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Molecular recognition, the specific interaction between molecules by a combination of physical
forces, has been a subject of scientific investigation for decades. The physical forces involve a
combination of dipole-dipole interactions (van der Waals forces), hydrogen bonds and ionic interactions,
and it is the optimal spatial combination of these interactions, that defines the specificity, i.e., the
strength of the interaction, measured as an affinity constant, defined by the association and dissociation
rate constants: K, = kon/kKogr [1-3].

Specific interactions in living organisms are numerous, ranging from base pairing in DNA and
RNA, protein folding, protein interactions and many more, constituting the basis of life [4-6].

Molecular recognition of foreign substances (self/non-self recognition) is the basis of immune
defense against pathogens, spanning from less specific (promiscuous) MHC-peptide interactions to
highly specific T cell (antigen) receptor (TCR) recognition of MHC-peptide complexes and from less
specific IgM-antigen interactions to highly specific IgG-antigen interactions [7-9].

Through the study of the aforementioned specific interactions, scientists have learned to use
natural molecules as reagents and have developed new reagents based on the same principles and
physical forces.

This issue of IJMS, entitled “Advances in Antibody Design and Antigenic Peptide Targeting”
aims to give a status of the current “state-of-the-art” in specific molecular recognition. The issue
contains articles on molecular recognition in antigen-antibody complexes and the production and use
of antibodies, recombinant or vaccine-induced, as therapeutic agents [10-18].

Nature’s own amino acid-based reagents, peptides and antibodies, are cornerstone reagents in
molecular biology, but have been successfully combined in the development of peptide antibodies, one
of the most successful classes of molecular recognition molecules [17]. Similarly, nucleic acid-based
reagents have not only been invaluable in molecular biology in the form of oligonucleotides, e.g., when
used for polymerase chain reactions (PCRs), but have also begun to be used as specific recognition
molecules in the form of aptamers, self-folding three-dimensional polynucleotides, which can be
selectively amplified from libraries by PCR [17].

In recent years, designed antibody-like molecules and nucleic acid-based recognition molecules
have been intensely studied, but there is still a long way to go before these reagents can effectively
rival nature’s own reagents, peptides and antibodies.

References

1. Baron, R.; McCammon, J.A. Molecular recognition and ligand association. Annu. Rev. Phys. Chem. 2013, 64,
151-175. [CrossRef] [PubMed]

2. Kastritis, P.L.; Bonvin, A.M. On the binding affinity of macromolecular interactions: Daring to ask why
proteins interact. J. R. Soc. Interface 2013, 10, 20120835. [CrossRef] [PubMed]

Int. ]. Mol. Sci. 2020, 21, 1405; d0i:10.3390/ijms21041405 www.mdpi.com/journal/ijms


http://www.mdpi.com/journal/ijms
http://www.mdpi.com
http://www.mdpi.com/1422-0067/21/4/1405?type=check_update&version=1
http://dx.doi.org/10.1146/annurev-physchem-040412-110047
http://www.ncbi.nlm.nih.gov/pubmed/23473376
http://dx.doi.org/10.1098/rsif.2012.0835
http://www.ncbi.nlm.nih.gov/pubmed/23235262
http://dx.doi.org/10.3390/ijms21041405
http://www.mdpi.com/journal/ijms

Int. ]. Mol. Sci. 2020, 21, 1405 20f2

10.

11.

12.

13.

14.

15.

16.

17.

18.

Wand, A.].; Sharp, K.A. Measuring entropy in molecular recognition by proteins. Annu. Rev. Biophys. 2018,
47,41-61. [CrossRef] [PubMed]

Lanier, K.A.; Petrov, A.S.; Williams, L.D. The central symbiosis of molecular biology: Molecules in mutualism.
J. Mol. Evol. 2017, 85, 8-13. [CrossRef] [PubMed]

Lanier, K.A.; Williams, L.D. The origin of life: Models and data. J. Mol. Evol. 2017, 84, 85-92. [CrossRef]
[PubMed]

Runnels, C.M.; Lanier, K.A.; Williams, ].K.; Bowman, J.C.; Petrov, A.S.; Hud, N.V.; Williams, L.D. Folding,
assembly, and persistence: The essential nature and origins of biopolymers. J. Mol. Evol. 2018, 86, 598-610.
[CrossRef] [PubMed]

Kawasaki, T.; Kawai, T. Discrimination between self and non-self-nucleic acids by the innate immune system.
Int. Rev. Cell. Mol. Biol. 2019, 344, 1-30. [PubMed]

Wang, ].H.; Reinherz, E.L. The structural basis of alphabeta t-lineage immune recognition: Ter docking
topologies, mechanotransduction, and co-receptor function. Immunol. Rev. 2012, 250, 102-119. [CrossRef]
[PubMed]

Murphy, K.; Casey, W. Janeway’s immunobiology; WW Norton & Co: New York, NY, USA, 2016.

Anasir, M.L; Poh, C.L. Advances in antigenic peptide-based vaccine and neutralizing antibodies against
viruses causing hand, foot, and mouth disease. Int. . Mol. Sci. 2019, 20, 1256. [CrossRef] [PubMed]
Bergamaschi, G.; Fassi, EEM.A.; Romanato, A.; D'Annessa, I.; Odinolfi, M.T.; Brambilla, D.; Damin, E;
Chiari, M.; Gori, A.; Colombo, G., et al. Computational analysis of dengue virus envelope protein (e) reveals
an epitope with flavivirus immunodiagnostic potential in peptide microarrays. Int. ]. Mol. Sci. 2019, 20,
1921. [CrossRef] [PubMed]

Favoino, E.; Prete, M.; Catacchio, G.; Conteduca, G.; Perosa, F. Cd20-mimotope peptides: A model to define
the molecular basis of epitope spreading. Int. J. Mol. Sci. 2019, 20, 1920. [CrossRef] [PubMed]

Islam, T.; Naik, A.D.; Hashimoto, Y.; Menegatti, S.; Carbonell, R.G. Optimization of sequence, display, and
mode of operation of igg-binding peptide ligands to develop robust, high-capacity affinity adsorbents that
afford high igg product quality. Int. ]. Mol. Sci. 2019, 20, 161. [CrossRef] [PubMed]

Lim, C.C,; Choong, Y.S.; Lim, T.S. Cognizance of molecular methods for the generation of mutagenic phage
display antibody libraries for affinity maturation. Int. J. Mol. Sci. 2019, 20, 1861. [CrossRef] [PubMed]
Lundstrom, S.L.; Heyder, T.; Wiklundh, E.; Zhang, B.; Eklund, A.; Grunewald, J.; Zubarev, R.A. Spotlight
proteomics-a igg-enrichment phenotype profiling approach with clinical implications. Int. J. Mol. Sci. 2019,
20, 2157. [CrossRef] [PubMed]

Shen, N.; Song, G.; Yang, H.; Lin, X.; Brown, B.; Hong, Y.; Cai, ].; Cao, C. Identifying the pathological domain
of alpha- synuclein as a therapeutic for parkinson's disease. Int. |. Mol. Sci. 2019, 20, 2338. [CrossRef]
[PubMed]

Trier, N.; Hansen, P.; Houen, G. Peptides, antibodies, peptide antibodies and more. Int. J. Mol. Sci. 2019, 20,
6289. [CrossRef] [PubMed]

Valdarnini, N.; Holm, B.; Hansen, P; Rovero, P.; Houen, G.; Trier, N. Fine mapping of glutamate decarboxylase
65 epitopes reveals dependency on hydrophobic amino acids for specific interactions. Int. J. Mol. Sci. 2019,
20, 2909. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1146/annurev-biophys-060414-034042
http://www.ncbi.nlm.nih.gov/pubmed/29345988
http://dx.doi.org/10.1007/s00239-017-9804-x
http://www.ncbi.nlm.nih.gov/pubmed/28785970
http://dx.doi.org/10.1007/s00239-017-9783-y
http://www.ncbi.nlm.nih.gov/pubmed/28243688
http://dx.doi.org/10.1007/s00239-018-9876-2
http://www.ncbi.nlm.nih.gov/pubmed/30456440
http://www.ncbi.nlm.nih.gov/pubmed/30798985
http://dx.doi.org/10.1111/j.1600-065X.2012.01161.x
http://www.ncbi.nlm.nih.gov/pubmed/23046125
http://dx.doi.org/10.3390/ijms20061256
http://www.ncbi.nlm.nih.gov/pubmed/30871133
http://dx.doi.org/10.3390/ijms20081921
http://www.ncbi.nlm.nih.gov/pubmed/31003530
http://dx.doi.org/10.3390/ijms20081920
http://www.ncbi.nlm.nih.gov/pubmed/31003532
http://dx.doi.org/10.3390/ijms20010161
http://www.ncbi.nlm.nih.gov/pubmed/30621158
http://dx.doi.org/10.3390/ijms20081861
http://www.ncbi.nlm.nih.gov/pubmed/30991723
http://dx.doi.org/10.3390/ijms20092157
http://www.ncbi.nlm.nih.gov/pubmed/31052352
http://dx.doi.org/10.3390/ijms20092338
http://www.ncbi.nlm.nih.gov/pubmed/31083520
http://dx.doi.org/10.3390/ijms20246289
http://www.ncbi.nlm.nih.gov/pubmed/31847088
http://dx.doi.org/10.3390/ijms20122909
http://www.ncbi.nlm.nih.gov/pubmed/31207885
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

