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Abscisic acid (ABA) is a biologically active 

substance that takes part in the various biochemical 

and physiological processes in the plants. There is 

currently limited knowledge about how these bio-

chemical and physiological processes are triggered 

and regulated by ABA. Dozens of receptors have 

been described for ABA signaling but there is no 

any information why does ABA have so many re-

ceptors and how they act at the molecular levels. In 

this connection I would like to stress that not all 

cell proteins conjugated with ABA necessarily can 

be represented as hormone-receptors complexes. In 

this paper I proposed that physiological processes 

in plants are performed at molecular level by ele-

mentary chemical reactions (redox reactions) that 

trigger the cascade of subsequent reactions and that 

can be caused by various chemical and physical 

factors. Gene keys (fragments of polynucleotides, 

non-protein receptors) and gene locks (start frag-

ment of genes) are also described.  

Keywords: abscisic acid, free radicals, recep-

tors, gene keys, gene locks.  

 

Abscisic acid as final product from de-

struction of carotene. ABA is a biologically active 

substance (BAS) that was discovered during the 

1960s [1–3]. Currently a large body of evidence 

indicates that ABA takes part in the various bio-

chemical and physiological processes, including 

seed development and germination, seedling 

growth, stomatal movement, and abiotic stresses, 

such as drought, high salinity, chilling, and patho-

gen [4–7]. Also ABA is considered an essential 

factor in the adaptive response of plants to abiotic 

stress and is termed a “stress hormone” [8].  

The most studied way of ABA formation in 

the plants during stress action is the cleavage of 

carotenoids [9]. Analyzing the contradictory litera-

ture data of ABA biology in plants and my experi-

mental data I came to the conclusion that ABA is 

the final stable product of the decomposition of ca-

rotene molecules during neutralization of increased 

amount of free radicals, i.e. during conditions of 

oxidative stress [10–11].   

A number of data indicate that abiotic and 

biotic stresses are accompanied by activation of 

oxidative processes [12–14]. The functioning of 

ABA in the plantae and the oxidative processes are 

interrelated. For instance, it has been shown that 

ROS are required for ABA signal transduction in 

guard cells [15–16]. At the same time ABA is in-

volved in the ROS production [17]. 

Why does ABA have so many receptors? 

There is currently limited knowledge about how 

these biochemical and physiological processes are 

triggered and regulated by ABA. It is believed that 

molecular mechanisms of ABA action both in the 

regulation of stomata aperture and growth 

processes are due to the presence of receptors [18]. 

The structures that are proposed as ABA receptors 

in the plantae are summarized in table. 

From analysis of the data outlined above and 

in the table, the question arises: "Why does ABA 

have so many receptors?" Especially since the 

number of which is constantly increasing. Compli-

cating and confusing the problem is evidence that 

other plant growth regulators, such as auxin, cyto-

kinin, ethylene, brassinosteroids, jasmones and sa-

licylic acid can also regulate the stomata aperture 

[29] with the involvement of their own receptors.  

Thus, in the context of the foregoing, I came 

to the conclusion that ABA does not have a unique 

function in regulating the stomata aperture or other 

biochemical reactions. Based on the analysis of the 

literature data and my experimental data [30], I 

suggested possible mechanism of ABA action in 

plantae in vivo (Fig. 1). 

What was disregarded in the receptor 

theory? In accordance with postulates of receptor 

theory [31] DNA or RNA primers do not partici-

pate in transcription and replication processes of 

DNA. This is in contradiction with experimental 

evidences. Experiments in vitro indicate that both 

DNA transcription and DNA replication do not 

require protein receptor complexes but instead the 

short fragments of nucleic acids, called pri-

mers [32, 33].  

And, what is especially important, A and T 
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nucleotides must necessarily be present at both ends 

in these primers, whereas the G and C nucleotides 

at first glance it appears to be chaotic positioned. 

In vivo experiments lead to a logical conclusion: 

RNA polymerase on the way to the chromosome 

acquires a certain, not a "random" primer, which 

not only "recognizes" the desired gene, but it also 

initiates the nucleic acid chain synthesis on the 

DNA template. 

 

Table. Summary of the structures that are proposed as ABA receptors  

Receptors Plants References 

ABAR/CHLH Arabidopsis [19] 

GCR1 (GPA1, AGB1) Arabidopsis [20] 

GCR2 Arabidopsis [21] 

RCARs (14 members) Arabidopsis [22] 

PP2Cs (80 members) Arabidopsis [23] 

SnRKs (38 members) Arabidopsis [24] 

START Arabidopsis [25] 

PP2Cs (90 members) Rice [26] 

HbPYL (14 members) Rubber tree [27] 

PYR/PYL/RCAR (14 receptors) Tomato [28] 

 

 

 
Fig. 1. Proposed pathways for oxidation-reduction and chemical action of ABA in the living systems. All these 

biochemical actions also will depend on the endogenous level of ABA. Each transformed form of ABA can affect the 

wide variety biochemical reactions and physiological processes, including the structure and function of membranes, 

activities of enzymes, activities of antioxidative systems, gene expression (by liberation of gene keys), growth stimula-

tion or inhibition and death of plants. 
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An important message from in vitro experi-

ments follows: For the initiation of the nucleic acid 

synthesis on the DNA matrix of other nucleic acids, 

not only short fragment of DNA but also micro-

RNA (miRNA), not always as unique nucleotide 

composition, but with mandatory presence of A and 

T nucleotides can be used as a primer. Unique in-

formation also follows from the molecular biology 

method of the polymerase chain reaction (PCR): 

DNA primers are required for the reaction to occur, 

in which A and T nucleotides are necessarily 

present [33]. 

ABA can really initiate transcription: but 

how? Earlier I proposed that within the promoter of 

the gene (or in the cluster of genes) is a spatial 

structure named as a gene lock [34, 35]. If there is a 

gene lock there must be a gene key to it. The base 

component of the gene lock are TA (or TATA box) 

nucleotide pairs. These structures are disposed at 

both ends of the DNA strand. The gene key can be 

presented in vivo by single-stranded DNA that also 

has at least two TA nucleotide pairs. Meanwhile, a 

gene key may present well known the DNA frag-

ment in the PCR analysis named “a primer”. The 

length of both the gene lock and the gene key is 

diverse in different genes (clusters). Ideally only 

the GC nucleotide pairs should be disposed be-

tween two TA terminal nucleotide pairs in the DNA 

chain (in the key and the lock). Unfortunately it is 

not known whether the primer (termed as a receptor 

or a gene key) is first joined to a gene lock (also 

termed a gene code) of the gene within the chromo-

some, or it is first joined to RNA (or DNA) poly-

merase and subsequently to the gene lock. Thus, 

each gene (or a cluster) is uniquely labeled. The TA 

nucleotide pairs from the gene key can form a hy-

drogen bond with one of the DNA strands. The 

bond is formed between O(C2) of thymine within 

the gene lock and H(C6) of adenine within the gene 

key (Fig. 2).  

 
Fig. 2. The mechanism of a gene key (a receptor) anchoring to a gene lock (a promoter of a gene). Such mechan-

ism allows the RNA polymerase to find the desired gene and to start the process of transcription. 
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It should be noted that the gene keys may be 

synthesized preliminary and are reserved within the 

membranes or other cellular compartments, and 

they are liberated when this structure are damaged 

for instance by free radicals (Fig. 3). After the con-

jugation of RNA (or DNA) polymerase with the 

gene key this complex seeks the needed gene and 

the transcription process will be started. Mean-

while, by the absence of the gene key one may ex-

plain “the sleepy state” of hundreds or thousands of 

RNA polymerases in the cell. Another possibility 

exists when DNA within the promoter is separated 

under changing in salt concentration into the nuc-

leus during oxidative stress action. This can be 

possible when the promoter is abolished by A-T 

nucleotide pairs. In this case RNA polymerase 

works without any gene key. 

Hence, the proposed non-protein structures 

can effectively function as valid receptors. By syn-

theses different receptors one will be possible to 

initiate RNA synthesis from the genes/clusters 

in vivo. Another way also exists: to study the struc-

tures of the gene lock of genes/clusters and on their 

bases to synthesize the gene key (receptors). 

The ongoing transcription processes during 

the stress response can be enhanced, for example 

transcription of RNA to synthesize antioxidant sub-

stances, or novel transcription processes of genes 

can be initiated. The newly initiated transcription 

processes may not depend on the ABA receptors. 

 

Conclusions 

In conclusion, I would like to stress that enti-

ties are not to be multiplied without necessity, be-

cause the unreal number of receptors, in the long 

run will discredit the theory of receptors. Not all 

cell proteins conjugated with ABA, necessarily can 

be represented as hormone-receptors complex. 

 

 
Fig. 3. The mechanism of a gene key (a receptor) anchoring to a gene lock (a promoter of a gene). The interac-

tion between the gene key and the gene lock leads to separation of DNA strands and contributes to the so-called “open 

complex” formation with the gene lock 2. 
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ПРО ПРИРОДУ НЕБІЛКОВИХ РЕЦЕПТОРІВ З КОНЦЕПТУАЛЬНОЇ ТОЧКИ ЗОРУ. ПАРАДИГМА 

ДЛЯ АБСЦИЗОВОЇ КИСЛОТИ 

Абсцизова кислота (АБК) – біологічно активна сполука, яка бере участь у різних біохімічних і фізіологічних 

процесах рослин. Дані про те, як АБК запускає і регулює ці біохімічні і фізіологічні процеси на сьогодні обме-

жені. Десятки рецепторів описано для сигналізації АБК, проте інформація, чому так багато рецепторів існує і як 

вони діють на молекулярному рівні, відсутня. Тому, всі сполучені з АБК білки можуть бути гормон-

рецепторними комплексами. У цій статті подано інформацію про те, що фізіологічні процеси у рослинах на мо-

лекулярному рівні, здійснюючись як елементарні хімічні реакціії (редокс реакції), запускають каскади наступ-

них реакцій, котрі також можуть запускатись різними хімічними і фізичними факторами. Генні ключі (фрагме-

нти полінуклеотидів, небілкові рецептори) і генні замки (стартові фрагменти генів) також описано. 

Ключові слова: абсцизова кислота, вільні радикали, рецептори, генні ключі, генні замки. 
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