

EXPERIMENTS ON TRANSITIONAL CHEMISTRY



TWO REQUIRED CONSTITUENTS OF THE 

ORIGIN-OF-LIFE PROCESS

Combination of the following constituents are required:

1) Availability of prebiotic organic microsystems;

2) Continuous stress + enhanced response: arising in 

the microsystems the counter processes: «pumping» by 

external oscillations + induced response (periods of 

oscillations from split second to 30 minutes)



CONSEQUENCE 1

A positive thermodynamic balance “the contribution 

of free energy to the contribution of entropy” is a 

universal criterion for the existence of life in the 

Universe, since it ensures the development of a 

planetary biosphere due to the continuous inflow of free 

energy during the export of entropy.

The possibility of the existence of life that we 

do not know is allowed



Relevance of biologically important classes of organic 

compounds for hydrothermal conditions: summary

• I. Classes of organic compounds, which are relevant for 
hydrothermal medium: hydrocarbons, lipids and simple amino 
acids or/with precursors. 

• Synthesis and stability in Vitro: within the interval 100-300ºC.
• ----------------------------------------------------------------------
• II. Classes of organic compounds, which are not very relevant

for hydrothermal medium: sugars, ATP and nucleotides 
or/with precursors.

• Synthesis and stability in Vitro: 50-60ºC (up to 90ºC)
• -----------------------------------------------------------------------
• Synthesis and stability of all classes in Vivo: up to 113-121ºC 

in hyperthermophilic Archaea.

• The summary based on: Berndt et al, 1996; Deamer et al, 2004, 2006; Fox, Dose, 1975; 
Hennet et al, 1992; Holm et al, 2001, 2005; Joice et al, 2002; Kohara et al, 1997; Larralde et 
al, 1995; Marshall, 1994; McCollom et al, 1999; Russell et al, 2005; Simoneit, 1993, 2004; 
Sowerby, 2002; Vergne et al, 2000, etc.



CONSEQUENCE 2

In the case of the presence of liquid water (condition 1), 

the origin of life on early Venus was possible, since 

there are grounds for the rest of the conditions: 

(2) presence of biologically important elements C, N, H, 

O (synthesis of organics at a temperature <300 °), 

(3) energy source (active volcanism), 

(4) fluctuations of parameters in hydrothermal systems 

(active tectonics + volcanism)



POSSIBLE SUBMARINE PREBIOTIC ENVIRONMENT:

FLUCTUATING HYDROTHERMAL MEDIUM (JANKICHA ISLAND)

Pictures

Record for 32 days Record for 10 days

Schematic section

Tarasov V.G. 1999. Dalnauka, Vladivostok, 282 p. (In Russian)



CONSEQUENCE 3

The proposed approach to understanding life 

through the ability to enhanced response to 

external influences (stress) suggests the 

possibility of microorganisms existence (in case 

of emergence) on Venus in favorable niches due 

to the presence of significant fluctuations in the 

atmosphere



SUMMARY

Inversion concept: 

1. “Availability of prebiotic organic microsystems” + 

2. “Continuous stress → enhanced response”

Consequences: 

1. Existence of life that we do not know is allowed.

2. Life on early Venus might originate in case of liquid 

water presence.

3. Fluctuations in the Venus’ atmosphere should sustain 

microbial life (if it exists).





НЕГЭНТРОПИЙНЫЙ БАРЬЕР МЕЖДУ 

ЖИМИЧЕСКОЙ И БИОЛОГИЧЕСКОЙ ЭВОЛЮЦИЕЙ

•



HYDROTHERMAL SCENARIOS OF 

THE ORIGIN OF LIFE

SUBMARINE HOT VENTS

- Corliss JB, Baross JA, Hoffman SE (1981)  

Oceanol Acta SP 4:59-69

- Martin W, Russell JM (2007)

Philos Trans R Soc B. 362:1887-1925

TERRESTRIAL HOT VENTS

- Deamer D. et al (2006) 

Philos Trans R Soc B 361 (1474):1809-1818

- Mulkidjanian AY. et al (2012)

Proc. Natl. Acad. Sci. USA 109: E821–E830



РАЗВИТИЕ НУКЛЕОПРОТЕИДНОГО ВЗАИМОДЕЙСТВИЯ ОТ 

КОЛЕБЛЮЩЕЙСЯ ПРЕДБИОЛОГИЧЕСКОЙ МИКРОСИСТЕМЫ (A)

К ЖИВОЙ КЛЕТКЕ (B, C)



CONCENTRATION OF ORGANIC SUBSTANCE AND 

FORMATION OF CLUSTERS OF MICROSYSTEMS

1 – laminar and convective fluid currents to the 

surface; 

2 – interacting organic assemblies; 

3 – organic molecules  



К ЗАКЛЮЧЕНИЮ

Для зарождения жизни необходимо наличие пары встречных 

процессов «внешний нажим – индуцированный ответ»

Трансформация предбиологических микросистем в 

первичные формы жизни на любой планете происходит за 

счет их эффективного (усиленного) ответного реагирования 

на колебания физико-химических параметров в среде.

В концепциях других авторов подразумевается, что переход 

к жизни происходит просто за счет последовательного 

химического усложнения органических молекул и 

микросистем.



ПОЯВЛЕНИЕ ПЕРВИЧНЫХ «ИСКР» ЖИЗНИ В 

ПРЕДБИОЛОГИЧЕСКИХ МИКРОСИСТЕМАХ



ПЕРВИЧНЫЕ «ИСКРЫ» ЖИЗНИ В 

КОЛЕБЛЮЩИХСЯ МИКРОСИСТЕМАХ



Gallo et al, Open Biochem J, 2018, 12

• 1) Extracellular barrier, a selectively 

permeable system; 

• 2) Efflux of metal ions; 

• 3) Enzymatic reduction of metal ions. 

• 4) Intracellular sequestration by small 

molecule complexing agents or metal-

chelating proteins. 



ЛАБОРАТОРНЫЕ ЭКСПЕРИМЕНТЫ В 

ВЫСОКОТЕМПЕРАТУРНЫХ КОЛЕБАТЕЛЬНЫХ 

УСЛОВИЯХ

Амплификация ДНК при колебаниях температуры между 64 
и 92°С ускоряет деление везикул (T. Sugawara et al) 

Колебания температуры около 85°С (+/– 2°С ) облегчает 
диверсификацию РНК- подобных молекул через 
чередование поликонденсации и декомпозиции (D. 
Deamer et al)

Поликонденсация аминокислот в пептиды протекает быстро 
в режиме термоциклирования вокруг точки кипения 
воды (С. Варфоломеев и др.)

Олигомеризация аминокислот является эффективной при 
введении реакционного раствора при температуре 200ºC в 
холодную камеру с температурой 0ºC (E. Imai et al)



WHAT TO DETERMINE DURING SIMULATIONS: 

SIGNS OF THE TRANSITION (EXAMPLES)

Chemistry → (transitional chemistry) → Biochemistry

Passive transport (diffusion) → Active 

transport, growth of energy gradients

Random sequences → rise of homochirality →

Functional sequences

Proteinoid → forming of tertiary structure →

Protein
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VARIABLE MICRO-FLUCTUATIONS OF 

PRESSURE (WELL # 30)



К концепции первичного 

сообщества

1. Миллионы микросистем из 1мг 

полимера

2. Гетерогенность неравновесного 

кластера 

3. Анизотропность среды, конвекция

4. Миграция раствора к поверхности



КОЛЕБАНИЯ ХИМИЧЕСКОГО СОСТАВА ТЕРМ, 

СКВ. SOB-1, СЛОВЕНИЯ (Kralj, 2000)



КОРРЕЛЯЦИЯ ОСНОВНЫХ СВОЙСТВ ХИМИЧЕСКОЙ СИСТЕМЫ В СОСТОЯНИИ

БИФУРКАЦИОННОГО ПЕРЕХОДА СО СВОЙСТВАМИ ЖИВОГО ОРГАНИЗМА

Свойства химической системы возле точки бифуркации Соответствующие свойства живой клетки

1. Интенсивные динамические процессы и непрерывное 

перераспределение молекул/атомов

1. Интенсивные динамические процессы и 

непрерывное перераспределение молекул

2. Непрерывный обмен веществом и энергией с окружающей средой 

(открытая система)

2. Непрерывный обмен веществом, энергией 

и информацией с окружающей средой 

(открытая система)

3. Целостность основанная на кооперативных процессах 3. Целостность, основанная на 

кооперативном взаимодействии

4. Гетерогенная структура, характеризующаяся резкими градиентами; 

одновременная интенсивная эрозия и восстановление градиентов

4. Гетерогенная резко-градиентная 

структура; интенсивные процессы синтеза и 

распада протекают одновременно



KEY POINT 3

Life processes arise in prebiotic microsystems 

at the time of thermodynamic inversion, as a 

result of the formation of a mechanism of 

enhanced response to external influences          

(which include short-period modes: sec/min)


