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Abstract 

 

Pioneering research in the structure and function of enzyme membrane systems, which are coupled to energy 

sources, could bypass the microscopic reversibility principle, and allow the emergence-development of a 

mechanism for vectorial kinetics. The research on the mechanism of coupled systems involved the isolation and 

reconstitution of the purified CF1-ATPase with the residual membrane. Photophosphorylation involves coupling 

with photosystem I and II, which by uncoupling show a light-dependent and light-triggered ATPases. The 

isolated and then purified enzyme was also investigated as a dark functional enzyme by activation through to 

trypsin or heat treatment. In addition, were investigated the requirements of model mechanism, which requires 

microscopic physics or/and quantum mechanics level to demonstrate an energy transduction participation. This 

approach involved the links to the excitation states and mechanisms of photosystem I and II discovered by many 

other investigators. The interpretation of models using the mechanism of H-bond breakdown in the configuring 

of the mass-action potential by the high molarity of the water cluster allowed a faraway displacement of 

equilibrium to the parameter ensuring irreversibility of the system. H-bond lacking molecules of water were 

proposed to act as dissipative carriers of entropy. However, homeostatic temperature mechanisms could be 

developing for brains, which are under discussion. Independently of different proposals it is emphasized that fit 

requirements to operate life as an open system. The proposal to implicate in an overall general role of the state 

transition of water rather than described specifically every reaction lead to evaluate the dissipative potential of 

water cluster (H2O)n to interact with the hydrophilic vs hydrophobic asymmetries, which restrict randomness of 

in the singleness of kinetic sense. Thus, interpret its action as if it constitutes a single peak, consolidating its 

operative role as is activation energy (Ea). The hydration shells could in sequence act as a diffuse enhancer of 

specific contribution to obtain Ea of the totality of the system even as an input into several peaks that 

sequentially activate transition states. Hence, changes in dipole state, sliding, pKa, n-H-bonds, etc., could become 

concatenated for vectoriality. (H2O)n by the loss of H-bonds coupled with the hydration turnover of proteins 

and ions to result in incomplete water cluster (H2O)n*, with a lower-n. (H2O)n* became a carrier of 

heat/entropy. The beta-scintillator batteries using Sr-89 and Sr-90 allow night agriculture and contribute to the 

Mars colonization projects. 

 

Introduction 

 

A link between microscopic and macroscopic 

physics may be rebelled by cosmology. The usual 

prevalent approach fixes the Planck units as a 

delimiting. The inflation role for uniform 

development of the cosmos could be described 

through the entanglement of bosons with the 

property to occupy the same quantum state. The 

latter prevents random dominance. 

Life defines the temperature and pressure 

parameters to configure a thermodynamic, 

correlating structure and function for self-

integration into evolution, which seeks Darwinian 

adaptive differentiation. 

If projected into cosmology, vectorial kinetics 

could be the result of self-organizing principles or 

causality interconnection for a development 

chronology. Self-regulation could modify the 

dynamics of events, resulting in coupling of forces. 

The relativistic velocities the particles acquire 

impulse, which in order to decrease the lineal 

tendency of mass increase acquire angular 

momentum curving trajectory. Therefore favors the 

concept of the dynamics of vectorial kinetics. 

Thus, results in an event which provides 

feedback, modulating changes into a self-contained 

universe. Thus, causality integrates both action and 

reaction similarly to a biological feedback that 

contains information about the state of the system. 
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The expansion involves structure and function 

mechanism like a restriction of entropy within a 

self-contained universe. Hence, thermodynamics of 

transition states could function as a bottleneck to 

excitation states because of the fragility of an 

organic system, a manifestation of structure and 

function of thermodynamics solutions. 

Therefore, life had to develop a system that 

captures the energy of the sun at normalized 

temperature rather than depending on the effect of 

the sun‟s energy to vaporize water. Accordingly, the 

acquired function of photosynthesis depend of 

decomposition of water into oxygen released to air 

and releasing flux of electron into electron carriers, 

involved in reducing by H transfer oxaloacetate, 

which allows the formed malate to contribute to the 

capture of    , which is fed into the Calvin-Benson 

cycle.   

Blue light energy is sufficient for an electron to 

obtain the excited singlet state, but this one decays 

rapidly, by loss of some energy, to form a longer-

lived, first excited state. The energy of the red 

photon (680 nm = 1.82 eV) activates the 

Photosystem II (PSII). 

 The green light photons are not absorbed, but 

are reflected, because they could not take a valence 

electron to an excited state. 

Chlorophyll absorbs red light for an electron to 

occupy the first lowest and unoccupied molecular 

orbital of the next second lowest. Thus, the 

absorbed red light corresponds to the transition up 

to the first excited singlet state. 

Most chlorophyll are bound to antenna or 

reaction center proteins where they play light-

collecting roles, rapidly passing its excitation to one 

of the adjacent chlorophylls and interacts with a 

large number of chlorophylls during the 

fluorescence lifetime of about 5 nanoseconds [1]. 

Penrose and Hameroff [2] (they dubbed Orch-

OR: orchestrated objective reduction) have argued 

that consciousness is the result of quantum effects 

in microtubules [3] [4]. Max Tegmark [5] calculated 

that the time scale of neuron firing and excitations 

in microtubules is slower than decoherence time by 

a factor of at least      to allow free will 

implementation by      neurons in the bases of 

very large presence of microtubules. Biologically, 

free will (software) is 40% indirectly resulting from 

the neuronal DNA (hardware) programmed 

behavior. It has been proposed that the result from 

infants manifest a functional amygdala and 

hippocampus when they still have an under-

developed frontal brain. Emotional learning allows 

us to bypass genetic restrictions to obtain a self-

cognitive level, which links to family and society 

experience at the unconscious level [6]. 

In molecular terms the microtubules space 

polarity allows the spins associated to maintain a 

dimer state. The dissociation mechanism in the 

brain became manifest when arriving at the oral 

cavity and exhaled as vapor. At homeostatic 

temperature dimers lacking H-bond could still be 

attracted by the polarity of isomers in resonance 

states, which allows trap entropy. 

The light reactions occur in the chloroplast 

thylakoid membrane and involve the splitting of 

water into oxygen, protons and electrons. The 

protons and electrons are then transferred through 

the thylakoid membrane to create the energy storage 

molecules adenosine triphosphate (ATP) and 

nicotinomide–adenine dinucleotide phosphate 

(NADPH). The ATP and NADPH are then utilized 

by the enzymes of the Calvin–Benson cycle (the 

dark reactions), which convert     into 

carbohydrate in the chloroplast stroma [7]. 

Malate enters the chloroplasts and is oxidized 

and decarboxylated (loses    ) by malic enzymes. 

This yields high concentrations of carbon dioxide, 

which is fed into the Calvin-Benson cycle of the 

bundle sheath cells, and pyruvate, a three-carbon 

acid that is translocated back to the mesophyll cells. 

 

Results 

 

Chlorophyll fluorescence is light re-emitted by 

chlorophyll molecules during return from excited to 

non-excited states. Excited chlorophyll dissipates 

the absorbed light energy by driving photosynthesis 

(photochemical energy conversion), as heat in non-

photochemical quenching or by emission as 

fluorescence radiation [8]. 

This occurs when electron acceptors 

downstream of PSII have not yet passed their 

electrons to a subsequent electron carrier, so are 

unable to accept another electron.  

The excitation arrives at specific chlorophyll at 

the reaction center, its excitation energy the 

electron, denominated as the primary electron 

donor, involved in the first charge separation.  
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The excitation state leads to form a pair of 

oppositely charged radicals and the rapid electron 

transfer, out from the highly reducing anion radical 

into the highly oxidizing cation radical.  

The radiationless transitions include quantum 

tunneling for ultra-fast charge separation with 

decreasing temperature, with harmonics of 

vibrational relaxation occurring rapidly relative to 

electron transfer as its energy      . 

The excited state of P [9]  [10]  [11]  [12]  may 

represent collective nuclear motions of the 

pigments and their surroundings, by a pump-probe 

lasting in femtoseconds             .  

Under broad-band excitation it was possible to 

create electronic coherence between the two exciton 

states       and      [13]. The coherent motion of 

the exciton wave packet resulted in oscillations of 

the anisotropy with a frequency of 593      

(which is close to the exciton splitting) and damping 

constant of 35 fs.   

 

 
Figure 1: scheme for charge separation in photosynthetic reaction centers. A symmetry axis runs through the 

centrally leaded “special pair” of BChl molecules and the pigments are organized in two branches: A and B. This occurs only along 

the A branch. 

 

Light harvesting [14] was demonstrated under 

light saturation involving hundreds of chlorophylls 

to reduce one molecule of    .  
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Figure 2: A few chlorophylls constitute the primary photosynthetic reaction center (RC).  Most chlorophyll serves as light-harvesting 

antennae by capturing the sunlight and funneling electronic excitation toward the RC. An ensemble of an RC with associated light-

harvesting system constitutes the photosynthetic unit (PSU) up to 250 chlorophylls. 

 

A light harvesting antenna within several 

       , without including intermediate states 

could be calculated: 

 

         
   

     
⇒         

   
  

    
     

    
 

The generated oxygens are only from water. 

 

Fraunhofer single slit diffraction shows that 

the diffracted light manifests the presence of an 

angular momentum, allowing the light to converge 

into the space-time.  

The expression    
 

 
     corresponds to 

 

 
 

in where     it is understood to represent:  , the 

light wavelength since at shorter wavelength the 

higher energy. By narrowing the slit, the blue light 

responds in a photon train emerging with a 

dispersion angle those results in a wider band [15]. 

 
Figure 3: Quantum entanglement and photon coherence. A pair of entangled photons integrates the fields [16], 

maximizing the energy density, with a minimum total angular momentum, operating as a resonance box. Decoherence implies the 

release of entropy. 
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The orthogonal condition of the entangled 

photon fields [17]  [18]  allows an internal resonance 

between spins is unstable and hides a tendency for 

decoherence [19], and manifests a joint moment in a 

very small space:       . The uncertainty assay 

for two coherent photons results in a structure with 

resonance manifesting itself as a fluctuating 

relationship between electric vs. magnetic fields. 

Quantum entanglement allows Planck bosons 

[20] to emerge with the same quantum state, giving 

homogeneity and synchronization throughout the 

stages of force separation. The dissipative evolution 

of bosons manifests cause and effect properties 

operating as a space-time continuum. In which, the 

energy decreases in frequency in a coherent state 

that gives homogeneity and at a low entropy rate. 

The system is not chaotic but self-regulating. Thus, 

the entropy rate    [21] per time rate   , that is, 
  

  
 

for a self-regulating universe, it maintains a much 

slower rate than for a universe with many degrees of 

freedom [22]  [23]  [24]. 

The “two-photon” nature of the parametric 

down-conversion is due to the entanglement of the 

two photons. Two-photon coherence and two-

photon entanglement are interrelated concepts. 

Two-photon entanglement in a given degree of 

freedom implies two-photon coherence in the 

corresponding domain. Two-photon interference 

experiments allow two-photon entanglement [25]  

[26]  [27]. 

Werner Heisenberg's uncertainty principle [28] 

states that it is not possible to know position and 

moment with precision simultaneously:       
 

 
 

and neither can energy and time:       
 

 
. This 

principle can be applied to interference and 

quantum entanglement. 

For two entangled photons:       
  

 
  
 

 
, 

the    (uncertainty time) would decrease, which 

implies that for high frequency photons,    would 

be smaller and the location would decrease 

according to the expression: 
  

 
        

 

 
. 

In quantum entanglement each photon is close 

enough to apply the uncertainty principle as a whole 

[29]  [30]. This contraction of space-time imposes that 

the electric fields are arranged orthogonally, with 

the lower configuration of the energy and an 

increase in the density and mutually add their 

energetic fluidity. Thermodynamically the entangled 

system is subject to statistical parameters that force 

it to be decoherent by the flow from a higher to a 

lower density.  

The relationship between moment     and 

total angular momentum     [31]  [32] allows an 

alternative expression. Thus,    
  

 
 and    

    , where   is the angle in radians and   is a 

measure of the curvature or circumference of a 

circle, and therefore,        
 

  
. The latter shows 

the uncertainty between angular momentum     vs 

angular position    . 

The total angular momentum of the system of 

two entangled photons would be composed mainly 

by the sum of their spins           . 

Therefore              
 

  
         

  

 
   

 

  
. On the other hand, in a coherent photon system 

          
 

  
. This allows us to conclude that 

   
  

 
  , and therefore explains the space-time 

contraction of entangled photons [33]. 

The value of the total angular momentum of 

the system of two entangled photons would be less 

than that of a coherent photon. Therefore, due to 

the uncertainty principle, the dimension of the 

entanglement is less than the coherence. 

In the interference of two photons, the 

superposition allows locating the position, but due 

to the uncertainty principle, the moment of the 

system cannot be known. This may have 

implications for the quantum entanglement of two 

photons. The state of the entangled pair is precisely 

known but the individual quantum state of each one 

cannot be known simultaneously. Therefore, it 

produces a zone of probability and superposition 

for the electric field to operate, which gives it a 

dynamic or plasticity of energetic configuration. 

In the electromagnetic wave, the coherence 

time         is the time it takes to be considered 

coherent [34]  [35], which means that its phase (  

period) is predictable. Is calculated by dividing the 

coherence length (is the propagation distance over 

which a coherent wave maintains a specified degree 

of coherence.) by the phase velocity of light (is the 

rate at which the wave propagates in some 

medium), approach:   
 

  
 
  

   
. 
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Where   is the central wavelength of the 

source,    is the spectral width of the source in 

frequency units:   . 

A single mode fiber laser has a linewidth of a 

few kHz, corresponding to a coherence time of a 

few hundred microseconds. Hydrogen masers have 

a linewidth around 1 Hz, corresponding to a 

coherence time of one second. Their coherence 

length corresponds to the distance from the Earth 

to the Moon. 

For long distance transmission, the coherence 

time can be reduced by scattering, spreading and 

diffraction. 

Temporal coherence is the measure of the 

average correlation between the value of a wave and 

its delay by  , between two instants, and shows how 

monochromatic a source is. Thus, it characterizes 

how well a wave can interfere with itself at a 

different time. 

The coherence length      is defined as the 

distance the wave travels in time     . At a delay of 

      the degree of coherence is perfect, whereas 

it drops significantly as the delay phases:       .  

 

Photosystem II 

 

In densely packed structures the excited states 

of the pigments emissions are coupled via dipole-

dipole interactions.  

 
Figure 4: Polypeptide composition for electron transport carriers and light-driven photosynthetic 

electron transport reactions. From Mn to the secondary quinone electron acceptor (Q) in PS B II resulting in water oxidation 

by the Mn cluster at the donor side of PS II. [36] 

 

The strength of this coupling is one of the 

major factors that determine how fast the excitation 

moves through the assembly of coupled pigments. 

If the dipole-dipole coupling is very weak, say much 

weaker than the coupling of the excited state to its 

environment (electron-phonon coupling). 

A flux of electrons constitutes a non-polarized 

current, traversing a dipole oriented structure 

becomes polarized traveling to the structure 

maintaining alignment and conferring angular 

momentum. 
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Figure 5: Polarization fields aligning spins of the electron flow. Magnetic resistance on tunneling, an electric current 

flows easily, through the two magnetic configurations that lead to spins with the same sense and showing resistance when opposite spins 

senses result from differently oriented magnets. 

 

The electrogenic membrane potentials 

manifest selective effect on spins and decrease noise 

interferences. In chloroplast but more prominently 

clarifies signals transmission by ionic potentials 

fluctuation, allowing greater efficiency to neuronal 

circuits [37]  [38].  

 

Quantum coherence and photosynthetic light 

harvesting 

 

Dipolar couplings between localized excited 

states not only delocalize the excited state, also 

„coherences‟ are generated, meaning that products 

such as     
  have a value that may give rise to 

oscillatory dynamics, according to the initial 

excitation conditions. The adjusting stages manifest 

coherences. The excitation localization allows 

oscillations between pigment domains of about 

60fs. 

In an experiment at cryogenic temperatures [39] 

long-lived energy coherences up to 500 fs has been 

detected and were observed to occur among the 

exciton states of the FMO complex.  

In light-harvesting complexes of cryptophytes 

long-lived coherences in such a noisy environment 

could be observed at room temperature, suggesting 

a role of the structure and function of the protein 

allowing these coherences. Specific domains may 

relate to hydrophilic vs hydrophobic configuration 

for the excitation energy transport process and 

capture in the reaction center.  
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Figure 6: The coupling between light capture, electron flow, and photophosphorylation, which produce 

NADPH and ATP with their consumption by     assimilation (photosynthetic carbon reduction [PCR]) and photorespiration 

(photosynthetic carbon oxidation [PCO]) in a cell.  

 

The photosynthetic electron transport chain is 

represented in a thylakoid membrane, with electron 

flow from water through PSII, the cytochrome b/f 

complex (f), and PSI to NADPH, and proton flow 

into the lumen and out through the ATPase (CF1) 

to generate ATP [40]. 

The path for electron flow relates structure and 

function. Electrons can leave from PQH 2 via the 

plastoquinol oxidase (PTOX), which oxidizes 

plastoquinol and reduces oxygen to water. Some 

electrons can be exported from the chloroplast via 

the oxaloacetate (OAA) input in malate (Mal) and 

the dehydrogenation generating a NADPH cycle 

releasing NADP+. The mitochondrial function to 

relate aerobic respiration and acetate input into the 

Krebs cycle were separately studied [41]  [42]  [43]  [44]. 

The photons delivered to PSII reflect the 

relative amounts of chlorophyll associated with the 

two photosystems. State transitions can dissociate 

chlorophyll protein complexes from PSII, which 

may contribute to PSI, thereby enabling greater 

cyclic electron flow. The conductivity of the 

ATPase can be varied to alter the luminal pH 

relative to the rate of ATP synthesis, thus providing 

feedback via the qE quenching mechanism [45], 

which is activated by low pH in the lumen, reduces 

the effective efficiency of the antenna. 

 

The chloroplast coupling factor 1 (CF1) 

 

When attached to the membrane the 

chloroplast coupling factor (CF1) seems to undergo 

a high-energy-induced conformational change to 

operate photophosphorylation, without any 

detectable reversibility.  

The chloroplast‟s studies showing the vector of 

kinetic for CF`1 coupling as ATP synthase, but not 

showing any reversibility for photophosphorylation 

because only from uncoupling effect could be 

demonstrated the ATPase functions.  

Thus, under coupling conditions CF1 in the 

intact chloroplast was in apparent contradiction 

with the principle of microscopic reversibility. The 

impossibility to differentiate between hot- and cold-

molecules allowed a humorous description by 

Maxwell that the operators of a single door, capable 

of doing so, should be called demons.  

Figuratively, the principle describes that a 

single microscopic door allows transit in both 

senses, allowing only a closed thermodynamic 

system, which only allows changes by mass-action 

equilibrium. However, an irreversible open system 

does have vectorial kinetics as long as enthalpy 

input is continuous as light trapping by the 
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chloroplast and entropy generated is continuously 

dissipated. 

By bypassing the microscopic reversibility 

principle, illustrated as a single door, vectorial 

kinetics was demonstrated as possible by the 

assumption that it has to be two or more enzymatic 

coupled states (equivalent to an excess of two 

doors), which could allow these protein stages to 

operate vectorial kinetics. 

Hence, alone or associated a search for a 

mechanism able to operate [46] like to or more 

interlock transition state lead to hypothesis of 

conformational changes described are operating 

when one domain is hydrophilic and the other turns 

to become hydrophobic, generalized like two 

inversely linked doors, mutually exclusive, one to be 

open when the other is closed. 

Vectorial kinetics is conferred by proline-

dependent polypeptide folding dynamics. The H-

bonds could be regarded as doors, when open 

attracts water clusters to the segment containing 

negative R groups capable of coordinating      

(first door). 

This hydrophilic configuration has to be 

mutually exclusive by H-bonds breakdown (a 

second door) to reconfigure a hydrophobic 

structure of positive R groups to attract negatively 

charged molecules like       and inorganic 

phosphate to result in the endergonic product: 

ATP, which could not be liberated from a 

hydrophobic close environment, which allows water 

cluster to function by H-bond breakdown of 

intermediate conformational changes, for vectorial 

decrease in the energy input from other sources. 

The hydrophilic action of the very larger mass 

action of water clusters pulls the reaction far away 

from any tendency to equilibrium, and therefore, 

the steps tend to operate as irreversible kinetic, and 

the thermodynamics of photosynthesis will operate 

as an open system. Turnover requires the mass-

action of a water cluster for additional H-bond 

breakdown, reconfiguring an obligatory      site 

in CF1 characterizing the hydrophilic state.  

These are transitions thermodynamically 

coupled between an exergonic reaction couples to 

drive the endergonic, sliding event by the H-bonds 

breaking of the binding folding dissipative heat 

release. 

The directionality would be given by mutual 

exclusion and this complementarity would be the 

conformational change of the protein, dependent 

on a breakdown of a small ratio of H-bonds of the 

total potential of the water cluster [47]  [48]  [49]. A 

subsequent event depends on the exergonic uphill 

event of H-bond breakdown to recreate the 

hydrophilic domain (3th door). However, this step 

has the large contribution to the enthalpy of the 

system by a natural coupling to the high H-bond 

mass action of water clusters at molar level. The 

system operates with the remaining H-bonds within 

the water cluster. This is rather not detectable since 

at the test tube reactants and products are at  molar 

level.  However, the water cluster involves the 

solvation energy of encompassing saturation 

surroundings [50]  [51]  [52]  [53]. 

Experimentally the solvation tendency was 

measured on the activity shown by the heat 

activated-ATPase, determined from its maximal 

value assayed as basal with glycerol addition at 0% 

only in the presence of water clusters. The curve 

obtained by decreasing enzyme activity to zero is 

reached by adding glycerol to reach 8% 

concentration into the mixture [54]  [55]  [56]  [57]. 

Additionally, under uncoupling conditions with 

cysteine-    in the reaction mixture it was possible 

to recognize a light-triggered ATPase. The earliest 

change of this kind described light-induced change, 

which permits sulfhydryl reagents to interact with 

the coupling factor and render it reversible and 

active a latent ATPase and ATP-Pi exchange 

reactions and markedly changes its affinity for GTP. 
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Figure 7: Light-triggered ATPase.      : continuous light;    : light turned off after 5.25 min;    : light 

turned off after 8.50min;    : light turned off after 12.25 min;    : dark. Each reaction mixture contained, in a total 

volume of 6.0 ml, in     : Tris-HCl (pH7·8), 90; potassium phosphate (pH 7.8), 24; phenazine methosulphate, 0.2; potassium 

ascorbate, 60;      , 6;      , 3; Uncoupler cysteine-HCl (pH 7.8), 500; [   
  ]   , 1.3 (containing         

counts/min), and once washed chloroplasts containing      of chlorophyll.  

 

Only the nucleoside triphosphates were 

hydrolyzed in the light. Considerable hydrolysis was 

observed in the dark. The light-triggered ATPase 

can also hydrolyze ATP, GTP and ITP. 

But not any of the nucleoside diphosphates 

tried. It also reports the higher dark inorganic 

phosphate release that can be observed under the 

reaction conditions for the light-triggered ATPase. 

In the presence of uncoupling conditions with 

      in the reaction mixture was shown a light-

dependent change of CF1 in ATPase. Also changes 

affinity for substrate and inhibitor.  

The affinity of photophosphorylation for ADP 

and GDP was found to be similar under conditions 

optimal for photophosphorylation, but very 

different under conditions optimal for the light-

requiring ATPases. 

The affinity of the light-requiring ATPases for 

ADP and GDP as competitive inhibitors was found 

to be identical to the affinity of 

photophosphorylation for the compounds under 

the same experimental conditions. 

 

Assay procedure for both ATPases: 

Fractions of 0.5 ml each were removed at the 

indicated times into 0.05 ml of 30% trichloroacetic 

acid for assay as previously described6. The 

[   
  ]    was prepared as previously described. 

Light intensity 100,000 lux; temperature     [58]  

[59].  
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Figure 8: Light-dependent ATPase. .      : continuous light;    : light turned off after 4 min;    : light 

turned off after 7.50min;    : light turned off after 12.00 min;    : dark. Each reaction mixture contained, in a total 

volume of 6.0 ml, in     : Tris-HCl (pH7·8), 90; potassium phosphate (pH 7.8), 24; phenazine methosulphate, 0.2; potassium 

ascorbate, 60;      , (uncoupler) 6; [   
  ]   , 1.3 (containing       counts/min) and once washed chloroplasts containing 

     chlorophyll.  

 

All tables used the same buffer: Each reaction 

mixture contained in a total volume of 3.0 ml, 

additions in     . The reaction was terminated 

The inorganic phosphate released was assayed by 

the method of Ernster et al. Reaction time 20 min; 

temperature 20°; light intensity 100,000 lux. 

 

Table 1: Light-dependent ATPase. Substrate specificity was assayed. Tris-HCl (pH 7.8), 75     ; potassium phosphate 

(pH 7.8), 12     ; phenazine methosulphate, 0.1     ; potassium ascorbate (pH 7.8), 30     ;      , 3     ; 

nucleotide, 0.6     ; and once-washed chloroplast fragments containing 121  g of chlorophyll.  

 

Substrate 

Inorganic phosphate released 

              

Light-dark Dark 

ATP 2.83 1.17 

GTP 1.88 0.30 

ITP 1.28 0.30 

ADP 0.00 0.52 

GDP 0.10 0.60 

CDP 0.00 0.45 

UDP 0.10 0.55 

 

Table 2: Light-triggered ATPase. Substrate specificity was assayed. Tris-HC1 (pH 7.8), 45     ; potassium phosphate 

(pH 7.8), 12     ; phenazine metasulphate, 0.1     ; potassium ascorbate, 30     ;      , 3     ;      , 1.5 
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    ; cysteine-    (pH 7.8), 250     ; nucleotide as indicated, 0.6     ; and once-washed chloroplast fragments containing 

121  g chlorophyll.  

 

Substrate 

Inorganic phosphate released 

              

Light-dark Dark 

ATP 2.9 3.2 

GTP 1.1 0.0 

ITP 0.65 1.2 

ADP 0.0 3.0 

GDP 0.0 0.75 

CDP 0.0 0.50 

UDP 0.0 1.57 

 

The wide specificity for nucleoside 

triphosphates as substrates of the light-requiring 

ATPase of chloroplasts (Tables I and II) are similar 

to the wide specificity previously reported for other 

ATPase preparations. 

 

Table 3: Determination of apparent constants.   ,    and   in light-dependent, light-triggered ATPases and 

photophosphorylation were assayed. 

 

Reaction Optimal conditions for 
Kinetics 

constants 

           

    

          
       

Photophosphorylation 

 

Photophosphorylation 

 

ADP 6 - 700 

GDP 7 - 400 

Light-dependent ATPase 
ADP 4 - 18 

GDP 50 - 14 

Light-triggered ATPase  
ADP 4 - 500 

GDP 100 - 600 

Light-dependent ATPase Light-dependent ATPase 

ATP 4 - 25 

ADP - 3 - 

GDP - 50 - 

Light-triggered ATPase Light-triggered ATPase  

ATP 9 - 15 

ADP - 4 - 

GDP - 100 - 

 

The wide specificity of the light-requiring 

ATPase to inhibition by nucleoside diphosphates is 

reported. The affinity for ADP and GDP as 

inhibitors of the light-requiring ATPases was found 

to be identical to the affinity for the same 

compounds as phosphate acceptors for 

photophosphorylation under the same experimental 

conditions. 

The requirement for the coupling factor in the 

restoration by uncoupling of the activity of the 

light-requiring ATPases indicates that the site of 

action of the coupling factor must be located within 

that part of the energy-transport chain. Therefore, is 

common to both photophosphorylation and the 

light-requiring ATPases. The small, but significant 

and repeatable dark ATPase activity of the coupling 

factor by itself, may indicate a potential masked 

ATPase activity, in a fashion analogous to the 

ATPase activity of some of the coupling factors 

isolated from mitochondria. 
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Table 4: Reactivation of photophosphorylation and light-requiring ATPases by addition of an isolated 

coupling factor (CF1). Recombination was performed by pre-incubation for 20 min at    of EDTA fragments containing 

     chlorophyll with the coupling-factor supernatant (     of protein obtained from chloroplast fragments containing      

chlorophyll) and 6 mM MgCl2 or CaCl2 for the light-triggered or light-dependent ATPases, respectively. Chloroplast fragments 

containing      of chlorophyll and coupling factor containing      protein were used in each reaction mixture, where indicated. 

Reaction time 10min; light intensity 100,000lux; temperature    . 

 

Additions 

reaction mixture 

for the 

respective assays 

Photophosphorylation  
Light-dependent ATPase  

[   
  ]    hydrolysed  

Light-triggered ATPase  

[   
  ]    hydrolysed 

ATP 

synthesized 

     

            

Original 

% 

Light-dark 

     

           

% 

Dark 

     

           

Light-dark 

     

           

% 

Dark 

     

           

Intact fragments 512 100 3.50 100 0.26 2.12 100 0.57 

EDTA extracted 

fragments (E) 
0 0 0.03 1 0.03 0.01 0 0.16 

Recovered 

function  

E plus CF1 

40 8 0.27 8 0.10 0.19 9 0.20 

Coupling factor 

(CF1) 
- - 0.00 [*] 0 0.03 [*] 0.00 0 0.05 

[*] Expressed as      per 1.5mg coupling factor protein per h. 

 

 
Figure 9: Purification of latent ATPase (CF1) on DEAE-Sephadex chromatography column. About 190 

mg of CF1 extracted from chloroplasts, containing about 1,000 units of latent ATPase were fractionated on DEAE-Sephadex. To 

the fractions, ATP was added to a final concentration of 2 mM (in order to protect the active center and prevent the denaturation), 

and solid ammonium sulfate was added to yield a 2 M solution. On elution an inactive protein was obtained and reactivated on 

storage in 2.0 M ammonium sulfate containing 2 mM ATP stored at   . After 24 hours aliquots of the suspension were 

centrifuged, and the precipitate was dissolved in 5 mM Tris-Cl, pH 8.0, and assayed for protein (spectrophotometrically) and treated 

to manifest ATPase activity before and after trypsin treatment. 
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All of the reported findings strongly support 

the coupling factor CF1 that has latent both of the 

high light-requiring ATPases. Activities found in 

isolated chloroplasts involved a single protein as 

shown by the purified protein CF1, when treated 

with trypsin revealed that has activated a latent 

ATPase function. Accordingly, CF1 is the only 

responsible for the terminal step of ATP formation 

during the activity of the photophosphorylation 

system. 

It was shown with tritium-labeled CF1 that a 

divalent cation such as      or      was required 

for the binding of the protein to the chloroplast 

membrane. 

Treatment of tritium-labeled acetyl-CF1 with 

trypsin or heat activated a     -dependent 

ATPase. However, this procedure abolished the 

capacity of CF1 to combine with resolved 

chloroplast particles.  

On extraction of chloroplasts with solvents, 

two fractions, one a soluble protein CF1 and one 

insoluble membrane fragment, were separated. Both 

fractions by mixing and storing were able at a 

posterior step to reconstitute particles, which were 

able to manifest allotopic properties. 

 

Discussion 

 

The Big-Bang allows characterizing the 

expansion with the fundamental property of bosons 

quantum entanglement, because they occupy the 

same quantum state.  

The bosons do not respond to the Pauli 

exclusion‟s principle, which allows these maximal 

nodes of energy. Thus, in opposition to the 

fermions allowed localizing into singular multi-

levels of energy. Thus, separating the continuum of 

causality and the entanglement, could define 

quantum parameters of chemical bonding 

configurations for atoms and molecular structures.  

After the dark ages, the surging stars emit not 

only thermal photons, which lack response to 

gravity, but also the ones produced by internal 

nuclear hydrogen fusion into helium and radiated 

from the star‟s surface, which does respond to 

gravity, the star‟s mass is dissipated by radiation. 

Prigogine modeled life as an open system 

capable of decreasing entropy. However, his model 

was not dissipative but based on a tendency for 

mass action equilibrium between enthalpy and 

entropy. The current model postulates that enthalpy 

has to separate from entropy, which requires 

enthalpy intake and entropy release from the 

system, in order to maintain the open system, 

functioning at a high dissipative potential the 

enthalpy entering the system, which implicates 

differentiating thermodynamics by structure and 

function differential pathways. 

Common knowledge describes a 

thermodynamics system as open to the sun and 

integrated to life dependent on     [60]. The 

confluence of requirements should be evident in 

terms that the sun evaporates water clusters: 

       by separating the molecules integrated in 

the complex and day-cycle allows the cooling for 

the vapor condensing as rain and returning 

spontaneously to the water cluster state. 

The state of coordinative linked H-bonds 

became a reactant with negative and amphoteric His 

R groups to coordinate Me2+, associated to a 

domain configuring a hydrophilic state to a protein. 

Mutual exclusion by H-bonds breakdown leads to a 

reconfiguration. The presence of the proline in the 

polypeptide chains [61] allows folding and 

displacement to create a competitive for amphoteric 

R groups and complemented by positive R groups 

domain to create attraction for negative molecules, 

like          ,      , etc., which configures a 

hydrophobic or less polar state. Turnover from 

hydrophilic to hydrophobic state is a repetitive 

circular sense.  

Thus, increasing rotational and vibrational 

kinetic activity, on the separated individual H2O 

molecules, but maintaining a liquid coherence, 

during circulation within astrocytes until the lower 

pressure at the vomeronasal organ (VNO) [62]  [63] 

allows phase conversion to vapor, equivalent to 

entropy dissipation. The summation of the energy 

generated by metabolites and H-bond consumption 

allows the brain thermodynamics to support high 

ratios between metabolite concentrations and the 

electrogenic action potential in the dissipative states, 

within an open system. 

The dissipative thermogenic H-bonds 

breakdown within water cluster configures a 

randomness increment when coupled to the 

proline-dependent folding of a polypeptide, but 

under experimental conditions the potential of an 

irreversible process would be undetectable because 

the protein concentrations could be    whereas the 



15 

 

mass-action of environmental water cluster would 

be several millions higher. 

Malate enters the chloroplasts and is oxidized 

and decarboxylated (loses    ) by malic enzymes. 

This yields high concentrations of carbon dioxide, 

which is fed into the Calvin-Benson cycle of the 

bundle sheath cells, and pyruvate, a three-carbon 

acid that is translocated back to the mesophyll cells. 

 

Conclusions  

 

Solar energy has through the water states of 

aggregation the manifestation of life on earth. 

Photosynthesis sustains virtually all life on 

planet Earth providing the oxygen we breathe and 

the food we eat; it forms the basis of global food 

chains and meets the majority of humankind's 

current energy needs through fossilized 

photosynthetic fuels. The process of photosynthesis 

in plants is based on two reactions that are carried 

out by separate parts of the chloroplast.  

The hydration shells could sequence an 

enhanced Ea into several peaks, to sequentially 

activate transition states. Hence, changes in dipole 

state, sliding, pKa, n-H-bonds, etc., could become 

concatenated for vectoriality. (H2O)n by the loss of 

H-bonds coupled with the hydration turnover of 

proteins and ions to result in incomplete water 

cluster (H2O)n*, with a lower-n. (H2O)n* became a 

carrier of heat/entropy. 

The dissipative potential of water clusters 

(H2O)n interacts with the hydrophilic vs 

hydrophobic asymmetries to restrict randomness of 

the kinetic sense implicated in a single peak for 

activation energy (Ea).  

The cycle of water from vapor to rain also 

couples with photosynthesis a process that releases 

the oxygen from water and hydrogen appears in the 

oxidation-reduction NADPH carrier cycles which 

reduce oxaloacetate to malate allowing to 

incorporate     into the Calvin‟s cycle, or 

photosynthetic carbon reduction (PCR) cycle, of 

photosynthesis are the chemical reactions that 

convert carbon dioxide and hydrogen-carrier 

compounds into glucose. 

The agricultural yield dependence of 

photophosphorylation could be optimized by 

addition of      and decreasing      and other 

uncouplers or inhibitors. Hydroponics crops 

efficiency as well in terrains could be improved by 

addition of   phosphate as buffer to obtain the 

desired pH for every vegetable. This irrigation water 

could be used for desalination of desert spots 

creating mini-fields optimal for the specific water 

needs of each crop.  

Poor nations may replace the urea by using 

      or even better by        as fertilizers. 

Seawater desalination process if implies to 

expensive production plants should be imported 

from other countries under the specification that 

would be used for agriculture purposes. That could 

reduce the costs by the additions, which will dilute 

residual salinity by introducing ammonium to form 

     . 

The phenazine metasulfate used to potentiate 

photophosphorylation in spinach chloroplast to 

maximize ATP yields will require specific studies for 

each crop.  

The production of artificial light at night could 

add significant farming yields, especially at Polar 

Regions with not adequate sunlight. 

Transmitted letter to NASA describes the 

generation of light from scintillation mixtures 

covering the radioisotopes Sr-89 half-life 90 days 

and Sr-90 half-life 30 years [64]. Thereafter the 

emission of light received by photovoltaic cells to 

produce electricity resulted in additional 

publications [65]  [66]  [67]. The beta (electron) 

disintegration by Sr-89 produces photon emission 

by scintillators crystals and therefore a secure 

shielding. Therefore both radioisotopes provide 

efficient beta-scintillator batteries, but the Sr-90 is 

adaptable to Mars colonization purposes. 
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