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1. Introduction 

Protein surface recognition by synthetic binders is a topic of great interest both from a 

Supramol Chem. and analytical application point of view.1 Despite the pivotal role of 

protein–surface interactions in many fundamental processes of living cells, a directed 

targeting of protein surfaces by external agents remains a challenge because the programmed 

synthesis of molecules with a predetermined complementary pattern of solvent-exposed 

functional groups is still in its infancy.2  

At the interface between biochemistry and Supramol Chem., multivalent interactions that are 

based on individually weak, noncovalent bonds and are thus generally reversible, play a 

decisive role in recognition, adhesion, and signal processes (Figure 1). In contrast to weak 

monovalent binding, multivalent interactions increase binding affinity and specificity on a 

molecular scale by just increasing the number of simultaneously and synergistically operating 

ligands and receptors. 3 The concept of multivalency has been utilized in recent years by 

supramolecular chemists to create well-defined structures and elicit a biological response, 

giving rise to new nanomaterials and molecular devices.4  

 

Figure 1. Multivalent complex formation.3a  

Calixarenes, the cyclic oligomers obtained by condensation of phenols or resorcinols with 

aldehydes, are ideal scaffolds for the synthesis of multivalent ligands with unique properties.5 
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The calixarene core structure provides a very versatile template which allows building 

numerous structures with preorganized shape and programmed multivalent pattern of binding 

sites. It is easily accessible by conventional synthetic transformations, and can be 

functionalized at will on its upper and/or lower rim. Thus, functional variability and 

conformational stability conferred by the calixarene scaffolding have inspired chemists to 

design promising candidates for the study of noncovalent interactions involved in the 

molecular recognition of protein surfaces.6   

The aim of this review is to summarize recently developed calixarene derivatives for protein 

surface recognition which are able to identify, inhibit, and separate specific proteins. 

2. Protein Recognition 

Protein-protein interactions (PPIs) play key roles in many cellular processes, including DNA 

replication, transcription and translation, signal transduction, and metabolic pathways.7 

Therefore, the development of artificial protein surface binders, which may deliberately 

interfere with these processes in a predictable way, is one of the most important and 

challenging topics for Supramol Chem. today.8 The general principles in the design of a 

protein surface binding agent are usefully illustrated by the case of cytochrome-c (cyt-c) 

recognition, an ideal model protein with essential roles in electron-transfer and apoptosis 

pathways.
9
  

Cyt-c is a hemoprotein consisting of a single polypeptide chain of 104 amino acid residues 

and covalently attached to an iron protoporphyrin IX prosthetic group (heme group) with a 

notably asymmetric distribution of surface charge.10 Positively charged residues on the cyt-c 

(19 lysines and 2 arginines) are distributed over most of the protein surface including the 

heme edge region, in contrast with the backside of cyt-c to the heme group involving 12 

glutamate and aspartate residues, which act to neutralize the backside cation charges (Figure 

2).11 
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Figure 2. The charge distribution of cyt-c. Blue represents positively charged lysine and arginine. Red 

represents the negatively charged glutamate and aspartate. The heme is represented in green.12  

Thus, the excess positive charge around the heme edge facilitates a strong interaction with 

negatively charged functionalities on an electrode surface.13 In addition to electrostatic 

interactions, hydrophobic interactions operating over significantly shorter distances between 

nonpolar residues, rearrange both components for a more productive ET complex (Figure 

3).14  

 

 

Figure 3. Schematic representation of cyt-c binding by synthetic receptors.15 

Various techniques and instruments such as circular dichroism spectroscopy, dynamic light 

scattering and Langmuir film balance have been used to study these electrostatic and 

hydrophobic interactions of proteins with artificial protein binding agents.15 However, despite 

the excellent ability of the unpaired electrons in the heme group of cyt-c to quench 

fluorescence upon binding to a fluorogenic receptor, fluorescence-based methods have only 

recently been employed for cyt c recognition processes.16
 One of the most recent reports on 

this concept is based on a thorough investigation of the binding properties of carboxylphenyl-

substituted calix[4]arene derivatives with cyt-c by fluorescence spectroscopy (Scheme 1).17  

 

Scheme 1. The molecular structures of carboxylphenyl-substituted calix[4]arene-based fluorescent receptors. 
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The donor-acceptor biphenyl platform endows calix[4]arene derivatives with a strong 

fluorescence property,18 and exhibits an efficient Förster resonance energy transfer based on 

the quenching of fluorescence upon binding to proteins, which makes it possible to utilize 

sensitive fluorescence methods to examine interactions of the calix[4]arenes with cyt-c. The 

remarkably high binding affinity of these calix[4]arene derivatives towards bovine heart cyt-c 

in dimethylformamide (DMF) in the strict order of TCPC > BCPC >> TPC reflects the 

prominent role of multiple carboxylate groups in providing anionic ligating sites for the 

cationic surface of cyt-c and suggests that the electrostatic force may be the predominant 

factor which drives these complexing process.  

An elegant way to study the mechanisms by which proteins interact with the cell surface 

involves the use of lipid vesicles and supported bilayer lipid membranes (sBLM) that serve as 

convenient models of biomembranes.19 In this context, the binding properties of cyt-c 

towards large unilamellar vesicles (LUV) composed of dimyristoylphosphatidylcholine 

(DMPC) or sBLMs, both  modified with a highly sensitive calix[6]arene carboxylic acid 

derivative (tOct[6]CH2COOH, Scheme 2) were explored and compared with both membrane 

models in the absence of this receptor.20 Electrochemical impedance spectroscopy analyses of 

the binding process demonstrated that the main driving force in the interaction of cyt-c with 

the investigated membrane structures is of electrostatic nature and results from the negative 

charge at the membrane surface.  

 

Scheme 2. The molecular structures of the highly sensitive calix[6]arene carboxylic acid derivative 

(tOct[6]CH2COOH) and the water-soluble p-sulfonatocalix[4]arene (sclx4). 

In spite of the growing interest in protein–calixarene interactions, only limited structural 

information has been available to date. A crystal structure of the complex formed between the 

anionic water-soluble p-sulfonatocalix[4]arene (sclx4, Scheme 2) and cyt-c is the most 
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prominent example in this regard.21 The complex structure contains an asymmetric unit 

composed of two molecules of cyt-c referred to as chains A and B and three molecules of 

sclx4. NMR titrations and X-ray crystallography both support the postulated three sclx4 

binding sites (A.Lys89, B.Lys4 and B.Lys22, Figure 4). All three binding sites involve a Lys 

side chain trapped inside the calixarene, with the sulfonate-bearing rim making at least one 

non-covalent bond with other polar groups on the protein. Taken together, these data indicate 

a dynamic complexation event in which sclx4 explores a contiguous surface area on cyt-c, 

and adopts varying transient complex geometries on neighbouring exposed lysine residues. 

 

Figure 4. Crystal structure of the cyt c–sclx4 complex. The asymmetric unit comprises two molecules of 

cytochrome c (chain A in grey and chain B in green) and three molecules of sclx4. The sclx4-bound Lys side 

chains are shown as CPK and labelled. Blue, N; red, O; yellow, S. Carbon atoms are shown in grey and green 

for the ligands interacting with chains A and B, respectively. Heme groups are shown as sticks.21 

The above results confirm the profound importance of the distribution and organization of 

charges on a protein surface in determining protein function as well as interaction with other 

proteins and biomolecules, with consequences for complex stability and conformational 

changes.22 A remarkable supramolecular characterization of protein surface charges has been 

achieved through the treatment of proteins with chromatic lipid/polydiacetylene (PDA) films 

with embedded charged calixarene-based ligands (Scheme 3).23  

Page 5 of 27 RSC Advances



6 

 

 

Scheme 3. Multiply charged calixarene-based ligands used to determine surface charges on proteins. 

The glass-supported films comprising only lipids and PDA (negative net charge) undergo 

strong visible and quantifiable blue–red transformations induced by PDA interaction with 

positively charged proteins. In contrast, complexes formed between charged-proteins and 

oppositely charged calixarene amphiphiles are immobilized in the neutral lipid region of in 

the mixed films, and attenuate or totally counteract color changes on the film surface (Figure 

5). 

 

Figure 5. Supramolecular concept for protein surface-charge analysis with a colorimetric assay based on 

PDA/lipid vesicles and amphiphilic calixarenes.23 

A further important goal in protein surface recognition processes is the molecular recognition 

of amino acids present in the proteins.24 In this respect, intensive research has been focused 

on the design and synthesis of calix[n]arene derivatives, especially derivatives of 

calix[4]arenes with specific properties and functions revealing their affinity and selectivity 

towards biologically relevant molecules. A lower rim naphthylidene conjugate of 

calix[4]arene [ZnL] represents an interesting attempt to recognize Asp, Cys, His, and Glu 
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residues in α-helical proteins (bovine serum albumin and human serum albumin) as well as β-

sheet proteins (jacalin and peanut agglutinin) by fluorescence quenching from among the 

naturally occurring amino acids owing to the protonation and chelating ability of the amino 

acid and the π-π interaction ability of the side chain of the amino acid with [ZnL] (Scheme 

4).25  

 

Scheme 4. Zn(II) complex of lower rim naphthylidene conjugate of calix[4]arene [ZnL] and the lower rim 1,3-

diamido-calix[4]arene conjugates of amino acids. 

Proteins containing amino acids possessing side chain –COOH functionality are prime 

interest in biological systems.26 The lower rim 1,3-diamido conjugates of calix[4]arene have 

been shown to exhibit recognition toward Asp/Glu residues present in α-helical proteins, viz., 

bovine serum albumin (BSA), human serum albumin (HAS), and α-lactalbumin by switch-on 

fluorescence in aqueous acetonitrile and methanol solutions when compared to the control 

molecules via forming a 1:1 complex (Scheme 4).27 The calix[4]arene platform, amido arm, 

and terminal –COOH moiety are required for selective recognition of amino acids and 

peptides possessing side chain –COOH moiety.  

Another important supramolecular challenge is the specific recognition of aromatic amino 

acids, peptides and proteins by synthetic organic molecules.28 Recently, the host-guest 

interaction of sclx4 with tryptophan (TRP) residues of BSA and ovalbumin has been studied 

using UV–Vis absorption, fluorescence, and theoretical methods.29 Ovalbumin exhibits 

stronger binding with sclx4 than BSA, due to the projection of three TRP moieties outside the 

protein.  

Apart from PPIs, protein-carbohydrate interactions (PCIs) between oligosaccharides and 

lectins are also involved in many biologically important processes. Among others, clearance 
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of glycoproteins from circulatory system, adhesion of infectious agents to host cells, 

leukocyte activity in inflammatory sites, cell interactions with the immune system, 

malignancy and metastasis, control of enzymatic activity, endocytosis, cell migration, 

routing, adhesion and communication, sperm-egg communication and targeting all involve 

specific carbohydrate-protein recognition.30 Similar interactions are believed to be also 

involved in various protein misfolding diseases such as type 2 diabetes mellitus, Alzheimer’s 

disease (AD), Creutzfeldt-Jacob disease (CJD) and prion diseases (PD).31 This small 

collection of typical examples demonstrates the enormous potential of external control over 

CPIs. Recently, synthetic glycocalixarenes have been synthesized, i. e., macrocycles 

belonging to the calixarene family which bear at least one carbohydrate unit covalently 

appended to their calixarene core.32 

In this respect, a glucosylthioureidocalix[8]arene derivative was designed for multivalent 

recognition of the jack bean lectin Concanavalin A (ConA, Scheme 5).33  

 

Scheme 5. Glucosylthioureidocalix[8]arene derivative for multivalent ConA recognition.  

The ligands first aggregate in small nanoparticles (3–10 nm large); these multivalent species 

then interact with ConA leading to powerful agglutination due to the formation of large 

supramolecular aggregates which progressively evolve towards precipitation because of the 

extensive lectin cross-linking (Figure 6).33  
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Figure 6. The aggregation process involving glucosylthioureidocalix[8]arene derivative and ConA.33 

Another fascinating example of multivalent ConA recognition is the synthesis and 

incorporation of the multivalent 1,3-alternate glucocalixarene 11 in a bolaamphiphilic (BA) 

shape into liposome formulations of 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) 

(Scheme 6).34 

 

Scheme 6. Tetravalent glucocalix[4]arene 11 

The presence of the new membrane-spanning glucocalixarene BA 11 in the DOPC lipid 

bilayer rigidifies the membrane, and thus reduces the permeability of the liposomes and 

hence the orientational freedom of an embedded fluorescent probe. The multivalent 

interaction of the novel glucocalixarene BA 11 with the tetrameric glucose binding protein 

ConA was investigated by fluorescence techniques, exploiting fluoresceine-labelled ConA 

(FITC-ConA), and turbidimetry experiments. As a potential application, the present study 

provides a new strategy to functionalize liposomes with saccharides, exploiting multivalent 

glycosylated ligands able to target specific lectins.  
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Figure 7. Interaction of the glucosyl units of bolaamphiphile 11, embedded in a DOPC bilayer, with an external 

teravalent lectin.34 

Another example in this series is a lactosyl-appended calix[4]arene endowed with triazole 

functionality at the lower rim. It was synthesized by 1,3 dipolar cycloaddition of lactosyl 

azide and calix[4]arene alkyne (12), and behaved as moderately potent jacalin receptor.35 The 

interaction of these conjugates with jacalin is largely attributed to the interactions of the 

glycoconjugates with the side chain of Trp moieties present on the protein surface (Scheme 

7). Considerable conformational changes occurred during the interaction of 12 with Jacalin, 

which were inferred from large molar ellipticity changes detected by circular dichroism 

spectroscopy (CD). 

 

Scheme 7. Calix[4]arene conjugate with triazole-linked lower rim lactosyl appendices.35 

In spite of the promising properties of calixarenes to modulate PPIs, little precedents refer to 

molecules that could induce oligomerization or allow the stabilization or recovery of proteins 

that have lost their ability to oligomerize.36 In an attempt to enhance the thermal stability of 

p53-R337H mutant, two ligand molecules based on a conical calix[4]arene with four cationic 

guanidiniomethyl groups at the wider edge (upper rim) and hydrophobic loops at the 

narrower  edge  (lower  rim)  has been introduced,  fitting  nicely and  cooperatively  into  the 
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hydrophobic clefts between two of the monomers at each side of the protein and keep the 

tetrameric structure, like molecular templates, by both ion-pair and hydrophobic 

interactions.37 

Figure 8. The tetraguanidiniomethylcalix[4]arene and the model its complex with p53-

R337.37 

Along the same line of reasoning, calix[6]arene decorated with imidazole groups on the upper 

rim (14) leads to enhancement of the in vivo transcriptional activity of the most common  Li–

Fraumeni p53 mutant (p53-R337H) through stabilization of the oligomer formation (Scheme 

8).38 The imidazole groups from the calix[6]arene can interact with the glutamic acid residues 

and stabilize the mutant tetrameric structure. 

 

Scheme 8. The molecular structures of the imidazole-calix[6]arene 14.38 

3. Protein Inhibition 

The last few years have seen an explosion of interest in PPIs study since recognition of their 

pivotal role in disease development.39 In order to understand and selectively inhibit cellular 

signaling pathways, there is a pressing need for small molecules that target PPIs.40 However, 
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inhibition of PPIs still remains a significant challenge because it is unclear how they can be 

effectively and selectively targeted using small molecules.41 A rational approach to inhibitor 

design based on the calixarenes is the focus of much research, and different classes of 

designed ligands have emerged, some of which effectively and selectively disrupt targeted 

PPIs. 

Coinfection of the human immunodeficiency virus 1 (HIV) and hepatitis C virus (HCV) is an 

important public health concern.42 The opportunity to investigate the effect of a series of 

calix[4]arene derivatives on the replication of HIV has been provided by the discovery of a 

series of calix[4]arene derivatives that block vascular endothelial growth factor (VEGF) and 

platelet derived growth factor receptor (PDGF) with their respective receptors.43 In this 

respect, a potent compound (15) based on a tetrabutoxy-calix[4]arene scaffold that possesses 

dual inhibition for both HIV and HCV was described (Scheme 9).44 Structural activity 

relationship studies demonstrated that lower-rim alkylation, resulting in maintaining cone 

conformation, is important for antiviral activity. Additionally, aromatic isophthalate spacers 

at the upper rim and the diacid groups turned out to be essential for the observed anti-HIV 

activities and anti-HCV effects, respectively.  

 

Scheme 9. The molecular structures of the synthetic dual inhibitor of HIV and HCV infection based on a 

tetrabutoxy-calix[4]arene scaffold.44 

The first step of the HIV viral entry into the host cell involves binding of the gp120 protein 

on the viral envelope to CD4 cell receptor.45 It has been shown that compound 15 can bind to 

the HIV-1 envelope protein gp120 and modulate viral entry processes, mode of inhibition that 

is advantageous since the inhibitor remained active against several pseudotype viruses 

derived from primary isolates and the resistant strains isolated from existing drug candidates 

with equal potency. 46  
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Protein tyrosine phosphatase (PTP) termed Yersinia outer protein H (YopH), secreted by 

pathogenic bacteria Yersinia, can dephosphorylate multiple focal adhesion proteins such as 

focal adhesion kinase and focal adhesion protein p130Cas to disrupt the signaling pathways 

and to escape the immune responses.47 Based on the literature indicating that inhibitors with 

two or more anionic groups show enhanced binding to PTPs, thiacalix[4]arene 

tetrakis(methylphosphonic) acid was confirmed as a potent competitive inhibitor of Yersinia 

PTP (Figure 9).48  As observed in the computational model of compound 16 bound with the 

Yersinia PTP, one of the phosphonate groups was bound to Asp356 of WPD loop and 

Arg404 of P-loop at the entry of the catalytic pocket. The favourable interactions were also 

found between phenol oxygens of this macrocycle and residues of Gln357 and Gln446. The 

macrocyclic platform of compound 16 is involved in hydrophobic interaction with Ile443, 

Phe229 and Ile232.48b 

  

 

 

 

 

Figure 9. The thiacalix[4]arene tetrakis(methylphosphonic) acid and its possible binding 

modes in the active site of Yersinia PTP.48b 

Another derivative of tetrasubstituted thiacalix[4]arenes (17), proved to be a specific 

antagonist of the leukocyte surface receptor CD69, and that provide complete protection 

against CD69 dependent apoptosis induced both by multivalent carbohydrate ligand and 

antibody cross-linking (Scheme 10).49 
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Scheme 10. The molecular structures of compound 17 and 18 

Calix[4]arene bearing four methylenebisphosphonic acid groups (18) at the macrocyclic 

upper rim has been introduced as a powerful and specific inhibitor of the final step of blood 

coagulation, fibrin polymerization, and can be used as the basis for the design of new class of 

antithrombotic agents.50 This inhibition is a result of the blocking of fibrin polymerization 

site “A” (Aα17-19, GlyProArg) by the calixarene in a ‘knob-hole’ manner. 

Transglutaminases (TGs) are ubiquitous enzymes which catalyse the cross-linking of 

glutaminyl residues of a protein/peptide substrate to lysyl residues of a protein/peptide co-

substrate.51 Recent findings suggest that TGs activity may involve in the pathogenetic 

mechanisms responsible for several human diseases, including celiac sprue and 

neurodegenerative diseases, and cancer, therefore, TG inhibitors have therapeutic potential in 

such situations.52 In this regard, the peptidocalix[4]arene diversomers with sequences Gly-

Phe-Gly-Tyr (19) and Gly-Phe-Gly-Phe (20), bearing at least an apolar aromatic moiety have 

been demonstrated to effectively inhibit TGs by means of a tissue TG/ peptidocalix[4]arene 

complex formation promoted by a specific surface recognition on a region noncomprising the 

enzyme active site (hot spot) leading to a conformational rearrangement of the active form 

(Scheme 11).53 

 

Scheme 11. The molecular structures of compound 19 and 20 
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Moreover, calix[n]arenes have emerged as promising anti-tumoral agents.43a,43c,54 Compound 

21 is a calixarene-based histone deacetylase inhibitor (HDACi), which performs its biological 

task by fitting the linker chain into the 11 A° binding channel on the HDLP (histone 

deacetylase like protein), binding the carboxylate moiety to the ZnII ion, at the bottom of the 

channel, in a bidentate fashion establishing hydrogen bonds with Hε2 of His132, and 

hydrogen bonding ability of the amide group with Nδ1 of HIS170 (Figure 10).55  

OO OO

HNHNHNNH
O

O

O O

O

OH

21   

Figure 10. The molecular structures of compound 21 and its putative binding mode in the binding sites of  

HDLP.55  

Moreover, aromatic arms of compound 21, establishing van der Waals interactions with the 

enzyme counterpart, a π-stacking interaction with TYR91 and TYR264, and a cation-π 

interaction with LYS19, thus confirming arylamidocalix[4]arenes bearing large aromatic 

arms constitute moderately active HDACi. Therefore, appropriately substituted 

arylamidocalix[4]arenes are promising anti-tumor agents as they may affect the cell cycle, 

inhibit proliferation, stimulate differentiation and induce apoptotic cell death.56 

In a more recent study, compound 22 has been shown to selectively disrupt binding of the 

CHD4 PHD2 finger to H3K9me3 (histone H3 trimethylated at Lys9) while not affecting the 

interaction of this protein with H3K9me0 (unmodified histone H3), Improving understanding 

the role of CHD4/NuRD in regulation of chromatin structure and gene expression patterns.57 

Notably, the ability of this compound to disturb the association of chromodomain of HP1γ 

(heterochromatin protein 1γ) with H3K9me3, points to a general mechanism of methyl-lysine 

caging by calixarenes (Fig 11).  
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Figure 11. A) Compound 22 abrogates interaction of the CHD4 PHD2 finger with H3K9me3. B) Compound 22 

disrupt pericentric heterochromatin.57  

The three negatively charged sulfonate groups can make contact with the positively charged 

residues of H3K9me3, including Arg8 and Lys4, and suggests a high potential for these 

compounds in biochemical applications. 

MUC1 protein, the large transmembrane glycoprotein present at the apical surface of the 

normal glandular epithelial cell, overexpressed in human epithelial carcinoma is another 

important target for anticancer drug development.58 In this context, the flexible calix[8]arene 

platform containing TLR2 ligand (Toll-like receptor 2), conjugated to eight units of 

immunodominant B-cell epitope PDTRP MUC1 core sequence introduced as the first self-

adjuvant multicomponent potential vaccine candidate (Scheme 12).59   

7

 

Scheme 12. The molecular structures of Octa-PDTRP-Gly-C8-P3CS (23) 

In the synthesized construct, the presence of the P3CS lipopeptide moiety determines the 

magnitude of the vaccine candidate immune response while the multivalency and 

conformational flexibility of the calix[8]arene scaffold provide a better spatial arrangement of 
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the PDTRP antigens, which ensures effective molecular recognition interaction with the 

MHC antigen processing machinery. 

In the same year, calix[6]arene has been shown to overcome the aggressiveness of a human 

pancreatic cancer cell line (Panc-1) (Scheme 13).60 Calix[6]arene dowregulated key protein 

kinases localized in different cellular compartments resulting in cell cycle arrest, 

downregulation of pro-survival mediators, endoplasmatic reticulum stress and cell death by 

autophagy.  

 

Scheme 13. The molecular structure of calix[6]arene 

Most recently, the water-soluble p-sulfonatocalix[4]arene has been shown to inhibit the 

human papillomavirus 16 L1 (HPV16 L1) pentamer formation via selective binding to Arg 

and Lys residues at the monomer interface.61  This study lays the groundwork for the 

development of assembly inhibitors as a new class of prophylactic and/or therapeutic agents 

for the treatment of HPV infections causing cervical cancer and other anogenital and 

oropharyngeal cancers. 

In addition to PPIs, the involvement of PCIs in disease processes such as growth regulation, 

tumor cell adhesion, cell migration or host-pathogen recognition has raised interest towards 

the synthesis of carbohydrate-based synthetic binders.62  

One of the most prominent examples of such carbohydrate-based synthetic binders is a 

glycocalix[8]arene exposing N-acetylglucosamine (GlcNAc) residues, which exerted 

inhibitory effects on rat C6 cell migration through the inhibition of focal adhesion kinase 

phosphorylation (β1,4-Galactosyltransferases (β1,4-GalTase)).63 β1,4-GalTase upon binding 

with terminal GlcNAc residues, form highly branched N-linked oligosaccharides, which are 

markers of glioma and are involved in migration. Thus, artificial GlcNAc decorated 

structures able to interfere with this sugar-protein recognition process, represent an 

alternative approach to control glioma tumor migration and invasiveness. 
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Scheme 14. The molecular structure of the glycocalix[8]arene exposing N-acetylglucosamine 

In another study in the same year, the calix[4]arene functionalized with Neu5Ac, the most 

widespread form of sialic acid, at the lower rim via multiple azide-alkyne cycloaddition (26), 

was found to inhibit hemagglutination and the viral infectivity mediated both by BK and 

influenza A viruses.64 These effects were achieved through interaction of the Neu5Ac-based 

ligand with the corresponding lectins. 

 

Scheme 15. The molecular structure of the calix[4]arene functionalized with Neu5Ac. 

On the same line of reasoning, to fight PA-IL bacteria lectin from Pseudomonas aeruginosa,  

a major causative agent of lung infections in cystic fibrosis patients, galactose units were 
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introduced to the lower rim of the calix[4]arene.65 The results of the study indicated that 

galactose-based multivalent calix[4]arene ligands interacts with higher affinity to PA-IL 

bacteria lectin than the monomeric reference compound, the best one being the tetravalent 

derivative in the 1,3-alternate conformation (Scheme 16). 

 

Scheme 16. The molecular structure of the tetravalent calix[4]arene glycoconjugate in the 1,3-alternate 

conformation 

In a more recent study, due to the affinity of PA-IIL for α-fucose produced by P. aeruginosa,  

the tetravalent calixarene-based C-fucosyl derivative has been described as a new potential 

Pseudomonas aeruginosa biofilm inhibitor.66 This is important because antimicrobial 

resistance of bacteria in the biofilm mode is recognized as causing treatment failure of serious 

infections from P. aeruginosa.67  

 

Scheme 17. The molecular structure of the tetravalent calixarene-based C-fucosyl derivative 

4. Protein Extraction 
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The design of ligands that are able to extract proteins efficiently and without degradation is 

an important goal for structural and functional studies of proteins, and also in this field 

calixarenes have prominent roles.  

In this direction, the calix[6]arene carboxylic acid derivative (tOct[6]CH2COOH (4)) 

exhibited high affinity for cationic proteins such as cytochrome c (Cyt c) by promoting its 

extraction in organic media.68 Indeed, the tOct[6]CH2COOH strongly interact with NH3
+ 

groups of the side chain of large number of lysine residues making it hydrophobic enough to 

be transferred into an organic solution. In addition, the extracted Cyt-c recovered into fresh 

aqueous solutions at acidic pH containing alcohol as a stripping agent (Figure 12). 

 

Figure 12. Schematic illustration of liquid membrane transport of a protein, using tOct[6]CH2COOH as a 

carrier.68 

Due to the presence of multiple amino functions on the surface of hemoglobin, the 

possibilities of the selective extraction of hemoglobin by p-tert-butylcalix[4,6,8]arene 

carboxylic acid derivatives  (tButyl[4,6,8]CH2COOH) was also investigated.69 The 

calix[6]arene resulted in the highest value of the degree of extraction, calix[4]arene gave the 

next highest yield, while the yield with calix[8]arene was lower (tButyl[6]CH2COOH> 
tButyl[4]CH2COOH> tButyl[8]CH2COOH). Quite interesting the hemoglobin–
tButyl[6]CH2COOH complex exhibited pseudoperoxidase activity which catalysed the 

oxidation of syringaldazine in the presence of hydrogen peroxide in organic medium 

containing chloroform (Scheme 18). Hemoglobin–calixarene complex successfully recovered 

with an aqueous alkaline solution with a recovery of pseudoperoxidase activity of over 100%. 

An important finding of this study consisted in developing an efficient strategy for protein 

extraction and solubilisation in organic media for biocatalysis by the use of calixarene 

derivatives. 
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Scheme 18. (A) The molecular structure of p-tert-butylcalix[n]arene acid derivatives. (B) Reaction catalysed by 

Hb A–calixarene complex with syringaldazine and H2O2 as the substrates in organic media. 

More recently, anionic calix[4]arene based detergents (C4Cn, n = 1–12) were designed to 

structure the membrane domains through hydrophobic interactions and a network of salt 

bridges with the basic residues found at the cytosol-membrane interface of membrane 

proteins (Figure 13).70 Membrane proteins account for up to two thirds of known drugable 

targets, emphasizing their critical pharmaceutical importance.71 One important factor in 

purifying membrane proteins is to extract proteins without losing their activity. Detergents 

frequently used to purify membrane proteins, do not stabilize membrane domains as 

efficiently as natural lipids in membranes resulting in partial or total loss of activity.72 The 

current compounds were designed to fill this gap. They extract membrane proteins from 

different origins behaving as mild detergents, and retain protein functionality, as shown for 

BmrA (Bacillus multidrug resistance ATP protein), much more efficiently than SDS (sodium 

dodecyl sulphate), FC12 (Foscholine 12) or DDM.  

 

Figure 13. (A) Scheme of a hypothetical dimeric membrane protein typically displaying basic residues at the 

cytosol-membrane interface, as established by von Heijne73. In the absence of lipids, the membrane domain 

remains in a native conformation due to compounds displaying detergent properties for keeping the membrane 

protein in solution (grey molecules), but also mild-anionic groups (black molecules), for generating a network of 

salt bridges close to the membrane domain with basic amino acids carried by the intracellular loops (or domains) 
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of the membrane proteins. (B) Chemical structure of the designed molecules, C4Cn. Three aromatic rings are 

substituted by a methylene carboxyl group, -CH2COOH, at the para position. An aliphatic chain R, O(CH2)0-

11CH3, is grafted onto the fourth phenolic group.70 

5. Conclusions 

The selected examples presented in this review demonstrate that calixarenes fulfil indeed 

some of the requirements to serve as platforms for the design and synthesis of protein-

specific ligands, which are able to identify, inhibit, and/or separate specific proteins. A 

deeper understanding of how these compounds exert their biological activity as well as more 

structural information about their protein complexes is urgently needed and will provide the 

necessary predictive index for their future development and therapeutic application.  

Calixarenes are attractive for a number of reasons: the possibility of controlling their 

conformational properties and three dimensional shape, their multivalent nature when 

considered as scaffolds, multi-functionalization being possible both at the lower and upper 

rim, and their apparent lack of toxicity. Especially the synthetic versatility of these 

macrocycles has inspired many chemists to design calixarene conjugates as multifunctional 

materials for protein recognition.  Although considerable research effort has been devoted to 

synthesize various hybrid compounds, most of them are highly symmetrical, and protein 

specificity remained limited. New preparative protocols for unsymmetrical calixarenes are 

needed, and the ability of higher calix[n]arenes to adopt their conformation to the shape of 

the protein surface area must be fully exploited. Further challenges are bioavailability, 

metabolism and toxicity. However, the development of protein surface binders has just 

begun, and calixarenes are expected to play an important role in this endeavor.   

 

Acknowledgments 

We thank Prof. Thomas Schrader for his helpful advice throughout this research. We also 

appreciate the partial financial support from the Ministry of Science, Research, and 

Technology of Iran. 

References 

(1) (a) Dutt, S.; Wilch, C.; Schrader, T. Chem. Commun. 2011, 47, 5376(b) Schrader, T.; Koch, S. Mol. 

Biosyst.  2007, 3, 241(c) Ludwig, R. Microchimica Acta 2005, 152, 1(d) Jain, R.; Ernst, J. T.; Kutzki, 
O.; Park, H. S.; Hamilton, A. D. Mol. Divers. 2004, 8, 89. 

(2) Vicens, J.; Harrowfield, J. M.; Baklouti, L. Calixarenes in the Nanoworld; Springer, 2007. 

Page 22 of 27RSC Advances



23 

 

(3) (a) Fasting, C.; Schalley, C. A.; Weber, M.; Seitz, O.; Hecht, S.; Koksch, B.; Dernedde, J.; Graf, C.; 
Knapp, E. W.; Haag, R. Angew. Chem. Int. Ed. Engl. 2012, 51, 10472(b) Kiessling, L. L.; Gestwicki, J. 
E.; Strong, L. E. Angew. Chem. Int. Ed. Engl. 2006, 45, 2348. 

(4) (a) Schalley, C. A. Analytical methods in Supramol. Chem.; Wiley Online Library, 2012(b) Renaudet, 
O.; Spinelli, N. Synthesis and biological applications of glycoconjugates; Bentham Science Publishers, 
2011. 

(5) Baldini, L.; Casnati, A.; Sansone, F.; Ungaro, R. Chem. Soc. Rev. 2007, 36, 254. 
(6) (a) Sansone, F.; Rispoli, G.; Casnati, A.; Ungaro, R. Multivalent glycocalixarenes; Bentham Science 

Publishers: eBook, 2011(b) Perret, F.; Coleman, A. W. Chem. Commun. 2011, 47, 7303. 
(7) (a) Stites, W. E. Chem. Rev. 1997, 97, 1233(b) Mamitsuka, H. TCBB 2005, 2, 119. 
(8) (a) Fletcher, S.; Hamilton, A. D. Curr. Opin. Chem. Biol. 2005, 9, 632(b) Arkin, M. R.; Wells, J. A. 

Nat. Rev. Drug. Discov. 2004, 3, 301. 
(9) Schug, Z. T.; Gottlieb, E. Biochimica et Biophysica Acta (BBA)- Biomembranes 2009, 1788, 2022. 
(10) Dickerson, R. E.; Timkovich, R.; Almassy, R. J. J. Mol. Biol. 1976, 100, 473. 
(11) Fedurco, M. Coord. Chem. Rev. 2000, 209, 263. 
(12) Quan, L. T. Msc Thesis, North Carolina State University, 2005. 
(13) Maneg, O.; Malatesta, F.; Ludwig, B.; Drosou, V. Biochimica et Biophysica Acta (BBA)-Bioenergetics 

2004, 1655, 274. 
(14) Rich, P. Protein Electron Transfer. Bios Scientific Publishers, Oxford, 1996, 217. 
(15) (a) Oshima, T.; Goto, M.; Furusaki, S. Biomacromolecules 2002, 3, 438(b) Mecca, T.; Consoli, G. M.; 

Geraci, C.; Cunsolo, F. Bioorg. Med. Chem.  2004, 12, 5057(c) Zadmard, R.; Arendt, M.; Schrader, T.  
J. Am. Chem. Soc. 2004, 126, 7752. 

(16) (a) Zhou, H.; Baldini, L.; Hong, J.; Wilson, A. J.; Hamilton, A. D.  J. Am. Chem. Soc. 2006, 128, 
2421(b) Wilson, A. J.; Hong, J.; Fletcher, S.; Hamilton, A. D. Org. Biomol. Chem. 2007, 5, 276. 

(17) An, W. T.; Jiao, Y.; Sun, X. H.; Zhang, X. L.; Dong, C.; Shuang, S. M.; Xia, P. F.; Wong, M. S. 
Talanta 2009, 79, 54. 

(18) (a) Wong, M. S.; Zhang, X. L.; Chen, D. Z.; Cheung, W. H. Chem. Commun. 2003, 138(b) Sun, X. H.; 
Li, W.; Xia, P. F.; Luo, H.-B.; Wei, Y.; Wong, M. S.; Cheng, Y.-K.; Shuang, S. J. Org. Chem. 2007, 
72, 2419. 

(19) Sackmann, E. Science 1996, 271, 43. 
(20) Garaiová, Z.; Mohsin, M. A.; Vargová, V.; Banica, F.-G.; Hianik, T. Bioelectrochemistry 2012, 87, 

220. 
(21) McGovern, R. E.; Fernandes, H.; Khan, A. R.; Power, N. P.; Crowley, P. B. Nat. Chem. 2012, 4, 527. 
(22) (a) Gitlin, I.; Carbeck, J. D.; Whitesides, G. M. Angew. Chem. Int. Ed. Engl. 2006, 45, 3022(b) 

Strickler, S. S.; Gribenko, A. V.; Gribenko, A. V.; Keiffer, T. R.; Tomlinson, J.; Reihle, T.; Loladze, V. 
V.; Makhatadze, G. I. Biochemistry 2006, 45, 2761(c) Schweiker, K. L.; Zarrine‐Afsar, A.; Davidson, 
A. R.; Makhatadze, G. I. Protein Science 2007, 16, 2694. 

(23) Friedman, S.; Kolusheva, S.; Volinsky, R.; Zeiri, L.; Schrader, T.; Jelinek, R. Anal. Chem.2008, 80, 
7804. 

(24) Zadmard, R.; Schrader, T.  J. Am. Chem. Soc. 2005, 127, 904. 
(25) Chinta, J. P.; Acharya, A.; Kumar, A.; Rao, C. P. J. Phys. Chem. B  2009, 113, 12075. 
(26) (a) Marc, R. E.; Lam, D. Proc. Natl. Acad. Sci. 1981, 78, 7185(b) Mizrahi, V.; Brooksbank, R. L.; 

Nkabinde, N. C. J. Biol. Chem. 1994, 269, 19245. 
(27) Acharya, A.; Ramanujam, B.; Chinta, J. P.; Rao, C. P. J. Org. Chem. 2010, 76, 127. 
(28) (a) Prusiner, S. B. Proc. Natl. Acad. Sci. 1998, 95, 13363(b) Lyamichev, V. I.; Kaiser, M. W.; 

Lyamicheva, N. E.; Vologodskii, A. V.; Hall, J. G.; Ma, W.-P.; Allawi, H. T.; Neri, B. P. Biochemistry 
2000, 39, 9523(c) Wolfbeis, O. S. Anal. Chem.2008, 80, 4269(d) Hossain, S. Z.; Luckham, R. E.; 
McFadden, M. J.; Brennan, J. D. Anal. Chem.2009, 81, 9055. 

(29) Mareeswaran, P. M.; Prakash, M.; Subramanian, V.; Rajagopal, S. J. Phys. Org. Chem. 2012, 25, 1217. 
(30) Ambrosi, M.; Cameron, N. R.; Davis, B. G. Org. Biomol. Chem. 2005, 3, 1593. 
(31) (a) Raju, R. K.; Ramraj, A.; Vincent, M. A.; Hillier, I. H.; Burton, N. A. Phys. Chem. Chem. Phys. 

2008, 10, 6500(b) Maresca, M.; Derghal, A.; Carravagna, C.; Dudin, S.; Fantini, J. Phys. Chem. Chem. 

Phys. 2008, 10, 2792. 
(32) Sansone, F.; Casnati, A. Chem. Soc. Rev. 2013, 42, 4623 
(33) Sansone, F.; Baldini, L.; Casnati, A.; Ungaro, R. Supramol. Chem. 2008, 20, 161. 
(34) Aleandri, S.; Casnati, A.; Fantuzzi, L.; Mancini, G.; Rispoli, G.; Sansone, F. Org. Biomol. Chem. 2013. 
(35) Chinta, J. P.; Rao, C. P. Carbohydrate research 2012. 

Page 23 of 27 RSC Advances



24 

 

(36) (a) Gestwicki, J. E.; Cairo, C. W.; Strong, L. E.; Oetjen, K. A.; Kiessling, L. L.  J. Am. Chem. Soc. 
2002, 124, 14922(b) Block, P.; Weskamp, N.; Wolf, A.; Klebe, G. Proteins: Structure, Function, and 
Bioinformatics 2007, 68, 170. 

(37) Gordo, S.; Martos, V.; Santos, E.; Menéndez, M.; Bo, C.; Giralt, E.; de Mendoza, J. Proc. Natl. Acad. 

Sci. 2008, 105, 16426. 
(38) Kamada, R.; Yoshino, W.; Nomura, T.; Chuman, Y.; Imagawa, T.; Suzuki, T.; Sakaguchi, K. Bioorg. 

Med. Chem.  letters 2010, 20, 4412. 
(39) (a) Wells, J. A.; McClendon, C. L. Nature 2007, 450, 1001(b) Yin, H.; Hamilton, A. D. Angew. Chem. 

Int. Ed. Engl. 2005, 44, 4130. 
(40) Wilson, A. J. Chem. Soc. Rev. 2009, 38, 3289. 
(41) Azzarito, V.; Long, K.; Murphy, N. S.; Wilson, A. J. Nat. Chem. 2013, 5, 161. 
(42) (a) Kim, A. Y.; Chung, R. T. Gastroenterology 2009, 137, 795(b) Singal, A. K.; Anand, B. S. World J. 

Gastroenterol. 2009, 15, 3713. 
(43) (a) Blaskovich, M. A.; Lin, Q.; Delarue, F. L.; Sun, J.; Park, H. S.; Coppola, D.; Hamilton, A. D.; 

Sebti, S. M. Nat. Biotechnol. 2000, 18, 1065(b) Sun, J.; Blaskovich, M. A.; Jain, R. K.; Delarue, F.; 
Paris, D.; Brem, S.; Wotoczek-Obadia, M.; Lin, Q.; Coppola, D.; Choi, K. Cancer research 2004, 64, 
3586(c) Sun, J.; Wang, D.-a.; Jain, R. K.; Carie, A.; Paquette, S.; Ennis, E.; Blaskovich, M. A.; Baldini, 
L.; Coppola, D.; Hamilton, A. D. Oncogene 2005, 24, 4701(d) Zhou, H.; Wang, D.-a.; Baldini, L.; 
Ennis, E.; Jain, R.; Carie, A.; Sebti, S. M.; Hamilton, A. D. Org. Biomol. Chem. 2006, 4, 2376. 

(44) Tsou, L. K.; Dutschman, G. E.; Gullen, E. A.; Telpoukhovskaia, M.; Cheng, Y.-C.; Hamilton, A. D. 
Bioorg. Med. Chem.  letters 2010, 20, 2137. 

(45) (a) Kwong, P. D.; Wyatt, R.; Robinson, J.; Sweet, R. W.; Sodroski, J.; Hendrickson, W. A. Nature 
1998, 393, 648(b) Weiss, C. D. AIDS Rev. 2003, 5, 214(c) Huang, C.-c.; Tang, M.; Zhang, M.-Y.; 
Majeed, S.; Montabana, E.; Stanfield, R. L.; Dimitrov, D. S.; Korber, B.; Sodroski, J.; Wilson, I. A. 
Science 2005, 310, 1025. 

(46) Tsou, L. K.; Chen, C.-H.; Dutschman, G. E.; Cheng, Y.-C.; Hamilton, A. D. Bioorg. Med. Chem.  

letters 2012, 22, 3358. 
(47) (a) Black, D. S.; Montagna, L. G.; Zitsmann, S.; Bliska, J. B. Mol. Microbiol. 1998, 29, 1263(b) 

Cornelis, G. R. Proc. Natl. Acad. Sci. 2000, 97, 8778. 
(48) (a) Xie, J.; Seto, C. T. Bioorg. Med. Chem.  2007, 15, 458(b) Vovk, A. I.; Kononets, L. A.; Tanchuk, 

V. Y.; Cherenok, S. O.; Drapailo, A. B.; Kalchenko, V. I.; Kukhar, V. P. Bioorg. Med. Chem.  letters 
2010, 20, 483. 

(49) Bezouška, K.; Šnajdrová, R.; Křenek, K.; Vančurová, M.; Kádek, A.; Adámek, D.; Lhoták, P.; Kavan, 
D.; Hofbauerová, K.; Man, P. Bioorg. Med. Chem.  2010, 18, 1434. 

(50) Lugovskoy, E. V.; Gritsenko, P. G.; Koshel, T. A.; Koliesnik, I. O.; Cherenok, S. O.; Kalchenko, O. I.; 
Kalchenko, V. I.; Komisarenko, S. V. FEBS Journal 2011, 278, 1244. 

(51) Iannaccone, M.; Serretiello, E.; Vivo, G. D.; Martin, A.; Stefanile, A.; Titta, F.; Gentile, V. Recent Pat. 
CNS Drug Discov. 2013, 8, 161. 

(52) Siegel, M.; Khosla, C. Pharmacol. Ther. 2007, 115, 232. 
(53) Francese, S.; Cozzolino, A.; Caputo, I.; Esposito, C.; Martino, M.; Gaeta, C.; Troisi, F.; Neri, P. 

Tetrahedron Lett. 2005, 46, 1611. 
(54) (a) Dings, R. P.; Chen, X.; Hellebrekers, D. M.; van Eijk, L. I.; Zhang, Y.; Hoye, T. R.; Griffioen, A. 

W.; Mayo, K. H. J. Natl. Cancer Inst. 2006, 98, 932(b) Dings, R. P.; Miller, M. C.; Nesmelova, I.; 
Astorgues-Xerri, L.; Kumar, N.; Serova, M.; Chen, X.; Raymond, E.; Hoye, T. R.; Mayo, K. H. J. Med. 

Chem. 2012, 55, 5121. 
(55) Chini, M. G.; Terracciano, S.; Riccio, R.; Bifulco, G.; Ciao, R.; Gaeta, C.; Troisi, F.; Neri, P. Org. Lett. 

2010, 12, 5382. 
(56) Seidel, C.; Schnekenburger, M.; Dicato, M.; Diederich, M. Genes & nutrition 2012, 7, 357. 
(57) Hillary, F. A.; Kevin, D.; Takashi, S.; Anne, L.; Catherine, A. M.; Jennifer, K. S.; Paul, A. W.; Fraser, 

H.; Tatiana, G. K. Biochem. J. 2014, 459, 505. 
(58) Brayman, M.; Thathiah, A.; Carson, D. D. Reprod Biol Endocrinol 2004, 2, 14. 
(59) Geraci, C.; Consoli, G. M.; Granata, G.; Galante, E.; Palmigiano, A.; Pappalardo, M.; Di Puma, S. D.; 

Spadaro, A. Bioconjugate Chem. 2013, 24, 1710. 
(60) Pelizzaro-Rocha, K. J.; de Jesus, M. B.; Ruela-de-Sousa, R. R.; Nakamura, C. V.; Reis, F. S.; de 

Fátima, A.; Ferreira-Halder, C. V. Biochimica et Biophysica Acta (BBA)-Molecular Cell Research 
2013. 

(61) Zheng, D.-D.; Fu, D.-Y.; Wu, Y.; Sun, Y.-L.; Tan, L.-L.; Zhou, T.; Ma, S.-Q.; Zha, X.; Yang, Y.-W. 
Chem. Commun. 2014, 50, 3201. 

Page 24 of 27RSC Advances



25 

 

(62) del Carmen Fernández-Alonso, M.; Díaz, D.; Berbis, M. Á.; Marcelo, F.; Cañada, J.; Jiménez-Barbero, 
J. Curr. Protein Pept. Sci. 2012, 13, 816. 

(63) Viola, S.; Consoli, G. M.; Merlo, S.; Drago, F.; Sortino, M. A.; Geraci, C. J. Neurochem.2008, 107, 
1047. 

(64) Marra, A.; Moni, L.; Pazzi, D.; Corallini, A.; Bridi, D.; Dondoni, A. Org. Biomol. Chem. 2008, 6, 
1396. 

(65) Cecioni, S.; Lalor, R.; Blanchard, B.; Praly, J. P.; Imberty, A.; Matthews, S. E.; Vidal, S. Chem. Eur. J. 
2009, 15, 13232. 

(66) Consoli, G. M.; Granata, G.; Cafiso, V.; Stefani, S.; Geraci, C. Tetrahedron Lett. 2011, 52, 5831. 
(67) Chemani, C.; Imberty, A.; de Bentzmann, S.; Pierre, M.; Wimmerová, M.; Guery, B. P.; Faure, K.  

Infect. Immun. 2009, 77, 2065. 
(68) Oshima, T.; Suetsugu, A.; Baba, Y.; Shikaze, Y.; Ohto, K.; Inoue, K. J. Membr. Sci.2008, 307, 284. 
(69) Semedo, M. C.; Karmali, A.; Barata, P. D.; Prata, J. V. J. Mol. Catal. B: Enzym.2010, 62, 96. 
(70) Matar-Merheb, R.; Rhimi, M.; Leydier, A.; Huché, F.; Galián, C.; Desuzinges-Mandon, E.; Ficheux, 

D.; Flot, D.; Aghajari, N.; Kahn, R. PloS one 2011, 6, e18036. 
(71) Bünger, S.; Roblick, U. J.; Habermann, J. K. Cytotechnology 2009, 61, 153. 
(72) Matthews, E. E.; Zoonens, M.; Engelman, D. M. Cell 2006, 127, 447. 
(73) Von Heijne, G. J. Mol. Biol. 1992, 225, 487. 

 

 

 

Nahid Sadeghi Alavijeh received a BSc (2010) from the Department of 

Chemistry at Khajeh Nasir Toosi University of Technology (KNTU), 

Iran.  In 2012, she received her MSc in Organic Chemistry from 

KNTU working under the supervision of Prof. Saeed Balalaie. 

Subsequently, she joined a PhD course in the Department of Chemistry 

at the Chemistry and Chemical Engineering Research Center of Iran 

(CCERCI) in 2012 and is currently working under the supervision of 

Dr. Reza Zadmard. 

 

Reza Zadmard studied Chemistry at Sharif University of Technology 

and received his BSc in 1992 and his MSc in 1995 (Organic Chemistry, 

M. R. Saidi) and then he works 5 years as a research assistant at the 

Chemistry and Chemical Engineering Research Center of Iran. 

Subsequently, he jointed a PhD course in the Department of Chemistry 

of Marburg University (Germany) and received his PhD in 2003 

(Supramol. Chem., T. Schrader). After a post doctorate at                                    

Marburg University with T. Schrader, he moved back to Chemistry                                      

and Chemical Engineering Research Center of Iran (2005), where he                                     

served as an assistant professor in bioorganic chemistry.   

Page 25 of 27 RSC Advances



26 

 

 

 

 

 

 

 

 

 

 

Page 26 of 27RSC Advances



M
ul
t iv
al
en
t

C
al
ix
ar
en
es

Protein

Recognit ion

Protein
Inhibition

Protein
Ext raction

Protein Surface Recognition by Calixarenes  

Reza Zadmard* and Nahid S. Alavijeh  

Chemistry and Chemical Engineering. Research Center of Iran. P.O. Box 

14335-186; Email: zadmard@ccerci.ac.ir 

 

The present review summarize recently developed 

calixarene derivatives for protein surface recognition 

which are able to identify, inhibit, and separate 

specific proteins. 

 

Contents 

 

1. Introduction 

2. Protein Recognition 

3. Protein Inhibition 

4. Protein Extraction 

5. Conclusions 

 

 

Page 27 of 27 RSC Advances


