
Abstract

Tag-liteTM: New HTRF
!

 cellular platform 
for cell surface receptors' study and screening

In a recent publication, Maurel et al* presented the combination of Cisbio’s HTRF and Covalys 
Biosciences’ SNAP- and CLIP-tag technologies to investigate cell-surface protein-protein 
interaction. In this study, an application for GPCR oligomerization was accurately documented 
and the advantages of this new approach presented.

Today, Cisbio introduces a comprehensive reagent platform developed with this combination 
of technologies.

The offer is based on the fluorescent extracellular labeling of N-terminally-fused GPCRs with 
either the SNAP- or the CLIP-tag proteins (20 kDa). Streamlined for highly selective ligand 
binding and receptor dimerization assays, this rapid and non-radioactive platform will meet the 
needs for a comprehensive investigation of receptor network signaling, and will preserve the 
functionality of the receptor and the intracellular signaling pathways.

Tag-lite technology 
to develop new GPCR receptor assays

· Homogeneous non-radioactive binding assays

· Flexible tools to investigate homomeric and   
 heteromeric GPCRs.

Receptor dimer assaysReceptor binding assay

GPCRs, a major superfamily 
of targets

G-protein coupled receptors (GPCRs) are the largest class of 
cell-surface receptors and represent targets of almost 40% of 
the existing blockbusters. Based on the nature of their speci! c 
ligands, GPCRs include at least ! ve groups. 

" e three major GPCR groups are:
- " e rhodospin family (class A).
- " e secretin family (class B).
- " e metabotropic family (class C). 

Drugs that are able to bind those receptors can also be 
characterized and classi! ed depending on their mode of 
action.

Severals classes of drugs can be distinguished:
- Full agonists and partial agonists which bind on the 
orthosteric site of a receptor and induce its activation.
- Antagonists for which the receptor is blocked in its inactive 
state.
- Inverse agonists whose binding negatively modulates the 
constitutive receptor activity.
- Allosteric modulators, which positively or negatively 
modulate the e# ect of an orthosteric ligand.

GPCR signaling pathway assays

Beyond the wide variety of GPCR classes and drugs, 
signaling pathways induced by the speci! c ligand binding 
on receptor are ubiquitous. " e GPCR signaling network is 
a cascade of intracellular events that serve as models for the 
development of functional assays. It is admitted today that a 
proper understanding of the drug action mechanism and the 
activation of this signalosome require the implementation of 
cell-based assays covering receptor binding, second messenger 
accumulation or more downstream assays such as MAP-
Kinase signaling pathways, with the measurement of ERK 
phosphorylation or desensitization mechanisms involving beta 
arrestin recruitment.

HTRF•  application note



When activated, the receptor (7TM) associates with the 
G-protein complex, causing the G•  subunit to exchange bound 
GDP for GTP. ! is is followed by dissociation of the G•  GTP 
from the "# complex.

! e activated G•  subunit can couple with downstream e$ ectors 
to regulate the level of second messengers within the cell.

! ere are three main types of G•  subunit: G• i, G•s, and G•q 
(Table 1). Typically, 7TM can activate only one type of G-protein 
at a time.

G•  
subunit 

activation

Effector & Signal transduction Second 
Messengers

G• i (Gi) G• i activation leads to inhibition of Adenylate 
Cyclase (AC), resulting in a decrease in intracellular 
cAMP concentration*.

cAMP

G• (Gs) G•s activation leads to stimulation of Adenylate 
Cyclase (AC), resulting in an increase in intracellular 
cAMP concentration*

cAMP

G•q (Gq) G•q activation leads to Phospholipase C (PLC) 
induction and triggers the inositol phosphate cascade, 
resulting in a transient increase in intracellular IP3 
concentration and subsequent calcium release from 
the endoplasmic reticulum (ER).

IP3, IP1, Ca2+

Table 1: GPCRs can mainly be sub-classi• ed by G-protein type, i.e. G • s, G• i, G• q. 
* The amount of decrease in cAMP levels by Gi-coupled receptor activation 
depends on the basal level of cAMP present within the cells. Often, the effects of 
this inhibition are more easily observed when a speci• c agent, such as forskolin, is 
used to activate adenylate cyclase.

SNAP-tag: bringing new labeling 
technologies

SNAP- & CLIP-tags are suicide enzymes developed by Covalys 
Biosciences. ! ey can easily be fused to either the N- or the 
C-terminal position of proteins of interest (e.g. GPCRs) and 
can be speci% cally and covalently labelled with their substrates, 
respectively benzyl guanine and benzyl cytosine (Fig. 1).
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Fig 1: GPCR labeling with SNAP-tag subtrate-cryptate. Covalent reaction between 
SNAP-tag expressed at the N-term position of GPCR and the speci• c benzyl guanine 
substrate labeled with HTRF terbium cryptate (Lumi4-Tb).

! ese substrates can be derivatized with HTRF ' uorophores 
such as terbium cryptate (Lumi4*-Tb) and green or red 
acceptors, allowing a speci% c ' uorescent labeling of the protein 
of interest (e.g. GPCRs).

A plasmid construction can be engineered with the appropriate 
pSNAP or pCLIP generic plasmid and the gene encoding the 
GPCR of interest. Once transfected into cells, this plasmid 
leads to the expression of an N-terminal GPCR fused with 
either SNAP- or CLIP-tag protein (Fig. 2).
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Fig 2: Fusion of GPCR X with SNAP-tag in N-terminal position. The • rst step consists 
in creating a plasmidic construction encoding for both the receptor and the labeling 
tag. Then, this construction is used to transfect the cell host.

! e combination of SNAP-tag and HTRF technologies results in 
particular features sought for the study of cell surface receptors, 
and in particular for GPCR assays. Studies con% rm that  SNAP-
tag fusion on the N-terminal of a GPCR and its speci% c labeling 
with the appropriate ' uorescent substrate do not a$ ect either 
the GPCR binding of a speci% c ligand or the GPCR function as 
determined in functional assays (Fig. 3).
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Fig. 3: Inositol-1-phosphate production induced by vasopressin on COS-7 
cells. Studies are performed on wild type V1A (WT-V1A) and SNAP-tag-V1A 
(ST-V1A) expressing the SNAP-tag at the N-terminal position of the GPCR. EC50 
measured are very similar.

In addition, the SNAP- and CLIP-substrates developed 
by Cisbio are non-permeant and therefore speci% cally 
label only the proteins expressed at the cell surface with the 
appropriate HTRF-compatible ' uorophores. Consequently, 
no ' uorescence resonance energy transfer (FRET) can occur 
within intracellular compartments where proteins accumulate 
during GPCR internalisation or maturation processes. 

Finally, these substrates are chemically inert for other proteins, 
reducing nonspeci% c binding at the plasma membrane.

Since SNAP- and CLIP-tags speci% cally react with their 
appropriate substrates, simultaneously expressed SNAP and 
CLIP fusion proteins can be labeled at the cell surface.
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In their study, Maurel et al. have described the simultaneous 
dynamic localization of heteromeric and homomeric receptors 
at the cell membrane surface. As mentioned by the authors, this 
new technology is an alternative to existing bioluminescence 
resonance energy transfer (BRET) or FRET assays.

Resonance energy transfer technologies are widely used to 
characterize intracellular protein-protein interaction. ! ese 
techniques are based on fusion of FRET-compatible green 
" uorescent proteins (CFP and YFP) or luciferase and GFP 
for BRET. Nevertheless, the over-expression of a protein in 
transfected cells is a strong hindrance to the development 
of resonance energy transfer technologies applied to the 
interaction of cell surface proteins.  As FRET can also occur 
within the intracellular compartments, it is di#  cult to 
demonstrate a speci$ c signal resulting only from a direct 
interaction of proteins at the cell surface.

Another limitation of the commonly used resonance energy 
transfer techniques is the low signal-to-noise ratio resulting 
from the intrinsic " uorescence background of cell, and the 
overlap between the emission spectra of FRET donors and 
acceptors.

! e HTRF approach, based on the use of terbium cryptate as a 
donor and a green or a red acceptor, o% ers a much higher signal-
to-noise ratio for two main reasons. First, the long lifetime of the 
terbium cryptate allows a time-resolved measurement of FRET 
emission when all natural " uorescences disappear, and second, 
these donors have a very limited " uorescence emission at 520 
and 665 nm, the wavelengths at which the FRET emission from 
the green or the red acceptors are measured (Fig. 4).

SNAP-red acceptor
detection at 665nm

SNAP-green acceptor
detection at 520nm

SNAP-Lumi4(R)-Tb
detection at 620nm

Fig 4: Detection wavelengths of the different SNAP- CLIP- HTRF • uorophores

Conclusion

With this new HTRF-based cell-surface receptor platform, 
Cisbio provides reagents and technology to address the latest 
evolution  in the GPCR drug discovery $ eld. Applications such 
as highly selective and non-radioactive ligand binding assays 
are now made possible and the 7TM dimerization model can 

be properly investigated with streamlined and speci$ c cell-
surface tools (box 1).

GPCR dimer assays: towards a new target model?

! e emerging understanding of new GPCR membrane 
organization has led to an evolution of the paradigm 
for the traditional functional model towards a GPCR 
oligomer organization involving either two closely related 
or di% erent 7TMs.

New GPCR targets

! e new GPCR heterodimer model will be the source of 
the next pharmacological target generation to identify new 
drugs. Based on the dimeric concept, a drug could bind 
to a GPCR and co-activate a second GPCR, inducing the 
expected e% ect. Moreover, a drug e% ect could be the result 
of the GPCR dimerization only, without any measurable 
e% ect if the two GPCRs are screened as isolated and 
monomeric targets. 

A new Receptor deorphanisation model

GPCRs are encoded by more than 1,000 genes. 
Considering the monomeric GPCR model and despite 
major e% orts to identify their endogeneous ligands, 
many of them are still regarded as orphan receptors. 
Nevertheless, the GPCR dimer model could explain the 
physiological role of these ªorphan GPCRsº as partners in 
a dimeric organization. 

Monomeric model

Effect A

Dimeric model

Effect B Effect A

Effect AB
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Related informat ion 
* Maurel et al, Nat. Methods 5, 561-567 (2008) 
Cell-surface protein-protein interaction analysis with time-resolved FRET 
and SNAP-tag technologies: application to GPCR oligomerization
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Order ing informat ion 

Tag-lite Plasmids

Tag-lite SNAP Plasmids
PSNPPOS Tag-lite pSNAP(+) 10 •gr

PSNPNEG Tag-lite pSNAP(-) 10 •gr

Tag-lite CLIP Plasmids
PCLPPOS Tag-lite pCLIP(+) 10 •gr

PCLPNEG Tag-lite pCLIP(-) 10 •gr

Tag-lite Companion product

Labeling medium LABMED Tag-lite labeling medium 100 ml (5X)

Tag-lite Substrates

HTRF Donors
SSNPTBE Tag-lite SNAP-Lumi4 Tb 5 nmoles

SCLPTBE Tag-lite CLIP-Lumi4 Tb 20 nmoles

HTRF Acceptors

SSNPGRNE Tag-lite SNAP-Green 5 nmoles

SSNPREDE Tag-lite SNAP-Red 20 nmoles

SCLPGRNE Tag-lite CLIP-Green 20 nmoles

SCLPREDE Tag-lite CLIP-Red 20 nmoles

Tag-liteTM: New HTRF•  cellular platform for cell surface receptors' study and screening

04
/2

00
9 

- 
3M

D
10

4 
A

HTRF and Tag-lite are trademarks of CIS bio international.
SNAP-tag and CLIP-tag are trademarks of Covalys Biosciences AG.  Some of Tag-lite products are made under Covalys' license and may be 
covered under one or more of the following US published patent applications and their international counterparts : US 20040115130, US 
20060024775, US 20060292651, US 20070243568, US 20070207532.
Lumi4 is a registered trademark of Lumiphore, Inc.  Lumi4-based products may be covered under one or more of U.S. patents: 6,515,113, 
6,864,103, 7,442,558, 6,406,297, 7,018,850, and 7,404,912 or international counterparts.
• e CMV promoter is covered under U.S. Patents 5,168,062 and 5,385,839 and its use is permitted for research purposes only.  Any other use 
of the CMV promoter requires a license from the University of Iowa Research Foundation, 214 Technology Innovation Center, Iowa City, IA 
52242.


