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1.  Introduction to HaloTag® Technology and Cell Imaging

Understanding the functional role of proteins and how they interact within the cell is increasingly important. Often multiple
recombinant protein fusions are needed to accomplish this research, which at times can be slow and cumbersome due to
inefficiencies in moving between different applications. As a result, there is a need for a recombinant protein tag that
affords flexibility among expression and localization, protein purification, protein interaction discovery, screening and
further functional analyses.

The HaloTag® platform@® addresses the need for flexibility in functional protein analysis. This modular technology is based
on the formation of a covalent bond between a fusion tag and synthetic ligands, and enables complete characterization of
protein function in cellular and biochemical environments. There are a variety of HaloTag® Ligands®? and kits available for
fluorescent cell imaging and protein capture/purification, as well as reactive customizable Ligand Building Blocks®©%®) (see
the HaloTag® Ligand Building Blocks Quick Protocol #FB261 for more information).

The HaloTag® reporter protein is an engineered, catalytically inactive derivative of a hydrolase, which forms a covalent
bond with HaloTag® ligands (Figure 1). Under physiological conditions this covalent bond forms rapidly and is highly
specific and essentially irreversible, yielding a complex that is stable even under stringent conditions (1-3). The HaloTag®
protein is a 33kDa monomeric protein not endogenous to mammalian, plant or E. coli cells; therefore, there are no levels
of nonspecific activity, only high labeling specificity. This technology has been used successfully in many systems,
including: mammalian cells (4), bacteria (5), yeast (6), plants (7) and animal models (8).

The modular nature of HaloTag® technology and the rapid binding kinetics with its ligands can directly image both protein
trafficking and turnover. The available ligands have both varied fluorescent spectra and also cell-permeant and impermeant
properties to provide spatial and temporal control. For example, you can label only the surface pool of a membrane-bound
protein with a cell-impermeant ligand and follow its biology, internalization or other fate. Or a protein can first be labeled
with a ligand that has one dye color, and after a period of time labeled again with a ligand containing a dye of a different
color. Such pulse-chase labeling allows direct observation of protein trafficking and/or turnover over time.

All HaloTag® fluorescent ligands can label and image live cells. Labeling can be done rapidly with a wash step (within an
hour) or overnight using a No-Wash protocol, depending on your workflow needs. Fixed cells manipulated by standard
immunocytochemistry protocols can also be imaged because of the stability of the covalent bond between the HaloTag®
fusion protein and ligands, and the stability of the dyes themselves. This stability also allows labeled cells to be analyzed
directly by SDS-PAGE using a fluorescent scanner. These and other HaloTag® fluorescent ligand applications are described
in the HaloTag® Technology: Focus on Imaging Technical Manual #TM260.

You only need to design a single expression construct to use across multiple applications. Beyond cell imaging, the same
fusion protein can be purified as a single pure protein, or pulled down with its partners to discover new protein interactions.
Switch from HaloTag® fluorescent ligands to HaloTag® Purification and Pull-Down Systems using HaloLink™ Resin to
efficiently capture and recover HaloTag® fusion proteins or complexes.
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Figure 1. HaloTag® fusion protein displaying the linker to scale with TEV site (where TEV protease can cleave the POI
from the HaloTag® protein) and the binding pocket for the covalent interaction with HaloTag® ligands.
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2.  Product Components and Storage Conditions

2.A. Cell-Permeant Ligands (for Intracellular Labeling; Tnmol Ligands that Dissolve in Aqueous Buffer)

Product

Size Cat.# Structure

Janelia Fluor® 549 HaloTag® Ligand®@©

5x1vial HT1020

Janelia Fluor® JFX554 HaloTag® Ligand

5x 1 vial HT1030

Janelia Fluor® 585 HaloTag® Ligand

5xTvial  HT1040

Janelia Fluor® 646 HaloTag® Ligand®@®

5x1vial HT1060

Q
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§
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Janelia Fluor® JFX650 HaloTag® Ligand

5x1vial  HT1070

H\/\O/\/O\/\/\/\Cl
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Product Size Cat.# Structure
Janelia Fluor® 635 HaloTag® Ligand 5x1vial  HT1050
Janelia Fluor® 503 HaloTag® Ligand 5x1vial  HT1010
PRODUCT SIZE CAT.#
Janelia Fluor® HaloTag® Red Sample Pack 3 vials HT1100
Contains:
1 vial Janelia Fluor® 549 HaloTag® Ligand
1vial Janelia Fluor® JFX554 HaloTag® Ligand
1 vial Janelia Fluor® 585 HaloTag® Ligand
PRODUCT SIZE CAT.#
Janelia Fluor® HaloTag® Far Red Sample Pack 3 vials HT1110

Contains:

1 vial Janelia Fluor® 635 HaloTag® Ligand
1 vial Janelia Fluor® 646 HaloTag® Ligand
1vial Janelia Fluor® JFX650 HaloTag® Ligand

Storage Conditions: Store the HaloTag® Ligands at -30°C to -10°C, protected from light.

Note: All HaloTag® Ligands are recommended for single-use only. Do not store resuspended HaloTag® Ligands.
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2.B. Cell-Impermeant Ligands (for Extracellular Labeling; 1Tnmol Ligands that Dissolve in Aqueous Buffer)

Product Size Cat.# Structure
Janelia Fluor® 549i HaloTag® Ligand 5x1vial HT1080
Janelia Fluor® 635i HaloTag® Ligand 5x1vial  HT1090
XFD 488i HaloTag® Ligand 5x71vial  HT1120
XFD 660i HaloTag® Ligand 5x71vial HT1130

H\/\O/\/O\/\/\/\C‘

Storage Conditions: Store the HaloTag® Ligands at -30°C to -10°C, protected from light.

Note: All HaloTag® Ligands are recommended for single-use only. Do not store resuspended HaloTag® Ligands.
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Figure 2. Excitation and emission spectra and table for the HaloTag® Ligands. Panel A. Excitation and emission spectra
were generated for cell permeant Janelia Fluor® HaloTag® Ligands and normalized to peak fluorescence. Panel B.
Excitation and emission spectra were generated for Janelia Fluor® JFX HaloTag® Ligands and normalized to peak
fluorescence. Panel C. Excitation and emission spectra were generated for cell impermeant Janelia Fluor® and XFD
HaloTag® Ligands and normalized to peak fluorescence.
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3.  Generating a HaloTag® Fusion Protein

3.A. Beginning with an Expression-Validated HaloTag® ORF Clone

We offer expression-validated HaloTag® ORF clones in partnership with Kazusa DNA Research Institute. Cloning and
validating the protein-coding region of a gene into a vector requires a significant amount of time, and often, there is a high
failure rate prior to validating a clone. To circumvent this pain point, in partnership with Kazusa, we have produced
premade, bench-validated ORF clones. These clones are compatible with and optimized for HaloTag® protein analysis and
TNT® T7 cell-free expression technologies. In addition, these validated ORF clones can be easily transferred into alternate
vectors using the Flexi® Cloning System.

Find your protein precloned into a HaloTag® Vector and validated at: www.promega.com/FindMyGene
3.B. Creating Your Own HaloTag® Fusion Protein

Conventional Cloning into a Multiple Cloning Region

The pHTN HaloTag® CMV-neo Vector (Cat.# G7721, for N-terminal HaloTag® fusions) and the pHTC HaloTag® CMV-neo
Vector (Cat.# G7711, for C-terminal HaloTag® fusions) are nonFlexi HaloTag® vectors with a common multiple cloning
region designed to express an N- or C-terminally tagged HaloTag® fusion protein in mammalian cells from a CMV
promoter. In addition these vectors contain a neomycin (G418) selection cassette that allows antibiotic selection of stable
cell lines expressing the fusion protein. The multiple cloning region allows the user to transfer the HaloTag® protein plus
linker sequence into any vector of choice.

Flexi® Cloning Method

The Flexi® Vector System is a directional cloning method for protein-coding sequence. It is based on rare-cutting
restriction enzymes, Sgfl and Pmel, and provides a rapid, and high-fidelity way to transfer protein-coding regions without
the need to resequence. All Flexi® Vectors carry the lethal barnase gene, which is replaced by the DNA fragment of
interest, providing positive selection for the successful ligation of the insert. We recommend cloning into an N-terminal
vector (first as pFN28A HaloTag® CMV-neo Flexi® Vector, Cat.# G8441) with later transfer into a C-terminal vector (such as
pFC27K HaloTag® CMV-neo Flexi® Vector, Cat.# G8431) if needed.
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Mammalian Live-Cell Rapid Labeling with Janelia Fluor® and XFD HaloTag® Ligands

This protocol is intended for labeling live cells with Tnmol Janelia Fluor® and XFD HaloTag® Ligands (Section 2).
Representative data are shown in Figures 3 and 4.

Materials to Be Supplied by the User

optical bottom chamber with cells expressing HaloTag® fusion protein
complete culture medium appropriate for your cells, at 37°C

confocal microscope or widefield fluorescent microscope equipped with appropriate filter sets and/or lasers (see
Section 6.A and Figure 2)

37°C + 5% CO, cell culture incubator
optional: culture medium, lacking phenol red at 37°C

optional: Hoechst 33342 dye [e.g., Thermo Fisher Scientific NucBlue™ Live ReadyProbes™ Reagent (Hoechst 33342),
Cat.# R37605] if staining the nucleus

Equilibrate a vial of Tnmol Janelia Fluor® or XFD HaloTag® Ligand to room temperature.
Add Tml of cell culture medium or chosen aqueous buffer.

Incubate the Janelia Fluor® or XFD HaloTag® Ligand in medium for 2-3 minutes with intermittent agitation to dissolve
the ligand. Do not pipet or vortex to resuspend the ligand. This will yield a 5X (1uM) working stock solution.

Add the 5X (1uM) working stock solution to cells at a 1X final concentration of 200nM as a recommended starting
point. Further concentration optimization may be necessary. Cells expressing lower levels of HaloTag® fusion protein
may require lower concentrations that could enhance the signal-to-background ratio.

Incubate the cells with the Janelia Fluor® or XFD HaloTag® Ligand for 30 minutes (except for Janelia Fluor® 503
HaloTag® Ligand that requires a 1-hour incubation) at 37°C + 5% CO, in a cell culture incubator. If using lower
concentrations of ligand, longer incubation times may be required.

Aspirate medium and replace with fresh cell medium. Alternatively, replace with phenol red-free medium to minimize
background signal.

Note: For nonadherent cells and cells that strongly express HaloTag® protein, ligand-containing medium can remain
on cells although the background signal will be higher compared to replacing with fresh medium. We recommend
using the Tnmol Janelia Fluor® 585 and 635 HaloTag® Ligands for cells with lower HaloTag® expression when not
replacing cell culture medium.
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4.  Mammalian Live-Cell Rapid Labeling with Janelia Fluor® and XFD HaloTag® Ligands (continued)

Expressing
HaloTag

No HaloTag

Janelia Fluor® 503 HaloTag® Ligand

Janelia Fluor® JFX554 HaloTag® Ligand

C.

. Janelia Fluor® 635 HaloTag® Ligand
Figure 3. Live cell labeling of U20S cells expressing nuclear HaloTag® protein using Janelia Fluor® HaloTag® Ligands.
Parental U20S cells and U20S cells stably expressing HaloTag® protein fused to three copies of a nuclear localization
sequence were adhered to glass-bottom chamber slides and labeled with Janelia Fluor® 503, Janelia Fluor® JFX554 or
Janelia Fluor® 635 HaloTag® Ligand for 30 minutes at 37°C + 5% CO, in a cell culture incubator. Cell culture medium was
replaced with a phenol-red free medium. Cells were imaged with 488nm laser excitation for Janelia Fluor® 503 HaloTag®
Ligand (Panel A), 561nm laser excitation for Janelia Fluor® JFX554 HaloTag® Ligand (Panel B) and 637nm laser excitation
for Janelia Fluor® 635 HaloTag® Ligand (Panel C). In HaloTag®-expressing cells, labeling is restricted to the nucleus.

Parental cells (without HaloTag) show no labeling. Images were collected using a Nikon AX/AXR confocal microscope
with a plan fluor 40X oil objective.
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Figure 4. Live cell labeling of U20S cells expressing extracellular surface HaloTag® protein using cell-impermeant
Janelia Fluor® and XFD HaloTag® Ligands. U20S cells stably expressing HaloTag® protein fused to the truncated beta 1
integrin receptor extracellular surface sequence or control U20S cells expressing HaloTag® protein fused with three copies
of a nuclear localization sequence were adhered to glass-bottom 96-well plates and labeled with Janelia Fluor® 549i,
Janelia Fluor® 635i, XFD 488i or XFD 660i HaloTag® Ligand for 30 minutes at 37°C + 5% CO, in a cell culture incubator. Cell
culture medium was replaced with a phenol-red-free medium. Cells were imaged with 561nm laser excitation for Janelia
Fluor® 549i Ligand (Panel A), 640nm laser excitation for Janelia Fluor® 635i Ligand (Panel B), 488nm laser excitation for
XFD 488i HaloTag® Ligand (Panel C) and 640nm laser excitation for XFD 660i HaloTag® (Panel D). In HaloTag®-expressing
cells, labeling was restricted to the membrane. Control U20S cells expressing HaloTag in the nucleus showed no labeling.
Images were collected using a Nikon AX/AXR confocal microscope with a 20X objective. Hoechst 33342 dye was used to
stain the nucleus for 15 minutes prior to HaloTag® labeling.

Janelia Fluor® 549i HaloTag® Ligand

Janelia Fluor®635i HaloTag® Ligand

XFD 488i HaloTag® Ligand

XFD 660i HaloTag® Ligand
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5.  Other Applications Using HaloTag® Ligands

The following list of applications using the HaloTag® ligands are found in the HaloTag® Technology: Focus on Imaging
Technical Manual #TM260.

Pulse-chase labeling.

Fixing cells after labeling.

Multiplexing with HaloTag using immunocytochemistry (ICC).

Quantitation of HaloTag® protein fusions, SDS-PAGE analysis.

Flow cytometry analysis.

Protein detection using HaloTag® Monoclonal Antibody (for Western blotting).
Labeling proteins in mammalian cell lysates or proteins expressed in cell-free systems.

Labeling E. coli lysate to analyze protein expression levels.

6.  General Information, Tips and Troubleshooting
6.A. General Information

Recommended Standard Filter Sets for Imaging

Ligand Recommended Filter Set

Janelia Fluor® 646, Janelia Fluor® JFX650, Janelia Fluor® 635, Janelia  Cy® 5 filter set (~640nm_/700nm_ )
Fluor® 635i and XFD 660i HaloTag® Ligands

Janelia Fluor® 549, Janelia Fluor® 549i, Janelia Fluor® JFX554 and TRITC filter set (555nm_,/580nm_ )

Janelia Fluor® 585 HaloTag® Ligands

Janelia Fluor® 503 and XFD 488i HaloTag® Ligands FITC filter set (488nm_/520nm,_)
No Detectable Toxicity

Promega HaloTag® Ligands have shown no detectable toxicity or morphological side effects at the recommended
labeling conditions in all cell lines tested, including but not limited to U20S, CHO, HEK293, HelLa, SW48 and Human
Neural Progenitor cells.
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Signal-to-Noise Ratio

The labeling recommendations provided here should result in the best possible signal-to-noise ratio. However, the specific
signal is a function of:

. The level of HaloTag® fusion protein expression
. The cell type and cell health
. The quantum yield and stability of the fluorophore

As such, the recommended starting points for ligand concentration can be optimized. If you observe a significant amount
of residual nonspecific fluorescence in your cells, we recommend lowering the ligand concentration. This problem also
can result from a high-passage-number cell line, which can cause signaling pathway changes.

Use of HaloTag® Ligands in Serum-Containing Medium

All HaloTag® ligands may be directly diluted into serum-containing medium. Once inside the cell, these ligands are
modified, and, as for all of the other cell-permeant ligands, excess unbound ligand is eliminated from the cell in a time-
and temperature-dependent manner by an active cellular mechanism.

While all cell types tested allow entry of the cell-permeant ligands and access to all major subcellular compartments,
there are differences in rates of efflux. Cells that have delayed efflux of unbound modified ligand might have limiting
amounts of this active mechanism or suffer from poor health. Thus, while the use of serum requires strict timing for
adding the ligand to the cell culture medium, the presence of serum minimizes stress to cells and maintains their ability to
actively eliminate unbound ligand, which results in lower background.

6.B. Composition of Buffers and Solutions

1X PBS buffer (pH 7.5)
137mM  NaCl
2.68mM KCl
1.47mM  KH,PO,
8.1mM Na,HPO,

Promega Corporation - 2800 Woods Hollow Road - Madison, WI 53711-5399 USA - Toll Free in USA 800-356-9526 - 608-274-4330 - Fax 608-277-2516 13
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6.C. Troubleshooting

For questions not addressed here, please contact your local Promega Branch Office or Distributor. Contact information
available at: www.promega.com. Email: techserv@promega.com

Symptoms Causes and Comments
Fusion protein not expressed or expressed only at Poor transfection efficiency. Optimize transfection conditions
low levels and use high-quality endotoxin-free DNA.

Consider a construct in which the order of the HaloTag® protein
and the protein of interest are reversed; N- or C-terminal fusions
may perform differently.

Check construct reading frame by sequencing or performing a
rapid cell-free translation (such as TNT® T7 Quick Coupled
Transcription Translation System, Cat.# L1170) followed by
labeling, SDS-PAGE and fluorescence scanning of gel.

Weak or inappropriate regulatory elements; consider changing
promoters and/or other regulatory elements.

Weak or absent fluorescent signal in labeled cells If lysing cells in PBS, add protease inhibitors during lysis, and
perform lysis at 4°C to avoid proteolysis.

Culture cells for a longer time period before labeling to ensure
that you have adequate protein expression and cell density.

Optimize cell health. Expose cells only to complete cell culture
medium at 37°C under 5% CO, conditions throughout labeling and
imaging.

Optimize cell-labeling protocols. Increase labeling time.

Store the HaloTag® ligands at -30°C to -10°C, and protect from
light. Storing resuspended Janelia Fluor® and XFD HaloTag®
Ligands is not recommended.

Use freshly diluted HaloTag® Ligand, and add immediately to label
cells.

Ensure that you are using the appropriate filer set for imaging.
See Section 6.A and Figure 2.

Adjust the settings on your fluorescence detection instrument (e.g.,
laser power, PMT gain and aperture for a confocal microscope).
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Causes and Comments

High background fluorescence in live cells

Decrease HaloTag® ligand concentration.

Image cells in complete cell medium lacking phenol red.

Strictly follow temperature recommendations during labeling.

Adjust instrumentation settings (e.qg., reduce laser power, reduce
gain on PMT or aperture for a confocal microscope).

Cells detached from surface

Handle cells gently to ensure that they remain attached to the
surface and/or reduce the number of times you replace the
medium.

Perform all labeling, medium exchange and imaging steps using
complete culture medium, and keep cells in a 37°C + 5% CO,
incubator as much as possible.

Increase seeding density or time in culture to allow cells to
proliferate and adhere more tightly.

Use an attachment matrix such as poly-L-lysine, fibronectin or
collagen.

Cell death or toxicity

Modify transfection protocol or try less toxic transfection reagent.
Ensure DNA is endotoxin-free.
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7. Related Products

Biotin Ligands
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HaloTag® Purification and Pull-Down Systems and Reagents

There are several assay systems and reagents for labeling, detecting and purifying HaloTag® fusion proteins. Learn more
at: www.promega.com/products/protein-detection/protein-labeling/

Cloning Vectors

Find protein ORFs precloned into a HaloTag® Vector at:
www.promega.com/products/pm/halotag-technology/kazusa-collection/

In addition, you can find all HaloTag® Flexi® Vectors to use for your cloning at www.promega.com by searching for
“halotag flexi vectors”.
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@BY USE OF THIS PRODUCT, RESEARCHER AGREES TO BE BOUND BY THE TERMS OF THIS LIMITED USE STATEMENT. If the researcher is not willing to accept
the conditions of this limited use statement, and the product is unused, Promega will accept return of the unused product and provide the researcher with a full
refund.

Researcher may use this product for research use only; no transfer or commercial use of this product is allowed. Commercial use means any and all uses of this
product by a party in exchange for consideration, including, but not limited to (1) use in further product manufacture; (2) use in provision of services, information or
data; and (3) resale of the product or its derivatives, whether or not such product or derivatives are resold for use in research. With respect to any uses outside this
label license, including any commerecial, diagnostic, therapeutic or prophylactic uses, please contact Promega for supply and licensing information. PROMEGA
MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING FOR MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE WITH REGARDS TO THE PRODUCT. The terms of this label license shall be governed under the laws of the State of Wisconsin, USA.

®)Licensed under U.S. Pat. Nos. 9,933,417, 10,018,624 and 10,161,932 from Howard Hughes Medical Institute.

©BY USE OF THIS PRODUCT, RESEARCHER AGREES TO BE BOUND BY THE TERMS OF THIS LIMITED USE LABEL LICENSE. If researcher is not willing to accept
the terms of this label license, and the product is unused, Promega will accept return of the unused product and provide researcher with a full refund.

Researcher may use this product for research use only and may modify or link Promega HaloTag® ligand building blocks to Promega or customer-supplied moieties.
No transfer or commercial use of this product is allowed. Commercial use means any and all uses of this product or derivatives by a party in exchange for
consideration, including, but not limited to (1) use in further product manufacture; (2) use in provision of services, information or data; and (3) resale of the product
or its derivatives, whether or not such product or derivatives are resold for use in research. With respect to any uses outside this label license, including any
commercial, diagnostic, therapeutic or prophylactic uses, please contact Promega for supply and licensing information. PROMEGA MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING FOR MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE WITH REGARDS
TO THE PRODUCT. The terms of this label license shall be governed under the laws of the State of Wisconsin, USA.

@Certain applications of this product may require licenses from others.

©BY USE OF THIS PRODUCT, RESEARCHER AGREES TO BE BOUND BY THE TERMS OF THIS LIMITED USE STATEMENT. If the researcher is not willing to accept the
conditions of this limited use statement, and the product is unused, Promega will accept return of the unused product and provide the researcher with a full refund.
Researchers may use this product for research use only, no commercial use is allowed. Researchers shall have no right to modify or otherwise create variations of
the nucleotide sequence of the HaloTag® gene. Researchers may however clone heterologous DNA sequences at either or both ends of said HaloTag® gene so as to
create fused gene sequences provided that the coding sequence of the resulting HaloTag® gene has no more than four (4) deoxynucleotides missing at the affected
terminus when compared to the intact HaloTag® gene sequence. In addition, researchers must do one of the following in conjunction with use of the product: (1)
use Promega HaloTag® ligands, which can be modified or linked to Promega or customer-supplied moieties, or (2) contact Promega to obtain a license if Promega
HaloTag® ligands are not to be used. Researchers may transfer derivatives to others for research use provided that at the time of transfer a copy of this label license
is given to the recipients and recipients agree to be bound by the terms of this label license. With respect to any uses outside this label license, including any
diagnostic, therapeutic or prophylactic uses, please contact Promega for supply and licensing information. PROMEGA MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING FOR MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE WITH REGARDS
TO THE PRODUCT. The terms of this agreement shall be governed under the laws of the State of Wisconsin, USA.

© 2025 Promega Corporation. All Rights Reserved.

Flexi and HaloTag are registered trademarks of Promega Corporation.

Janelia Fluor is a registered trademark of Howard Hughes Medical Institute. NucBlue and ReadyProbe are trademarks of Thermo Fisher Scientific, Inc.
Products may be covered by pending or issued patents or may have certain limitations. Please visit our website for more information.

All prices and specifications are subject to change without prior notice.

Product claims are subject to change. Please contact Promega Technical Services or access the Promega online catalog for the most up-to-date information on
Promega products.
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