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Service Sheet 

Generation of sdAb-fluorophore conjugates 

Small-sized sdAb conjugates 

Single-domain antibodies (sdAb, Figure 1) are small in size (~15 kDa) which 

gives them several advantages in imaging applications compared to full-

length antibodies.1 Because of the small distance between epitope and label, 

fluorescent sdAbs have a small linkage error making them suitable for the 

sensitive, direct detection of binding (e.g. flow cytometry) or protein-protein 

interaction (e.g. BRET).2 Furthermore, sdAbs have good tissue penetration 

and rapid systemic clearance in vivo making them valuable tools for 3D and 

in vivo imaging.3,4  

Organic dyes 

Organic fluorophores are small chemical molecules that emit light after 

excitation. A diverse range of these dyes has been developed in the last 

decades, featuring various excitation and emission spectra covering the 

visible spectrum and extending into the near-infrared range (Figure 2).5 Using 

small-molecule dyes keeps the overall size of the conjugate small retaining 

the benefits of sdAbs for detection and imaging applications.  

 

sdAb-fluorophore conjugation 

QVQ generates sdAb-fluorophore conjugates via a Click Chemistry reaction 

between an unpaired cysteine of the sdAb provided by e.g. our C-terminal C-

direct tag and a maleimide-modified dye. The resulting conjugate is checked 

for protein integrity, degree of labeling, and target binding (Figure 3). 

sdAb conjugates are routinely generated with the fluorophores of the visible 

spectrum (ATTO- or HiLyteFluor dyes) , Figure 2) as well as the near-infrared 

dyes IRDye® 680RD and IRDye® 800CW. Other fluorophores can be 

conjugated on request.  

Examples: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Spectra of HiLyte dyes. Excitation/ emission maxima: 

HiLyte488: 502/527 nm, HiLyte555: 552/569 nm, HiLyte647: 649/674 

nm. 

Figure 1. Structure model of sdAb-fluorophore conjugate. sdAb 

(framework: blue, CDRs: orange) conjugated via unpaired cysteine 

to maleimide-modified fluorophore (green). 

Figure 3. Example of quality control of generated sdAb-fluorophore conjugate Q1c-HL488.  A) UV-Vis spectrum of sdAb-fluorophore conjugate Q1-HiLyteFluor488. 

B) SDS PAGE of 1) Marker, 2) Fluorescent Marker, 3) Reference sdAb (1 ug), 4) Q1c-488, and 5) unlabeled Q1c scanned for fluorescence (left) and after PageBlue staining 

(right). C) Binding of conjugate to recombinant HIV-encoded  gp120 in ELISA. Bound sdAb was detected with rabbit-anti-VHH (QE19), followed by donkey-anti-rabbit-HRP 

and OPD as substrate. 
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Deliverables 

• Fluorescently labeled sdAb in PBS 

• Certificate of Analysis (CoA) containing: 

- Protein parameters (MW, absorption/extinction coefficients) 

- Protein concentration, degree of labeling 

- UV-Vis spectrum  

- Percentage of free dye (SDS PAGE, fluorescent scan) 

- Assessment of protein integrity (SDS PAGE, PageBlue stained) 

- Confirmation of target binding and apparent binding affinity 

(ELISA) 

CDRs 

sdAb framework 

Maleimide 

 

Fluorophore 
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Service Sheet 

Generation of sdAb-biotin conjugates 

sdAb detection with biotin 

Single-domain antibodies (sdAbs) are valuable detection agents due to their 

small size and specificity. Detection of antigen-bound sdAbs can be achieved 

via secondary antibodies or directly via conjugated labels.  

One widely used label is biotin, a small, biological molecule that interacts with 

the much larger and tetrameric proteins avidin, streptavidin, and derivatives of 

those.1 The interaction of avidin and biotin is one of the strongest non-covalent 

interactions known (KD ≈ 10-15 M).2 This makes the biotin-(strept)avidin complex 

a useful tool in various biochemical assays detecting proteins or protein-

protein interactions.3,4  

Biotinylated sdAbs (Figure 1) allow for capturing on (strept)avidin-coated 

surfaces and sensitive detection of sdAb binding and presence of antigens in 

e.g. ELISA and SPR.  

 

sdAb-biotin conjugation 

sdAb-biotin conjugates are generated via a click reaction of an unpaired 

cysteine of the sdAb provided by e.g. our C-terminal C-direct tag and 

maleimide-modified biotin. The resulting conjugate is checked for protein 

integrity, degree of labeling by using 4'-hydroxyazobenzene-2-carboxylic acid 

(HABA), and target binding in ELISA, SPR, or flow cytometry (Figure 2). 

 

Examples: 

A B  C 

 

 

 

Figure 2. Example of quality control of conjugated sdAb-biotin. A) Results of HABA assay for the determination of DOL. B) SDS PAGE of 1) Marker, 2) Reference VHH (1 ug), and 3) 

Q75-biotin conjugate. C) sdAb-biotin binding to immobilized recombinant ITGB1 in ELISA detected with ExtrAvidin-HRP. 

 

Figure 1. Structure model of sdAb-biotin conjugate. sdAb 

(framework: blue, CDRs: orange) conjugated via unpaired cysteine 

to maleimide-biotin. 

Maleimide 

Biotin 

CDRs 

sdAb framework 

Deliverables 

• Biotin-labeled sdAb in PBS 

• Certificate of Analysis (CoA) containing: 

- Protein parameters (MW, absorption/extinction coefficients) 

- Protein concentration, degree of labeling 

- Assessment of protein integrity (SDS PAGE, PageBlue stained) 

- Confirmation of target binding and apparent binding affinity 

of the conjugate (ELISA, biotin detection) 
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Service Sheet 

Generation of sdAb-chelator conjugates  

sdAbs as radiolabeled probes 

Radiolabeled probes facilitate highly sensitive and quantitative molecular 

imaging through Positron Emission Tomography (PET) and Single Photon 

Emission Computed Tomography (SPECT).1 To generate such probes, 

antibodies or antibody fragments are first labeled with chelators that can then 

be used to bind radioisotopes for imaging.2  The small size of sdAbs allows for 

enhanced tissue penetration as compared to full-length antibodies and rapid 

clearance in vivo.3,4 

 

sdAb-chelator conjugation 

sdAb-chelators conjugates (Figure 1) are generated via a click reaction of an 

unpaired cysteine of the sdAb provided by e.g. our C-terminal C-direct tag and 

commercially available maleimide-modified chelators. The resulting conjugate 

is checked for protein integrity and target binding. sdAb-chelator conjugates 

can subsequently be used for radiolabeling and imaging or MRI. 

QVQ offers sdAb conjugates with the maleimide-modified chelators DOTAGA, 

DOTA, and NOTA. Other custom conjugations can be requested. 

 

 

 

 

 

 

 

 

 

  

Figure 1. Structure model of sdAb-chelator. sdAb (framework: 

blue, CDRs: orange) conjugated via unpaired cysteine to 

maleimide-DOTAGA with chelated ion (cyan). 

Deliverables 

• Conjugated sdAb in PBS 

• Certificate of Analysis (CoA) containing: 

- Protein parameters (MW, absorption/extinction coefficients) 

- Protein concentration 

- Assessment of protein integrity (SDS PAGE, PageBlue stained) 

- Confirmation of target binding and apparent binding affinity 

(ELISA) 

CDRs 

sdAb framework 

Maleimide 

 

Chelator 
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Generation of sdAb-HRP conjugates 

Horseradish Peroxidase 

Horseradish peroxidase (HRP) is a 44 kDa protein derived from horseradish 

roots1. HRP is a metalloenzyme catalyzing the oxidation of organic substrates 

leading to the formation of chromogenic or fluorogenic products.2,3 It is 

widely used as a reporter enzyme in various stainings and assays.4 When 

combined with detection probes, such as antibodies, HRP can be employed 

for the sensitive detection of targets, for instance using ELISA.4 

Detecting binding of primary probes in ELISA typically involves using 

secondary and even tertiary antibodies. Using directly labeled sdAb-HRP 

(Figure 1) allows for immediate detection shortening assay time drastically. 

Using sdAb-HRP also allows for a straightforward assessment of sdAb-sdAb 

competition (Figure 2). 

 

sdAb-HRP conjugation 

sdAb-HRP conjugates are generated by using a bifunctional linker targeting 

an unpaired cysteine of the sdAb provided by e.g. our C-terminal C-direct tag 

and a lysine of the HRP. The resulting conjugate is checked for protein 

integrity, degree of labeling, target binding, and HRP functionality (Figure 3). 

 

 

 

 

 

 

Examples:  

 

 

 

 
 

 

 

 

 

 

 

A      B   

  

Figure 1. Structure model of sdAb-HRP. sdAb (framework: blue, 

CDRs: orange) conjugated via unpaired cysteine to bifunctional linker 

(green) to HRP (grey). 

Figure 2. Illustration of sdAb-HRP in ELISA. sdAb-HRP binds to 

immobilized antigen. After washing away unbound protein, bound 

sdAb-HRP is quantified by colorimetric substrate conversion. This 

allows for detecting sdAb-HRP binding (A) and competition with 

unlabeled sdAbs (B). 

Example of quality control of generated sdAb-HRP conjugates. A) PageBlue stained SDS PAGE of sdAb-HRP conjugate. B) Binding of sdAb-HRP conjugates to immobilized 

recombinant antigens detected using OPD as substrate.  

A   B            C 

Deliverables 

• HRP-conjugated sdAb in PBS 

• Certificate of Analysis (CoA) containing: 

- Protein parameters (MW, absorption/extinction coefficients) 

- Protein concentration, degree of labeling 

- Percentage of free HRP (SDS PAGE, PageBlue stained) 

- Assessment of protein integrity (SDS PAGE, PageBlue stained) 

- Confirmation of target binding and apparent binding affinity 

(ELISA) 

- Confirmation of HRP functionality (ELISA) 

1     2     3      4 

sdAb 

HRP 

sdAb-HRP 

(sdAb)x-HRP 

Maleimide-

Linker 

CDRs 

sdAb framework 
HRP 



 
 
 

References: 
1 Massa et al (2014) Bioconjugate Chem. 25(5), 979-988.  4 Albada et al (2021) Chem Rev 121, 7032-7058. 

2 Shi et al (2020) Angew. Chem. Int. 59(45), 19940-19944.  5  Wiener et al. (2020) Sci Rep 10, 1457. 

3 He and Cheng (2023) Molecules 28(9), 3715.   6 Gong et al (2016) Bioconjugate Chem. 27(1), 217-225. 

 

 

Service Sheet 

Generation of sdAb-DBCO conjugates for click chemistry 

sdAb conjugation  

sdAbs can be easily functionalized by attaching labels, typically through NHS 

labeling of amines of lysines or site-directed thiol-maleimide coupling of 

cysteines. As lysines in sdAbs often contribute to their target binding, site-

directed conjugation is the preferred approach.1 For many labels, thiol-

reactive maleimide-modified variants are commercially available. However, if 

these are not available, azide-modified labels can be a viable alternative as 

they react readily with dibenzocyclooctyne (DBCO).2 In that case, sdAb-DBCO 

conjugates (Figure 1) are used as intermediate reagents.  

DBCO 

DBCO, also known as Dibenzoazacyclooctyne (DIBAC), is a molecule 

comprising two benzene rings and a cyclooctyne ring.3 This 8-membered ring 

contains a C-C triple bond, which introduces significant strain and makes the 

molecule highly reactive.3,4 In strain-promoted azide-alkyne cycloaddition 

(SPAAC) reactions, DBCO reacts readily with azides (Figure 2).2,4 This reaction 

is a classic example of copper-free click chemistry and is widely used in 

bioconjugations covalently linking two molecules.5,6  

sdAb-DBCO conjugates allow the incorporation of azide-modified molecules, 

such as fluorophores, peptides, oligonucleotides, and more (Figure 3). 

 

sdAb-DBCO conjugation 

QVQ generates sdAb-DBCO conjugates via a copper-free click reaction of an 

unpaired cysteine of the sdAb provided by e.g. our C-terminal C-direct tag 

and maleimide-modified DBCO. The resulting conjugate is checked for 

protein integrity, degree of labeling, and target binding (Figure 3). 

Examples: 

 

 

 

 

 
 

 

 
 

 

 

Lane Sample 

1 sdAb-c non-reduced 

2 sdAb-c-DBCO 

3 sdAb-c-DBCO-peptide 

4 Marker 

Lane Sample 

1 Marker 

2 sdAb-c non-reduced 

3 sdAb-c reduced 

4 sdAb-c-DBCO 

5 sdAb-c-oligonucleotide 

Figure 1. Structure model of sdAb-DBCO. sdAb (framework: blue, 

CDRs: orange) conjugated via unpaired cysteine to maleimide-

DBCO. 

Figure 2. Reaction of DBCO and azide. DBCO (conjugated to sdAb) 

and azide (attached to label) undergo strain-promoted alkyne-azide 

cycloaddition (SPAAC) forming sdAb-label conjugate. 

Deliverables 

• DBCO-labeled sdAb in PBS 

• Certificate of Analysis (CoA) containing: 

- Protein parameters (MW, absorption/extinction coefficients) 

- Protein concentration, degree of labeling 

- UV-Vis spectrum  

- Assessment of protein integrity (SDS PAGE, PageBlue stained) 

- Confirmation of target binding and apparent binding affinity 

(ELISA) 

A    B        C            D 

Figure 3. Example of quality control of generated sdAb-DBCO conjugates. A) UV-Vis spectrum for calculation of degree of labeling (DOL). B-C) SDS PAGE after conjugation of azide-

modified peptide (B) or oligonucleotide (C) to sdAb-DBCO. D) sdAbc-DBCO-V5 tag conjugates binding to recombinant protein targets in ELISA. Bound V5-tagged sdAbs are detected using 

anti-V5-tag antibody. 
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Generation of sdAb-oligonucleotide conjugates 

Oligonucleotides 

Single-domain antibodies (sdAbs) are valuable tools for detecting proteins 

protein-protein interactions. Because of their small size, labeled sdAbs cause 

a small distance between target protein and label, which is referred to as 

small linkage error.1 

Besides fluorophores, biotin, or enzymes, oligonucleotides have proven to be 

valuable labels in biophysical assays. In the form of single- or double-

stranded pieces of DNA or RNA, oligonucleotides can be conjugated to 

various targeting probes.2,3,4 In such biophysical assays, targeted 

oligonucleotides can undergo hybridization and ligation (in e.g. PLA) or 

extension (in e.g. PEA) and often amplification, making the assay highly 

sensitive. Subsequently, the probes can be detected using qPCR or labeled 

complementary oligonucleotides, either followed by direct quantification or 

(high-resolution) microscopy imaging.3,4,5 In particular, the very small sdAb-

oligo conjugates (Figure 1) allow for the sensitive detection of proteins and 

protein-protein interactions with a low linkage error.   

 

sdAb-oligonucleotide conjugation 

SdAb-oligonucleotide conjugates are generated by using maleimide-DBCO as 

bifunctional linker between an unpaired cysteine of the sdAb provided by e.g. 

our C-terminal C-direct tag and an azide-modified oligonucleotide. The 

resulting conjugate is checked for protein integrity, degree of labeling, and 

target binding (Figure 2). QVQ conjugates off-the-shelf sdAb products, as well 

as your sdAb of choice, to custom-ordered oligonucleotides.  

 

Examples:  

 

 

 

 
 

 

 

 

 

 

 

Lane Sample 

1 Marker 

2 sdAb-c non-reduced 

3 sdAb-c reduced 

4 sdAb-c-DBCO 

5 sdAb-c-oligonucleotide 

Log[sdAb-oligo], M 

Figure 2. Example of quality control of generated sdAb-oligonucleotide conjugate. A) SDS PAGE after conjugation of azide-modified oligonucleotide to sdAb-DBCO. B) ELISA 

measuring binding of sdAb-oligonucleotides targeting CXCR4 to CXCR4-expressing HeLa cells. Binding of conjugate is detected by complementary DNA strand conjugated to biotin and 

streptavidin-HRP.  

Figure 1. Structure model of sdAb-oligo. sdAb (framework: blue, 

CDRs: orange) conjugated via unpaired cysteine and DBCO to single-

stranded oligonucleotide. 

A        B 

 

Streptavidin-HRP 

Antisense oligo-biotin 

sdAb-oligo 
sdAb-DBCO-oligo 

1    2    3    4    5 

Deliverables 

• Oligonucleotide-labeled sdAb in PBS 

• Certificate of Analysis (CoA) containing: 

- Protein parameters (MW, absorption/extinction coefficients) 

- Protein concentration, degree of labeling 

- Assessment of protein integrity (SDS PAGE, PageBlue stained) 

- Confirmation of target binding and apparent binding affinity 

of the conjugate (ELISA detected with antisense-oligo) 

Oligonucleotide CDRs 

sdAb framework 

DBCO 

Maleimide 
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Generation of sdAb-peptide conjugates 

Peptides 

Peptides can be valuable tools for functionalizing proteins of interest. For 

example, cell-penetrating or albumin-binding peptides can influence the 

uptake and in vivo biodistribution and final delivery of biologicals, such as 

antibodies.1,2 In molecular research, short peptides frequently serve as 

epitope tags, enabling the detection, immobilization or purifications of 

proteins in various assays.3,4 

 

sdAb-peptide conjugation 

Single-domain antibody(sdAb)-peptide conjugates (Figure 1) are generated 

by using a maleimide-DBCO as bifunctional linker between an unpaired 

cysteine of the sdAb provided by e.g. our C-terminal C-direct tag and an azide-

modified peptide. The resulting conjugate is checked for protein integrity, 

degree of labeling, target binding, and where applicable, 

functionality/recognizability of the peptide (Figure 2) 

QVQ conjugates sdAbs to custom-ordered peptides. 

 

 

Examples: 

 

 

 

 
 

 

 

 

 

 

 

Lane Sample 

1 sdAb-c non-reduced 

2 sdAb-c-DBCO 

3 sdAb-c-DBCO-peptide 

4 Marker 

A         B 

Figure 2. Example quality control of generated sdAb-peptide conjugate. A) SDS PAGE gel of sdAb-DBCO conjugated to azide-V5 tag peptide. B) sdAb-V5 tag conjugates binding to 

recombinant protein targets in ELISA. Bound V5-tagged sdAbs are detected using anti-V5-tag antibody. 

Figure 1. Structure model of sdAb-peptide. sdAb (framework: 

blue, CDRs: orange) conjugated via unpaired cysteine and DBCO to 

V5-tag peptide. 

1     2     3              4 

sdAb-DBCO-peptide 

Deliverables 

• Peptide-labeled sdAb in PBS 

• Certificate of Analysis (CoA) containing: 

- Protein parameters (MW, absorption/extinction coefficients) 

- Protein concentration, degree of labeling 

- Assessment of protein integrity (SDS PAGE, PageBlue stained) 

- Confirmation of target binding and apparent binding affinity 

(ELISA) 

CDRs 
sdAb framework 

DBCO 

Maleimide 

Peptide 




















