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I. Description
Note: Certain uses of this

The HaloTag™ Interchangeable Labeling Technology(a.b.c.d) is a novel tool for product may require a

imaging live or fixed mammalian cells that express the HaloTag™ Protein or protein
fusions, analyzing post-translational modification of labeled fusion proteins, and iso-
lating proteins and protein complexes. The technology is based on efficient formation
of a covalent bond between a specially designed reporter protein encoded by the
HaloTag™ pHT2 Vector and a specific ligand in living cells, in solution or on a solid
support. The HaloTag™ pHT2 Vector contains the open reading frame for a geneti-
cally engineered derivative of a hydrolase gene. This protein is not endogenous to
mammalian cells.

The HaloTag™ Ligand can carry a variety of functionalities, including fluorescent
labels, affinity handles and attachments to a solid phase. The covalent bond forms
rapidly under general physiological conditions, is highly specific and essentially irre-
versible, yielding a complex that is stable even under stringent conditions. The open
architecture of the technology enables use of different ligands. We currently offer
ligands that can readily cross the cell membrane with either red or green fluorophores
or biotin. Additional ligands will be offered to expand the range of applications, as well
as solid supports for direct capture of the HaloTag™ Protein or protein fusions.

special license. Please
see page 24 of this
Technical Manual for more
information.
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Advantages of HaloTag™ Interchangeable Labeling Technology:

e Label in Solution or on a Solid Support: The HaloTag™ Ligands bind to the
HaloTag™ Protein or protein fusions with high specificity and affinity.

e Label Your HaloTag™ Protein in Live Cells: The HaloTag™ Ligands readily
cross the cell membrane.

* Image Fixed Cells: The covalent bond is stable, allowing imaging of
fixed cells and analysis of the labeled protein under stringent conditions.

* Introduce Novel Functionalities or Perform Sequential Labeling: The open
architecture of the technology enables the use of different ligands for multiple
applications.

¢ Design Only One Genetic Construct for Multiple Experiments: Obtain new
functionality by using a different HaloTag™ Ligand without having to design and
clone a new expression construct.

* Analyze Labeled Fusion Proteins Using SDS-PAGE, Mass Spectrometry,
etc.: The bound ligand is stable under denaturing conditions.

A. The HaloTag™ Protein and Ligands

The HaloTag™ Protein, a genetically engineered derivative of a hydrolase gene
(Figure 1), is designed to efficiently form a covalent bond with the HaloTag™
Ligands. The HaloTag™ Protein is a monomer and can be fused to your protein
of interest at either the N- or C-terminus.

The HaloTag™ Ligands are small chemical tags that readily cross the cell
membrane and comprise the HaloTag™ Reactive Linker and the HaloTag™
Functional Reporter (Figure 2).

HaloTag™ TMR __ N-terminus

Ligand

4787TA

Figure 1. Structure of the HaloTag™ Protein with a HaloTag™ TMR Ligand

modeled into the active site. The HaloTag™ Protein was created by mutating a wildtype
hydrolase. Instead of forming an intermediate enzyme-substrate complex like the wildtype
protein does, HaloTag™ Protein covalently traps the Reactive Linker. By coupling a fluores-
cent reporter to the Reactive Linker, a HaloTag™ Ligand is created for the HaloTag™ Protein
that efficiently forms an irreversible bond to the fusion protein. Other reporter groups or solid
supports may be attached to the Reactive Linker.
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* The HaloTag™ TMR Ligand contains tetramethyl rhodamine (TMR) and is
brightly fluorescent (555gx/585gm). This ligand may be used for fluores-
cent labeling of the HaloTag™ Protein.

* The HaloTag™ diAcFAM Ligand contains a nonfluorescent diacetyl deriva-
tive of fluorescein. Upon cleavage of the diacetyl groups by cellular esterases
diAcFAM is converted to brightly fluorescent FAM (494gx/526gm). This

Ligand may be used for fluorescent labeling of the HaloTag™ Protein.

* The HaloTag™ Biotin Ligand contains biotin and may be used as an affinity
tag to capture a protein of interest using the strong biotin-streptavidin
interaction.

B. The HaloTag™ pHT2 Vector

The HaloTag™ pHT2 Vector contains the open reading frame for the modified
hydrolase gene cloned into a mammalian expression vector with the following
features:

* Kozak sequence for translation initiation was added to the beginning of the gene.

* The following restriction sites were added for convenience: N-terminal (Nhe |,
Pvu ll, EcoR V, nonunique Nco l), C-terminal (Pac|, Not ).

e BamH | and Nae | restriction sites were added within the HaloTag™ gene
OREF to allow convenient creation of protein fusions.

* The EcoR V site was added to the vector before the ATG start codon of
the HaloTag™ gene and cuts the pHT2 Vector in frame with the HaloTag™
ORF.

* The BamH | site was added immediately after the ATG start codon.

* The Nae | site was added to the open reading frame just before the stop
codon.

When designing HaloTag™ Protein-based fusions, preserving the functional
activity of both fusion partners is one of the critical requirements to fusion
protein design. To reduce potential three-dimensional structural hindrance
effects of the fusion partners, we recommend inserting a polypeptide linker
between fusion partners. The size and the sequence of the polypeptide linker
should be determined empirically. A good place to start is with a 17-amino acid
linker comprising Gly and Ser repeats.

Functional Reporter
|

N~0"O~~"Cl  HaloTag™ TMR Ligand
555¢,/585¢r,
C35Hy,CIN;0g

MW = 636

m\ﬁo’\/OWCI HaloTag™ diAcFAM Ligand
494;,/526¢,, (after hydrolysis)

CaHaCINO,
MW = 666
S
HNM N~20"-O~""""Cl HaloTag™ Biotin Ligand
NH o CooHacCIN,0,S
d MW = 450

Figure 2. Structure of the ligands showing the Functional Reporters and the Reactive
Linkers: HaloTag™ TMR Ligand, HaloTag™ diAcFAM Ligand and HaloTag™ Biotin Ligand.
The HaloTag™ Ligands readily cross the cell membrane and can be used for live-cell imaging.
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@ To reduce

potential three-dimen-
sional structural hindrance
effects of the fusion part-
ners, we recommend
inserting a polypeptide
linker between fusion part-
ners. The size and the
sequence of the polypep-
tide linker should be deter-
mined empirically. A good
place to start is with a 17-
amino acid linker compris-
ing Gly and Ser repeats.

Note: Using this vector
requires generation of
transfection-quality DNA.

CMV Immediate Early

Enhancer/Promoter
Chimeric

Intron _T7 EEV (forward)

HaloTag™ sequencing primer
pHT2 Vector binding site
4924b T7 Promoter
Amp ( p)c Hre Nhe |
sequence Pvull

EcoR V

HaloTag™
Start Codon

BamH |

Nae |
HaloTag™ Stop Codon
Pac |
Not |

Figure 3. HaloTag™ pHT2 Vector circle map and sequence reference points.

SV40 Late
poly(A) signal

4785MA

HaloTag™ pHT2 Vector Sequence Reference Points:

CMV enhancer/promoter 1-742
Chimeric intron 857-989
T7 EEV (forward) sequencing primer binding site 1020-1041
T7 promoter 1034-1052
T3 (reverse) sequencing primer binding site 19962015
HaloTag™ open reading frame 1081-1971
SV40 late polyadenylation signal 20242245
B-lactamase (Ampr) coding region 3232-4089

1001 : T7 EEV Primer Site (1020-1041) |

5 ... CAGTTCAATT ACAGCTCTTA AGGCTAGAGT ACTTAATACG ACTCACTATA

T7 Promoter (1034-1052)

1051 1100
GGCTAGCCAG CTGGCGCGGA TATCGCCACC ATGGGATCCG AAATCGGTAC—.....
| I | | | A

Nhe | Pvull EcoR V BamH |
1
IﬂanTagTM ORF Start Codm
1951 2000
—CTCCCCGGGC TGGCCGG AGTTAATT AAGTAGGCGG CCGCITCCCT ... 3

Nae | Pac | Not |

4891MA

HaloTag™ Stop Codon |

Figure 4. The sequence of the HaloTag™ pHT2 Vector showing potential cloning sites
and primer hybridization.
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Il. Product Components

Product Size Conc. Cat.#
HaloTag™ pHT2 Vector(a.b.c) 20ug G8241
HaloTag™ TMR Ligand(a.d) 30ul 5mM G8251
HaloTag™ diAcFAM Ligand(a.d) 30ul 10mM G8271
HaloTag™ Biotin Ligand(a.d) 30ul 5mM G8281

The HaloTag™ TMR and Biotin Ligands are supplied at 5mM in cell-culture-quality DMSO. The
HaloTag™ diAcFAM Ligand is supplied at 10mM in cell-culture-quality DMSO.

Storage Conditions: Store the pHT2 Vector and ligands desiccated at —20°C. Avoid
multiple freeze-thaw cycles and exposure to frequent temperature changes. These
fluctuations can greatly alter product stability. We recommend dispensing ligands into
aliquots and storing them at —20°C, desiccated and protected from light. When
stored and handled properly, the performance of these products is guaranteed for six
months from date of purchase.

lll. HaloTag™ Interchangeable Labeling Technology Protocols

A. Overview of the HaloTag™ Labeling Protocol

The figure below provides an overview of the HaloTag™ Labeling Protocol. The
protocol should be empirically optimized for your experimental system.

o Day 1: Plate cells.

Day 2: Introduce HaloTag™
l genetic construct into
cells using standard
transfection techniques.

Day 3: Label cells with
l appropriate HaloTag™
Ligand.
e e
FHev
e
e %j%@ Wash unbound ligand

from sample.

\\Lyse cells.

P

Fi V \

Image fixed cells. Image live cells.

Excitation light Excitation light

Fluorescence l Fluorescence l

Capture protein.

e

Live cell imaging Capturing of biotinylated
of fluorescently HaloTag™ Fusion Protein
labeled HaloTag™  and protein complexes on
Fusion Protein a solid substrate such as

l a streptavidin-coated particle

Proceed with
other analyses
(e.g., cell-to-gel,
pulse-chase).

Fixed cell imaging
of fluorescently
labeled HaloTag™
Fusion Protein

® HaloTag™ Protein
3¢~ HaloTag™ Ligand

47TTMA

Figure 5. Overview of the HaloTag™ Interchangeable Labeling Technology applications.

o
Promega

Usage Note: The final
recommended labeling
concentration for the
HaloTag™ TMR Ligand is
5uM, for the HaloTag™
diAcFAM Ligand is 10pM,
and for the HaloTag™
Biotin Ligand is 5-25pM.

Table 1. Volume of Medium
Plus Label Recommended
per Well

Volume
Culture Vessel| per well

8-well
chamber slide |200pl

96-well plate | 50pl

48-well plate 100yl

24-well plate | 250pl

12-well plate | 500pl

6-well plate 1,000yl
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B. Example Protocol for Labeling HaloTag™ Protein for Imaging Live or
Fixed Cells

This example protocol is intended to serve as a guide. You should empirically
optimize the cell culture protocol, transfection conditions, ligand concentration
and labeling protocol for your experimental system.

Materials to Be Supplied by the User

chambered cover glass

transfection reagent

endotoxin-free (transfection grade) plasmid DNA
fetal bovine serum (FBS)

serum-free cell culture medium

PBS (37°C)

fluorescent or confocal microscope

37°C cell culture incubator

Additional Materials for Imaging Fixed Cells

. 4% paraformaldehyde containing 0.5mM sucrose
. Triton® X-100
. 0.1% sodium azide/PBS solution

The following protocol was used for HeLa cells (ATCC #CCL-2) cultured in
DMEM/F12 containing 10% FBS and no antibiotic (growth medium) on 8-well
Lab-Tek® Il chambered cover glass (Nalge Nunc Cat.# 155409) at 37°C,

5% COa. The cells were transfected with the HaloTag™ pHT2 Vector using a
lipid transfection reagent according to the manufacturer’s directions. The cells
were imaged using a Olympus FV500 confocal microscope. Typical images of
live and fixed cells expressing the HaloTag™ Protein labeled with the HaloTag™
TMR Ligand or the HaloTag™ diAcFAM Ligand are shown in Figure 6, Panels A
and B. Figure 7 shows fixed cells expressing a p65-HaloTag™ fusion protein (1)
labeled with the HaloTag™ TMR Ligand and counter labeled with Anti-Bl1I
Tubulin Antibody.

Day 1: Plating Cells

1. Plate cells at a seeding density of 7.5—10 x 103 cells/cm2 (9—12 x 103
cells/well) in 400pl growth medium.

2. Allow cells to grow using standard conditions (37°C, 5% CO3) to ~85%
confluence (~24-48 hours).

Day 2: Transfecting Cells

1. Transfect cells according to the manufacturer’s instructions for the transfec-
tion reagent that you are using. See Section IV for more information about
standard transfection methods.

2. Twenty four hours after adding transfection reagent, proceed with
labeling protocol.
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Day 3: Labeling Cells with HaloTag™ TMR or HaloTag™ diAcFAM Ligand
HaloTag™ TMR Ligand:

1. Prepare a 500-fold dilution of HaloTag™ TMR Ligand stock solution in
37°C growth medium (10pM).

2. Remove all but 100pl of growth medium. Cells should still be covered by
medium. Add 100pl medium containing the HaloTag™ TMR Ligand to
each well. The final recommended working concentration is 5uM.

HaloTag™ diAcFAM Ligand:

1. Prepare a 500-fold dilution of HaloTag™ diAcFAM Ligand stock solution
in 37°C growth medium (20uM).

2. Remove all but 100pl of growth medium. Cells should still be covered by
medium. Immediately add 100pl of medium containing the HaloTag™
diAcFAM Ligand to each well. The final recommended working concen-
tration is 10uM.

Imaging Live Cells (Day 3 continued)

1.

6.

Incubate the cells with the desired HaloTag™ Ligand for 15 minutes at
37°C, 5% COz2 in the dark.

Remove the ligand-containing medium.

Rinse the cells with 0.5ml/well PBS (37°C). Repeat two times for a total of
three washes.

Replace the PBS with fresh growth medium (37°C), and return the cells to
the incubator for 30 minutes (37°C, 5% COy).

Replace the growth medium with 400ul of PBS (37°C) or growth medium
without phenol red (37°C).

Transfer the chambered cover glass to a microscope and capture images.

Imaging Fixed Cells (Day 3 continued)

1.

© N o o &

Incubate the cells with the desired HaloTag™ Ligand for 15 minutes at
37°C, 5% COz2 in the dark.

Remove the ligand-containing medium and rinse the cells with 400ul/well
PBS (37°C).

Replace the PBS with 400pl freshly prepared 4% paraformaldehyde
containing 0.5mM sucrose.

Incubate for 10 minutes at 37°C, 5% CO» in the dark.
Replace the fixative with PBS containing 0.1% Triton® X-100.
Incubate for 30 minutes at 37°C, 5% COa in the dark.
Replace Triton® X-100 solution with 400l PBS.

Transfer the chambered cover glass to a microscope stage and capture
images. (Labeled cells may be stored in a 0.1% sodium azide/PBS solution
protected from light. Mounted slides may be stored at room temperature,
protected from light.)

Note: To avoid serum-
induced hydrolysis of the
HaloTag™ diAcFAM
Ligand, add the Ligand to
the cells immediately after
diluting it.
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Note: The HaloTag™ TMR
Ligand is the dye of choice
for cell-to-gel applications.

C. Example Protocol for Cell-To-Gel Analysis of HaloTag™ TMR-Labeled Cells

This protocol is intended to serve as a guide. You should empirically optimize the
cell culture protocol, transfection conditions, ligand concentration and labeling
protocol for your experimental system.

Materials to be Supplied by the User

fetal bovine serum

serum-free medium

endotoxin-free (transfection grade) plasmid DNA
transfection reagent

SDS-PAGE running buffer

SDS-PAGE sample buffer

PBS (37°C)

fluorescent imager

37°C incubator

electrophoresis equipment

The following protocol was used for CHO-K1 cells (ATCC #CCL-61) transfected
with the HaloTag™ pHT2 Vector using a lipid transfection reagent according to
the manufacturer’s protocol. Data generated using this protocol are presented in
Figure 9.

Day 1: Plating Cells

1. Plate CHO-K1 cells in F12 medium containing 10% FBS (no antibiotic) in
24-well plates at a density of 1.2—1.4 x 105 cells/well.

2. Adjust the volume to 1,000ul/well and culture cells in standard conditions
(37°C, 5% CO») to ~85% confluence (~18-24 hours).

Day 2: Transfecting Cells

1. Transfect cells following the manufacturer’s instructions for the transfection
reagent that you are using. See Section IV for more information about stan-
dard transfection methods.

2. Twenty-four hours after adding the transfection reagent, proceed with the
labeling protocol.

Day 3: Labeling with HaloTag™ TMR Ligand
1. Prepare the HaloTag™ TMR Ligand solution for labeling.

a. Prepare a 5uM solution of HaloTag™ TMR Ligand solution in
F12 + 10% FBS.

b. Remove the medium from the 24-well plate and replace it with 200ul of
the 5uM HaloTag™ TMR Ligand solution.

2. Incubate the cells for 10 minutes at 37°C, 5% CO».

Remove the HaloTag™ TMR Ligand solution from the well.

4. Rinse the cells two times with 37°C PBS (1ml per well).
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Day 3: Cell-To-Gel Analysis

1. Remove the PBS from the wells and add 200ul of 1X SDS-PAGE sample
buffer to each well of the 24-well plate. Collect the lysate in a 1.5ml tube.
Incubate for 5 minutes at 95°C.

Note: Samples may be frozen at —20°C and analyzed later.
2. Load 10pl of each sample for SDS-PAGE analysis.

3. Analyze the gel on a fluorescent scanner.

D. Example Protocol for Expressing, Capturing and Detecting HaloTag™
Protein Fusion Expressed in Mammalian Cells

This protocol is intended to serve as a guide. You should empirically optimize the
cell culture protocol, transfection conditions, and ligand concentration and
labeling protocol for your experimental system.

Materials to Be Supplied By the User

¢ fetal bovine serum e 24-well culture plates
¢ serum-free medium e protease inhibitors

* transfection reagent Tween® 20

¢ endotoxin-free PBS (37°C)

37°C incubator
magnetic stand

(transfection grade)
plasmid DNA
¢ streptavidin-coated particles

The following protocol was used with CHO-K1 (ATCC #CCL-61) cells cultured in
24-well plates (Fisher Cat.# 353047) transfected with the vector coding for a
Renilla Luciferase-HaloTag™ Protein-FLAG fusion. This protocol used a lipid
transfection reagent according to the manufacturer’s instructions. Streptavidin
MagneSphere® Paramagnetic Particles (Cat.# Z5481) were used to capture the
proteins. Data generated using this protocol are presented in Figure 8.

Day 1: Plating Cells

1. Plate CHO-K1 cells in F12 medium containing 10% FBS, no antibiotic
(growth medium) in 24-well plates at a density of 1.2—1.4 x 105 cells/well.

2. Adjust the volume to 1000ul/well and culture cells under standard conditions
(37°C, 5% CO») to ~85% confluence (~18-24 hours).

Day 2: Transfecting Cells

1. Transfect cells following the manufacturer’s instructions for the transfection
reagent that you are using. See Section IV for more information about stan-
dard transfection methods.

2. Twenty-four hours after adding transfection reagent, proceed with labeling
protocol.
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Note: If using streptavidin-
coated particles from
another source, consult the

manufacturer’s instructions.

Note: Capture of some
enzymes can be detected
directly on the particles
with an appropriate
enzyme activity assay (see
Figure 7). Resuspend the
particles in a buffer that is
appropriate for your
particular assay.

Day 3: Labeling the Renilla Luciferase-HaloTag™ Protein-FLAG Fusion
with HaloTag™ Biotin Ligand

1.

8.
9.

Prepare a 1,000- to 200-fold dilution of HaloTag™ Biotin Ligand stock
solution in 37°C growth medium (5—25uM).

Replace growth medium with 200yl of diluted HaloTag™ Biotin Ligand
solution.

Incubate cells with HaloTag™ Biotin Ligand for 15 minutes at 37°C, 5% COso.

Note: You may need to optimize amount of Biotin Ligand and length of
incubation.

Remove HaloTag™ Biotin Ligand-containing medium and quickly rinse the
cells with 1ml/well warm PBS (37°C). Repeat two times for a total of 3
rinses.

Replace the PBS with fresh growth medium (37°C), and return the cells to
the incubator for 60 minutes at 37°C, 5% COo.

Quickly wash the cells 2 times with 1.0ml/well warm PBS (37°C).

Add 200pl PBS containing protease inhibitors (Sigma #P8340) to each well
as recommended by the manufacturer.

Lyse the cells by mechanical disruption.

Use cell lysates immediately or store them at —20°C for 1 month.

Day 3: Capturing the Biotin-Labeled HaloTag™ Protein

This protocol used MagneSphere® Paramagnetic Particles. The particles must
be thoroughly resuspended and washed three times with PBS containing 0.05%
Tween® 20. Do not allow particles to dry.

1.

Mix 15—-20pl paramagnetic streptavidin-coated particles and 50-60pl of cell
lysate in 1.5ml tube. Incubate at room temperature on a shaker 15-60 minutes.

Note: You may need to optimize the amount of cell lysate and amount of
streptavidin particles for your experimental system.

Place the tube in the magnetic stand, and capture the magnetic particles.

Carefully remove the supernatant by aspiration (containing unbound protein)
and save it for immunodetection.

Remove the tube from the magnetic stand, add PBS containing 0.05%
Tween® 20 to the particles, and vortex quickly to break up magnetic particle
aggregates.

Repeat the last three steps for a total of 3 washes.

To collect the proteins bound to the particles add ~50—60pl of SDS-PAGE
Sample Buffer to the particles and heat the suspension 5 minutes at 95°C.

Place the tube in the magnetic stand and capture the magnetic particles.
Carefully collect the supernatant (bound proteins).

Analyze the samples immediately or store them at —20°C. Proteins can be
resolved on SDS-PAGE and analyzed by Western blot.
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Live Cells Fixed Cells

A-B

4784TA
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Figure 6. Images of live cells (Left Panel) and fixed cells (Right Panel) expressing
HaloTag™ Protein and labeled with HaloTag™ TMR Ligand or HaloTag™ diAcFAM
Ligand. HeLa cells were transiently transfected with the HaloTag™ pHT2 Vector and then
labeled with 5uM HaloTag™ TMR Ligand (Panels A and B) or 10pM HaloTag™ diAcFAM
Ligand (Panels E and F) according to the protocol described in Section I1l.B. Images were
generated on the Olympus FV500 confocal microscope equipped with filters for fluorescence
scanning and an environmental chamber to maintain physiologic conditions. HaloTag™ TMR
Ligand was excited with a 545nm green HeNe laser (6.0% transmittance, PMT gain = 600),
and HaloTag™ FAM Ligand was excited with a 488nm Argon laser (1.5% transmittance, PMT
gain = 700). Transmitted light images (Panels B, D, F and H) were captured in parallel with
live cell fluorescence measurements. Nontransfected cells were also treated with 5uM
HaloTag™ TMR Ligand (Panels C and D) or 10uM HaloTag™ diAcFAM Ligand (Panels G
and H), and images were captured using the same microscope settings. Panels A and C rep-
resent light passing through the emission filter in the red channel (Ip >565nm); Panels E and
G represent light passing through the emission filter in the green channel (bp, 510-535nm).

A B Figure 7. Fixed cells expressing p65-HaloTag™
Protein labeled with HaloTag™ TMR Ligand and
counterstained for Blll-tubulin. HeLa Cells tran-
siently transfected with plasmid encoding a p65-
HaloTag™ fusion protein (1) were labeled with
5uM HaloTag™ TMR Ligand according to the
protocol described in Section I11.B. Cells were fixed
with 3.7% paraformaldehyde, labeled with mouse
Anti-Blll Tubulin Antibody (Cat.# G7121) at 1ug/ml
followed by incubation with AlexaFluor™-488-con-
jugated goat-antimouse IgG (Molecular Probes).
Images were generated on an Olympus FV500
confocal microscope in sequential mode using
appropriate filter sets for TMR, Alexa Fluor™-488
or transmitted light. Panel A. TMR fluorescence.
Panel B. Alexa Fluor™-488 fluorescence. Panel
C. Overlaid Alexa Fluor™-488, TMR fluorescence
C D and transmitted light. Panel D. Overlaid Alexa
Fluor™-488 and TMR fluorescence.

4883TA
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Figure 8. Efficient capture of a HaloTag™ Protein-based fusion on paramagnetic
streptavidin (SA)-coated particles. CHO-K1 cells were transiently transfected with a vector
encoding a Renilla luciferase-HaloTag™ Protein-FLAG fusion (RLUC-HT2-FLAG). Twenty-four
hours later cells were treated with or without 5uM or 25uM of HaloTag™ Biotin Ligand for 15
minutes at 37°C. Unbound ligand was washed out, and biotin-labeled protein was captured on
SA-coated paramagnetic particles (Cat.# Z5481). All procedures were done according to the
protocol described in Section I11.D. Panel A. To measure activity of the luciferase, particles on
which RLUC-HT2-FLAG had been captured were transferred into a standard non-coated 96-
well plate. An equal volume of 2X Renilla Luciferase Assay Substrate (Promega Part# E289B)
was injected to the particles, and luminescent signal was detected on an Orion Microplate
Luminometer (Berthold Detection Systems) over 10 seconds with a 2-second delay. Panel B.
Cells transiently transfected with a vector coding for RLUC-HT2-FLAG fusion protein were
treated with 25uM of HaloTag™ Biotin Ligand in DMSO (lanes 1-3) or DMSO alone (lanes
4-6) for 60 minutes at 37°C. Unbound ligand was washed out and biotin-labeled protein was
captured on SA-coated paramagnetic particles. Cell lysates (lanes 1 and 4), non-bound (lanes
2 and 5) and bound protein (lanes 3 and 6) were incubated with SDS-PAGE Sample Buffer,
resolved on SDS-PAGE, and analyzed by Western blot with anti-FLAG antibody M2 (Sigma).
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Figure 9. Fast, efficient and highly specific labeling of the HaloTag™ Protein expressed
in CHO-K1 cells. CHO-K1 control cells (lanes 1-6) or cells transiently transfected with
HaloTag™ pHT2 Vector (lanes 7—12) were treated with 5uM HaloTag™ TMR Ligand for
different periods of time at 37°C (0.5, 1, 2, 5, 15, or 30 minutes). At the end of the ligand treat-
ment, ligand-containing medium was removed, and the cells were quickly rinsed with PBS and
lysed with SDS-PAGE sample buffer. Cell proteins were resolved by SDS-PAGE and analyzed on
an Hitachi FMBIO® fluorescent scanner. All procedures were done as described in Section Il
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Figure 10. Fast, efficient, and highly specific labeling of the HaloTag™
Protein in vitro. Lysates (prepared in PBS plus protease inhibitors using
mechanical disruption) of CHO-K1 cells that were transiently transfected
with HaloTag™ pHT2 Vector were treated with 1.0uM HaloTag™ TMR
Ligand for different periods of time at room temperature (0.5.1, 2, 5, 15 or
30 minutes; lanes 1-6, respectively). The reaction was stopped by adding
SDS-PAGE sample buffer. Cell lysate proteins were resolved by SDS-PAGE
m=mmssssss=s and analyzed on an Hitachi FMBIO® fluorescent scanner.

4780TA

IV. General Considerations

The HaloTag™ TMR, HaloTag™ diAcFAM, and HaloTag™ Biotin Ligands readily
cross the cell membrane, allowing labeling and detection of the HaloTag™ Protein in
live mammalian cells or capture of proteins from cell lysates.

Ligand Concentration: Concentration of the HaloTag™ Ligands, transfection condi-
tions, and cell labeling and washing protocols should be optimized for different cell
lines and different applications. HaloTag™ TMR, HaloTag™ diAcFAM and HaloTag™
Biotin Ligands have shown no detectable toxicity or morphological side effects at
recommended labeling conditions in the cell lines tested (HeLa, CHO-K1).

Serum: HaloTag™ Ligands can be added to serum-containing medium directly. The
HaloTag™ TMR and HaloTag™ Biotin Ligands can be premixed with medium. The
HaloTag™ diAcFAM Ligand must be mixed with media immediately before adding it
to the cells. The diacetyl groups can be hydrolyzed by serum esterases converting
the HaloTag™ diAcFAM Ligand, which can cross the membrane, into the FAM deriv-
ative, which cannot enter the cells.

Method of Detection: Fluorescence microscopy is a technique of choice for detec-

tion, subcellular localization and translocation of fluorescently labeled proteins. The

ability to resolve cells, subcellular structures or fluorescently labeled proteins within

specific cell compartments varies with instrument capabilities. We recommend using
a confocal microscope with high numerical aperture objectives (2,3).

Fluorescence signal also can be detected and quantified using fluorescence scan-
ners, flow cytometry or fluorescence plate readers. Accurate quantification of fluo-
rescent signal could be complicated by a number of factors including low protein
expression, instrument sensitivity and quality of cell growth surfaces.

Light Exposure: Fluorescent dyes are light sensitive. Avoid light exposure of the
cells during ligand loading and washing procedures.

Transfection of Mammalian Cells: Maintaining healthy cell culture is essential for
all mammalian cell-based applications. For established cell lines (e.g., CHO-K1 or
Hela), follow recommendations of cell supplier (e.g., ATCC). For additional informa-
tion, consult references 4 and 5.

For transient transfection use your method of choice [e.g., lipofection (6,7), calcium
phosphate (8,9), electroporation (10,11) or viral (12,13)]. Stable cell lines expressing
HaloTag™ Protein or HaloTag™ Protein-based fusions also can be generated.
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Note: Balance between
sufficient protein expres-
sion, transfection efficiency
and low toxicity is essential

for generating reliable data.

For additional information,
please contact your local
Promega Branch Office
or distributor. Contact
information available at:
www.promega.com.

E-mail:
techserv@promega.com

The level of the HaloTag™ Protein expression depends on many factors including
cell type, efficiency of transfection, type of promoter and protein coding sequence.
Transfection can be toxic to cells. Transfection efficiency frequently correlates with
toxicity of the transfection protocols. Balance between sufficient protein expression,
transfection efficiency and low toxicity is essential for generating reliable data. Cells
should be actively proliferating. The recommended cell density for most cell lines at
transfection time is approximately 80—90% confluence. Preliminary experiments
should be done to optimize cell density, amount of DNA and transfection reagent for
transient transfection. Efficiency of transfection may be affected by the specific cell
line, cell culture and transfection conditions, and specific DNA constructs.

V. Troubleshooting

A. Fluorescence Labeling and Detection

Symptoms

Comments

Fusion protein not expressed or
expressed only at low level

Check the reading frame of your con-
struct by sequence analysis.

Optimize transfection conditions, and
use high-quality, endotoxin-free DNA.

To stabilize expressed protein, add pro-
tease inhibitors during the cell lysis step.

Consider changing promoters and/or
other regulatory elements.

Try construct with the order of the pro-.
tein of interest and the HaloTag™ Protein
reversed. Fusions in which the dehalo-
genase is at the C-terminus of the
protein of interest may work better.

Expression too low for immunodetection

Use high-quality antibody for detection.

Check transfection conditions to
optimize expression.

Weak or no fluorescent signal

Make sure that transfection efficiency is
optimized.

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

Protein expression can be improved by
optimizing the health of the cells.
Increase the seeding density or time in
culture to allow cells to proliferate and
adhere more tightly.

Optimize cell-labeling protocols.
Increase cell-labeling time. Increase the
concentration of the HaloTag™ Ligand
up to 25uM.

Store the HaloTag™ Ligands at —20°C
and protect them from light so that they
do not lose labeling activity. Dispense
the HaloTag™ Ligands into aliquots and
avoid multiple freeze-thaw cycles. Use
freshly prepared labeling solution to
label your cells.
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A. Troubleshooting (Fluorescence Labeling and Detection), continued

Symptoms

Comments

Weak or no fluorescent signal
(continued)

Ensure that you are using the correct
filter set for viewing. Use a standard
FITC filter set to detect proteins labeled
with the HaloTag™ diAcFAM Ligand.
Use a standard TRITC filter set to detect
proteins labeled with HaloTag™ TMR
Ligand. Adjust the settings on your fluo-
rescence detection instruments (laser
power and PMT gain for a confocal
microscope).

To avoid hydrolysis of the diacetyl
groups of the HaloTag™ diAcFAM
Ligand, be sure to mix the HaloTag™
diAcFAM Ligand with cell culture
medium immediately before adding it to
the cells. You may also increase the
concentration of the HaloTag™
diAcFAM Ligand up to 25uM.

To prevent HaloTag™ Ligands from
photobleaching, analyze fluorescent
signal for only a short period of
time. Use lower laser power.

For cell-to-gel applications, we recom-
mend using the HaloTag™ TMR Ligand
for labeling.

High background fluorescence

Increase time for washing unbound ligand.

Replace the medium with 37°C PBS
or phenol red-free culture medium (37°C)
immediately before imaging live cells.

Adjust instrumentation settings (e.g.,
reduce laser power, reduce gain on PMT).

The HaloTag™ Ligands can bind to
charged surfaces. Use an alternative
culture dish or glass.

Cells detached from surface

When imaging live cells, handle cells
carefully to ensure they remain attached
to surface.

Altered cell morphology

Label cells in the dark so that they are
not exposed to intense light during
labeling.

Poor transfection efficiency

Optimize transfection conditions, and
use high-quality, endotoxin-free DNA.

Cell death or toxicity

Use less toxic transfection reagents.
The DNA used for transfection must be
endotoxin free.

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.
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V. Troubleshooting (continued)

B. Biotin Labeling and Detection or Capture

Symptoms

Comments

Fusion protein not expressed or
expressed only at low level

Check the reading frame of your con-
struct by sequence analysis.

Optimize transfection conditions, and
use high-quality, endotoxin-free DNA.

To stabilize expressed protein, add pro-
tease inhibitors during the cell lysis step.

Consider changing promoters and/or
other regulatory elements.

Try construct with the order of the pro-.
tein of interest and the HaloTag™ Protein
reversed. Fusions in which the dehalo-
genase is at the C-terminus of the
protein of interest may work better.

Expression too low for immunodetection

Use high-quality antibody for detection.
Check transfection conditions to
optimize expression.

Fusion protein not binding to
streptavidin (SA) particles

Optimize labeling procedure to ensure
ligand binding (time of labeling, concen-
tration of HaloTag™ Biotin Ligand, time
of washing unbound ligand).

Use the cell-to-gel assay to test the
ability of the protein to bind to the
HaloTag™ Ligand.

Change the design of the fusion

if the ligand cannot bind (e.g., insert

a polypeptide linker between the fusion
partners).

Be careful not to aspirate the particles
during the washing steps. Save
unbound material for immunodetection.

Add protease inhibitors to the lysis step
prevent degradation.

Optimize the amount of SA particles
added to the cell lysis sample. Handle
SA particles as directed by the
manufacturer.

Fusion protein not active

Some fusion constructs may produce
fusion proteins that interfere with
HaloTag™ Protein-Ligand binding.
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VI. Appendix
A. HaloTag™ Technology and Chemistry

The native hydrolase is a monomer with MW ~33kDa. The activity of enzyme
cleaves carbon-halogen bonds in aliphatic halogenated compounds involving a
hydrolytic triad at the active site.

R-Cl + Enzyme — R-Enzyme + CI- = R-OH + Enzyme + H+ + ClI-
~
H20
In the reaction catalyzed by the native enzyme, an enzyme-substrate complex is
formed by a nucleophilic attack involving Asp106 and the formation of an ester
intermediate; His272 activates H2O that hydrolyzes this intermediate, releasing
product from the catalytic center (Figure 11; 14—16). A point mutation in the
gene resulting in a His272Phe substitution impairs the hydrolysis step, leading to
formation of a covalent bond between protein and ligand containing the func-
tional reporters (Figure 12). The amino acid sequence of the protein was further
optimized to provide better access to the active site by the ligand. These
changes result in a dramatic increase in the kinetics of ligand binding rate by
several thousand-fold, leading to almost immediate binding for HaloTag™ TMR
Ligand binding to GST-HaloTag™ Protein fusion in vitro.
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Figure 11. The catalytic mechanism of wildtype hydrolase.
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Figure 12. The engineered hydrolase encoded by the HaloTag™ pHT2 Vector includes
the His272Phe substitution, which is critical for covalent bond formation.
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Figure 13. Excitation and emission spectra for the HaloTag™ TMR Functional Reporter
and the HaloTag™ diAcFAM Functional Reporter (after hydrolysis of the diacetyl
groups and conversion to the FAM derivative).
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B. HaloTag™ pHT2 Vector Features and Restriction Enzyme Sites

CMV Enhancer/Promoter: The CMV enhancer/promoter region present in the
HaloTag™ pHT2 Vector allows strong, constitutive expression in many cell
types. The promiscuous nature of the CMV promoter/enhancer has been
demonstrated in transgenic mice, where its transcriptional activity was observed
in 24 of the 28 murine tissues examined (17).

Chimeric Intron: Downstream of the enhancer/promoter region is a chimeric
intron composed of the 5°-donor site from the first intron of the human B-globin
and the branch and 3 -acceptor site from the intron between the leader and
body of an immunoglobin gene heavy chain variable region (18). The sequences
of the donor and acceptor sites, along with the branch point site, have been
changed to match the consensus sequences for splicing (19). Transfection stud-
ies have demonstrated that the presence of an intron flanking the cDNA insert
frequently increases the level of gene expression (20—22). The intron is located
upstream of the HaloTag™ gene sequence to minimize the use of cryptic
5°-donor splice sites that may reside within the gene (23,24).

T7 Promoter: A T7 RNA polymerase promoter is located downstream of the
chimeric intron and immediately precedes the HaloTag™ gene. This promoter
can be used to synthesize RNA transcripts in vitro using T7 RNA Polymerase
(Cat.# P2075) or the TNT® T7 Quick Coupled Transcription/Translation System
(Cat.# L1170) or the TNT® T7 Coupled Reticulocyte Lysate System (Cat.#
L4610).

SV40 Late Polyadenylation Signal: Polyadenylation signals cause the termina-
tion of transcription by RNA polymerase Il and signal the addition of approxi-
mately 200-250 adenosine residues to the 3 -end of the RNA transcript (25).
Polyadenylation has been shown to enhance RNA stability and translation effi-
ciency (26,27). The late SV40 polyadenylation signal is extremely efficient and
has been shown to increase the steady-state level of RNA approximately five-
fold over levels achieved with the early SV40 polyadenylation signal (28).
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Promega
HaloTag™ pHT2 Vector Restriction Enzyme Sites
The following restriction enzyme tables were constructed using DNASTAR® sequence
analysis software. Please note that we have not verified this information by restriction
digestion with each enzyme listed. The location given specifies the 3"-end of the cut
DNA (the base to the left of the cut site). For more information on the cut sites of these
enzymes, or if you identify a discrepancy, please contact your local Promega Branch
or Distributor. In the U.S., contact Promega Technical Services at 800-356-9526.
Vector sequences are available in the GenBank® database (GenBank® Accession
Number AY773970) and online at: www.promega.com/vectors/
Table 1. Restriction Enzymes That Cut the HaloTag™ pHT2 Vector Between 1
and 5 Times.
Enzyme # of Sites Location Enzyme # of Sites Location
AccB71 1 1125 Cspl 1 1541
Acclil 2 1440, 1538 Dral 4 2215, 3441,
Afll 2 820, 1017 4133, 4152
Alwa4 | 3 2850, 3347, Drall 1 3039
4593 Dra lll 1 2573
AlwN | 1 4498 Drd | 5 809, 1333,
AspH | 5 721, 2854, 2617, 2936,
3351, 3436, 4805
4597 Dsall 3 513, 1079,
Aval 2 1887, 1954 1168
Bal | 3 10, 64, 1506 Eagl 3 1554, 1829,
BamH | 1 1084 1988
Banl| 4 618, 943, Earl 3 1370, 2278,
2529, 4066 3220
Ban i 5 721, 1408, EclHK | 1 4019
1658, 1727, Eco521 3 1554, 1829,
2499 1988
Bbs | 2 928, 1916 EcolCR | 1 719
Bel | 1 1565 EcoR | 2 1471, 1510
Bglll 1 4919 EcoRV 1 1071
Bip| 1 1407 Fspl 2 2319, 3796
Bpu 1102 | 1 1407 Hae ll 3 2415, 2423,
Bsal 3 882, 1516, 4667
3953 Hinc Il 3 669, 1674,
BsaA | 2 493, 2570 2154
BsaB | 1 2256 Hind 1l 3 669, 1674,
BsaM | 2 2075, 2168 2154
Bsm | 2 2075, 2168 Hind 11l 1 748
BspH | 3 3074, 3179, Hpal 1 2154
4187 Nael 1 1965
BspM | 1 844 Ncoll 2 518, 1079
BsiG | 1 96 Ndel 2 387, 2845
BssH 1l 1 1942 NgoM IV 1 1963
BssS | 3 3043, 3350, Nhel 1 1052
4734 Not| 1 1988
Bst98 | 2 820, 1017 Nrul 1 1652
BstE I 1 1201 Nsp | 3 1246, 1466,
BstZ | 3 1554, 1829, 2994
1988 Pacl 1 1979
Cfro| 3 1717, 1963, PfIM | 1 1125
3934 PspA | 2 1887, 1954
Clal 2 1571, 2260 Pst| 1 830
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Table 1. Restriction Enzymes That Cut the HaloTag™ pHT2 Vector Between 1 and 5
Times (continued).

Enzyme # of Sites Location Enzymes # of Sites Location
Pvul 2 2300, 3650 Sspl 4 5, 52, 2778,
Pvull 1 1060 3214

Rsrll 1 1541 Stul 1 1534

Sacl 1 721 Sty 3 513, 1079,
Sacli 1 1171 1364

Scal 2 1030, 3538 Tfi 2 1418, 1694
SgrA | 1 1717 Tthi111 2 1212, 1333
Smal 2 1889, 1956 Vspl 2 160, 3844
SnaB | 1 493 Xmal 2 1887, 1954
Spel 1 152 Xmnl 2 1582, 3419

Table 2. Restriction Enzymes That Do Not Cut the HaloTag™ pHT2 Vector.

Accl BbrP | Ecor2 | Miul PpuM | Srfl
Accb65 | Bbu'l Eco81 | Narl PshA | Sse8387 |
Aff Bsp120 | EcoN | Nsil Psp5 i Swall
Agel Bst1107 | Ehel PaeR7 | Sal | Xbal
Apal BstX | Fsel PinA | Sfil Xem |
Ascl Bsu36 | I-Ppoll Pme | Sofl Xho
Avrll Csp45| Kas | Pmi| Sphl

Bbe | Eco47 1l Kpnl| Ppu10 | Spl |

Table 3. Restriction Enzymes That Cut the HaloTag™ pHT2 Vector 6 or More Times.

Aatll Bsad | Dpn 1l Hsp92 | MspA1 | SfaN |
Acil Bsp1286 | Eael Hsp92 1l Nci l Sinl
Acy | Bsr| FnudH | Mae | Ndelll Taql
Alul BsrS | Fok| Mae Il Nia lll Tru9 |
Alw26 | Bst71 | Hae lll Mae 1l Nla IV Xholll
Avall BstO | Hga Mbo | Ple |

Bbv | BstU | Hhal Mbo ll Rsal

Bgl'| Cfol Hinf | Mnl | Sau3A|

BsaO | Ddel Hpall Mse | Sau96 |

BsaH | Dpnl Hph | Msp | ScrF |

Note: The enzymes listed in boldface type are available from Promega.
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D. Related Products

Transfection Reagents

Product Size Cat.#
TransFast™ Transfection Reagent 1.2mg E2431
Tfx™-10 Reagent 9.3mg E2381
Tfx™-20 Reagent 4.8mg E2391
Tfx™-50 Reagent 2.1mg E1811
Tfx™ Reagent Transfection Trio 5.4mg E2400
Transfectam® Reagent 1mg E1231

0.5mg E1232
ProFection® Mammalian Transfection System—Calcium Phosphate 40 reactions E1200
ProFection® Mammalian Transfection System—DEAE Dextran 40 reactions E1210

Transfection-Quality DNA Purification

Product Size Cat.#
PureYield™ Plasmid Midiprep System 25 preps A2492

100 preps A2495
Wizard® Purefection Plasmid DNA Purification System1” 2 maxipreps/ A2150

10 midipreps

Wizard MagneSil Tix™ System* 4 x 96 preps A2381
Endotoxin Removal Resin 100ml A2191
4/40 Wash Solution 115ml A2221

1For Laboratory Use. *Available in additional sizes.

Protein Fusion Vectors

Product Size Cat.#
Monster Green® Fluorescent Protein phMGFP Vector 20pg E6421

Magnetic Particles

Product Size Cat.#
Streptavidin MagneSphere® Paramagnetic Particles 9ml (15 x 0.6ml) 75481
For Laboratory Use. Available in additional sizes.

Cell Viability Analysis

Product Size Cat.#
CellTiter-Glo® Luminescent Cell Viability Assay* 10ml G7570
CellTiter-Blue® Cell Viability Assay* 20ml G8080
CellTiter 96® AQueous One Solution Cell Proliferation Assay1* 200 assays G3582

1For Laboratory Use. *Available in additional sizes.
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© 2004, 2005 Promega Corporation. All Rights Reserved.
(a)Patent Pending.

(b)For research use only. Researchers may use this product in their own research and they may transfer this product and its derivatives to others
for research use provided that such researchers give a copy of this label license to recipients at the time of transfer and recipients agree to the
terms of the label license. Research performed on behalf of another party is permitted. For all research use of this product requiring a ligand(s),
researchers either shall use ligands purchased exclusively from Promega Corporation or Promega’s authorized distributors, or shall contact
Promega for a license. Researchers further shall not chemically modify ligands purchased from Promega without the express, written permis-
sion of Promega. No other transfer of this product or its derivatives is authorized without the express, written consent of Promega. Such prohibi-
tion includes, without limitation, any and all nonresearch uses of this product in any procedure, application, product manufacture, or product
transfer for which monetary or other consideration is received from another party. With respect to such commercial use, or any diagnostic, thera-
peutic or prophylactic uses, please contact Promega for supply and licensing information. If the purchaser is not willing to accept the conditions
of this limited use statement, Promega is willing to accept return of the unopened product and provide purchaser with a full refund. However, in
the event that the product is opened, then purchaser agrees to be bound by the conditions of this limited use statement.

(c)The CMV promoter and its use are covered under U.S. Pat. Nos. 5,168,062 and 5,385,839 owned by the University of lowa Research
Foundation, lowa City, lowa, and licensed FOR RESEARCH USE ONLY. Commercial users must obtain a license to these patents directly from
the University of lowa Research Foundation.

(d)For research use only. Researchers may use this product in their own research. No chemical modification of this product is authorized without
the express, written consent of Promega Corporation. Research performed on behalf of another party is permitted. No other use or transfer of
this product is authorized without the express, written consent of Promega. Such prohibition includes, without limitation, any and all nonresearch
uses of this product or its components in any procedure, application, product manufacture, or product transfer for which monetary or other con-
sideration is received from another party. With respect to such commercial use, or any diagnostic, therapeutic or prophylactic uses, please con-
tact Promega for supply and licensing information. If the purchaser is not willing to accept the conditions of this limited use statement, Promega
is willing to accept return of the unopened product and provide purchaser with a full refund. However, in the event that the product is opened,
then purchaser agrees to be bound by the conditions of this limited use statement.

CellTiter 96, CellTiter-Blue, CellTiter-Glo, MagneSphere, Monster Green, ProFection, TNT, Transfectam and Wizard are registered trademarks of
Promega Corporation. HaloTag, Tfx and TransFast are trademarks of Promega Corporation.

DNASTAR is a registered trademark of DNASTAR Inc. FMBIO is a registered trademark of Hitachi Software. GenBank is a registered trademark
of US Dept. of Health and Human Services. Lab-Tek is a registered trademark of Nalge Nunc International. Triton is a registered trademark of
Union Carbide Chemicals & Plastics Technology Corporation. Tween is a trademark of ICl Americas, Inc .

Products may be covered by pending or issued patents or may have certain limitations. Please visit our Web site 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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