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Abstract We introduce a new, fluorescent and photoactivatable
fatty acid derivative (SANU) for hydrophobic labelling of
membrane-bound proteins. The technique allows fast and highly
sensitive screening of hydrophobically inserting proteins analyzed
by SDS-PAGE with a detection limit below 0.1 pmol. A reliable
calculation of labelling efficiencies is achieved by simultaneous
densitometry of fluorescence and protein staining. We have
applied the new technique on the membrane inserting protein
talin, G-actin, and, as a negative control, on RNase, which only
binds electrostatically to negatively charged lipid interfaces. In
several ways superior to radiolabelling, we can recommend this
technique for all laboratories under any circumstances.
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1. Introduction

In previous studies [1,2], we have applied hydrophobic
photolabelling using radiolabelled lipid analogues to monitor
the association of cytoskeletal proteins with lipid membranes.
Here, we present an alternative and e¤cient technique to label
membrane-inserting proteins by a photoactivatable fatty acid
derivative which we have coupled to sulforhodamine B
(SANU: N1-(N2-(sulforhodamine B sulfonyl)aminoethyl, 11-
(5-azido-1-naphtoxy))undecanylamide). Fluorescence detec-
tion is faster than comparable radioactive methods and at
least equally sensitive. The quanti¢cation can be achieved
with commercially available standard equipment. Simultane-
ous densitometric quanti¢cation of £uorescence and protein
staining in SDS-PAGE allows the direct calculation of label-
ling e¤ciencies. Thus, our method is superior to techniques
employing radiolabelled compounds. To validate our method,
we have used the membrane inserting protein talin [1] as a
positive control. In order to show that our photolabel parti-
tions mainly into the hydrophobic core of the membrane, we
have used RNase, which binds predominantly via electrostatic
interactions to lipid interfaces [3,4], as a negative control. For

G-actin which has been shown to undergo conformational
changes at lipid interfaces [5,6], we obtain a considerable
amount of hydrophobic insertion when bound to positively
as well as negatively charged membranes. Since £uorescent
probes also do not bear any contamination risks or disposal
problems, we can recommend this technique to all laborato-
ries under any circumstances.

2. Materials and methods

2.1. Synthesis of SANU
The hydrophobic photolabel was obtained in a one step activation

reaction from the succinimidyl ester of 11-(5-azido-1-naphtoxy)unde-
canoic acid (compound A) and sulforhodamine B sulfonylethylenedi-
amine (= Lissamine sulfonylethylenediamine) (compound B) (both
purchased from Molecular Probes, Eugene, OR, USA). In order to
prevent the photoactivation of the azido moiety, all steps were per-
formed in the dark or under red light. 20 mg of A were added to 8.5
mg B (stoichiometric ratio 1.1:1), the solvent was water-free N,N-
dimethyl formamide (20 ml). The reaction was stirred for 12 h and
its completion checked by thin layer chromatography (TLC). Dimeth-
yl formamide was removed by high vacuum evaporation and the
completely dry products were dissolved in chloroform/methanol/water
(3:1:1, solvent A). Not reacted compounds and by-products were
removed by ¢ltration on a silica gel column (Silica 60 (Merck, Darm-
stadt, Germany), height 25 cm, bed volume 16 ml) in solvent A. After
column puri¢cation, the solvent was again exchanged by pure chloro-
form. Mass spectrometric analysis of the reaction product gave an Mr

of 952.0, in good agreement with the relative mass derived from the
formula of SANU (952.4: Fig. 1A). A reaction yield of 95% was
determined from the total dry mass.

2.2. Proteins and vesicle preparation
Actin from rabbit skeletal muscle was puri¢ed [7] with an additional

gel ¢ltration step [8]. Talin was prepared from outdated platelets [9],
with further puri¢cation by gel ¢ltration [10]. RNAse A was pur-
chased from Sigma (Deisenhofen, Germany). Dimyristoyl-phosphati-
dyl-choline (DMPC), dimyristoyl-phospho-rac-glycerol (DMPG) and
dimyristoyl-tetramethylammoniumpropane (DMTAP) were pur-
chased from Avanti (Alabaster, AL, USA). 5 mg of lipids (DMPC,
DMPC/DMPG (1:1) or DMPC/DMTAP (1:1)) were mixed with the
hydrophobic label (0.16 mol%) in chloroform/methanol (4:1) and
dried under a nitrogen £ow with subsequent vacuum exsiccation
(12 h). The vesicles were swollen from the dry lipid ¢lms by addition
of 1 ml G-bu¡er (2 mM Tris-HCl, pH 7.5, 0.2 mM CaCl, 2 mM
MgCl, 1.1 mM EGTA, 1.1 mM EDTA, 0.5 mM ATP) under vigorous
shaking. Small vesicles (6 200 nm) were obtained by ultrasonication
(3 min, 50% time pulses at a power of 35 W) and equilibrated for 15 h
at 37³C. The vesicles were then puri¢ed by gel ¢ltration on a G-25
desalting column (Pharmacia, Freiburg, Germany). Large unilamellar
vesicles (DMPC/DMPG (98:2, 5 mg/ml): SANU (0.16 mol%)) were
prepared by electroswelling [11].

2.3. Reconstitution of proteins and analysis of hydrophobic
photolabelling

Proteins were added to small vesicles (DMPC, DMPG/DMPC 1:1,
DMTAP/DMPC 1:1, 7.4 mM, SANU 12 WM) at concentrations of
1.3 WM (talin) and 4.8 WM (RNase and actin). 500 Wl aliquots were
incubated for various time periods at 4³C, 25³C or 37³C. The azido
moiety of SANU was activated by UV irradiation or £ashlight pulses.
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The labelling of membrane-associated proteins was absolutely depend-
ent on the photoactivation of SANU. Under our experimental con-
ditions, saturation of activation determined from the total amount of
protein labelled was reached after 3 min UV irradiation (50 W, dis-
tance 2 cm) or 10^11 £ashlight pulses (Ultrablitz 38 M Logic (Braun,
Germany), distance 2 cm). UV irradiation reduced the £uorescence
yield of the label, but not the £ashlight activation. We therefore used
the latter method throughout all the experiments. Proteins were sep-
arated from lipids and excess dye by chloroform/methanol (1:2) pre-
cipitation, centrifugation and washing of the pellet with ice-cold meth-
anol. Vacuum-dried samples were separated on SDS-PAGE.

Standards for £uorescence in SDS-PAGE were prepared from G-
actin. Brie£y, actin (4 mg/ml) was dialyzed against 50 mM potassium
phosphate bu¡er, pH 7.5 for 3 h. Subsequently, the solution was
incubated for 30 min with Lissamine sulfonylchloride (Molecular
Probes, Eugene, OR, USA) at a molar ratio of 100:1. Excess dye
was removed by gel ¢ltration (Superose 6 (bed volume 25 ml), Phar-
macia, Freiburg, Germany). The actin concentration in the solution
was determined by a colorimetric assay (Bio-Rad, Munich, Germany)
using actin as a reference, £uorophore concentration was determined
from absorption using an extinction coe¤cient of 87 500/M/cm. For
talin and RNase, an analogous procedure was carried out. The in gel
£uorescence intensity of samples and standards was recorded in a
Fluor S multiimager system (Bio-Rad, Munich, Germany) equipped
with a CCD camera. For excitation, the UV absorption band (311
nm, Fig. 1B) of SANU was excited by broad range UV. The £uores-
cence was recorded with 3 min exposure time using a 520 nm longpass
¢lter. After £uorometry, proteins were stained by Coomassie blue
(Serva, Heidelberg, Germany) and the total protein OD was scanned.
Ultracentrifugation experiments for the separation of vesicles from
unbound protein were carried out in a Beckmann L7-55 ultracentri-
fuge equipped with Ti 50 Rotors at 200 000Ug for 20 h (27³C).

3. Results and discussion

3.1. Properties of SANU
The photoactivatable £uorescence label (SANU) can be ob-

tained in a one step reaction from the succinimidyl ester of 11-
(5-azido-1-naphtoxy)undecanoic acid and sulforhodamine B

sulfonylethylenediamine. After silica gel puri¢cation, a pure
compound was obtained (as judged from TLC). The yield
was 95% as shown by weight determination. From mass spec-
trometry, a molecular mass of 952.0 was determined which
corresponds well to the molecular mass deduced from the
formula (952.4: Fig. 1A). For the photoactivatable £uores-
cence label, extinction coe¤cients (in methanol) of 87 300/
M/cm (561 nm) and 17 500/M/cm (311 nm) were calculated
from the absorption spectra of known concentrations. The
£uorescence excitation and emission spectra are given in
Fig. 1B. The spectrum and respective maxima were identical
to sulforhodamine B (Lissamine). SANU is insoluble in water,
poorly soluble in methanol (6 0.5 mg/ml), but readily dis-
solved in chloroform. The label is incorporated in lipid bi-
layers of large unilamellar vesicles, as shown by £uorescence
microscopy (inset Fig. 1B). When present in vesicle prepara-
tions at 0.16 mol%, SANU does not alter phase transitions of
lipid mixtures, as demonstrated by di¡erential scanning calo-
rimetry (DSC: data not shown). Taken together, these ¢nd-
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Fig. 1. (A) Structure and formula of SANU; (N1-[N2-(sulforhod-
amine B sulfonyl)aminoethyl, 11-(5-azido-1-naphtoxy)]undecanyl-
amide). Inset: large unilammelar vesicle dosed with 0.16 mole %
SANU (Bar length indicates 2 Wm). (B) Fluorescence excitation
(- - -) and emission (999) spectra of SANU; spectra were re-
corded in methanol. For UV-excitation, the absorption band at
311 nm was used.

Fig. 2. Talin labeling after insertion into DMPG/DMPC (1:1)
vesicles (0.16 mole % SANU). Talin incorporation into lipid vesicles
was performed for 4 h at 25³C in 2 mM Tris/HCl, pH 7.5, 0.2 mM
CaCl, 2 mM MgCl, 1.1 mM EGTA, 1.1 mM EDTA, 0.5 mM ATP
(G-bu¡er), pH 7.5. Standard lanes (from left to right): 7.8; 5.7;
3.9; 2.0; 0.4 (pmol; protein dye); 1.8; 0.9; 0.6; 0.5; 0.4 (pmol; sul-
forhodamine £uorescence). Fluorescence and protein bands are
quanti¢ed densitometrically as illustrated by the corresponding
graphs (standards: open squares; talin quanti¢cation: (- - - -)).

Fig. 3. RNase labeling after adsorption to DMPG/DMPC (1:1)
vesicles (0.16 mole % SANU). RNase adsorption was performed
from 1 up to 20 h as indicated at 25³C in G-bu¡er (see Fig. 2), pH
7.5. Standard lanes (from left to right): 247.8; 108.9; 54.3; 39.0;
27.2; 18.4; 14.0; (pmol; protein dye); 1.8; 0.9; 0.6; 0.5; 0.4 (pmol;
sulforhodamine £uorescence). In the corresponding graphs: stand-
ards (E), RNase quanti¢cation: (- - - -).
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ings indicate that SANU can be incorporated in lipid bilayers
without a¡ecting the lipid conformation signi¢cantly. RNase,
a protein that binds mainly by electrostatic interactions to
lipid interfaces [3,4] is labelled by SANU only to a very lim-
ited extent (see Section 3.3). This control experiment indicates
that the photoactivatable azidonaphtoxy moiety of SANU
partitions mainly into the hydrophobic part of the bilayer.

3.2. Densitometric quanti¢cation of labelled proteins
The calculation of hydrophobic labelling ratios was

achieved by including £uorescently labelled proteins with
known concentrations as a standard in SDS-PAGE. The £uo-
rescence and protein OD after Coomassie staining increased
linearly with the concentration (Figs. 2^4) with correlation
coe¤cients between 0.95 and 0.99. Fluorophore and protein
concentrations of the samples were calculated from these
standard curves. The £uorescence detection was extremely
sensitive, with a detection limit below 0.1 pmol (s 0.1 Wg
for Coomassie stain protein OD). In contrast to radiolabel-
ling, our method allows simultaneous in gel detection of £uo-
rescence and protein staining, without the need of gel transfer,
band excision, etc. Furthermore, labelling ratios of the sam-
ples can be reliably calculated from the standard curves, with-
out having a problem with the background correction (as with
scintillation).

3.3. Analysis and quanti¢cation of SANU-labelled
membrane-associated proteins

We have tested the partitioning of the label into the hydro-
phobic core of lipid bilayers using the membrane-associated
proteins talin and RNase as a positive and a negative control,
respectively. Talin is a major constituent of cell-focal contacts
and thought to be involved in coupling actin ¢laments to the
cell membrane [12]. By using negatively charged vesicles in-
corporating SANU (DMPC/DMPG, 1:1, 0.16 mol% label),
we obtained a considerable amount of £uorescence labelling
(0.18 mol/mol talin, Fig. 2). This ¢nding correlates well with

previous results [1,13] from which insertion of talin into the
hydrophobic part of negatively charged lipid bilayers has been
inferred. However, we ¢nd about 10-fold higher labelling ra-
tios for talin in comparison to previous results obtained by
hydrophobic radiolabelling [1]. The reduced radiolabelling ef-
¢ciency is probably due to quenching e¡ects and problems
which result from the background correction after liquid scin-
tillation. Thus, hydrophobic photolabelling with £uorescent
probes seems to be superior in comparison to radiolabelling
since it allows quanti¢cation of £uorescence and protein stain-
ing simultaneously. As a negative control for hydrophobic
photolabelling with SANU, we used RNase, a small, globular
and hydrophilic protein. RNase has been shown to interact
primarily by electrostatic interactions with the surface of lipid
bilayers [3,4]. In the presence of uncharged DMPC vesicles,
RNase shows no detectable £uorescence labelling. In the pres-
ence of negatively charged DMPG/DMPC vesicles, RNase is
labelled only to a very limited extent (0.002^0.004 mol/mol,
Fig. 3), irrespective of incubation time and temperature (25³C
and 37³C). On the other hand, we ¢nd that RNase can be
quantitatively precipitated in ultracentrifugation assays by
negatively charged DMPG/DMPC (1:1) vesicles (but not by
neutral DMPC vesicles). Our results employing talin as a pos-
itive and RNase as a negative control indicate that SANU
partitions mainly into the hydrophobic interior of lipid mem-
branes.

Hydrophobic photolabelling experiments of G-actin are
shown in Figs. 4 and 5. When compared with RNase, G-actin
gets about 20^25-fold stronger labelled by SANU when in-
serted in either positively or negatively charged vesicles (0.04^
0.05 mol label/mol actin). In the presence of neutral DMPC
vesicles, we observed a very low level of labelling, comparable
to that of RNase (0.002 mol label/mol protein).

In order to measure the e¡ect of ionic strength on the ex-
tent of hydrophobic photolabelling of G-actin, KCl (150 mM,
0.3 M, 0.5 M) was added before and after incubation of actin
with charged vesicles (Fig. 5). Increasing the ionic strength

FEBS 21626 2-3-99

Fig. 4. Actin labeling in the presence of DMTAP/DMPC (TAP,
1:1), DMPG/DMPC (PG, 1:1) and DMPC (PC) vesicles (0.16 mole
% SANU). Actin adsorption was performed for 1 h at 25³C in G-
bu¡er, pH 7.5. Standard lanes (from left to right): 126.2; 35.0;
17.4; 8.6; 5.7 (pmol; protein dye); 18.2; 1.8; 0.9; 0.6; 0.5; 0.4
(pmol; sulforhodamine £uorescence). Protein amount per lane
(quanti¢cation: (- - - -)) as deduced from protein dye standard
curve (E) in pmol: 71.4 (TAP, 25³C); 58.6 (PG, 25³C); 85.5 (PC,
25³C). Fluorescence label (pmoles) as calculated from standard
curve (E) : 4.4 (TAP, 25³C); 4.2 (PG, 25³C).

Fig. 5. Actin labeling in the presence of DMPG/DMPC (1:1)
vesicles (0.16 mole % SANU) with increasing KCl concentration.
Actin adsorption was performed for 4 h at 25³C in G-bu¡er (see
Fig. 2), pH 7.5. KCl was added at concentrations indicated before
(R) and 2 h (F) after addition of actin. Standard lanes (from left to
right): 126.2; 83.3; 35.0; 17.4; 8.6; 5.7 (pmol; protein dye); 5.0;
3.3; 1.8; 0.9; 0.6; 0.5 (pmol; sulforhodamine £uorescence).

D. Hess, G. Isenberg/FEBS Letters 445 (1999) 279^282 281



prior to addition of actin reduces the labelling e¤ciency sig-
ni¢cantly (from 0.05 mol/mol to 0.012 mol/mol). At high salt
concentrations (0.5 M KCl), we observed some hydrophobic
photolabelling of G-actin (about 20% compared to 0 M KCl:
Fig. 5, closed triangles). Addition of salt to preformed actin-
vesicle complexes shows a much less inhibition of hydropho-
bic labelling (Fig. 5, closed squares).

Our data suggest a considerable binding of G-actin to pos-
itive and negative lipid interfaces. Although actin bears a net
negative charge at neutral pH, its interaction with negatively
charged vesicles may be mediated by a positive cluster of
amino acids near the N-terminus [14]. For the association of
actin with charged vesicles, electrostatic interactions contrib-
ute signi¢cantly to the binding, as indicated by the inhibition
of labelling with increasing ionic strength prior to addition of
actin. However, a portion of the actin molecules is labelled in
the presence of 0.5 M KCl (Fig. 5, closed triangles). Also, the
dissociation of actin already bound to vesicles at low ionic
strength (Fig. 5, closed squares) by increasing the salt concen-
tration is much less e¡ective. These results may be explained
by hydrophobic insertion after conformational changes. Once
attracted to charged lipid interfaces, actin molecules undergo
a transition from K-helix to L-sheet, as evidenced from Four-
ier transformed infrared spectroscopy [5] and DSC [6].

4. Conclusion

We present the characterization of a hydrophobic, photo-
activatable and £uorescent compound suitable for fast in gel
detection of interaction of membrane proteins with the hydro-
carbon part of the lipid bilayer. A reliable quanti¢cation of
the extent of hydrophobic interaction is possible by simulta-
neous UV and white light scanning densitometry and compar-
ison with appropriate standards.

Hydrophobic radiolabelling of actin at liposome prepara-
tions from various tissues has been reported by one group
[15], while others see no labelling [16,17]. We ¢nd for G-actin
hydrophobic labelling in the presence of positively and nega-

tively charged vesicles in vitro. Although actin is generally
believed to be coupled to plasmamembranes via coupling pro-
teins (for a review see [12]), a possible role for lipid-bound
actin could be to act as a pool of G-actin directly at the
plasmamembrane.
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