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Nanobodies :  
 
Small, recombinant, antibody-like proteins that bind to specific antigens. 
 
Engineered from animals such as camels or sharks that naturally produce very small 
single-domain antibodies or from larger mammalian antibodies 

Serum contains also a considerable fraction of heavy-chain antibodies (HCAbs) 



Nanobodies (VHH) have similar affinity to antigens as whole antibodies, but are more heat-resistant 
and stable towards detergents and high concentrations of urea.  

Nanobodies (VHH) are strictly monomeric, single domain antigen-
binding entities, prolate shape in the nm range (diameter of 2.5 nm 
and height of 4 nm)  

 mammalian  
IgG antibodies 

 camelid heavy  
chain-only antibodies shark Ig-NARs 

Hassanzadeh-Ghassabeh et al., 2013 

Nanobodies  

Presenter
Presentation Notes
V-NAR, variable region of new or nurse shark antigen receptor;



Less lipophilic and more soluble in water, owing to their CDR3, which forms an extended 
loop covering the lipophilic site that normally binds to a light chain 

Advantages: 
 
Comparatively low molecular mass leads to a better permeability in tissues, and to a 
short plasma half-life.  
 
No complement system triggered cytotoxicity as they lack Fc region.  
 
Able to bind to hidden antigens that are not accessible to whole antibodies,  

Hassanzadeh-Ghassabeh et al., 2013 

Nanobodies  



Potential uses for nanobodies: 

Nanobody binding to the cryptic epitopes recessed in antigen (lysozyme) cavities 

Weslolowski, 2001. 

Chicken lysozyme 
Chicken lysozyme 



Potential uses for nanobodies: 

Presenter
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Carcinoembryonic antigen (CEA) is overexpressed in many types of tumors. Using the ADEPT technique, an anti–CEA llama VHH (acts as a transporter) is fused to an enzyme (beta-lactamase), which does not normally occur in our body. Beta-lactamase cleaves a pro-drug (cephalosporin nitrogen mustard) of low toxicity into its toxic form (phenylenediamine mustard), killing tumor cells in its vicinity.



Pardon et al. Nature protocols 2014 

Generation of Nanobodies 



Canonical signal transduction mediated by G-protein-coupled receptor  

(GPCR) coupling to heterotrimeric G proteins is confined to the plasma 

membrane 

What is known so far 

Irannejad et al. Nature 2013 



Billington et al., 2003 

GPCR signalling pathway 
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Regulation of G protein-coupled receptor signaling at the receptor locus is effected by numerous mechanisms that establish the number and responsiveness of receptors at the cell surface. These mechanisms include new receptor synthesis, as well as modes of desensitization and resensitization that unfold after a receptor is activated by agonist. Receptor uncoupling occurs as a result of G protein-coupled receptor kinase (GRK) -mediated phosphorylation of agonist-occupied receptor, which promotes arrestin binding to phosphorylated receptor and steric inhibition of GPCR-G protein interaction. Arrestin binding to receptor also initiates internalization of receptor into clathrin-coated pits, after which receptors can traffick to lysosomes for degradation (downregulation) or be dephosphorylated and recycled back to the plasma membrane (resensitization). In addition, activation of intracellular kinases such as protein kinase A (PKA) or protein kinase C (PKC) can also phosphorylate GPCRs and promote a loss of GPCR-G protein coupling. 



GPCR signalling occurs from endosomes as well as the plasma membrane 

Hypothesis 

Irannejad et al. Nature 2013 



Cell model: HEK293 cells 

Tool: 
 
Conformation-specific single-domain camelid antibody (Nb80) against activated β2-AR 
(agonist-occupied β2-AR) 

TIRF: Total internal reflection flourescence microscopy 
 
Selectively detects events occuring in the plasma membrane and extending  
approx 100 nm into the cytoplasm 

Irannejad et al. Nature 2013 

Pathway:  Prototypical GPCR, β2-Adrenoceptor signalling pathway 
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Nb80–GFP detects activated ß2-ARs in the plasma membrane and endosomes 

Irannejad et al. Nature 2013 



Irannejad et al. Nature 2013 

Nb80–GFP accumulates on ß2-AR containing endosomes after their formation 



Nb80–GFP does not accumulate in clathrin-coated pits or vesicles 

Irannejad et al. Nature 2013 



Nb80–GFP does not accumulate in clathrin-coated pits or vesicles 

Irannejad et al. Nature 2013 

Nb80-GFP dissociation is accelerated by clustering process such as receptor phosphorylation  
and/or steric exclusion  



Internalized ß2-ARs contribute to the acute cAMP response. 

Irannejad et al. Nature 2013 

Dyngo-4a: selective dynamin inhibitor blocks endocytosis and CCP function 



Internalized ß2-ARs contribute to the acute cAMP response. 

Irannejad et al. Nature 2013 



Outlook: 

Versatile tool for probing dynamic conformational change in vivo with high spatio- 
temporal resolution 
 
GPCR signalling occurs from endosomes as well as the plasma membrane 
 



To knock out GFP fusions in any eukaryotic model system 

Caussinus et al, 2012 



 deGradFP: Utilising the ubiquitin pathway  

Jesenberger et al.,  2002 



HeLa S3 cells, Transgenic Drosophila lines  

 deGradFP: Utilising the ubiquitin pathway  

VhhGFP4: nanobody against GFP 
 
Engineered NSlmb-vhhGFP4 obtained by fusing the F-box domain contained in the N-terminal 
part of Slmb to a single-domain antibody fragment 

VhhGFP4 is remains active in fusion proteins and is directed against GFP, Venus, YFP. 

SKP1–CUL1–F-box protein ligase complexes (SCFs): E3 enzymes with S-phase 
kinase-associated protein 1, cullin 1 and RING proteins and Slimb as subunits 

Caussinus et al, 2012 



 Schematic illustration of deGradFP 

Caussinus et al, 2012 



 NSlmb-vhhGFP4 mediates degradation of H2B-GFP in mammalian cells and His2Av::EYFP in Drosophila. 

Target protein H2B-GFP (HeLa S3 cells) 

Target protein His2AV-GFP (Epiderm of a 
 
stage 12 Drosophila embryo) 

Caussinus et al, 2012 



The ubiquitin-proteasome pathway is involved in the mechanism of action of deGradFP 

deGradFP inhibited by proteosomal inhibitors 

Caussinus et al, 2012 
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24 hours after transfection, 10mM of MG132 (a proteasome inhibitor) was added to the medium and the EGFP-3xNLS nuclear
signal was recorded over a period of two hours.



Kinetics of target protein degradation by deGradFP in Drosophila 

Confocal life imaging and image processing of embryos  

z-stack sum projections of an embryo at 
  
stage 10                                         stage 12 

151 mins 

Plot of His2Av::EYFP (green symbols) and 
mCherry-NLS (purple symbols) signals 
expressed in arbitrary units (amount of 
fluorescence per volume) in en expression 
areas manually tracked 

Caussinus et al, 2012 

Presenter
Presentation Notes
Confocal life imaging and image processing of embryos in stages 9 to 13 having the following genotype: ubiHis2Av::EYFP/+; enGal4, UAS_mCherry-NLS/+; UAS_NSlmb-vhhGFP4/+. Two channels were acquired simultaneously every 5 min and the fluorescent signals from His2Av::EYFP (green) and mCherry-NLS (purple) were separated by linear deconvolution. (a) Representative epidermal z-stack sum projections of an embryo at stage 10 (left panel) and stage 12 (right panel), showing a manually tracked enexpression area (posterior compartment of an epidermal segment, white polygons). Scale bar, 50 μm. (b) Plot of His2Av::EYFP (green symbols) and mCherry-NLS (purple symbols) signals expressed in arbitrary units (amount of fluorescence per volume) in en expression areas manually tracked as in panel a. The data points measured in the embryo shown in panel a are represented (crosses) and summarized by regression curves (continuous lines, see Methods section online). The data points from two other embryos are not explicitly represented but are summarized by regression curves (dashed lines). The data from the three embryos are normalized (0% is the dark noise of the receptors, 100% is the His2Av::EYFP maximum signal; see Methods section online) and aligned in time with respect to mCherry-NLS expression and maturation (vertical dashed line is time t, see Methods). On average, the His2Av::EYFP signal becomes inferior to 10% of its maximum (horizontal dashed line) 151 min (arrow) after time t.



deGradFP phenocopies loss-of-function mutations 

Sqh (spaghetti squash):  
Myosin ll regulatory light chain 

Sqh::GFP, which only remained in inclusion bodies, and produced many big multinucleated cells in 
this mitotically active tissue  

 sqhSqh::GFP third instar larval wing discs 

ap (apterous)::GFP- TF required for wing formation 

Caussinus et al, 2012 

Presenter
Presentation Notes
Confocal sections through the wing disc of a third instar larva having the following genotype: sqh; sqhSqh::GFP/nubbinGal4; UAS_NSlmb-vhhGFP4/+. Three channels, corresponding to actin (shades of gray, phalloidin staining), DNA (blue, Hoechst 33342) and Sqh::GFP (green) were acquired sequentially. The pouch (below the dashed line) contains multinucleated cells (arrowheads). Scale bar, 10 μm. (b) Stills from time-lapse movies of two synchronized embryos. Upper panel, sqh; sqhSqh::GFP/+ embryo (see Supplementary Movie 2), showing a wild-type dorsal closure (arrowhead). Lower panel, Sqh/Y; sqhSqh::GFP/Gal4; UAS_NSlmb-vhhGFP4/+ embryo (see Supplementary Movie 3; a description of how these embryos were generated is included in Supplementary Table 1), showing a dorsal open phenotype that exposes the amniosera (dashed loop). Scale bar, 100 μm. (c) Upper panel, wild-type wing of an adult fly having the following genotype: ap::GFP/Df(2R)BSC696. Lower panel, class 4 wing of an adult fly having the following genotype: ap::GFP/Df(2R)BSC696; tubGal4/UAS_NSlmb-vhhGFP4. Scale bar, 1 mm.



deGradFP is able to target the intracytoplasmic, but not the extracytoplasmic, 
part of transmembrane proteins. 

enGal4 to express both NSlmb-
vhhGFP4 and mCherry-NLS in 
Drosophila embryos carrying either 
crb::GFP-C or crb::GFP-A, two GFP 
fusion knock-in alleles of crumbs.  

deGradFP is not only active on cytoplasmic (Sqh) and nuclear (Ap) proteins, 
it is also active on transmembrane proteins (Crb) 

Epiderm of stage 12 embryos by live imaging.  

Caussinus et al, 2012 
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Confocal life imaging of the epiderm of stage 12 embryos (z-stack maximum projections). Two channels, corresponding to Crb::GFP-C or Crb::GFP-A and mCherry-NLS (red in overlay panels), were acquired sequentially to separate the signals from the fluorophores. The posterior compartments of two epidermal segments are visualized (square brackets). Scale bar, 10 μm. (a) enGal4, UAS_mCherry-NLS/+; UAS_NSlmb-vhhGFP4, crb/crb::GFP-C embryo. Crb::GFP-C appears in green in the overlay panel. (b)enGal4, UAS_mCherry-NLS/+; UAS_NSlmb-vhhGFP4, crb/crb::GFP-A embryo. Crb::GFP-A appears in green in the overlay panel.



Outlook: 
 
deGradFP allows the target protein knockout to be easily monitored by 
fluorescence microscopy during live imaging, while the phenotype is being 
documented. 

Limitations: 
 
Needs fusion proteins tagged with GFP/YFP/Venus 
 
Target proteins embedded in big protein complexes might be inaccessible for 
NSlmb-vhhGFP4 
 
deGradFP did not deplete GFP on its own, possibly because the small size of 
GFP, which might not be properly exposed to the SCF-recruited E2 enzyme 

Caussinus et al, 2012 



GFP would act like a small-molecule “dimerizer,” bridging the association of distinct 
modular domains or protein fragments to reconstitute useful activities such as 
transcription and recombination 

GFP-dependent transcription system enabling control of any target gene for 
functional studies across tissues and organisms 

Tang et al., 2013 



Tang et al., 2013 

293T cells or the mouse retina for screens 



In Vitro Screen Used to Identify Functional GBP Pairs for the GFP-Dependent 
Transcription System 

Tang et al., 2013 
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In Vitro Screen Used to Identify Functional GBP Pairs for the GFP-Dependent Transcription System
(A) Schematic of GFP-dependent transcription system. DBD, DNA-binding domain; AD, activation domain; UAS, upstream activating sequence.
(B) Strategy for making DBD-GBP (DBDG) or AD-GBP (ADG) fusion constructs used in the screen for T-DDOGs. All genes were controlled by the CAG promoter in pCAG vector.
(C) Schematic of typical in vitro luciferase screen for functional GBP-fusion combinations capable of inducing GFP-dependent transcription. See also Table S1.



Tang et al., 2013 

Characterization of the GFP-Dependent Transcription System 
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Characterization of the GFP-Dependent Transcription System
(A) Schematic of Gal4-based T-DDOGs.
(B) GFP-dependent activation of UAS-luc2 by Gal4-GBP6VP16-GBP1 and Gal4-GBP2VP16-GBP7. n = 9.
(C) Gal4-GBP6VP16-GBP1 strongly activated UAS-tdT in the presence of GFP. Mutation of GBP1-binding residues in GFP (GFPmG1) abolished tdT activity. Scale bar, 10 μm.
(D) Specificity of T-DDOGs for different fluorescent proteins. n = 9; ∗p < 0.001.
(E) Activity of Gal4-GBP6VP16-GBP1 in response to a varying amount of transfected GFP plasmids. The transfected DNA amount was kept constant among conditions, with CAG-mCherry (bottom) acting as a filler plasmid to compensate for reduction in GFP (top) plasmids. Panels show representative GFP and mCherry fluorescence in single cells for each corresponding data point below. n = 6. Plots are mean ± SD.



GFP-Dependent Transcription in Transgenic Zebrafish 

Tang et al., 2013 
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Embryos from Tg(ubi-GFP) × wild-type outcrosses were microinjected with DBDG-IRES-ADG (Gal4-GBP1p65-GBP6) RNA and UAS-tdT DNA at the one- to two-cell stage and examined 1 to 2 days postfertilization. Images represent X number of embryos out of Y number of injected embryos (X/Y), shown in white font in tdT panel.



Selective manipulation of GFP-labeled cells across transgenic GFP lines and  
establishing components for the design of synthetic circuits using nanobodies 
 
 
 
 
Exogenous molecules like GFP and nanobodies showing little connection 
to host protein networks can be used to study and manipulate cellular process 
across a wide spectrum of model systems. 

Tang et al., 2013 

Outlook: 
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Embryos from Tg(ubi-GFP) × wild-type outcrosses were microinjected with DBDG-IRES-ADG (Gal4-GBP1p65-GBP6) RNA and UAS-tdT DNA at the one- to two-cell stage and examined 1 to 2 days postfertilization. Images represent X number of embryos out of Y number of injected embryos (X/Y), shown in white font in tdT panel.



Thank  you  for  your  attention 
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