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Abstract Recent advances in molecular biology and

biotechnology have opened the way for the development of

new imaging and treatment modalities based on the bio-

logical properties of tissues. In oncology, the major

advances have been achieved using peptide and antibody

targeting molecules. This approach is based on: (1) the

identification of new target structures, and (2) the appli-

cation of new techniques for the development of new

biocompatible molecules. These techniques rely on the

identification of lead compounds followed by the screening

of various derivatives of these compounds. For this pur-

pose, high-throughput methods have been applied that

generate a vast library of possible binders which can be

used to screen the whole population for the few variants

that show the property of interest. An attractive feature of

this strategy is the huge number of candidate molecules

that can be used for further evaluation, which consists of

the characterization of structure–function relationships and

the further improvement by rational design of corre-

sponding analogs.
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Introduction

In oncology, targeted therapy is an alternative therapeutic

approach to conventional chemo- and radiotherapy and

may increase the efficiency of antitumor treatment of non-

operable tumors and metastases.

Chemotherapeutic drugs or radioactive isotopes (endo-

radiotherapy) are delivered to the tumor using, primarily,

antibodies or peptides as carrier molecules that specifically

bind, respectively, to antigens and surface-associated pro-

teins predominantly expressed on tumor cells. In endora-

diotherapy, beta- or alpha-emitting radionuclides are

coupled to the carrier molecules which selectively accu-

mulate in the tumor but not in healthy tissues, thereby

decreasing radiation toxicity to the peripheral organs [1–3].

Alternatively, instead of therapeutically useful alpha or beta

isotopes, target-specific carrier molecules may be coupled

with either a positron-emitting or gamma isotope and used

for the identification of cancerous lesions in the patient.

Because of their high affinity for the target structure,

antibodies, primarily, have been used for the delivery of the

therapeutic agent to the tumor. However, due to their size,

tissue penetration may be limited, especially in tumors

typically characterized by high pressure in the intercellular

space. Furthermore, antibodies often associate with plasma

proteins, leading to prolonged circulation and, therefore, to

a high background and a high level of bone marrow

exposure. Small molecules, especially peptides, are,

instead, an attractive alternative for imaging and endora-

diotherapy, because they usually show high affinity for the

tumor target and better tissue penetration, leading to rapid
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clearance. In addition, peptides, compared with antibodies,

show a lower immunogenicity and are easily synthesized.

Several types of cancer are characterized by overex-

pression of specific receptor proteins which can be used as

targets for therapy and imaging. Somatostatin receptor

imaging and therapy represent the clinical paradigm for

receptor targeting using peptides. The high-binding affinity

of the peptide for its receptor and the internalization of the

receptor–peptide complex facilitate retention of the tracer

in the tumor, whereas its relatively small size results in

rapid clearance from the blood. Somatostatin receptors are

expressed in a variety of tumors including neuroendocrine

tumors of the pancreas and the intestine, pituitary adenoma,

pheochromocytoma, paraganglioma, small cell lung can-

cer, neuroblastoma, medullary thyroid carcinoma and

meningioma. Due to their high receptor density, gastroen-

teropancreatic neuroendocrine tumors, pheochromocyto-

mas, paragangliomas and bronchial carcinoids are

promising candidates for therapy with radiolabeled pep-

tides [4–7].

Rational design and black box approaches

in the development of new ligands

The development and evaluation of new molecules suitable

for imaging and/or therapy may be realized using either a

rational design or a black box approach [8]. The rational

design depends on the information obtained from the study

of structure–function relationships and the conformational

properties of the molecules involved. This approach relies

on the identification of lead compounds followed by the

screening of various derivatives of these compounds.

Recently, small molecules have been developed for the

diagnosis and therapy of prostate cancer. Almost all pros-

tate cancers overexpress the prostate-specific membrane

antigen (PSMA), a type II transmembrane protein with

glutamate-carboxypeptidase activity. The expression of

PSMA in most prostate cancers, its large extracellular

domain, and the fact that ligands are internalized after

binding make it an outstanding target for nuclear medicine.

Early work in the development of inhibitors of the enzyme

identified a number of small molecule inhibitors which

have been modified for application as radiopharmaceuticals

[9–13]. The first application of these high-affinity small-

molecule inhibitors of PSMA in patients with prostate

cancer demonstrated their ability to rapidly detect lesions

in soft tissue, bone, and the prostate gland using SPECT/

CT or PET as early as 1–4 h after injection [9–13]. In

particular SPECT/CT with iodinated inhibitors of PSMA,
123I-MIP-1072 and 123I-MIP-1095 detected tumor lesions

in soft tissue, bone, and the prostate gland as early as 1–4 h

after tracer injection [9, 10]. In preclinical studies, 123I-

MIP-1072 was evaluated in a chemotherapy model of

prostate cancer and tumor uptake was shown to be directly

proportional to viable tumor mass. This finding suggests

that it may also be useful for monitoring response to

therapy. A 68Ga PSMA ligand (Glu-NH-CO-NH-

Lys(Ahx)-HBED-CC) was compared to fluoro-methyl

choline and proved to be superior in most cases [14]. In

Figs. 1 and 2, PET/CT scans using a 68Ga-labeled PMSA

ligand demonstrate successful detection of prostate cancer

(Fig. 1) and bone metastases (Figs. 2, 3).

Furthermore, bioinformatics can be applied to work out

the information encoded in the human genome by screen-

ing the sequence for identity and similarity with known

gene families, using a range of sequence-search methods or

by comparing sequences between different organisms. All

sequence-search methods use sequence similarity as a basis

Fig. 1 PET/CT with a 68Ga-labeled PSMA ligand (Glu-NH-CO-NH-

Lys(Ahx)-HBED-CC) visualizes prostate cancer in a patient with a

PSA value of 17 (color figure online)
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for identifying homologs. It is relatively easy to identify

homologs that share a sequence identity of 30 % or more

using pairwise sequence-search methods, but the success

rate decreases dramatically in the case of homologs with a

sequence identity in the range of 20–30 % or lower.

Comparative genomics evaluates similarities and differ-

ences between several organisms. It has been speculated

that approximately 40 % of human genes have unknown

biological functions. This pool of genes may contain

families of genes which are associated with diseases and

could serve as possible biological targets [1, 15]. Further-

more, gene expression data may be used to identify genes

which are overexpressed in diseased states as compared to

the normal state. These may serve as target structures for

the development of new diagnostic or therapeutic approa-

ches. However, since protein levels often do not reflect

mRNA levels, gene profiling data have to be confirmed at

the post-translational level.

In contrast to the rational design approach, the central

idea of combinatorial chemistry is to design vast libraries

of possible variants of the molecule of interest and to

screen the whole population for the few variants that show

the desired property. The appeal of this concept lies in the

huge number of candidate molecules that can be used for

further evaluation. For example, the diversity of a hexa-

peptide library randomizing the 20 natural amino acids at

each position will amount to 64 million sequence variants.

The key to success is to develop sensitive and efficient

high-throughput screening techniques capable of rapidly

selecting molecules with a desired property. Following

characterization of the structure–function relationships of

the lead compounds identified through this process, the

approach can be further improved through rational design

of analogs.

There are two ways of creating high-diversity molecular

libraries: the chemical way, which is based on random or

directed synthesis of compounds typically displayed on

solid supports such as activated beads, pins or batch arrays,

and the biological way, which uses recombinant techniques

for the development of genetically encoded and expressed

systems to generate diverse ribonucleic acid (RNA),

deoxyribonucleic acid (DNA), protein and peptide libraries

[16]. These recombinant techniques include display tech-

niques such as phage display, ribosome display and mRNA

display. The resulting molecules can be further improved

by subjecting them to mutation and amplification in order

to create a new pool of diverse molecules for further

screening rounds. The iterative process of mutation,

selection and amplification to evolve the best-fit molecule

is known as ‘directed evolution’.

The structure–function relationships and conformational

properties of, for example, a peptide structure may provide

the lead for the design of non-peptide analogs with equal or

often enhanced bioactivity. Strategies in the development of

peptidomimetics include peptide backbone modifications,

b-turn-based architecture and constrained cyclic structures.

For example, peptidomimetic ligands have been developed

on the basis of the sequence of target proteins for SH2 and

SH3 domains, which are involved in the initiation of the

signal transduction of activated tyrosine kinase. These

compounds are intended to be used for the treatment of

acute lymphocytic leukemias or HER2/neu-expressing

tumors such as breast and ovarian cancer [15, 17].

Furthermore, the metabolic pathways for the synthesis

of natural biopolymers can be manipulated, shuffled and

recombined in vitro. The application of combinatorial

Fig. 2 PET/CT with Glu-NH-CO-NH-Lys(Ahx)-HBED-CC: visual-

ization of multiple bone metastases (color figure online)

Fig. 3 Principle of biopanning with phage and ribosome display. The

libraries are exposed to the target, non-binders removed and binders

amplified for the next round of exposure (color figure online)
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chemistry to metabolic engineering results in structurally

diverse libraries of molecules with novel functional prop-

erties. In this respect, engineered biosynthesis of the

polyketide pathway has been used to design therapeutically

active compounds, such as antibiotics and anticancer

agents, by variation of the start unit and chain length as

well as the degree of reduction and the type of elongation

[18].

Display systems

The identification of useful new molecules from huge

libraries is achieved through the use of high-throughput

methods. Display systems are applied to selected molecules

from libraries in which peptides or proteins (phenotype) are

physically linked to their corresponding encoding sequen-

ces (genotype). In addition, these systems can be used to

modify the biophysical properties of the displayed mole-

cules by evolution through cycles of mutation, selection

and replication. Essentially, two types of display system

are available: cell-based systems such as phage display or

cell surface display, and cell-free systems such as ribosome

display and mRNA display.

Phage surfaces can be modified without losing their

ability to infect bacteria. In contrast to lytic bacteriophages

such as T4, filamentous phages replicate and assemble

without killing their host. Therefore, they are good candi-

dates for application in biopanning. The term ‘biopanning’

refers to the process of displaying peptide or protein

libraries to targets with the aim of screening for high-

affinity binders. Phages can be used after modification of

their genome so that they present library-encoded peptides

on their surface. The common principle is the fusion of

peptide libraries with the carboxy-terminal domain of the

minor coat protein, pIII [1–3]. There are five copies of pIII

at each end of the phage virion; pIII, together with the

minor coat surface protein pVI, is involved in bacterial cell

binding and termination of phage particle assembly during

self-assembly of the virions in the host cell. The resulting

fusion protein is displayed on the phage surface. In order to

obtain correct folding of the presented peptide, a spacer

usually comprising three glycines is inserted between the

minor coat protein and the peptide library. Basically there

are two phage library variants: polyvalent and monovalent

[3]. Polyvalent phage display is usually used for libraries

encoding small peptides. Each capsid protein is able to

display the polypeptide without loss of function for phage

replication and assembly. The viral vector is modified by

insertion of a library connected to the minor coat protein.

In monovalent phage display, the encoded polypeptides are

too large to be displayed by all five capsid proteins.

Therefore, a mosaic of recombinant and wild-type capsid

proteins is produced by the phagemid vector and a helper

phage. The helper phage provides all the proteins required

for phagemid replication, ssDNA production and packag-

ing and escape from the host.

The affinity constants of the molecules identified by

phage display are usually in the micromolar to nanomolar

range. Polyvalent phage display, presenting multiple copies

of displayed peptides, generally detects lower-affinity

binding compared with monovalent phage display. In order

to optimize the properties of the identified molecules,

affinity maturation for low-range binders can be performed

individually by generation of secondary libraries covering

mutated peptides [19].

Besides phage display with the M13 phage, considerable

efforts are being made to develop alternative phage display

systems. One disadvantage of filamentous phages is that

proteins fold properly only in the periplasm of the host

bacterium. Filamentous phages are assembled in the cyto-

plasm and secreted without lysis of the host. Some dis-

played peptides may not be able to cross the lipid bilayer of

the inner membrane. Therefore, lytic bacteriophages have

been used which assemble in the cytoplasm and are

released through cell lysis so that the correct transfer of the

hybrid capsid protein is guaranteed [20].

The phage display method is used for various applica-

tions, such as mapping and mimicking of epitopes, iden-

tifying new receptors and natural ligands, identifying high-

affinity antibodies and analogs, isolating specific antigens

binding to bioactive compounds, producing novel enzyme

inhibitors and DNA-binding proteins, and probing cellular

and tissue-specific processes. Phage display has success-

fully been applied for the identification of novel peptides

with high specificity for target proteins overexpressed in

the tumor neovasculature, such as delta-like ligand 4

(Dll4), or for human lung carcinoma, mammary carcinoma,

prostate carcinoma and neuroblastoma cells [1, 2, 21–26].

Human antibody fragment libraries displayed on phages

are obtained by cloning of VH and VL domains of human

antibodies in filamentous phage DNA and displaying them

on the surface coat of phages as single-chain Fv or Fab

fragments. This results in the isolation of high-affinity

human antibodies of many different antigens. For the

production of recombinant single-chain Fv (scFv) frag-

ments, the VH and VL domains are linked together with a

polypeptide bridge of about 15 hydrophilic amino acid

residues and screened by phage display. However, these

monovalent antibody fragments are cleared rapidly from

the blood as a result of their small molecular size and

because of their monodenticity. Since intact antibodies are

generally polyvalent molecules, Fab or scFv molecules

have been combined into dimers or higher multimers such

as diabodies, triabodies and minibodies to produce highly

functional reagents of 60–120 kDa in size. Diabodies and
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triabodies show rapid tumor penetration, are relatively

flexible with respect to the orientation of antibody-binding

sites, and reveal a higher functional affinity with reduced

kidney clearance rates. Minibodies have proven to be

efficient in localizing tumor xenografts in mice and show

high retention in tumor cells [15].

In vitro selection systems such as ribosome display and

mRNA display, although technically demanding, have two

important advantages: the ability to handle very large

libraries (1013–1014 different sequences) and the possibility

of using polymerase chain reaction (PCR) amplification

steps to introduce further diversity into the system, which

may be used to evolve proteins through an iteration of

random mutagenesis and selection (affinity maturation) [1–

3, 27]. In phage display, the efficiency of transformations is

always limited and, therefore, the diversity of the library is

lower than theoretically possible. For example, the diver-

sity of the commercially available library PH.D.12TM is

diminished from the theoretical value of 4.1 9 1015 to 109

[27]. Both ribosome display and mRNA display have been

used to select linear peptides or single-chain antibodies that

bind to protein targets with low picomolar affinities.

As with phage display, ribosome display is based on

physical phenotype–genotype linkage of the peptides,

miniproteins or antibodies encoded by the library. In

ribosome display the phenotype, a nascent peptide, is

linked to its genotype, the corresponding mRNA, through

the formation of stable peptide–ribosome–mRNA com-

plexes. The mRNAs in the library used have no stop codon,

therefore, the scanning process of the ribosome is extended

to the end of the mRNA molecule. The corresponding

polypeptide emerges from the ribosome while its end is

still fixed within the ribosomal tunnel, and its last amino

acid is connected to the peptidyl-tRNA. The absence of

stop codons prevents the binding of release factors, which

normally catalyze the release of the polypeptide from the

ribosome. This leads to the formation of a protein–ribo-

some–RNA complex, which connects the phenotype to the

genotype [3, 28]. The different steps of ribosome display

are: construction of a large DNA library encoding the

polypeptide of interest fused in frame to a C-terminal

spacer, in vitro transcription of the library into mRNA, and

in vitro translation. Thereafter, the complexes consisting of

protein, mRNA and ribosomes are exposed to the target

structure; this phase includes washing steps to remove non-

binders, which leads to enrichment of binding molecules.

After reverse transcription of the RNA, amplification is

performed by PCR followed by the next round of tran-

scription, translation and exposure. During this amplifica-

tion step diversity may be further increased using error-

prone PCR. Identification of high-affinity binders is usually

obtained after three to six rounds [28]. Figure 4 shows

visualization of a neuroendocrine tumor in a rat model with

an iodine-labeled peptide directed against Dll4 which was

identified by ribosome display [26].

Random libraries were used to select peptides for

binding to several targets such as an antibody against

dynorphin B, the prostate-specific antigen, streptavidin and

lysozyme, or to identify the main antigenic polypeptides of

Staphylococcus aureus. The affinity of the peptides ranged

from 7.2 to 140 nM. Similar results were obtained for scFv

fragments using targets such as the GCN4 leucine zipper,

DNA structures in eukaryotic telomeres, progesterone and

fluorescein. In this setting all selected scFv fragments

acquired genetic mutations during the cycles of ribosome

display (due to errors introduced by the DNA polymerase),

which led to significant improvement (by up to 40-fold) in

their affinities for the antigen. The best scFv fragments

selected showed affinities in the low picomolar range and

could be further improved by off-rate selection and error-

prone PCR [29].

In mRNA display, a complex between mRNA and the

polypeptide encoded by the mRNA is applied in a specific

selection process [30]. The procedure differs from that of

ribosome display in the covalent nature of the linkage

between the mRNA and the protein in the mRNA–protein

complex, which is achieved by linkage of the two molecules

through a small adaptor molecule, typically puromycin. The

different steps include transcription into mRNA of a large

DNA library encoding the molecules of interest, and free of

stop codons, ligation of an adaptor molecule to the 30-ends,

and in vitro translation [1]. This procedure results in a

peptide bond between the adaptor molecule and the C-ter-

minal amino acid residue in the polypeptide chain. After

Fig. 4 Scintigraphy of a rat bearing a neuroendocrine tumor using a

Dll4-specific peptide identified by ribosome display (color figure

online)
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introduction of cDNA chains by reverse transcription for

stabilization and ease of recovery of the genetic informa-

tion, the cDNA/mRNA protein library is exposed to the

target. Isolation of binders is obtained by affinity chroma-

tography or immunoprecipitation of the target structure.

The cDNA is then used for further amplification and the

following panning rounds. Four to ten selection rounds are

usually necessary to select proteins with nanomolar affinity

for a given target, as in the case of engineered libraries of

linear peptides, constrained peptides, single-domain anti-

body mimics, and variable heavy domains of antibodies and

single-chain antibodies. Using targets such as an anti-c-Myc

antibody or streptavidin, binders with a KD down to 2.5 nM

were found [1, 31].

Scaffold structures

The advantage of biomolecules derived from constrained

peptides compared to linear peptides lies in their complex

structure, which is similar to that of globular proteins, and

their smaller loss of entropy upon target binding [28, 32].

Binding surfaces for proteins have been engineered on the

surfaces of helical bundles or similar molecules [28, 32].

Table 1 provides an overview of the most commonly used

scaffolds. Some scaffolds, such as those based on lipoca-

lins, the tenth type III fibronectin domain or helical bundles

such as affibodies which are derived from the Z-domain of

S. aureus protein A, have been used for the selection of

high-affinity binders [33]. The fibronectin type III domain,

which has an immunoglobulin-like fold but is smaller than

a VH domain, was used to generate mRNA display libraries

where the diversity was concentrated in three exposed

loops by randomizing the 21 residues in these loops anal-

ogously to antibody complementary-determining regions.

Selection against the tumor necrosis factor a (TNF-a)

followed by affinity maturation with error-prone PCR

resulted in Fn3-like domains with affinities down to 20 pM

[34]. Similar results were obtained with several other

human targets, including vascular endothelial growth factor

receptor two (VEGF-R2) or specific conformational states

of the estrogen receptor ERa, which were induced by the

application of agonists, antagonists or ERa modulators.

Furthermore, a disulphide-constrained library based on the

knottin trypsin inhibitor EETI-II was designed by ran-

domizing the six residues of the trypsin-binding site.

mRNA display selected new trypsin-binding peptides,

which were found to be highly homologous to wild-type

EETI-II [28, 32].

Affibodies are three-helix-bundle 58-amino acid length

proteins derived from the Z-domain of S. aureus protein A,

which binds to the Fc domain of IgG antibodies. A phage

display library has been constructed by random

mutagenesis of residues from the Z-domain binding surface

and binders were isolated for a variety of target structures

such as human insulin, Taq DNA polymerase, HIV-1

gp120, human apolipoprotein A-1, amyloid b peptides and

HER2 [32, 35, 36]. Many studies have been done with an

anti-HER2 affibody (ZHER2:342) that shows highly

selective uptake in HER2-expressing tumors with excellent

image contrast. However, the small size (7 kDa) of the

molecule caused rapid glomerular filtration and high kid-

ney uptake. Therefore, a dimeric affibody was fused to

albumin thereby reducing renal uptake by a factor of 25.

Treatment of a tumor with high HER2 expression (SKOV-

3) with 17 or 22 MBq of a 177Lu-labeled compound (177Lu-

CHX-A00-DTPA-ABD-(ZHER2:342)2) completely prevented

the growth of tumors. Even in xenografts with low HER2

expression (LS174T), therapy with this molecule caused a

small but significant increase in survival [36].

Lipocalins are small polypeptides (160–180 residues)

involved in the storage or transport of metabolites that fold

Table 1 Selected scaffold proteins with possible application for drug

design

Name Scaffold Residues Structural

elements

Kunitz domain BPTI/APPI 58 1–2 Loops

Knottins CBD/EETI-II 36/28 b-Strands/loops

Min23 23 b-Turn

Tendamistat 74 2–3 Loops,

b-sheet

Cellulose

binding

protein

36 Triple-stranded

b-sheet

10Fn3 Fibronectin III 94 2–3 Loops,

b-sandwich

Anticalin Lipocalin (BBP) 160–180 4 Loops, b-barrel

Apolipoprotein 178 4 Loops,

b-barrel,

FABP 133 b-Barrel

Affibody Protein A 58 2 a-Helices

Flitrx Thioredoxin 108 1 Loop insert

CP1 zinc

finger

26 a-Helix

Repeat motif Ankyrin repeat 33 2 a-Helices,

b-turn

Variable repeat

numbers

Insect defensin

A

29 a-Helix, 2

b-strands, loops

PDZ domains Ras-binding 100 3 a-Helices, 5

b-strands

Protein AF-6

Scorpion

toxins

Charybdotoxin 37 b-Sheet

Modified from [1]
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into an eight-stranded antiparallel b barrel with a cavity

formed from four loops. Modulation of these proteins by

randomization of up to 17 residues in the loops was used to

select binders (anticalins) for digoxigenin and fluorescein

[33, 37]. Novel strategies for the creation of non-natural

receptors are based on repeat proteins [28, 38]. These

consist of repeating structural units of 20–40 residues,

which stack together to form elongated protein domains

with a continuous target-binding surface. Natural repeat

proteins, such as ankyrin or leucine-rich repeat proteins,

which are involved in a wide range of biological processes,

have been used as scaffolds. The modularity of these pro-

teins allows the development of novel evolutionary strat-

egies, such as module shuffling, module insertions or

module deletions. Ankyrin repeat protein libraries have

been used in selections for binding against several globular

proteins with affinities in the low nanomolar range [1, 29].

For example, selection from libraries of two or three

repeats flanked by capping repeats, expressed in a ribosome

display format, allowed the isolation of binders with

nanomolar affinity for the maltose-binding protein and two

eukaryotic kinases [1, 29]. In general, small size and robust

structure are promising features of scaffolds for the crea-

tion of libraries of binders.

Ligands based on nucleic acids

DNA and RNA are basically involved in storage and

expression of genetic information and may function simi-

larly to proteins. Nucleic acids, given that they are folded

into more globular structures, which usually include both

helical structures and long-distance tertiary contacts, are

able to bind to a variety of target structures. Examples of

these structured nucleic acid molecules are aptamers,

ribozymes, deoxyribozymes and riboswitches, which show

a wide range of target specificities and affinities. In many

bacteria, RNA aptamers and riboswitches have been shown

to be involved in metabolite sensing and regulation of gene

expression.

Due to their capacity to target molecules with high

affinity, natural or engineered aptamers have been con-

sidered promising candidates for therapeutic applications

in vivo [1, 2].

Engineered aptamers may be created using directed

evolution techniques followed by selective amplification in

order to enrich the population with variants that bind to a

particular target [39, 40]. The functional characteristics of

these molecules, for instance, an anti-VEGF (vascular

endothelial growth factor) aptamer and two anti-clotting

aptamers, are similar to those of antibodies specifically

recognizing proteins or small molecule ligands at target

concentrations in the nanomolar or picomolar range.

However, deficient delivery into the target cells and deg-

radation by nuclease might limit the use of aptamers for

therapeutic applications. In order to avoid enzymatic deg-

radation, chemical modifications of the backbone (such as

phosphorothioate linkages or modifications at the ribose

moiety) could be introduced, resulting in partial nuclease

resistance. Furthermore, employing the same production

protocol, mirror-image aptamers, called Spiegelmers, can

be synthesized as stable receptors for their corresponding

ligands [39, 40]. The chiral configuration (L-RNA) of

Spiegelmers represents a mirror image of the naturally

occurring D-RNA. Although the spontaneous degradation

caused by the inherent chemical instability of RNA should

theoretically remain unchanged, Spiegelmers have been

reported to be resistant to degradation by most nucleases.

Besides their important role as promising therapeutic

agents, aptamers could also function as biosensors. Binding

to ligands is usually accompanied by a conformational

change of aptamers. Therefore, following the introduction

of fluorescent tags into the aptamer molecule in solution or

immobilized on surfaces, specific proteins or small mole-

cules could be identified by the change in fluorescence that

occurs upon ligand binding.

In vitro evolution may also be used to create new

ribozymes that catalyze RNA cleavage as well as many

other chemical reactions, or ribozymes that covalently

attach to specific proteins. Thus designer ribozymes could

be created which selectively couple to many different

potential therapeutic or diagnostic protein targets.

Conclusion

In recent years, a huge amount of information about tumor

biology has been obtained by means of molecular biology

techniques. These data can be used to develop new molecular

structures that may serve as potential diagnostic or drug

discovery targets. In addition, novel biotechnology methods

have opened up a huge segment of sequence space that can be

scanned for biomolecules applicable to these ends. Further-

more, there are many known scaffold structures which may

be used to improve the molecule in terms of its binding

affinity and stability. Taken together these techniques rep-

resent promising tools of great interest for the establishment

of new diagnostic and therapeutic procedures.
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