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Antibodies are important tools that are used extensively in basic biomedical research, in 
diagnostics, and in the treatment of diseases.

Traditionally, the production of antibodies relies on the immunization of an animal. 
For example, for the generation of monoclonal antibodies by the hybridoma technology, 
usually mice and rats are preferred. For polyclonal antibody production, larger mammals 
(e.g., rabbits, sheep, and goats) are used as the relatively huge amount of serum that can be 
collected from these animals serves as a rich source for antibody purification. These anti-
bodies are all based on an immunoglobulin scaffold and are derived from a genuine in vivo 
immune response. Despite their widespread applications as detection, diagnostic, and ther-
apeutic agents, in vivo-generated polyclonal and monoclonal antibodies bear some limita-
tions. For example, polyclonal antibodies as detection reagents are not only prone to 
batch-to-batch variability but also contain significant amounts of nonspecific antibodies. 
Furthermore, due to their inadequate characterization, it is not surprising that many experi-
mental results that are obtained with polyclonal antibodies are often not reproducible. In 
contrast, hybridoma-derived monoclonal antibodies are considered to be perfectly defined 
reagents with unique specificities. Very often, however, they secrete additional light and/or 
heavy chains, which makes it cumbersome to evaluate if the binding behavior of the 
hybridoma-derived mAb is intrinsic to the mAb from the target B cell or due to artificial 
chain combinations caused by the presence of the additional chains derived from the fusion 
cell line. Furthermore, hybridoma cells can lose expression, are prone to mutations, and 
thus require frequent retesting.

The restrictions of these traditional in vivo-generated antibodies have been overcome 
by modern synthetic recombinant in vitro antibody technologies.

One of the most significant difference between naturally occurring and synthetic immu-
noglobulins per se is the way these two groups are generated. Naturally occurring immuno-
globulins are generated in  vivo by processes of V(D)J recombination and somatic 
hypermutation of the B cell antigen receptor during B cell development and differentiation 
and its secretion as soluble immunoglobulin by plasma cells. Synthetic antibodies on the 
other hand can be defined in general as affinity reagents engineered entirely in vitro, thus 
completely eliminating animals from the production process. (Although this definition 
might get blurred, e.g., by processes such as antibody humanization, which basically is the 
replacement of frameworks of a murine antibody generated in vivo with their human coun-
terparts by recombinant genetic engineering in  vitro. Therefore, a humanized antibody 
could be considered as “semisynthetic”).

Synthetic affinity reagents include recombinantly produced immunoglobulin antibodies 
derived from combinatorial antibody libraries (i.e., antibody libraries built on in silico-
designed and chemically defined diversity on the basis of synthetic oligonucleotides) and 
so-called antibody mimetics that are based on alternative protein/polypeptide scaffolds.

In addition, the term “synthetic antibody” is also often used to describe affinity reagents 
that are different from protein/polypeptides but share typical antibody characteristics such 
as diversity and specific binding affinities. For example, aptamers as a class of small nucleic 
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acid ligands are composed of RNA or single-stranded DNA oligonucleotides. Like antibod-
ies, aptamers interact with their corresponding targets with high specificity and affinity.

An example of synthetic “plastic antibodies” are molecularly imprinted polymers (MIPs), 
which are polymeric matrices obtained by a technique called molecular imprinting technol-
ogy to design artificial receptors with a predetermined selectivity and specificity for a given 
analyte. MIPs are able to mimic natural recognition entities, such as antibodies and biologi-
cal receptors.

This volume on Synthetic Antibodies aims to present a set of protocols useful for 
research in the field of recombinant immunoglobulin and alternative scaffold engineering, 
aptamer development, and generation of MIPs. Part I includes methods that deal with 
amino acid-based synthetic antibodies. Brief protocols about the generation of antibody 
libraries are detailed, as well as techniques for antibody selection, characterization, and vali-
dation. This section is completed by a brief description of a bioinformatics platform that 
supports antibody engineering during Research and Development. Part II contains basic 
procedures about the selection and characterization of aptamer molecules, and Part III 
describes fundamental processes of MIP generation and application.

I would like to express my sincere thanks to all contributing authors for sharing their 
research expertise. Without their support, this volume would not have been possible. Many 
thanks to John M. Walker for the invitation to edit this volume on “Synthetic Antibodies” 
and to Monica Suchy and Patrick Marton from Springer for helpful advice and for publish-
ing this book.

Planegg, Germany� Thomas Tiller 
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Chapter 1

Antibody Mimetics, Peptides, and Peptidomimetics

Xiaoying Zhang and Thirumalai Diraviyam

Abstract

In spite of their widespread applications as therapeutic, diagnostic, and detection agents, the limitations of 
polyclonal and monoclonal antibodies have enthused scientists to plan for next-generation biomedical 
agents, the so-called antibody mimetics, which offer many advantages compared to traditional antibodies. 
Antibody mimetics could be designed through protein-directed evolution or fusion of complementarity-
determining regions with intervening framework regions. In the recent decade, extensive progress has 
been made in exploiting human, butterfly (Pieris brassicae), and bacterial systems to design and select 
mimetics using display technologies. Notably, some of the mimetics have made their way to market. 
Numerous limitations lie ahead in developing mimetics for different biomedical usage, particularly for 
which conventional antibodies are ineffective. This chapter presents a brief overview of the current charac-
teristics, construction, and applications of antibody mimetics.

Key words Antibody mimetics, Protein engineering, Monoclonal antibodies (mAbs), Therapeutics, 
Diagnostics

1  �Introduction

A revolution has been made in the biological science through the 
development of the hybridoma technique to generate monoclonal 
antibodies (mAbs) [1]. In the meantime, advancements in genetic 
engineering revolutionized the methods to select, humanize and 
produce recombinant antibodies. The accomplishment of fabricat-
ing antibody fragments in different host systems (e.g., bacteria and 
yeast) and selection technologies, such as phage and ribosome dis-
play, permitted the production of antibody-based reagents for var-
ied applications. On the other hand, animal-sourced antibodies 
faced some challenges such as ethical concerns to use animals for 
experiments, the penetration difficulty for large sized antibodies in 
solid tumors, immunogenicity [2], presence of six hypervariable 
loops that are difficult to manipulate at once, if generation of a 
large synthetic library is required [3], complex multi-chain archi-
tecture and glycosylation of the heavy chains [4]. Besides, some 
studies reported that, some antibodies have lost their activity when 
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used in microarrays [5], are required in high doses to achieve clinical 
efficacy [6], exhibit poor pharmacokinetic behavior and costly 
manufacturing processes [7].

The tremendous advancements of biotechnology and cutting-
edge protein engineering have made it possible to synthesize 
antibody-like molecules, the so-called antibody mimetics. The pro-
cess of producing antibody mimetics upholds the precepts of 3Rs 
(replacement, reduction, and refinement) for using laboratory ani-
mals [8]. They mimic natural antibodies and functionally exhibit 
many advantages than conventional antibodies. To date, several 
antibody mimetics such as, affibodies, anticalins, avimers, bicycles, 
DARPins, fynomers, iBodies, and nanofitins, have been developed 
and many more are under development. These novel approaches 
are gaining acceptance by offering versatile advantages to combat 
with clinically important diseases such as cancer, autoimmune dis-
eases, and acquired immunodeficiency syndrome.

2  �Steps Involved in Constructing Antibody Mimetics

Antibody mimetics are mainly constructed by two methods, 
protein-directed evolution and fusion of complementary deter-
mining regions (CDRs) through cognate framework regions (FRs) 
in different sequences.

Presently, the protein-directed evolution is employed to harness 
the power of natural selection to evolve proteins with preferred 
properties. In principle, it involves four key steps as illustrated in 
Fig. 1a: (1) Identification: the sequence of interest is chosen on the 
basis of its perceived proximity to the desired function and its 
evolvability [9]; (2) Diversification: the parent sequence is 

Fig. 1 Construction strategies of antibody mimetics

Xiaoying Zhang and Thirumalai Diraviyam
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subjected to diversification by error-prone PCR and DNA shuffling; 
(3) Selection: the screening or selection is used to test the presence 
of mutants in the generated library; and (4) Amplification: the vari-
ants are screened, selected and replicated many-fold to harvest a 
variant with the desired properties. Massive combinatorial libraries 
have been constructed by randomizing amino acid positions in 
structurally variable loops of proteins [10] or by exon shuffling and 
phage display [11]. The mutant libraries specific against desired 
antigens are screened by phage display or ribosome display selec-
tion (Fig. 1).

By fusing two CDRs through a cognate framework region (FR) 
the CDR-FR peptides are constructed. Protein antigens are gener-
ally recognized by all six CDRs from both the VL and VH domains 
of the intact antibody combining site. The CDRH3 loop is consid-
ered the most indispensable part of the mimetic, as it is often the 
most accessible of the CDR loops, and is almost always involved in 
antigen binding to the greatest extent due to its greater sequence 
diversity. The C-terminus of the selected CDR1 or CDR2 loop and 
the N-terminus of the selected CDRH3 loop are joined with a FR 
chosen from VH or VL [12] (Fig. 1b). On the basis of these 
principles numerous antibody mimetics have been developed.

3  �Antibody Mimetics as Therapeutic Agents

Human epidermal growth factor receptors (HER1, HER2, HER3, 
and HER4) dysregulation and overexpression may cause different 
types of cancers, and therefore the HER proteins are considered as 
reliable biomarkers for cancer progression and treatment [13]. The 
FDA approved anti-HER2 mAb Trastuzumab (Herceptin) is suc-
cessfully used for the treatment of breast cancer; however, 
Trastuzumab application may also result in side effects such as car-
diac dysfunction in some patients [14]. Small, non-immunogenic, 
stable, and specific affibody molecules named ZHER2:342 with 
good tissue penetration are successfully used as imaging and treat-
ment agents as alternatives to mAbs [15]. ZHER2:342 has been 
fused with a truncated form of Pseudomonas exotoxin A, and the 
fusion protein was found to bind successfully to HER2-expressing 
cells [16]. It was also evaluated whether albumin binding domain 
(ABD) conjugation with the anti-HER2 affibody could improve its 
pharmacokinetics and enable radionuclide therapy for small tumors 
expressing HER2. This conjugation strategy [177Lu-CHX-A00-
DTPA-ABD-(ZHER2:342)2] exhibited significantly enhanced 
half-life and reduced the kidney uptake [17]. The affibody mole-
cule ZEGFR was encapsulated in liposomes to prevent degradation 
from metabolizing enzymes and was successfully delivered to 
EGFR-expressing cells [18]. The effects of two other affibodies 
(Z05416 and Z05417) were investigated against HER3 on 
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different cell lines and these molecules completely inhibited 
heregulin (HRG)-induced cancer cell growth in an in vitro assay. 
The antiproliferative effect of these affibodies on cells was caused 
by blocking the physiological interaction between HER3 and 
HRG [19].

It is well known that, targeting cytotoxic T lymphocyte associ-
ated antigen-4 (CTLA-4) has opened new avenues in immuno-
therapy of cancer, HIV as well as other infectious diseases. A novel 
engineered antibody mimetic anticalin (lipocalin), derived from 
neutrophil gelatinase- associated lipocalin (NGAL), is a potential 
candidate for immunotherapy of cancer and infectious diseases by 
blocking the activity of CTLA-4. A combinatorial library of 
~2 × 1010 variants was constructed by randomizing the positions of 
20-aa in a structurally variable loop of NGAL. The mutant library 
was then subjected to phage display selection. Lipocalin (Lcn) 
selected by phage display competitively inhibited physiological 
interaction between CTLA-4 and B7.1/B7.2, and interestingly, 
selected lipocalins showed no cross-reactivity with CD28, a struc-
turally related T-cell coreceptor [10]. The anticalin complex with 
its target CTLA-4 is shown in Fig. 2.

PRS-190, a bi-specific anticalin (Duocalin), was developed 
with the dual specificity to target IL-17 and IL-23 (members of 
Th17 cytokine family involved in autoimmunity and inflamma-
tion). DigA16 (H86N) anticalin functions as a digoxin antidote 
when administrated intravenously in rats, dramatically decreasing 
the free digoxin concentration in plasma and rapidly reducing its 
toxic effects [20]. Anticalins are also demonstrated to be suitable 
candidates for treatment of digitalis intoxications [21]. The other 
anticalin programs from Pieris Pharmaceuticals such as PRS-050, 
PRS-110, PRS-080 are developed to target VEGF-A, c-Met onco-
gene, and chemotherapy-induced anemia (CIA) and chronic kid-
ney disease (CKD), respectively. The PRS-060 is an advanced 
anticalin program developed to target IL-4 for treating asthma 
(http://www.pieris.com/).

The E7 protein is well known for inactivation of pRb (tumor 
suppressor) and is a strong element involved in rampant growth of 
cervical cancer [22]. It is identified that inhibition and functional 
knockout of E7 protein leads to arrest of cell proliferation and/or 
cell growth and apoptosis. The intracellular protein E7 was the 
target for inhibition by anti-E7 affilin molecules, which were able 
to arrest cellular growth and were confirmed to be highly specific 
for E7+ mammalian cells [23].

It was demonstrated that different cytokines including IL-5, 
IL-6, IL-13, and TNFa, produced by cultured human mast cells, 
were cleaved by chymase [24]. Fynomers bind chymase with a KD 
of 0.9 nM and koff of 1.1 × 10−3s−1 selectively inhibiting chymase 
activity with an IC50 value of 2 nM [25]. The D3 fynomer was 
discovered from a Fyn Src Homology3 (SH3) phage library that 
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binds extra-domain B (EDB) but no other structurally related 
proteins [26]. The COVA301, a dual TNF/IL-17A inhibitor has 
also been developed, in which the fynomer against IL-17A was 
fused with an approved anti-TNF antibody [27].

Fig. 2 Structures of antibody mimetics and their parent proteins. (a–f) Antibody mimetics in complex with their 
targets. (g and h) Parent proteins of the antibody mimetics. (a–d) the orange color represents the antibody mimet-
ics while the targets are shown as gray surfaces. (a) Engineered Adnectin/Monobody (10Fn3) in complex with 
human estrogen receptor alpha binding domain. PDB: 2OCF. (b) Affibody molecule in complex with HER2 extra 
domain cellular region. PDB: 3MZW. (c) Anticalin in complex with the extracellular domain of Human CTLA-4. PDB: 
3BX7. (d) DARPin in complex with aminoglycoside phosphotransferase. PDB: 2BKK. (e) Fynomer 4C-A4 (ribbon 
diagram) in complex with human chymase (space filling model). For Fynomer: The magenta represents RT-loop 
and red represents n-src-loop. The accession numbers for six Fynomer-chymase complexes in PDB are: 4afq, 
4afs, 4afu, 4afz, 4ag1, and 4ag2. (f) Schematic representation of anti-IL6 Avimer (C326), in a tetramer construct. 
The first domain binds monovalently with human IgG in serum to prolong half-life while the remaining three 
domains bind to various epitopes on the surface of IL-6. (g) Representation of bovine g-B-crystallin, which is used 
to model the human g-B-crystallin scaffold (Affilins). The red color shows the eight selected amino acid residues 
(Positions 2, 4, 6, 15, 17, 19, 38, and 38) used to construct the library (PDB: 1AMM). The bovine molecule consists 
of 174 amino acid residues with a molecular weight of 20 kDa. (h) Schematic representation of wild-type Sac7d, 
the parent protein of nanofitins (PDB: 1AZP). (i) Ribbon diagram (model) of CDR-FR mimetics. The VHFR2 that links 
VHCDR1 and VHCDR2 in native Fab here plays the role of connecting VHCDR1 and VLCDR3, keeping them in a 
“quasi-physiological” binding site orientation (refer: 11, 12, 26, 27, 33, 46, and 47)
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Deregulation of IL-6 gene expression is implicated in the 
pathogenesis of several autoimmune diseases, e.g., rheumatoid 
arthritis and plasma cell neoplasias [28]. The functionality of 
avimer C326 in  vivo was determined, and the results suggested 
that it completely abrogated acute phase proteins induced by 
human IL-6. The same mimetic showed no effect on acute phase 
proteins induced by human IL-1, demonstrating that the inhibi-
tory effect of C326 is highly specific [11]. It was also demonstrated 
that mimetics against IL-6 with an IC50 of 0.8 pM were biologi-
cally active in two animal models.

Some well-known examples of proteases implicated in disease 
progression are the proteasome, HIV proteases and neutrophil 
elastase, for cancer growth and progression, HIV infection and 
cystic fibrosis, respectively [29]. Kunitz-types protease inhibitors 
are designed to address certain types of diseases: DX-88 and 
DX-890 have been developed to treat hereditary angioedema and 
cystic fibrosis with excellent inhibition of plasma kallikrein and 
neutrophil elastase, respectively [7], and recently DX-88 
(Ecallantide) has been approved by the FDA for the treatment of 
hereditary angioedema [30].

The secretin Pu1D is a major component of Type II secretion 
systems (T2SSs) of gram-negative bacteria and it has gained much 
attention as a therapeutic target. The Pu1D binding nanofitins 
have been derived from Sac7d proteins and demonstrated to bind 
with the bacterial outer membrane secretin Pu1D, thus blocking 
the type II secretion pathway [31].

HUMIRA (Adalimumab), a human monoclonal antibody 
directed against TNFa was approved by the FDA to treat rheuma-
toid arthritis in 2002 and later for some other diseases. However, 
as HUMIRA suppresses the immune response; consequently, 
patients receiving HUMIRA treatment are also more prone to dis-
eases like hepatitis B infections, allergic reactions, nervous system 
problems, heart failure and psoriasis [32]. Adnectins have been 
developed against the same pharmacological target but without 
aforementioned side-effects. Adnectins are mainly selected by 
phage, mRNA and yeast display technologies, and yeast two-hybrid 
techniques [33]. As another example, Adnectin Ct-322 binding to 
vascular endothelial growth factor receptor 2 (VEGFR-2) displays 
antitumor activities and results also suggest that adnectins can be 
developed for the treatment of various others diseases [34]. 
Adnectins are generated and selected to target Src SH3, Abelson 
(Abl) kinase SH2 domain lysozyme, TNF-α, and estrogen receptor 
a ligand [33]. Polyethylene glycol (PEG) has been used as a flexible 
scaffold molecule to link two Fabs together to generate Fab-
PEG-Fab (FpF) molecule that is capable to act as IgG mimetic. 
Anti-VEGF and anti-Her2 FpFs molecules have successfully been 
prepared and evaluated. The prepared FpFs displayed similar affini-
ties to their parent IgG molecule. In vitro antiangiogenic 
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properties of anti-VEGF FpFs were evaluated and it was found that 
these properties were comparable to or even better than bevaci-
zumab (monoclonal antibody used to treat various cancers) [35].

The CDR-FR peptides retain the antigen recognition function 
of their intact parent molecule IgG but have superior capacity to 
penetrate solid tumors. The mimetics that are fused with the 
C-terminus of bacterial toxin Colicin Ia are called pheromonicins. 
Therapeutic efficacy of such fusion proteins was tested for their kill-
ing effects against Epstein-Barr virus (EBV)-induced BL, AIDS-
related body-cavity lymphoma and nasopharyngeal cancer cells, and 
results showed the killing effects of PMC-EBV within solid tumors 
bearing specific surface antigens. The bacterial toxin used as a pay-
load has many significant advantages such as solubility, heat stability 
and absence of cystine residues; through indirect ELISA and assess-
ment in normal mice, it was also shown that the cancer killing toxin 
was non-immunogenic [12]. The mimetic-Fc small antibodies were 
generated by using CDR and FR sequences from trastuzumab, a 
humanized anti-HER2 monoclonal antibody, fused with the Fc 
domain of IgG.  The designed fully functional mimetic-Fc small 
antibody called HMTI-Fc successfully inhibited the binding of 
trastuzumab with HER2-overexpressing SK-BR3 cells, thus show-
ing its potential to treat cancer [36]. The Fc part of the antibody 
participates in recruiting the immune cells in antibody-dependent 
cell-mediated cytotoxicity (ADCC) [37], and intriguingly the 
HMTI-Fc effectively mediated ADCC against HER2-positive 
breast-cancer cells [36]. Other anti-HER2 [38] and anti-CD4 [39] 
antibody mimetics known as DARPins have also been developed, 
and anti-CD4 DARPins with pM affinity blocked the entry of HIV 
into cells by competing with binding of gp120 to CD4. The CD4+ 
cells are a type of white blood cell (lymphocyte) and are critical to 
the immune system. The MP0112 DARPin is perhaps the most 
advanced program, and has been developed as a VEGF-A inhibitor 
(IC50 less than 10 pM) to treat ocular neovascularization. MP0112 
has been demonstrated to be safe and well tolerated in wet age-
related macular degeneration (wet AMD) and diabetic macular 
edema (DME). The therapeutic effect of MP0112 lasted for 
16 weeks and several studies have revealed that MP0112 is long-
acting and highly efficacious [40].

4  �Applications of Antibody Mimetics Diagnosis and Imaging

Antibody mimetics could be labeled and used to image metabolite 
pathways, intracellular targets such as kinases and polymerases, and 
other proteins associated with cancers. Studies have revealed that 
affibodies are promising among the tracers for HER2-specific 
molecular imaging [41]. ZHER2:342 affibody molecules with 
the chelator sequence of maEE were synthesized and labeled 
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with technetium-99  m. The synthesized molecule 99mTc-
(mercaptoacetyl-Glu-Glu-Glu) maEEE-ZHER2:342 appeared to 
be a better tracer for clinical imaging of HER2 overexpression in 
tumors and metastases [42]. Affibodies have been used in protein 
capture microarrays and due to their high specificity they can be 
used for affinity capture in analyses of complex samples, e.g., 
human serum or plasma [5]. Anticalins, due to their small size 
when conjugated with radioactive isotopes, can be used for in vivo 
diagnostics [3] and images of high contrast have been obtained 
soon after administration [43]. Anticalin C26 was developed with 
high binding affinity for rare-earth metal–chelate complexes, and 
further improvement in this anticalin by in vitro selection yielded 
CL31 with fourfold slower dissociation (more than 2 h). Oncofetal 
isoform of extracellular matrix protein fibronectin carries the EDB 
and is exclusively expressed in neovasculature, and has gained sig-
nificant interest for tumor diagnosis. The human Lcn2 has been 
employed as a small non-immunoglobulin scaffold to selecting 
EDB-specific anticalins, and anticalins showing low nanomolar 
affinities for EDB were isolated and biochemically characterized. 
When these isolated anticalins were used in immunofluorescence 
microscopy, they showed specific staining of EDB positive tumor 
cells, and the analysis of BIAcore affinity data showed that they 
recognized distinct epitopes of EDB, suggesting that these EDB 
specific anticalins could provide potential biomolecules both in 
research and biomedical drug development [44].

The CDR-FR peptides have been used for in vivo fluorescence 
imaging and these antibody mimetics also conferred enhanced 
intracellular delivery, thus rendering the mimetics potent candi-
dates for cancer diagnostic applications [12]. The nanofitins have 
been designed to selectively bind to a wide range of targets and 
have been reliable tools for targeting (immunolocalization, in vivo 
neutralization), capture (affinity chromatography, protein removal) 
and detection (immunoassays, western blot). The DARPins 
H6-2-B3 and H6-2-A7 have been used for in vivo tumor imaging 
and tumor targeting and were shown to localize at the tumor [38].

5  �Future Prospects for Antibody Mimetics

Due to their high target retention, rapid tissue penetration and 
blood clearance, antibody mimetics are gaining importance both in 
therapeutics and diagnostics, especially in tumor targeting and 
treatment. Antibody mimetics can be generated against a range of 
biomarkers associated with specific diseases for the development of 
electronic and other formats of multiplex biosensors, reagents for 
detection in routine immunological analysis such as ELISA and 
Western blot. Other small molecules called aptamers (about 
10 kDa) [45] have attracted the attention of scientific community 
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due to their merits such as thermal stability, cost-effectiveness, and 
unlimited applications. Therapeutic efficacy and continuing 
advances in the production of human-derived molecules suggest a 
promising future for antibody mimetics; however, some questions 
remain relating to both therapeutic and diagnostic uses, principally 
their short half-life. The mimetics exhibit shorter half-lives because 
they lack the Fc region and have much lower molecular weights. 
However, when antibody mimetics are engineered with some func-
tional antibody part such as Fc [36], they better mimic the real 
antibody and combine the advantages of both natural antibodies 
and antibody mimetics. With the recent advancements of bio-
engineering, the biological activity of mimetics can be increased by 
many-fold. Despite their reduced size and increased affinity, the 
effects of mimetics in treating diseases other than solid tumors and 
autoimmune diseases still need to be further assessed.

Acknowledgements

This work has been supported by China Nature Science Foundation 
(grant no. 31572556), Ph.D. Programs Foundation of Ministry of 
Education (grant no. 20130204110023), and The Key Construction 
Program (grant no. 2015SD0018) of International Cooperation 
Base in S&T, Shaanxi Province, China.

References

	 1.	Köhler G, Milstein C (1975) Continuous 
cultures of fused cells secreting antibody of 
predefined specificity. Nature 256:495–497

	 2.	Murali R, Greene MI (2012) Structure based 
antibody-like peptidomimetics. 
Pharmaceuticals 5:209–235

	 3.	Skerra A (2001) ‘Anticalins’: a new class of 
engineered ligand-binding proteins with 
antibody-like properties. Rev Mol Biotechnol 
74:257–275

	 4.	Jefferis R (2009) Glycosylation as a strategy to 
improve antibody-based therapeutics. Nat Rev 
Drug Discov 8:226–234

	 5.	Renberg B, Nordin J, Merca A, Uhlén M, 
Feldwisch J, Nygren PÅ, Eriksson Karlström A 
(2007) Affibody molecules in protein capture 
microarrays: evaluation of multidomain ligands 
and different detection formats. J  Proteome 
Res 6:171–179

	 6.	Chames P, Van Regenmortel M, Weiss E, Baty 
D (2009) Therapeutic antibodies: successes, 
limitations and hopes for the future. Br 
J Pharmacol 157:220–233

	 7.	Hey T, Fiedler E, Rudolph R, Fiedler M (2005) 
Artificial, non-antibody binding proteins for 

pharmaceutical and industrial applications. 
Trends Biotechnol 23:514–522

	 8.	Russell WMS, Burch RL, Hume CW (1959) 
The principles of humane experimental tech-
nique. Methuen & Co., London

	 9.	Romero PA, Arnold FH (2009) Exploring pro-
tein fitness landscapes by directed evolution. 
Nat Rev Mol Cell Biol 10:866–876

	10.	Schönfeld D, Matschiner G, Chatwell L, 
Trentmann S, Gille H, Hülsmeyer M, Brown 
N, Kaye PM, Schlehuber S, Hohlbaum AM, 
Skerra A (2009) An engineered lipocalin spe-
cific for CTLA-4 reveals a combining site with 
structural and conformational features similar 
to antibodies. Proc Natl Acad Sci 
106:8198–8203

	11.	Silverman J, Lu Q, Bakker A, To, W, Duguay 
A, Alba BM, Smith R, Rivas A, Li P, Le H, 
Whitehorn E (2005) Multivalent avimer pro-
teins evolved by exon shuffling of a family of 
human receptor domains. Nat Biotechnol 
23:1556–1561

	12.	Qiu XQ, Wang H, Cai B, Wang LL, Yue ST 
(2007) Small antibody mimetics comprising 
two complementarity-determining regions and 

Antibody Mimetics, Peptides, and Peptidomimetics



12

a framework region for tumor targeting. Nat 
Biotechnol 25:921–929

	13.	Ahlgren S, Wållberg H, Tran TA, Widström C, 
Hjertman M, Abrahmsén L, Berndorff D, 
Dinkelborg LM, Cyr JE, Feldwisch J, Orlova A 
(2009) Targeting of HER2-expressing tumors 
with a site-specifically 99mTc-labeled recombi-
nant affibody molecule, ZHER2: 2395, with 
C-terminally engineered cysteine. J Nucl Med 
50:781–789

	14.	Seidman A, Hudis C, Pierri MK, Shak S, Paton 
V, Ashby M, Murphy M, Stewart SJ, Keefe D 
(2002) Cardiac dysfunction in the trastuzumab 
clinical trials experience. J  Clin Oncol 
20:1215–1221

	15.	Wållberg H, Löfdahl PÅ, Tschapalda K, Uhlén 
M, Tolmachev V, Nygren PÅ, Ståhl S (2011) 
Affinity recovery of eight HER2-binding affi-
body variants using an anti-idiotypic affibody 
molecule as capture ligand. Protein Expr Purif 
76:127–135

	16.	Zielinski R, Lyakhov I, Jacobs A, Chertov O, 
Kramer-Marek G, Francella N, Stephen A, 
Fisher R, Blumenthal R, Capala J  (2009) 
Affitoxin–a novel recombinant, HER2-specific, 
anti-cancer agent for targeted therapy of 
HER2-positive tumors. J  Immunother 
32:817–825 (Hagerstown, Md: 1997)

	17.	Tolmachev V, Orlova A, Pehrson R, Galli J, 
Baastrup B, Andersson K, Sandström M, Rosik 
D, Carlsson J, Lundqvist H, Wennborg A 
(2007) Radionuclide therapy of HER2-positive 
microxenografts using a 177Lu-labeled HER2-
specific Affibody molecule. Cancer Res 
67:2773–2782

	18.	Beuttler J, Rothdiener M, Müller D, Frejd FY, 
Kontermann RE (2009) Targeting of epider-
mal growth factor receptor (EGFR)-expressing 
tumor cells with sterically stabilized affibody 
liposomes (SAL). Bioconjug Chem 
20:1201–1208

	19.	Göstring L, Malm M, Höidén-Guthenberg I, 
Frejd FY, Ståhl S, Löfblom J, Gedda L (2012) 
Cellular effects of HER3-specific affibody mol-
ecules. PLoS One 7:e40023

	20.	Eyer F, Steimer W, Nitzsche T, Jung N, 
Neuberger H, Müller C, Schlapschy M, Zilker 
T, Skerra A (2012) Intravenous application of 
an anticalin dramatically lowers plasma digoxin 
levels and reduces its toxic effects in rats. 
Toxicol Appl Pharmacol 263:352–359

	21.	Rusconi CP, Roberts JD, Pitoc GA, Nimjee 
SM, White RR, Quick G, Scardino E, Fay WP, 
Sullenger BA (2004) Antidote-mediated con-
trol of an anticoagulant aptamer in  vivo. Nat 
Biotechnol 22:1423–1428

	22.	Balsitis S, Dick F, Dyson N, Lambert PF 
(2006) Critical roles for nonpRb targets of 

human papillomavirus type 16 E7  in cervical 
carcinogenesis. Cancer Res 66:9393–9400

	23.	Mirecka EA, Hey T, Fiedler U, Rudolph R, 
Hatzfeld M (2009) Affilin molecules selected 
against the human papillomavirus E7 protein 
inhibit the proliferation of target cells. J Mol 
Biol 390:710–721

	24.	Loefblom J, Frejd FY (2011) Alternative scaf-
folds as bispecific antibody mimetics. In: 
Kontermann RE (ed) Bispecific antibodies. 
Springer-Verlag, Berlin Heidelberg, 
pp 115–133

	25.	Schlatter D, Brack S, Banner DW, Batey S, 
Benz J, Bertschinger J, Huber W, Joseph C, 
Rufer AC, van der Klooster A, Weber M (2012) 
Generation, characterization and structural 
data of chymase binding proteins based on the 
human Fyn kinase SH3 domain. Landes Biosci 
4:497–508

	26.	Grabulovski D, Kaspar M, Neri D (2007) A 
novel, non-immunogenic Fyn SH3-derived 
binding protein with tumor vascular targeting 
properties. J Biol Chem 282:3196–3204

	27.	Covagen, Advanced Biopharmaceuticals. 
Covagen utilizes the unique versatility of 
Fynomers to create next generation biologic. 
h t t p : / / w w w. c o v a g e n . c o m / i n d e x .
php?id¼118. Accessed 21 Jun 2013

	28.	Hirano T (1992) Interleukin-6 and its relation 
to inflammation and disease. Clin Immunol 
Immunopathol 62:S60–S65

	29.	Krehenbrink M, Chami M, Guilvout I, Alzari 
PM, Pécorari F, Pugsley AP (2008) Artificial 
binding proteins (Affitins) as probes for con-
formational changes in secretin PulD. J  Mol 
Biol 383:1058–1068

	30.	Scott CJ, Taggart CC (2010) Biologic protease 
inhibitors as novel therapeutic agents. 
Biochimie 92(11):1681–1688

	31.	Mouratou B, Schaeffer F, Guilvout I, Tello-
Manigne D, Pugsley AP, Alzari PM, Pecorari F 
(2007) Remodeling a DNA binding protein as 
a specific in vivo inhibitor of bacterial secretin 
PulD. Proc Natl Acad Sci 104:17983–17988

	32.	Lee CM, Shrieve DC, Zempolich KA, Lee RJ, 
Hammond E, Handrahan DL, Gaffney DK 
(2005) Correlation between human epidermal 
growth factor receptor family (EGFR, HER2, 
HER3, HER4), phosphorylated Akt (P-Akt), 
and clinical outcomes after radiation therapy in 
carcinoma of the cervix. Gynecol Oncol 
99:415–421

	33.	Lipovšek D (2011) Adnectins: engineered 
target-binding protein therapeutics. Protein 
Eng Des Sel 24:3–9

	34.	Mamluk R, Carvajal IM, Morse BA, Wong 
HK, Abramowitz J, Aslanian S, Lim AC, 
Gokemeijer J, Storek MJ, Lee J, Gosselin M 

Xiaoying Zhang and Thirumalai Diraviyam

http://www.covagen.com/index.php?id¼118
http://www.covagen.com/index.php?id¼118


13

(2010) Anti-tumor effect of CT-322 as an 
adnectin inhibitor of vascular endothelial 
growth factor receptor-2. Landes Biosci 
2:199–208

	35.	Khalili H, Godwin A, Choi JW, Lever R, Khaw 
PT, Brocchini S (2013) Fab-PEG-Fab as a 
potential antibody mimetic. Bioconjug Chem 
24:1870–1882

	36.	Gao J, Li B, Li H, Zhang X, Zhang D, Zhao L, 
Wang C, Fang C, Qian W, Hou S, Kou G 
(2009) Development and characterization of a 
fully functional small anti-HER2 antibody. 
BMB Rep 42:636–641

	37.	Ladner RC (2007) Antibodies cut down to 
size. Nat Biotechnol 25:875–877

	38.	Stumpp MT, Amstutz P (2007) DARPins: a 
true alternative to antibodies. Curr Opin Drug 
Discov Dev 10:153–159

	39.	Schweizer A, Rusert P, Berlinger L, Ruprecht 
CR, Mann A, Corthésy S, Turville SG, 
Aravantinou M, Fischer M, Robbiani M, 
Amstutz P (2008) CD4-specific designed 
ankyrin repeat proteins are novel potent HIV 
entry inhibitors with unique characteristics. 
PLoS Pathog 4:e1000109

	40.	Wurch T, Pierré A, Depil S (2012) Novel pro-
tein scaffolds as emerging therapeutic proteins: 
from discovery to clinical proof-of-concept. 
Trends Biotechnol 30:575–582

	41.	Löfblom J, Feldwisch J, Tolmachev V, Carlsson 
J, Ståhl S, Frejd FY (2010) Affibody molecules: 
engineered proteins for therapeutic, diagnostic 

and biotechnological applications. FEBS Lett 
584:2670–2680

	42.	Tran T, Engfeldt T, Orlova A, Sandström M, 
Feldwisch J, Abrahmsén L, Wennborg A, 
Tolmachev V, Karlström AE (2007) 99mTc-
maEEE-ZHER2: 342, an Affibody molecule-
based tracer for the detection of HER2 
expression in malignant tumors. Bioconjug 
Chem 18:1956–1964

	43.	Skerra A (2008) Alternative binding proteins: 
anticalins–harnessing the structural plasticity of 
the lipocalin ligand pocket to engineer novel 
binding activities. FEBS J 275:2677–2683

	44.	Gebauer M, Schiefner A, Matschiner G, Skerra 
A (2013) Combinatorial design of an Anticalin 
directed against the extra-domain B for the 
specific targeting of oncofetal fibronectin. 
J Mol Biol 425:780–802

	45.	Cai S, Singh BR (2007) Strategies to design 
inhibitors of clostridium botulinum neurotox-
ins. Infect Disord Drug Targets 7:47–57

	46.	Arnoux B, Ducruix A, Prange T (2002) 
Anisotropic behaviour of the Cterminal 
Kunitz-type domain of the 3 chain of human 
type VI collagen at atomic resolution (0.9 A). 
Acta Crystallographica D Biol Crystallograph 
58:1252–1254

	47.	Ebersbach H, Fiedler E, Scheuermann T, Fiedler 
M, Stubbs MT, Reimann C, Proetzel G, Rudolph 
R, Fiedler U (2007) Affilin–novel binding mole-
cules based on human g-b-crystallin, an all 
b-sheet protein. J Mol Biol 372:172–185

Antibody Mimetics, Peptides, and Peptidomimetics


	Dedication
	Preface
	Contents
	Contributors
	Part I: Amino Acid-Based Synthetic Antibodies
	Chapter 1: Antibody Mimetics, Peptides, and Peptidomimetics
	1 Introduction
	2 Steps Involved in Constructing Antibody Mimetics
	3 Antibody Mimetics as Therapeutic Agents
	4 Applications of Antibody Mimetics Diagnosis and Imaging
	5 Future Prospects for Antibody Mimetics
	References

	Chapter 2: Construction of a scFv Library with Synthetic, Non-­combinatorial CDR Diversity
	1 Introduction
	2 Materials
	3 Methods
	3.1 Amplification of Oligonucleotides by Polymerase Chain Reaction
	3.2 Construction of Single-CDR scFv Libraries
	3.3 Proofreading of Synthetic CDRs
	3.4 Construction of the Final scFv Library

	4 Notes
	References

	Chapter 3: Enzymatic Assembly for scFv Library Construction
	1 Introduction
	2 Materials
	2.1 Immunization
	2.2 Isolation of Total RNA and cDNA Synthesis
	2.3 PCR-­Amplification of VL and VH Fragments
	2.4 Construction of scFv Library Through Enzymatic Assembly
	2.5 Transformation
	2.6 Fingerprinting of Enzymatically Assembled scFvs
	2.7 Phage Display of scFv Libraries

	3 Methods
	3.1 Immunization
	3.2 Isolation of Total RNA and cDNA Synthesis
	3.3 PCR-­Amplification of VL and VH Fragments from Antibody Library
	3.4 Construction of scFv Library Through Enzymatic Assembly
	3.5 Transformation
	3.6 Fingerprinting of scFvs Prepared Through Enzymatic Assembly
	3.7 Phage Display of scFv Libraries

	4 Notes
	References

	Chapter 4: Directed Evolution of Protein Thermal Stability Using Yeast Surface Display
	1 Introduction
	2 Materials
	2.1 Plasmids and Yeast and Bacterial Strains
	2.2 Yeast Media and Buffers
	2.3 Reagents and Materials for Cloning and Transformation
	2.4 FACS Reagents
	2.5 Instruments

	3 Methods
	3.1 Library Construction
	3.1.1 Mutagenesis by Error Prone PCR
	3.1.2 Amplification of Insert by PCR
	3.1.3 Ethanol Precipitation
	3.1.4 Vector Preparation
	3.1.5 Electroporation of Yeast

	3.2 Induction of Surface Expression
	3.3 FACS Screening of Yeast Cells Displaying Thermally Stable Protein Variants
	3.4 Plasmid Isolation from Sorted Yeast Cells Directly After FACS
	3.5 Amplification of Insert DNA and Generation of a New Library
	3.6 Clonal Evaluation of Stability Properties

	4 Notes
	References

	Chapter 5: Whole Cell Panning with Phage Display
	1 Introduction
	2 Materials
	2.1 Blocking of Phage Prior to Selection
	2.2 Preparation of Target and Adsorption Cells
	2.3 Selection Process: Binding of Phage to Specific Antigen Expressing Target Cells Followed by Acidic Elution of Selected Phage
	2.4 Recovery of Panning Output
	2.5 Phage Production and Precipitation
	2.6 Subcloning of Selected Phage Pools into Expression Vector
	2.7 Preparation of Selection Plates for Subsequent Primary Cell Screening
	2.8 Primary Multiplex Cell Screening

	3 Methods
	3.1 Isolation of Antibody Fragments from a Phage Display Library by Whole Cell Panning
	3.1.1 Blocking of Phage Prior to Selection
	3.1.2 Preparation of Target and Adsorption Cells
	3.1.3 Selection Process: Binding of Phage to Specific Antigen Expressing Target Cells Followed by Acidic Elution of Selected Phage
	3.1.4 Post-adsorption of Selected Phage
	3.1.5 Bacterial Infection
	3.1.6 Recovery of Panning Output
	3.1.7 Phage Production and Precipitation
	3.1.8 Spot Titration (Determination of Input Titer for 2nd and 3rd Panning Round)

	3.2 Subcloning of Selected Phage Pools into Expression Vector
	3.3 Preparation of Selection Plates for Subsequent Primary Screening
	3.4 Primary Multiplex Cell Screening
	3.4.1 Fluorescent Barcoding of Cells for Multiplex Flow Cytometry
	3.4.2 Flow Cytometric Staining Procedure in 384-well Format


	4 Notes
	References

	Chapter 6: Generating Conformation and Complex-Specific Synthetic Antibodies
	1 Introduction
	2 Materials
	3 Methods
	3.1 Experiment Design
	3.1.1 Subtraction and Competition Selection Schemes
	3.1.2 Synthetic Antibody Selection and Screening Workflow

	3.2 Target Protein Preparation
	3.2.1 Chemical Biotinylation
	3.2.2 In Vitro Biotinylation
	3.2.3 Pull-Down Test to Determine the Extent of Biotinylation and Efficiency of Antigen Release

	3.3 Phage Library Selection
	3.3.1 Phage Library Preparation
	3.3.2 Competitive and Subtractive Phage Display Selection

	3.4 Primary Screening
	3.4.1 Competitive Phage ELISA
	3.4.2 Clone Sequencing and Sequence Analysis

	3.5 Secondary Screening
	3.5.1 Large Scale Synthetic Antibody Expression and Purification
	3.5.2 Biophysical Characterization


	4 Notes
	References

	Chapter 7: High-Throughput IgG Conversion of Phage Displayed Fab Antibody Fragments by AmplYFast
	1 Introduction
	2 Materials
	2.1 Equipment
	2.2 Primer
	2.3 Reagents and Components
	2.4 The Ylanthia Vector System
	2.4.1 Phage Fab Display Vector pYPdis10
	2.4.2 Bacterial Fab Expression Vector pYBex10
	2.4.3 Mammalian IgG Expression Vector: pYMex10


	3 Methods
	3.1 Transformation of E. coli with Plasmid DNA
	3.1.1 AmplYFast PART 1

	3.2 First PCR Amplification of “Fab Vector” Backbone and Antibody Light and Heavy Chain Sequences
	3.3 Binding of Biotinylated First PCR Product (PCR-­Product-­I) to Streptavidin-­Coupled Magnetic Beads
	3.4 Restriction Digest with NheI
	3.5 Restriction Digest with KpnI
	3.6 Insertion of Mammalian Expression Cassette into Vector Backbone by Ligation
	3.6.1 AmplYFast PART 2

	3.7 Second PCR Amplification of Antibody Variable Region Sequence and Eukaryotic Expression Cassette
	3.8 Binding of Biotinylated Second PCR Product (PCR-­Product-­II) to Streptavidin-­Coupled Magnetic Beads
	3.9 Restriction Digest with XhoI
	3.10 Restriction Digest with NdeI
	3.11 Ligation into pYMex10 IgG Acceptor Vector Backbone
	3.12 Transformation of E. coli DH5α Cells
	3.12.1 AmplYFast QC

	3.13 “Insert Check” Colony PCR
	3.14 Sequencing of Individual IgG Expression Vector DNA

	4 Notes
	References

	Chapter 8: Utilization of Selenocysteine for Site-Specific Antibody Conjugation
	1 Introduction
	2 Materials
	2.1 Cloning of pCEP4/scFv-Fc-Sec-­His6-TXNRD1 SECIS Plasmid via Restriction Sites
	2.2 Cloning of pCEP4/scFv-­Fc(Ser396Sec)-His6-SelT 3′UTR Plasmid
	2.3 Production of scFv-Fc-Sec-­His6 in Mammalian Cells
	2.4 Production of scFv-­Fc(Ser396Sec)-His6 in Mammalian Cells
	2.5 Conjugation to Selenol-­Reactive Compounds
	2.6 Drug-to-�Antibody Ratio (DAR) Analysis

	3 Methods
	3.1 Cloning of pCEP4/scFv-Fc-Sec-­His6-TXNRD1 SECIS Plasmid via Restriction Sites
	3.2 Cloning of pCEP4/scFv-­Fc(Ser396Sec)-His6-SelT 3′UTR Plasmid
	3.3 Production of Selenomab scFv-Fc-Sec-His6 in Mammalian Cells
	3.4 Production of Selenomab scFv-­Fc(Ser396Sec)-His6 in Mammalian Cells
	3.5 Conjugation to Selenol-­Reactive Compounds
	3.6 Drug-to-�Antibody Ratio (DAR) Analysis

	4 Notes
	References

	Chapter 9: Solubility Characterization and Imaging of Intrabodies Using GFP-Fusions
	1 Introduction
	2 Materials
	3 Methods
	3.1 Retrovirus Production
	3.2 Cell Line Transduction and Selection for Stable Integration
	3.3 Microscopy Analysis
	3.4 FACS Analysis of Intrabody Expression Level

	4 Notes
	References

	Chapter 10: Antibody Validation by Immunoprecipitation Followed by Mass Spectrometry Analysis
	1 Introduction
	2 Materials
	2.1 Cell Culture
	2.2 Immunoprecipi-tation
	2.3 Trypsin Digestion, Desalting, and LC-MS Analysis
	2.4 LC-MS Data Acquisition
	2.5 Analysis of IP-MS Data

	3 Methods
	3.1 Cell Culture
	3.2 Preparing Cell Lysate
	3.3 Antibody Binding
	3.4 Trypsin Digestion
	3.5 Detergent Removal Step
	3.6 Reversed Phase (ZipTip) Desalting for LC-MS Analysis
	3.7 LC-MS Data Collection
	3.8 Protein Identification and Relative Quantification from IP-MS Data (for Thermo, Sciex, Agilent, or Bruker Instrument Data)
	3.9 Protein List Cleanup and Calculation of NSAF Values

	4 Notes
	References

	Chapter 11: Novel HPLC-Based Screening Method to Assess Developability of Antibody-Like Molecules
	1 Introduction
	2 Materials
	2.1 Equipment
	2.2 Chemicals
	2.3 Preparation of Reagents
	2.4 Preparation of Controls, Reference Standard, and Samples

	3 Methods
	3.1 SMAC Assay
	3.2 Data Analysis
	3.2.1 System Suitability
	3.2.2 Assay Acceptance
	3.2.3 Interpreting and Reporting Data


	4 Notes
	References

	Chapter 12: Glycosylation Profiling of α/β T Cell Receptor Constant Domains Expressed in Mammalian Cells
	1 Introduction
	2 Materials
	2.1 Protein Materials
	2.2 Reagents and Supplies
	2.3 Equipment

	3 Methods
	3.1 Peptide Mapping Sample Preparation
	3.2 LC/MS Setup and Data Acquisition
	3.3 Data Analysis

	4 Notes
	References

	Chapter 13: A Proximity-Based Assay for Identification of Ligand and Membrane Protein Interaction in Living Cells
	1 Introduction
	2 Materials
	2.1 Cell Culture
	2.2 Assay Components

	3 Methods
	3.1 Cloning the Interaction Proteins into pLigand and pReceptor Vectors
	3.2 Generation of the Stable Cell Line UAS-Luc2 HEK-293 Containing Stably Integrated Reporter Gene Firefly Luciferase Under Control of the UAS Response Element
	3.3 Generation of the Membrane Protein Expressing UAS-Luc2 HEK-293 Cell Line
	3.4 Preparation of Lentivirus
	3.5 Assessing Membrane Protein–Ligand Interaction with Proximity-­Based Assay

	4 Notes
	References

	Chapter 14: A Biotin Ligase-Based Assay for the Quantification of the Cytosolic Delivery of Therapeutic Proteins
	1 Introduction
	2 Materials
	2.1 Cell Culture Reagents
	2.2 Lysis and Western Blotting Components
	2.3 Antibodies and Detection Reagents

	3 Methods
	3.1 Incubation of Cells with Proteins
	3.2 Cell Lysate Preparation
	3.3 SDS-PAGE and Western Blotting

	4 Notes
	References

	Chapter 15: Data-Driven Antibody Engineering Using Genedata Biologics™
	1 Introduction
	2 The Genedata Biologics Platform for Antibody Screening and Engineering
	2.1 Comprehensive Database and Workflow Support
	2.2 Integrated Sequence Management and Analysis Tools
	2.3 Integrated Assay Data Management and Hit Selection Tools
	2.4 Highly Structured, Integrated Database for Data-Mining
	2.5 Architecture

	3 Case Study: A Two-Step Optimization Approach for the Identification of High-­Affinity Anti-TNFa Antibodies
	3.1 The Antibody Engineering Strategy
	3.2 An Antibody Optimization Workflow in Genedata Biologics

	4 Conclusion
	References


	Part II: Nucleotide-Based Synthetic Antibodies: Aptamers
	Chapter 16: Selection of Aptamers Against Whole Living Cells: From Cell-SELEX to Identification of Biomarkers
	1 Introduction
	2 Materials
	2.1 Library Preparation
	2.1.1 Synthesis and Purification of Double Strand DNA Template
	2.1.2 In Vitro Transcription and Purification of (2’F-Py) RNA Library

	2.2 Cell-SELEX
	2.3 Restriction Fragment Length Polymorphism (RFLP)
	2.4 Next-Generation Sequencing
	2.5 Radioactive Binding Assay
	2.6 Target Identification

	3 Methods
	3.1 Library Preparation
	3.1.1 Synthesis and Purification of Double Strand DNA Template
	3.1.2 In Vitro Transcription and Purification of (2′F-Py) RNA Library

	3.2 Cell-SELEX
	3.3 Restriction Fragment Length Polymorphism (RFLP)
	3.4 Next-Generation Sequencing
	3.5 Radioactive Binding Assay
	3.6 Target Identification

	4 Notes
	References

	Chapter 17: Rapid Selection of RNA Aptamers that Activate Fluorescence of Small Molecules
	1 Introduction
	2 Materials
	2.1 Plasmids
	2.2 Molecular Biology Reagents and Equipment
	2.3 Bacterial Expression Reagents and Equipment
	2.4 Reagents and Instruments for Bacterial Library Sorting and Imaging on the Plates

	3 Methods
	3.1 In Vitro Pre-­selection of RNAs that Bind to the Fluorogen of Interest.
	3.2 Cloning of the Library
	3.3 Bacteria Transformation and Aptamer Library Expression
	3.4 Bacteria Cell Sorting
	3.5 Bacteria Plate Imaging
	3.6 Processing of the Bacteria Plate Images
	3.7 Further Steps: Fluorescent Aptamer Characterization and Optimization

	4 Notes
	References

	Chapter 18: An Enzyme-Linked Aptamer Sorbent Assay to Evaluate Aptamer Binding
	1 Introduction
	2 Materials
	2.1 Buffers and Solutions
	2.2 ELASA Assay Components and Required Equipment

	3 Methods
	3.1 Depositing Target Protein on Plate
	3.2 Blocking and Aptamer Binding
	3.3 Substrate Binding and Production of Signal
	3.4 Data Analysis and Interpretation

	4 Notes
	References

	Chapter 19: Incorporating Aptamers in the Multiple Analyte Profiling Assays (xMAP): Detection of C-Reactive Protein
	1 Introduction
	2 Materials
	2.1 Preparation of Sterile, RNase-Free Deionized Water
	2.2 Coupling of Oligonucleotide to Bio-Plex Pro Magnetic COOH Beads
	2.3 Determination of Oligonucleotide-Coupled Bead Concentration
	2.4 Detection of Beads and Data Analysis
	2.5 Validation of RNA Coupling: Hybridization Assays
	2.6 Bead-Based Aptamer/Antibody Assay and Spiked Recovery Experiments

	3 Methods
	3.1 Preparation of Sterile, RNase-Free Deionized Water
	3.2 Coupling of RNA to Bio-Plex Pro Magnetic COOH Beads
	3.3 Determination of Oligonucleotide-Coupled Bead Concentration
	3.4 Detection of Beads and Data Analysis
	3.5 Validation of RNA Coupling: Hybridization Assays
	3.6 Bead-Based Aptamer/Antibody Assay and Spiked Recovery Experiments

	4 Notes
	References


	Part III: Moleculary Imprinted Polymers
	Chapter 20: Transferring the Selectivity of a Natural Antibody into a Molecularly Imprinted Polymer
	1 Introduction
	2 Materials
	3 Methods
	3.1 Generating Polymeric Antibody Replicas via Double Imprinting
	3.2 First Imprinting Step: Imprinted Nanoparticles
	3.3 Second Imprinting Step: Antibody Copies
	3.4 Mass Sensitive Detection via Quartz Crystal Microbalances

	4 Notes
	5 Conclusion and Discussion
	5.1 Comparison Between Conventional MIPS, Antibody Copies and Natural Antibodies

	References

	Chapter 21: Preparation of Molecularly Imprinted Microspheres by Precipitation Polymerization
	1 Introduction
	1.1 Overview
	1.2 General Considerations in Precipitation Polymerization Protocols

	2 Materials
	2.1 Monomers
	2.2 Initiator
	2.3 Templates
	2.4 Solvents
	2.5 Gases

	3 Methods
	3.1 Propranolol MIP and Control Beads by Precipitation Polymerization Under High Dilution Conditions
	3.2 Diclofenac MIP and Control Beads by the Modified Precipitation Polymerization Technique

	4 Notes
	References

	Chapter 22: Generation of Janus Molecularly Imprinted Polymer Particles
	1 Introduction
	2 Materials
	2.1 Chemicals
	2.2 Solutions
	2.3 Equipment

	3 Methods
	3.1 Generation of Molecularly Imprinted Microspheres
	3.2 Generation of Hydrophilic Core–Shell Microspheres
	3.3 Generation of Colloidosomes Using Pickering Emulsion
	3.4 Generation of Janus Molecularly Imprinted POLYMERS Particles

	4 Notes
	References

	Chapter 23: Surface Engineering of Nanoparticles to Create Synthetic Antibodies
	1 Introduction
	2 Materials
	2.1 Candidate Synthetic Antibodies: Encapsulating Single Wall Carbon Nanotubes with a Library of Different Coronas
	2.2 Synthesis of a Screening Library
	2.3 Near-Infrared Spectrometer (1D)
	2.4 Near-Infrared Epifluorescence Microscope (2D)

	3 Methods
	3.1 “Synthetic Antibodies” Development Outline
	3.2 Protocol to Conjugate SWNT with Polymer Corona Phases
	3.2.1 Processing Raw Single-Walled Carbon Nanotubes (SWNT) for Surface Engineering
	3.2.2 Probe Tip Sonication to Conjugate SWNT with Polymer Corona Phases
	3.2.3 Bath Sonication to Conjugate SWNT with Polymer Corona Phases
	3.2.4 Dialysis to Conjugate SWNT with Polymer Corona Phases

	3.3 Building Near-Infrared Screening and Imaging Microscopy
	3.3.1 1D InGaAs Infrared Screening Spectrograph
	3.3.2 2D InGaAs Infrared Imaging Microscope

	3.4 Spectroscopic Screening for Synthetic Antibodies
	3.5 Fluorescence Imaging of “Synthetic Antibodies” Using Near-­Infrared Microscopy

	4 Notes
	References

	Chapter 24: H5N1 Virus Plastic Antibody Based on Molecularly Imprinted Polymers
	1 Introduction
	2 Materials
	3 Methods
	3.1 Plastic Antibody Bead Synthesis
	3.2 Surface Plastic Antibody Synthesis

	4 Notes
	References

	Chapter 25: Replacement of Antibodies in Pseudo-ELISAs: Molecularly Imprinted Nanoparticles for Vancomycin Detection
	1 Introduction
	2 Materials
	2.1 Preparation of Vancomycin Modified Solid Phase
	2.2 Synthesis of NanoMIPs`
	2.3 Pseudo-ELISA with NanoMIPs Imprinted with Vancomycin
	2.4 Reagents

	3 Methods
	3.1 Preparation of Vancomycin Modified Solid Phase
	3.2 Synthesis of NanoMIPs
	3.3 NanoMIPs Immobilization onto the Surface of Microplate Wells
	3.4 Preparation of the HRP-­Vancomycin Conjugate
	3.5 Pseudo-ELISA with NanoMIPs Imprinted with Vancomycin

	4 Notes
	References

	Chapter 26: Cell and Tissue Imaging with Molecularly Imprinted Polymers
	1 Introduction
	2 Materials
	2.1 Cell Culture
	2.2 Cell Sample Preparation for Imaging
	2.3 Tissue Sample Preparation for Imaging
	2.4 Synthesis of Rhodamine-­Labeled MIPGlcA by Precipitation Polymerization
	2.5 Synthesis of MIP-­Functionalized QDs for Multiplexed Cell Imaging
	2.5.1 Synthesis of a Hydrophilic Cross-Linked First Shell
	2.5.2 Synthesis of a Second Shell Based on MIP

	2.6 Imaging Acquisition and Analysis

	3 Methods
	3.1 Synthesis of Rhodamine-­Labeled MIPGlcA by Precipitation Polymerization
	3.1.1 Synthesis of the Functional Monomer 4-Acrylamidophenyl (Amino)Methaniminium Acetate (AB)
	3.1.2 Synthesis of MIPGlcA

	3.2 Synthesis of MIP-­Functionalized QDs for Multiplexed Cell Imaging
	3.2.1 Synthesis of a Hydrophilic Cross-Linked First Shell
	3.2.2 Synthesis of a Second Shell (MIPGlcA-QDs or MIPNANA-QDs)

	3.3 Cell Imaging with MIPs
	3.4 Tissue imaging with MIPs
	3.5 Acquisition and Analysis of Images
	3.5.1 Epifluorescence Microscopy Imaging
	3.5.2 Confocal Microscopy Imaging


	4 Notes
	References


	Index

