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Case Report

Abstract
The association of medicinal plants and their therapeutic action is an 
interested subject which reflects the close relation of genomics and 
proteomics and DNA sequences among different biological systems. 
Since the early ancient era, human health and therapy has been 
supported by plants through the action of certain phyto chemical 
molecules. Some of these phyto chemical share their therapeutic 
action in both plants and human, including salicylic acid. In this 
respect, do humans and plants DNAs crosstalk to induce therapy 
through their molecular recognition between receptors and phyto 
chemical? If so, biotechnology and bioinformatics are significant 
potential techniques in the drug development.

Introduction 
All living things share the same mode of biological activities 
through different cascade pathways. These pathways are fully 
controlled and managed by certain enzymes to maintain and 
regulate normal catabolism and anabolism in human and plants. 
The molecular composition of human and plant’s genome and 
their expressed proteins reflect the similarity in both metabolism 
and biosynthesis. Therefore, both types of genomes have a similar 
role in over riding the dynamic biological process. Regardless 
the complexity of biological activities in human and plants, the 
molecular interactions between different molecules within or cross 
biological systems must consider molecular recognition concept. 

Molecular recognition is a fundamental concept of how molecules 
communicate in harmony with their cohorts in complex 
microenvironments through non covalent bonding. Although a 
number of covalent drugs exhibit high potency, others exert toxic 
risks, due to the formation of reactive metabolites and idiosyncratic 
toxicities [1-4]. Nonetheless, understanding the genetic perspective 
of active phyto chemical biosynthesis and their corresponding 
pharmacological activities may contribute to a better strategy for 
designing safer and perhaps nontoxic drugs. 

Various active photo chemicals are recognized by specific 
receptors in humans to initiate therapeutic changes. In this 
respect, inflammation is a group of gene-associated diseases which 
are caused by various extrinsic and intrinsic cellular molecular 
abnormalities. Defected gene(s) impacts on the expression of 
cellular proteins causing alteration of normal cell. The most 
common anti inflammatory drugs are aspirin, or acetylsalicylic 

acid, ibuprofen and naproxen (Figure 1). These drugs inhibit the 
biosynthesis of prostaglandins and thromboxanes, leading to anti-
inflammation, analgesic and antipyretic effects. These drugs are 
classified as non steroidal anti-inflammatory drugs (NSAIDs). In 
plants, the precursor of acerylsalicylic acid (Figure 1), or salicylic 
acid (Figure 3) trigger different biological functions, mainly in 
plant’s immune system when plants exposed to biotic (microbial) 
or abiotic (environmental) stresses [5-8]. It is interestingly, that 
using acetylsalicylic acid [1] induced therapeutic effects against 
tobacco mosaic virus in tobacco plant [9]. Furthermore, salicylic 
acid trigger thermal production in Arum lilies plants [10]. Per se, 
the anti-inflammatory activities of salicylic acid (Figure 3) may 
be genetically associated with its biological function in plants. 
Therefore, the aim of the current article is to raise a question 
whether humans and plants genome crosstalk to initiate therapy 
through the pharmacological activities of potent phyto chemicals. 

Figure 1: Chemical structure of common anti-inflam-
matory drugs 
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Molecular Recognition
The intermolecular interaction between two molecules is often 
forming a complex molecule that can act as a prerequisite for 
induction of a biological function. This complex is characterized 
by thermodynamic and kinetic stability and selectivity, with 
optimum energy that allow exerting pharmacological function. 
In order to achieve effective level of recognition it is desirable 
that both molecules are in contact over a large area to establish 
the required non covalent bonding. In addition, the concept 
of molecular recognition helps understanding the mechanism 
of pharmacological process in terms of therapeutic or toxicity 
perspectives [11]. 

Molecular recognition involves two molecules to be compatible 
with each other in their structural conformations. The molecular 
recognition involves molecular interactions via a number of non 
covalent bonds such as hydrogen bonding, ionic, hydrophobic and 
Vander Waals interactions. These interactions not only maintain 
the dynamic recognition process between ligands and receptors 
in the biological system, but they are crucial for sustaining the 
conformational structure of macromolecules, including mainly 
proteins and nucleic acids. In living biological system specific 
photochemical molecules are recognized by their corresponding 
macromolecules causing the initiation of signaling, promotion and 
progression of blocking cascade pathways (Figure 2). This starts 
with signaling which is initiated through the molecular recognition 
of biologically active phyto molecules to fits binding site of the 
receptor, causing promotion of blocking of the interaction of the 
substrates with their corresponding enzyme cascade. An example 
for this concept is blocking the anadamide-degrading membrane 
enzymes fatty acid amide hydrolase by NSAID drug via promoting 
endocannabinoid signaling [12].

Therefore, understanding the genetic and molecular recognition 
points of view may lead to better insight to the relationship between 
specific photo chemicals and their pharmacological action in 
human microenvironment. Furthermore, understanding of genetic 
setting may explain the manner in which how molecules interact 
with each other. 

Phyto chemical and Macromolecule
In order to exploit the concept of molecular recognition in drug 
development, we may be considered a couple of simple phyto 
molecules, as examples. The most common simple phenolic drugs 
are salicylic acid (Figure 3) and its acetyl derivative, acetylsalicylic 
acid (Figure 1). These drugs can be recognized stero specifically 
by inflammatory proteins such as COX-2 and NF-κB [13-16]. 
This biocompatibility raises a question how the biosynthesis of a 
phyto molecule is set up to exert its therapeutic effect in different 
microenvironments. Is it coincidence or a result of a precise 
genetic engineering setting for some molecules to be recognized 
by different biological system? In addition, why does the human 
biological system preferentially utilize salicylic acid while β–D-
salicin (Figure 3) must be converted to salicyl alcohol then to 
salicylic acid (Figure3) to exert it pharmacological function? Both 
salicylic acid and β–D-salicin (Figure 3) are good examples in 
this concept, as both phyto chemicals exert biological functions in 
humans and plants [17-21].

Owing to the random nature of macromolecules recognition to 
phyto molecules, this may generate an expression on how molecules 
communicate with each other to produce specific function. 
However, the random interaction may not be suitable in a complex 
dynamic biological system, and thus may result in errors. Therefore, 
it seems most likely that a genetic match may occur between 
specific phyto biosynthetic and therapeutic biological activities 
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Figure 2: Steps of molecular recognition and block-
ing promotion and progression of cascade pathway.
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to restore clinical problems. The diversity of herbal medication 
according to type of plant has been known since the Doctrine of 
Signatures [22], a philosophy that rationalizes the relation between 
how a plant looked, God’s signature, and how it may be utilized 
to treat ill health [23]. In addition, the close proximity between 
plants and humans may encourage genetic co evolution that 
drives compatibility between the biosynthesis of phyto molecules 
and their pharmacological functions. In both cases, different 
ecological factors may contribute to the genetic setting at certain 
point since the creation of the earth. Meanwhile, the factors that 
cause infectious and noninfectious diseases are still present to this 
day. This means that the physiology of living things must follow 
the same rules of physiological compatibility. In addition, various 
plants synthesize both salicylic acid and β-D-salicin (Figure 3). 
The anti inflammatory benefit of willow, for example, has been well 
recognized since ancient civilizations [18]. The medicinal virtue of 
this tree encouraged the discovery of aspirin late 19th century.

The factors that contribute to health and disease often relate to 
a balance between the benefit of phyto chemicals and diseases. 
Therefore, physiological compatibility in living organisms is a 
crucial issue that depends upon a genetic engineering setting. 
Indeed the setting of genetic codes in biological systems is 
responsible for organizing and managing the entire biological 
activities. Per se, all physiological systems must be genetically 
engineered to be compatible within their ecosystem. There is huge 
number of medicinal plants, known or unknown, which have 
attracted innovation to exploit their pharmacological potential. 
Phyto chemicals and other natural products are evidence of 
various studies that lead to different hypotheses and theories, 
including doctrine and co evolution [24-26], that both based on 
the observations of their medical benefit. 

If we consider genetic engineering to be the basis for physiological 
compatibility, harmony must occur between plant biosynthesis 
and pharmacological benefits of biologically active phyto chemical 
molecules. In general, all biological activities in living systems 
must be carried out via the activation/inhibition of certain 
proteins. In this respect, pollutants may induce inflammation that 
simultaneously triggers the synthesis of prostaglandin that can 
be inhibited by some natural products, such as salicylic acid. The 
synthesis of COX-2 may cross talk with the biosynthesis of salicylic 
acid in a way to complement the genetic engineering DNAs in 
humans and plants. 

Despite the complexity of the structure of DNA, it is only comprised 
of four repeating nucleotide units; adenine, cytosine, guanine, 
and thymine. Therefore, the building blocks of DNA of humans 
and plants are structurally similar. However, all DNA structures 
of living systems vary in their sequence arrangement pattern of 
nucleotide units. In order to understand the relationship between 
biosynthesis and pharmacological properties of specific phyto 
molecule, it is important to consider the pattern of the encoded 
enzymes in biosynthetic and pharmacological pathways. The 

interaction of phyto molecule with an enzyme requires recognition 
of amino acid consensus motifs of the protein. In addition, the 
pattern of recognition must have its root in the encoded gene(s) 
that control both biosynthesis and pharmacology pathways. In 
this respect, the availability of high-throughput technologies 
in the genome and various databases are considered vital for a 
bioinformatics approach for the analysis of DNA sequence [27-
30]. The genetic approach that encompasses an encoded specific 
gene and or the corresponding expressed proteins may aid the 
understanding of the complementary functional relationship of 
phyto secondary metabolites. This may encourage the development 
of a new biotechnological strategy for therapeutic intervention of 
certain clinical cases. Mapping of encoded - related genes and the 
analysis of nucleotides/amino acids sequences of cascade networks, 
bioinformatically can aid to facilitate an understanding into the 
pattern of the crosstalk between biosynthesis of a phyto molecule 
and its pharmacological potential. High-throughput serial analysis 
of gene expression and massively parallel signature sequencing 
allow for the study sequences and expressions of macromolecules. 
References
1. Takakusa H, Masumoto H, Yukinaga H, Makino C, Nakayama S, et al. 

(2008) covalent binding and tissue distribution/retention assessment 
of drugs associated with idiosyncratic drug toxicity. Drug Metabolism 
and Disposition. 36(9): 1770-1779.

2. Park BK, Boobis A, Clarke S, Goldring CE, Jones D, et al. (2011) 
Managing the challenge of chemically reactive metabolites in drug 
development. Nature Reviews Drug Discovery 10(4): 292-306.

3. Singh J, Petter RC, Baillie TA, Whitty A (2011) The resurgence of 
covalent drugs. Nature reviews Drug discovery 10(4): 307-317.

4. Bauer RA (2015) Covalent inhibitors in drug discovery: from accidental 
discoveries to avoided liabilities and designed therapies. Drug 
discovery today 20(9): 1061-1073.

5. Malamy J, Carr JP, Klessig DF, Raskin I (1990) Salicylic acid: a likely 
endogenous signal in the resistance response of tobacco to viral 
infection. Science 250(4983): 1002-1004.

6. Ward ER, Uknes SJ, Williams SC, Dincher SS, Wiederhold DL, et al. 
(1991) Coordinate gene activity in response to agents that induce 
systemic acquired resistance. The Plant Cell (10): 1085-1094.

7. Larkindale J, Hall JD, Knight MR, Vierling E (2005) Heat stress 
phenotypes of Arabidopsis mutants implicate multiple signaling 
pathways in the acquisition of thermotolerance. Plant Physiology 
138(2): 882-897.

8. Gunes A, Inal A, Alpaslan M, Eraslan F, Bagci EG, et al. (2007) Salicylic 
acid induced changes on some physiological parameters symptomatic 
for oxidative stress and mineral nutrition in maize (Zea mays L.) grown 
under salinity. Journal of Plant Physiology 164(6): 728-736.

9. White RF (1979) Acetylsalicylic acid (aspirin) induces resistance to 
tobacco mosaic virus in tobacco. Virology 99(2): 410-412.

10. Raskin I, Ehmann A, Melander WR, Meeuse BJ (1987) Salicylic acid: a 
natural inducer of heat production in Arum lilies. Science 237(4822): 
1601-1602.

http://dmd.aspetjournals.org/content/36/9/1770.abstract
http://dmd.aspetjournals.org/content/36/9/1770.abstract
http://dmd.aspetjournals.org/content/36/9/1770.abstract
http://dmd.aspetjournals.org/content/36/9/1770.abstract
http://www.ncbi.nlm.nih.gov/pubmed/21455238
http://www.ncbi.nlm.nih.gov/pubmed/21455238
http://www.ncbi.nlm.nih.gov/pubmed/21455238
http://www.nature.com/nrd/journal/v10/n4/full/nrd3410.html
http://www.nature.com/nrd/journal/v10/n4/full/nrd3410.html
http://www.ncbi.nlm.nih.gov/pubmed/26002380
http://www.ncbi.nlm.nih.gov/pubmed/26002380
http://www.ncbi.nlm.nih.gov/pubmed/26002380
http://www.ncbi.nlm.nih.gov/pubmed/17746925
http://www.ncbi.nlm.nih.gov/pubmed/17746925
http://www.ncbi.nlm.nih.gov/pubmed/17746925
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC160074/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC160074/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC160074/
http://www.plantphysiol.org/content/138/2/882
http://www.plantphysiol.org/content/138/2/882
http://www.plantphysiol.org/content/138/2/882
http://www.plantphysiol.org/content/138/2/882
http://www.ncbi.nlm.nih.gov/pubmed/16690163
http://www.ncbi.nlm.nih.gov/pubmed/16690163
http://www.ncbi.nlm.nih.gov/pubmed/16690163
http://www.ncbi.nlm.nih.gov/pubmed/16690163
http://www.ncbi.nlm.nih.gov/pubmed/18631626
http://www.ncbi.nlm.nih.gov/pubmed/18631626
http://www.ncbi.nlm.nih.gov/pubmed/17834449
http://www.ncbi.nlm.nih.gov/pubmed/17834449
http://www.ncbi.nlm.nih.gov/pubmed/17834449


BAOJ Biotech, an open access journal                                                                                                                                                              Volume 2; Issue 1; 008

Page 4 of 4Citation: Jassem G Mahdi and Abigail J Manning (2016) Cross Molecular Recognition–An Approach for New Strategy for Drug 
Development. BAOJ Biotech 2: 008.

11. Lehn JM (1988) Supramolecular chemistry—scope and perspectives 
molecules, supermolecules, and molecular devices (Nobel Lecture). 
Angewandte Chemie International Edition in English 27(1): 189-112.

12. Bertolacci L, Romeo E, Veronesi M, Magotti P, Albani C, et al. (2012) 
A binding site for nonsteroidal anti-inflammatory drugs in fatty acid 
amide hydrolase. Journal of the American Chemical Society 135(1): 
22-25.

13. Kopp E, Ghosh S (1994) Inhibition of NF-kappa B by sodium salicylate 
and aspirin. Science 265(5174): 956-959.

14. Pepper C, Mahdi JG, Buggins AG, Hewamana S, Walsby E, et al. (2011) 
Two novel aspirin analogues show selective cytotoxicity in primary 
chronic lymphocytic leukaemia cells that is associated with dual 
inhibition of Rel A and COX-2. Cell proliferation 44(4): 380-390.

15. Mahdi JG, Pepper CJ, Alkarrawi MA, Mahdi AJ, Bowen ID, et al. (2010) 
Sub-mill molar concentration of the novel phenol-based compound, 
2-hydroxy benzoate zinc, induces apoptosis in human HT-1080 
fibrosarcoma cells. Cell proliferation 43(1): 95-102.

16. Mahdi JG, Al-Musayeib NM, Mahdi EJ, Pepper CJ (2013) 
Pharmacological importance of hydroxybenzoates in modulating cell 
inflammation, proliferation and apoptosis with a special reference to 
β-D-salicin and salicylic acid. European Journal of inflammation 11: 
327-336.

17. Lu H (2009) Dissection of salicylic acid-mediated defense signaling 
networks. Plant Signaling & Behavior 4(8): 713-717.

18. Mahdi JG, Mahdi AJ, Bowen ID (2006) The historical analysis of aspirin 
discovery, its relation to the willow tree and antiproliferative and 
anticancer potential. Cell proliferation 39(2): 147-155.

19. Vlot AC, Dempsey DM, Klessig DF (2009) Salicylic acid, a multifaceted 
hormone to combat disease. Annual review of phytopathology 47: 
177-206.

20. Yan S, Dong X (2014) Perception of the plant immune signal salicylic 
acid. Current opinion in plant biology 20: 64-68.

21. Bau JT, Kang Z, Austin CA, Kurz EU (2014) Salicylate, a catalytic inhibitor 
of topoisomerase II, inhibits DNA cleavage and is selective for the α 
isoform. Molecular pharmacology 85(2): 198-207.

22. Arber A (1999) the Doctrine of Signatures, and Astrological Botany. 
Herbal Plants and Drugs: Their Origin and Evolution (Repr. in India) 
Mangal Deep Publications, Jaipur, India 204-220.

23. Patil DA (2011) Ethnomedicine to modern medicine: genesis through 
ages. Journal of Experimental Sciences 2(3).

24. Wong JT (1975) A co-evolution theory of the genetic code. Proc Natl 
Acad Sci USA 72(5): 1909-1912.

25. Wong J (2005) Coevolution theory of the genetic code at age thirty. 
BioEssays 27(4): 416-425.

26. Zampieri F (2009) Medicine, evolution, and natural selection: An 
historical overview. The Quarterly Review of Biology 84(4): 333-355.

27. Keen NT (1990) Gene-for-gene complementarity in plant-pathogen 
interactions. Annual review of genetics 24(1): 447-463.

28. Brenner S, Johnson M, Bridgham J, Golda G, Lloyd DH, et al. (2000) 
Gene expression analysis by massively parallel signature sequencing 
(MPSS) on microbead arrays. Nature biotechnology 18(6): 630-634.

29. Yamamoto M, Wakatsuki T, Hada A, Ryo A (2001) Use of serial analysis 
of gene expression.(SAGE technology. J Immunol Methods 250(1-2): 
45-66.

30. Hsiao A, Kuo MD (2009) High-throughput Biology in the Postgenomic 
Era. Journal of Vascular and Interventional Radiology 20(7): S488-
S496.

http://onlinelibrary.wiley.com/doi/10.1002/anie.198800891/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.198800891/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.198800891/abstract
http://pubs.acs.org/doi/abs/10.1021/ja308733u
http://pubs.acs.org/doi/abs/10.1021/ja308733u
http://pubs.acs.org/doi/abs/10.1021/ja308733u
http://pubs.acs.org/doi/abs/10.1021/ja308733u
http://www.ncbi.nlm.nih.gov/pubmed/8052854
http://www.ncbi.nlm.nih.gov/pubmed/8052854
http://www.ncbi.nlm.nih.gov/pubmed/21645153
http://www.ncbi.nlm.nih.gov/pubmed/21645153
http://www.ncbi.nlm.nih.gov/pubmed/21645153
http://www.ncbi.nlm.nih.gov/pubmed/21645153
https://www.researchgate.net/publication/38098248_Sub-millimolar_concentration_of_the_novel_phenolic-based_compound_JMC-18_induce_apoptosis_in_human_HT-1080_fibrosarcoma_cells/
https://www.researchgate.net/publication/38098248_Sub-millimolar_concentration_of_the_novel_phenolic-based_compound_JMC-18_induce_apoptosis_in_human_HT-1080_fibrosarcoma_cells/
https://www.researchgate.net/publication/38098248_Sub-millimolar_concentration_of_the_novel_phenolic-based_compound_JMC-18_induce_apoptosis_in_human_HT-1080_fibrosarcoma_cells/
https://www.researchgate.net/publication/38098248_Sub-millimolar_concentration_of_the_novel_phenolic-based_compound_JMC-18_induce_apoptosis_in_human_HT-1080_fibrosarcoma_cells/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2801381/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2801381/
http://www.ncbi.nlm.nih.gov/pubmed/16542349
http://www.ncbi.nlm.nih.gov/pubmed/16542349
http://www.ncbi.nlm.nih.gov/pubmed/16542349
http://www.ncbi.nlm.nih.gov/pubmed/19400653
http://www.ncbi.nlm.nih.gov/pubmed/19400653
http://www.ncbi.nlm.nih.gov/pubmed/19400653
https://duke.pure.elsevier.com/en/publications/perception-of-the-plant-immune-signal-salicylic-acid
https://duke.pure.elsevier.com/en/publications/perception-of-the-plant-immune-signal-salicylic-acid
http://www.ncbi.nlm.nih.gov/pubmed/24220011
http://www.ncbi.nlm.nih.gov/pubmed/24220011
http://www.ncbi.nlm.nih.gov/pubmed/24220011
http://scienceflora.org/journals/index.php/jes/article/view/1806
http://scienceflora.org/journals/index.php/jes/article/view/1806
http://www.ncbi.nlm.nih.gov/pubmed/1057181
http://www.ncbi.nlm.nih.gov/pubmed/1057181
http://www.ncbi.nlm.nih.gov/pubmed/15770677
http://www.ncbi.nlm.nih.gov/pubmed/15770677
https://www.researchgate.net/publication/40811359_Medicine_Evolution_and_Natural_Selection_An_Historical_Overview
https://www.researchgate.net/publication/40811359_Medicine_Evolution_and_Natural_Selection_An_Historical_Overview
http://www.ncbi.nlm.nih.gov/pubmed/2088175
http://www.ncbi.nlm.nih.gov/pubmed/2088175
http://www.nature.com/nbt/journal/v18/n6/full/nbt0600_630.html
http://www.nature.com/nbt/journal/v18/n6/full/nbt0600_630.html
http://www.nature.com/nbt/journal/v18/n6/full/nbt0600_630.html
http://www.ncbi.nlm.nih.gov/pubmed/11251221
http://www.ncbi.nlm.nih.gov/pubmed/11251221
http://www.ncbi.nlm.nih.gov/pubmed/11251221
http://www.jvir.org/article/S1051-0443(09)00353-4/abstract
http://www.jvir.org/article/S1051-0443(09)00353-4/abstract
http://www.jvir.org/article/S1051-0443(09)00353-4/abstract

