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In Vivo Labeling Method Using a Genetic Construct for Nanoscale
Resolution Microscopy
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ABSTRACT We demonstrate beam scanning-stimulated emission depletion microscopy with in vivo labeled cells. A red
emitting fluorescent dye is introduced into membrane protein fused to a multifunctional reporter protein (HaloTag, Promega,
Madison, WI) in live cells. This approach allows superresolution stimulated emission depletion imaging without the limitations
of immunofluorescence-based staining.
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Noninvasive optical imaging is still an indispensable and

elementary tool in modern life sciences. Unfortunately, the

predominant obstacle of classical microscopes is limited spa-

tial resolution due to the diffractive nature of light. Distinct

technologies like electron and x-ray microscopy as well as

near-field approaches evolved during the past decades to

circumvent this major limitation. Furthermore, various

techniques emerged in recent years breaking the diffraction

resolution barrier of far-field optical microscopy (1–3).

In particular, stimulated emission depletion (STED) micros-

copy became a breakthrough technology (4,5) for fluores-

cence imaging and is now available commercially (see

Supplemetary Material). Commercial systems are fully inte-

grated in optimized multispectral, high sensitivity confocal

scanning microscopes for all needs of modern life science

research. Since STED microscopy has evolved from high-

end technology in specialist’s labs to a reliable and easy-

to-use instrument for life science, the expected widespread

use of STED certainly will push the technology as well as

applications to a next level.

Thus far, biological relevant imaging applications of

STED microscopy were based on fixed immunolabeling

techniques (e.g., (4–8)). Additionally, certain fluorescent

membrane markers as well as genetically engineered fluores-

cent proteins that exhibited good performance when highly

overexpressed (9) were used as in vivo labels in proof-of-

principle applications (10,11). However, optimal results

can only be obtained with selected fluorescent markers that

fulfill spectroscopic needs for stimulated emission depletion.

To date, best performing (amino-reactive) dyes are only

available for standard immunostaining procedures. Hence,

application of STED microscopy in live cell imaging has

been hindered by a lack of protein-labeling technology.

Here we present a flexible technology that, for the first

time, allows fluorescent dyes optimized for STED micros-

copy to be linked onto reporter protein in living cells. The

reporter protein (HaloTag, Promega, Madison, WI) is an

engineered, catalytically inactive derivative of a bacterial
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hydrolase that can be fused to a protein of interest and is

designed to covalently bind synthetic HaloTag ligands

(12,13). The HaloTag ligands comprised two parts: a com-

mon reactive linker that forms the covalent bond with the

reporter protein; and a functional group such as a fluorescent

dye, affinity tag, or bead. Covalent bond formation is highly

specific, occurs rapidly under physiological conditions,

and is essentially irreversible. The synthetic chemistry associ-

ated with the ligands enables their multifunctional nature,

allowing addition of various functional groups including

amino-reactive dyes optimized to support STED microscopy.

The interchangeable design of the ligands allows adaptation of

the reporter protein to different experimental requirements

without altering the underlying genetic construct (12,13).

To demonstrate that STED microscopy can be efficiently

applied to study proteins labeled in live cells we used previ-

ously developed a b1-integrin-HaloTag model (14). Integ-

rins are trans-membrane proteins that play a central role in

cellular adhesion and migration; they are involved in devel-

opment, inflammation, and disease, and remain a focus of

both life science search and drug development (15,16).

Previously, fusing the HaloTag reporter protein to an extra-

cellular domain of a truncated human b1-integrin (b1Int-

HaloTag), we were able to convert the HaloTag protein

into transmembrane protein and expose it on the cell surface.

Using sequential labeling of live cells expressing the b1Int-

HaloTag with cell impermeant and cell permeant ligands of

different colors, we demonstrated spatial separation of

plasma membrane and internal pools of the b1Int-HaloTag

fusion protein (14). We were also able to monitor bidirec-

tional trafficking of these proteins over time, i.e., endocytosis

of the surface-exposed pool and translocation of the internal

pool to the cell surface (14).
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In this study, we designed a cell impermeant ligand carry-

ing a fluorescent dye optimized to support STED microscopy,

labeled live cells expressing a b1-integrin-HaloTag fusion

protein, fixed cells to prevent cell movement during imaging,

and imaged cells using STED microscopy. Generated images

revealed localization of the b1-integrin-HaloTag fusion pro-

tein in unprecedented details (Fig. 1), that proteins labeled

in the complex environment of living cells can be studied

using STED microscopy. The b1-integrins populate a variety

of plasma membrane formations including filopodia, and are

internalized as a part of endocytic vesicles (17).

To further elucidate precise subcellular distribution of

the b1-integrin-HaloTag fusion protein, we transiently ex-

pressed this protein in HeLa cells, known to form filopodia

(18) and internalizing the b1-integrin-HaloTag fusion

protein (14). We labeled cells with the HaloTag 655 ligand,

and then imaged them using confocal and then STED

microscopy. Confocal microscopy shows that the b1-integ-

rin-HaloTag fusion protein populates the cell surface and

filopodia (Fig. 1).

Using STED microscopy, diameters of fluorescently-

labeled filopodia between 90 and 130 nm and distances of

~130 nm can be resolved whereas confocal images revealed

diameters of ~300 nm and could often not resolve adjacent

filopodia (Figs. 1 and 2). Although we believe our mem-

brane-bound reporter to label all of the plasma membrane,

including the minute filopodia (Fig. 1) known to cover cells

such as HeLa, and we have suspected the observed endocy-

totic-like structures to be vesicular in nature, such detail has

not been shown in cells labeled live, to date. In fact, conven-

tional confocal microscopy, which has very successfully

been used in the study of cellular trafficking, is limited in

resolution such that finer subcellular detail has had to

come from complimentary use of electron microscopy in

the past. Here the use of HaloTag technology with STED-

capable fluorophores combined with STED microscopy pro-

vides images of clear filopodia on the surface (Fig. 1) of the

cells and opens new perspectives to elucidate the vesicular

nature of the endocytotic-like structures labeled inside of

the cells.

Fluorescent reporters and confocal microscopy, allowing

for live intracellular imaging, have greatly advanced the

study of protein trafficking. As an extension of fluorescent-

labeling technology, HaloTag represents a step forward

both by limiting the necessary cloning to just one construct

while providing the choice of using multiple reporters, i.e.,

spectrally different fluorescent labels as well as dedicated la-

bels optimized for advanced imaging or sensing methods.

Such a choice allows more precise study of protein dynamics

by adding the flexibility of labeling a single protein in more

than one color, highlighting both its precise localization(s)

and its directed translocation, or trafficking, over time. Fur-

ther, as the increased knowledge of cell trafficking also stems

from our ability to resolve the resulting fluorescent signal

within living cells, confocality has become a standard tool
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in cell biology labs. STED microscopy provides best super-

resolution results in combination with spectroscopic-opti-

mized fluorophores and diverse fluorescent or affinity tags.

STED microscopy, as shown here, exceeds traditional

FIGURE 1 STED image showing an in vivo labeled HeLa cell (A).

Detailed areas (B) showing filopodia imaged in STED mode (left)

or confocal mode (right). Each region is 2-mm-square size.

Profiles in 1 and 2 are referring to Fig. 2.
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confocality by offering a strongly enhanced spatial resolu-

tion. Thus, combining the above technological advances in

this study, we are able to further elucidate the localization

of a membrane-bound protein directly and for the first time

by live cell labeling. Specifically we clearly show that,

when at the cell surface, this integrin actually does inhabit

the entirety of the plasma membrane, including all filopodia.

Also, when internalized, b1-integrin is clearly seen in the

membrane of endocytotic vesicles.

SUPPLEMENTARY MATERIAL

Three figures and Materials and Methods are available

at http://www.biophysj.org/biophysj/supplemental/S0006-

3495(08)00041-6.

FIGURE 2 Showing the intensity profiles of Fig. 1 B. (A) Thick-

ness of one filopodium in detailed area 2. (B) Distance between

to adjacent filopodia in detailed area 1.
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