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SpyTag Technology

Introduction to SpyTag Technology
SpyTag technology is a protein ligation method based on the 
SpyTag peptide and SpyCatcher protein (Zakeri et al. 2012), 
which are derived from the second immunoglobulin-like collagen 
adhesin domain (CnaB2) from the fibronectin-binding protein 
(FbaB) of Streptococcus pyogenes (Spy). The CnaB2 domain 
naturally contains an intrachain isopeptide bond between the 
sidechains of a lysine and an aspartic acid. By splitting this 
domain and rational engineering of the fragments, a peptide (the 
SpyTag containing the reactive Asp residue) and a small protein 
(SpyCatcher containing the reactive Lys residue and a Glu residue 
necessary for forming the catalytic triad) were obtained that form 
an amide bond spontaneously when mixed. This reaction occurs 
with high yield in diverse conditions of pH, temperature, and buffer. 
Following optimization of the two components (SpyTag2 and 
SpyCatcher2) (Keeble et al. 2017), the reaction time was shortened 
from hours to minutes (Figure 1), and has subsequently been 
improved to increase the reaction speed even further (SpyTag3 
and SpyCatcher3) (Keeble et al. 2019). All versions of SpyTag and 
SpyCatcher are compatible with each other.  

The innovative SpyTag and SpyCatcher technology, also termed “molecular superglue”, has been 
employed by the scientific community in many ways to build proteins with novel properties. We have 
created the brand TrailBlazer Antibodies, where recombinant antibodies containing a SpyTag are 
combined with a set of prefabricated SpyCatcher modules, leading to unprecedented flexibility in assay 
design. The reaction between SpyTag and SpyCatcher occurs autocatalytically and quantitatively in 
minutes. Depending on the SpyCatcher used, the antibodies are site-specifically labeled with, for instance 
HRP, biotin, or fluorescent dyes, or they are multimerized or converted to immunoglobulin (Ig)-like 
constructs with different isotypes or with Fc domains from various species.

	■ Spontaneous (autocatalytic) reaction
	■ Covalent isopeptide bond formation, irreversible
	■ Fast, quantitative reaction
	■ pH 5 to 8, temperature +4 to +37°C
	■ Robust to buffer conditions, Ca2+/Mg2+ not needed
	■ Robust to detergents
	■ Reaction occurs also inside cells (in vivo)

Fig. 1. The reaction between SpyTag2 and SpyCatcher2 requires only 
mixing, is rapid, high yielding, and shows good specificity.
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Recombinant Antibodies with SpyTag Technology 
Bio-Rad has combined SpyTag technology with recombinant 
antibody expression to introduce completely new versatility to 
antibodies (Hentrich et al. 2021). The SpyTag2 is genetically fused 
to the C-terminus of recombinant antibodies (Figure 2; here the 
SpyTag is genetically fused to the heavy chain C-terminus of a Fab 
antibody fragment). A series of SpyCatcher-derived adapters have 
been created that can be coupled to the SpyTagged antibodies by 
mixing and incubating. SpyCatchers are available with labels such 
as HRP and biotin. Several variants have been designed, including 
the BiCatcher, where two SpyCatchers are genetically linked 
to allow formation of bivalent Fab2, and the FcCatcher, where 
SpyCatcher is fused to an Ig Fc domain to make a synthetic Ig-like 
molecule after the reaction with two SpyTag Fabs (Figure 3). A Fab 
with a SpyTag forms a covalent isopeptide bond to the chosen 
Catcher, enabling conjugation or conversion to multiple formats 
within one hour (Figure 4).

IgG

Fc

VH

CH1

CH2

CH3

VL

CL

Fv

Fab
(Fd + LC)

Fig. 2. Schematic images of A, full length immunoglobulin; B, monovalent Fab 
format with SpyTag (gray) and purification and detection tags (blue).
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Fig. 3. Schematic images of different Catchers (gray) unlabeled (left) and 
conjugated (orange circle, right). SpyCatcher and BiCatcher have been 
modified to include a cysteine residue that enables site-specific conjugation 
with a known degree of labeling (DOL); FcCatcher is conjugated via primary 
amines and the DOL measured.
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Fig. 4. A monovalent Fab with SpyTag (center) can be converted to multiple 
different formats via a formation of a covalent isopeptide bond with the  
chosen Catcher.

SpyCatcher Products and Services
All SpyCatchers and their derivatives (Table 1) are compatible with 
our recombinant antibodies that incorporate a SpyTag2 at the 
C-terminus of the heavy chain, for instance format Fab-F-Spy2-H, 
which also contains a FLAG- and a His-tag. SpyCatchers can be 
coupled to recombinant Fab antibodies as part of our TrailBlazer 
Antibody Custom Service. SpyCatchers can also be purchased 
from our catalog for coupling by the user to an antibody or protein 
with a reactive SpyTag1, SpyTag2, or SpyTag3. 
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SpyCatcher3-CYS SpyCatcher3 with an 
engineered cysteine 
residue. Can be used for 
site-specific chemical 
conjugation to a label of 
choice

Yes TZC025CYS

Bivalent Format Custom 
Service

Catalog 
Number

BiSpyCatcher2 BiSpyCatcher2 protein Yes TZC002

BiSpyCatcher2-
CYS

BiSpyCatcher2 with one 
engineered cysteine 
residue. Can be used for 
site-specific conjugation to 
a label of choice

Yes TZC002CYS

BiSpyCatcher2-
CYS3

BiSpyCatcher2 with three 
engineered cysteine 
residues. Can be used for 
site-specific conjugation to 
a label of choice

Yes TZC002CYS3

BiSpyCatcher2: 
Biotin

BiSpyCatcher2 conjugated 
to biotin

Yes Inquire

BiSpyCatcher2: 
HRP

BiSpyCatcher2 conjugated 
to HRP

Yes TZC002P

BiSpyCatcher2: 
PE

BiSpyCatcher2 conjugated 
to RPE

Yes Inquire

Ig-Like Format Custom 
Service

Catalog 
Number

hIgG1-
FcSpyCatcher3

SpyCatcher3 fused to the 
hinge region, CH2 and CH3 
of human IgG1

Yes TZC009

hIgG1-
FcSpyCatcher3: 
Biotin

Human IgG1-
FcSpyCatcher3 conjugated 
to biotin

Yes Inquire

hIgG1-
FcSpyCatcher3: 
HRP

Human IgG1-
FcSpyCatcher3 conjugated 
to HRP

Yes Inquire

hIgG2-
FcSpyCatcher3

SpyCatcher3 fused to the 
hinge region, CH2 and CH3 
of human IgG2

Yes TZC016

hIgG3-
FcSpyCatcher3

SpyCatcher3 fused to the 
hinge region, CH2 and CH3 
of human IgG3

Yes TZC017

Protocol for Fab Antibody Coupling to SpyCatchers, BiCatchers, and 
FcCatchers
The SpyTag-SpyCatcher coupling reaction is straightforward and fast. 

1. Calculate the required volumes of Fab and SpyCatcher 
product starting with the amount of Fab you want to couple.

2. Mix Fab and SpyCatcher product.

3. Incubate for 1 hr at RT.

Detailed protocols are available on our website. The guidelines 
can also be applied to couple a protein with a reactive SpyTag to a 
SpyCatcher product.

Visit bio-rad-antibodies.com/spycatcher to download the 
protocols.

Fig. 5. Example of coupling kinetics for SpyTag-SpyCatcher reaction. His-
SpyCatcher2 (#TZC001) coupling kinetic was analyzed on an AnyKD Criterion 
TGX Stain-Free Gel (#5678125). A SpyTagged Fab (AbD35759, Fab-F-Spy2-H 
format) was loaded in lane 1 and His-SpyCatcher2 in lane 2. Precision Plus 
Protein Unstained Protein Standard (#1610363) was run in lane 4. In lanes 6-12, 
the coupling reaction of the Fab with a 25% molar excess of His-SpyCatcher2 at 
RT was loaded. The reaction was stopped at the indicated time by addition of 4x 
Laemmli Sample Buffer (#1610747). All lanes were loaded with 3 µg protein.
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Product Description Availability

Monovalent Format Custom 
Service

Catalog 
Number

SpyCatcher2 SpyCatcher2 protein Yes TZC001

SpyCatcher2-
CYS

SpyCatcher2 with an 
engineered cysteine 
residue. Can be used for 
site-specific chemical 
conjugation to a label of 
choice

Yes TZC001CYS

SpyCatcher2: 
Biotin

SpyCatcher2 conjugated 
to biotin

Yes Inquire

SpyCatcher2: 
HRP

SpyCatcher2 conjugated 
to HRP

Yes Inquire

SpyCatcher2:PE SpyCatcher2 conjugated 
to RPE

Inquire Inquire

SpyCatcher3 SpyCatcher3 protein Yes TZC025

hIgG4-
FcSpyCatcher3

SpyCatcher3 fused to the 
hinge region, CH2 and CH3 
of human IgG4

Yes TZC018

hIgG4-Pro-
FcSpyCatcher3

SpyCatcher3 fused to the 
hinge region, CH2 and CH3 
of human IgG4-Pro (S228P)

Yes TZC019

hIgA-
FcSpyCatcher3

SpyCatcher3 fused to the 
hinge region, CH2 and CH3 
of human IgA1

Yes TZC020

mIgG2a-
FcSpyCatcher3

SpyCatcher3 fused to the 
hinge region, CH2 and CH3 
of mouse IgG2a

Yes TZC012

rIgG-
FcSpyCatcher3

SpyCatcher3 fused to the 
hinge region, CH2 and CH3 
of rabbit IgG

Yes TZC013

Table 1. SpyCatcher products.

https://www.bio-rad-antibodies.com/spytag-spycatcher-products.html
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# Question Answer

1 What are the biophysical parameters 
of SpyTag and SpyCatcher?

Table 2. Biophysical parameters for the original SpyTag and SpyCatcher proteins.

Element Size (in Amino 
Acids)

Calculated 
Isoelectric Point, 
pl

Calculated 
Molecular Weight* 
(kD)

SpyTag1 13 8.95 1.47

SpyTag2 14 9.87 1.68

SpyTag3 16 10.37 1.93

SpyCatcher1 113 4.17 12.14

SpyCatcher2 113 4.12 12.08

SpyCatcher3 113 3.91 12.13

*Refer to the individual product datasheets for molecular weights of the various  
Bio-Rad SpyCatcher proteins and derivatives, which will be different due to the 
addition of tags and linkers.

2 What is the difference between 
SpyTag, SpyTag2, and SpyTag3, 
and SpyCatcher, SpyCatcher2, and 
SpyCatcher3?

The original SpyTag and SpyCatcher were developed based on the fibronectin-binding 
protein from S. pyogenes. This pair was optimized for reaction kinetics by phage display 
to create SpyTag2 and SpyCatcher2, which react together to form the isopeptide bond 
ten times faster than the original pair. SpyTag2 and SpyCatcher2 were further optimized 
by rational design to create SpyTag3 and SpyCatcher3, with a reaction speed improved 
by a further factor of ten. All SpyTag and SpyCatcher versions are compatible with each 
other. Our products contain SpyTag2. The coupling speed of SpyTag2 is comparable to 
that of SpyTag3 at the concentrations recommended in our antibody coupling protocols.

3 Why is SpyCatcher3 used for the 
FcCatchers and SpyCatcher2 for all 
other Catchers?

Our SpyCatchers and BiCatchers were originally developed with SpyCatcher2, before 
SpyCatcher3 was available. Our FcCatchers were developed later, after SpyCatcher3 
had become available. We tested SpyCatcher3 for use in the SpyCatcher and BiCatcher 
products but did not observe significant performance benefits for version 3 over  
version 2, so these products continue to be made using SpyCatcher2.

4 Is the SpyTag-SpyCatcher bond 
stable?

The isopeptide bond formed when the proteins ligate is considered to be as stable  
as other peptide bonds between amino acids in a protein. The bond formation is  
considered irreversible.

5 Can SpyTag or SpyCatcher react with 
other proteins in my cells or lysates?

The SpyTag-SpyCatcher protein ligation reaction is very specific. Neither of the two 
elements has been shown to react with any other protein in cells or lysates.

6 Why is it better to conjugate via 
the SpyCatcher rather than to the 
antibody directly?

The use of pre-conjugated Catchers is simple, fast, flexible, and site directed. 
Conventional antibody conjugation is a random process resulting in each antibody 
carrying a different number of labels at different positions. Some labels might be 
attached at the antibody-antigen binding site leading to a decrease in performance of 
the reagent in the application. Labeled Catchers are coupled to the antibody C-terminus 
with defined stoichiometry, leaving the antibody binding site unmodified. Furthermore, 
we engineered SpyCatcher and BiCatcher versions with defined free thiol groups that 
can be conjugated site-specifically with labels such as biotin, resulting in a fixed degree 
of labeling (DOL). A SpyTagged antibody can be coupled to any of the different Catchers 
by a simple mixing step. This offers completely new flexibility for assay design.

Frequently Asked Questions
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# Question Answer

7 How are labels site-specifically 
attached to SpyCatcher?

We have genetically engineered SpyCatcher2 and SpyCatcher3 to contain one cysteine 
(Cys), and BiCatcher2 to contain either one or three cysteines. These Cys residues can 
be used for site-specific conjugation via maleimide chemistry for instance, enabling a 
fixed DOL for these Catchers.

We have not introduced any additional Cys residues into the FcCatcher products to 
avoid unnatural folding. FcCatchers are conjugated via primary amines, and therefore 
are not site-specifically labeled. However, the conjugation protocol is controlled, 
ensuring a consistent DOL between batches. As the FcCatchers are conjugated with a 
label before coupling to the SpyTagged antibody fragment, the antibody-antigen binding 
site is never compromised.

8 Can a Catcher protein be conjugated 
to any probe or label?

Unconjugated SpyCatcher and BiCatchers are available for conjugation by the user to 
a label of choice. SpyCatcher and BiCatcher proteins are available with free cysteine 
residues to enable site-specific conjugation via thiol reactive groups, using for instance, 
maleimide chemistry. Random conjugation via primary amines is also possible using 
NHS ester reaction chemistry.

9 Can SpyTag-SpyCatcher technology 
be used with any antibodies?

It is possible to engineer any recombinant antibody to contain a C-terminal SpyTag for 
use with SpyCatchers. Contact us to discuss feasibility of a custom service project.

During our research work to develop recombinant Fabs with the SpyTag, we found that 
the functional periplasmic expression of such antibody fragments in Escherichia coli led 
to rapid cleavage of the SpyTag by E. coli proteases. We developed a system to prevent 
this cleavage, making SpyTag technology accessible for E. coli produced antibodies 
(Hentrich et al. 2021). The production of an antibody with a SpyTag in E. coli requires a 
proprietary strain, please inquire for further information.

10 What is the composition of a synthetic 
Ig-like antibody?

SpyCatcher3 is genetically fused at its C-terminus to the N-terminus of the Ig hinge 
region followed by the constant domains of the antibody Fc domain (CH2 and CH3 in 
case of IgG1). This construct is named FcCatcher. Antibodies containing a SpyTag at the 
C-terminus will covalently bind to FcCatcher resulting in an Ig-like molecule.

Our constructs typically use fully human Fab fragments (containing a full light chain and 
a heavy chain containing VH and CH1 domains) obtained via phage display. A series of 
tags, usually FLAG-tag, SpyTag2, and His-tag are genetically attached at the C-terminus 
of the heavy chain.

11 What is the ratio of SpyTag to 
SpyCatcher for the coupling reaction, 
and is there any uncoupled Fab or 
Catcher leftover in my product after 
coupling?

To drive the ligation reaction to completion, we recommend using an excess of one 
ligation partner. 

	■ Monovalent SpyCatchers: use a 25% excess of monovalent SpyCatcher to make  
 sure all Fab antibodies have reacted and are coupled to the SpyCatcher; excess  
 SpyCatcher will be washed off when carrying out nonhomogeneous assays
	■ Bivalent SpyCatchers (e.g., BiSpyCatcher2 or FcSpyCatcher3): for bivalent  

 SpyCatchers, use 25% excess of SpyTagged Fab to make sure that all Catchers  
 carry two Fabs. In our experience, small amounts of unreacted Fabs do not  
 interfere with the assay nor reduce sensitivity, as the bivalent coupled product  
 usually binds with much higher avidity and therefore replaces any monovalent  
 uncoupled Fab

It is possible to set up coupling reactions with a 1:1 ratio, however, inevitable 
inaccuracies in protein concentration determination might lead to deviations from this 
ratio and unpredictable coupling stoichiometries.
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# Question Answer

12 How long does the protein ligation 
reaction take?

Our protocol recommends one hour for the ligation reaction to complete. SpyTag2 
ligation to the monovalent SpyCatcher2 is completed within about 10 min. Coupling to 
BiSpyCatcher2 and FcSpyCatcher3 takes several minutes longer since two SpyTagged 
Fab antibodies must couple to each bivalent Catcher molecule. For simplicity, our 
protocols recommend one coupling time for all Catchers. The reaction can also be left 
overnight.

For SpyTag3, we recommend the same reaction times as for SpyTag2. SpyTag1 needs 
significantly longer coupling times, and these should be determined experimentally as 
the coupling kinetics is concentration dependent.

13 How can high background signal be 
reduced, if observed?

A Fab antibody coupled to a Catcher would be expected to show the same background 
as the same antibody clone in a different format. If a high background is observed, it is 
recommended to optimize the antibody concentration by testing various dilutions first. If 
working with an uncharacterized antibody, the coupled and uncoupled antibodies can 
be tested in parallel with the same secondary detection antibody for both. 

In western blot experiments, we have observed a faint additional band around 50 kD 
with some mammalian cell lysates, for instance, with HeLa cells, which is caused by 
unreacted SpyCatcher in the preparation. This band can be completely removed by 
addition of free SpyTag3 peptide to the sample after coupling followed by incubation for 
5 min, whereby SpyTag3 peptide binds to uncoupled Catcher and completely blocks 
binding to the 50 kD protein. If a Fab coupled to an FcCatcher is to be used in western 
blotting, it is recommended to use nitrocellulose membranes rather than PVDF to avoid 
membrane background staining.

In sandwich or bridging ELISA with a SpyTagged capture antibody and Catcher-coupled 
detection antibody, an increased background can appear due to unreacted SpyCatcher 
sites, which can react with the SpyTag of the capture antibody. This can be prevented 
by the addition of SpyTag3 peptide to the coupled detection antibody. We recommend 
using a 2.5-fold molar excess of peptide over SpyCatcher sites, i.e. 2.5-fold excess for 
SpyCatcher- and 5-fold excess for BiCatcher- and FcCatcher-coupled antibodies, and 
incubate for at least 5 min.

Please inquire about the availability of SpyTag3 peptide.

14 Is there any difference in performance 
of SpyTag-SpyCatcher coupled 
antibodies to conventional antibodies?

SpyTag-SpyCatcher coupled antibodies are expected to perform in the same way as 
any other monovalent or bivalent Fab antibody or full-length Ig in the same application. 
Coupling a SpyTagged Fab antibody to a pre-conjugated Catcher protein avoids the 
potential for the label being attached to the antibody-antigen binding site, as can 
happen with random labeling of a conventional antibody. This is likely to result in a better 
performance of the conjugated SpyTag-SpyCatcher antibody, and consequently a lower 
concentration is typically needed.

15 Do synthetic Ig-like antibodies 
perform exactly like conventional  
full-length Igs?

The antibody-antigen binding sites in these two formats are identical and therefore 
the binding specificity is the same. Both molecules are bivalent and have the same 
avidity. Our FcCatcher proteins are produced in a mammalian cell line using the same 
procedure as for our full-length Igs, resulting in an identical Fc domain, including 
glycosylation. As the structure of the Ig-like molecule and the full-length Ig are not the 
same, their conformations will not be completely identical, and these differences in 
the geometry may affect certain assays. As the Fab is produced in E. coli, there will be 
lipopolysaccharides (endotoxin) from bacterial membranes present in the preparation. If 
necessary, endotoxin levels can be decreased prior to coupling to Catchers.
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# Question Answer

16 Can antibodies be immobilized on 
beads and resins using SpyTag 
technology?

SpyTagged Fab antibodies coupled to a biotinylated Catcher protein can be 
captured on streptavidin-coated beads. If coupling the Fab to a biotinylated Catcher 
(SpyCatcher2:Bio or BiSpyCatcher2:Bio) for immobilization on beads, it is advisable 
to use an excess of Fab, to avoid the solution containing unreacted SpyCatcher 
sites. Uncoupled Fab will be removed during the washing step after the reaction with 
streptavidin beads.

Alternatively, SpyCatchers can be immobilized directly on beads or column resin either 
site-specifically for example via cysteines, using SpyCatcher3-CYS, or via primary 
amines  using SpyCatcher3. Antibodies can subsequently be immobilized and oriented 
on SpyCatcher resin by a simple 1 hr incubation of the SpyTagged antibody with 
SpyCatcher resin.

17 Can a SpyTagged antibody be 
coupled to other proteins using 
SpyTag-SpyCatcher technology?

If a protein contains the SpyCatcher domain, it can be coupled to a SpyTagged antibody. 
We recommend using genetic engineering to create a fusion protein whereby the 
SpyCatcher is either fused to the N- or C-terminus of the protein of interest.

18 Can common anti-Fab and anti-Ig 
secondary antibodies be used with 
SpyCatcher coupled antibodies?

Yes, we have successfully used anti-FLAG-tag, anti-His-tag, and anti-human Fab 
secondary antibodies, with SpyTagged Fab antibodies, both with and without a 
SpyCatcher protein coupled. In addition, anti-human, mouse, and rabbit Fc, and  
anti-IgG (H+L) specific secondary antibodies can be used for the respective FcCatcher 
coupled antibodies. SpyCatchers and BiCatchers carry a 6-His tag that can be used for 
detection. FcCatchers do not have additional tags.

19 In ELISA, can a SpyTagged Fab 
coupled to an HRP conjugated 
Catcher be used as a detection 
antibody in the same way as a 
conventional antibody conjugated  
to HRP?

Yes, when using as a detection antibody in ELISA, we recommend coupling the chosen 
Fab to an HRP conjugated BiCatcher (BiSpyCatcher2:HRP) or FcCatcher (hIgG1-
FcSpyCather3:HRP). In our experience, the SpyTag-SpyCatcher coupled antibody can 
be used at a 4 to 10-fold lower concentration than the same clone in full-length IgG 
format directly conjugated to HRP, and result in the same assay sensitivity.

If you are using a SpyTagged capture antibody for your sandwich or bridging assay in 
combination with an HRP conjugated Catcher coupled detection antibody, you might 
observe an increased background through partly uncoupled Catcher sites of the 
detection antibody that can react with the SpyTag of the capture antibody. The addition 
of SpyTag3 peptide to the coupled detection antibody will remove the background. We 
recommend using a 2.5-fold molar excess of peptide over SpyCatcher sites, i.e. 2.5-
fold excess for SpyCatcher-, and 5-fold excess for BiCatcher- and FcCatcher-coupled 
antibodies, and incubate for at least 5 min.

Please inquire about the availability of SpyTag3 peptide.

20 Can the SpyTag be used to  
immobilize antibodies on surfaces 
such as ELISA plates?

SpyCatcher can be directly coated to ELISA plates, or biotinylated Catchers can be 
immobilized on streptavidin-coated plates. The coupling reaction at the surface is 
slower compared to in solution, and the antibody concentration used is usually lower 
than for standard coupling reactions, hence the reaction might not be complete 
after one hour. Coupling the antibody to SpyCatcher surfaces leads to more active 
antibodies compared to immobilization by passive adsorption. Therefore, lower antibody 
concentrations are required to give the same signal.

Alternatively, the Fab can be coupled to biotinylated SpyCatcher (SpyCatcher:Bio) followed 
by immobilization of the coupled biotinylated antibody on Streptavidin-coated plates.
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Inquiries and Orders
TrailBlazer Antibody Custom Services

Inquiries 
Bio-Rad AbD Serotec GmbH 
antibody_sales_de@bio-rad.com 
Tel: +49 89 80 90 95 45

How to order: bio-rad-antibodies.com/TrailBlazer

SpyCatcher Catalog Products

Inquiries 
Contact your local Bio-Rad office or distributor.

How to order: bio-rad-antibodies.com/SpyCatcher
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