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Imaging synthetically labeled proteins in living céligquires a N\ v W P
ways of labeling the protein such that it functions in much the same
way as the unlabeled one. Further, some technique must be mastered O = Q n
to import the tagged protein into cells without significantly per-
turbing their biology. Finally, labels on the proteins must be readily
observable from outside the cell. This paper addresses issues relating c
to all of these aspects, especially that relating to the design of the
labels.

The following characteristics are highly desirable for labels
designed for intracellular imaging: (i) water solubility for ease of
coupling and to avoid aggregation effects, (ii) absorbance of light
with a high extinction coefficient at a wavelength that is conve-
niently excited within a cell, (iii) emission of fluorescence at a
significantly longer wavelength than the excitation source so that
observation of the label is not complicated by backscattering effects
from the excitation source, and (iv) fluorescence maxima at above
550 nm so that the label can be observed in a region that is not
complicated by autofluorescence from within the éell.

Previous studies from one of us introduced a new concept in
dyes for biotechnology: “through-bond energy transfer casseéttes”.
These are particularly useful with respect to parameter (iii) listed
above. They have donor and acceptor fragments joined-biends

eneargy fransfer

but steric effects prevent them from becoming flat and conjugated 121 _
(Figure 1a). These cassettes absorb at wavelengths characteristic %. 1.0 1 :v‘:;::::mm
of the donor and then emit it via the acceptor. £ 034
CompoundA is typical of the cassettes that were prepared £
previously? It has a fluorone (fluorescein-derived) donor fragment E 061
connected to a pyronin (rhodamine-derived) acceptor part. Fluo- g 0.4
rescence energy transfer between the donor and acceptor parts in 2 2.
compoundA appears to occur with near-complete efficiency in

MeOH. It also occurs extremely fast, too fast in fact, to measure 0.0
400 500 600 700 800

by routine methods, and significantly faster than similar cassettes Wavelength {nm)

wherein energy can only be transferred “through-space”, i.e. via Figure 1. (a) Generalized structure of some through-bond energy transfer
Forster energy transfér It is likely that the predominant mode of ~ cassettes; (b) cassetée prepared previously, has poor water solubility;

energy transfer in systemis a rapid mechanism operating through (c) water-soluble target cassettéeatured in this work; (d) comparison of

e . the fluorescence of cassetten pH 8 phosphate buffer with fluorescein
bonds. This is desirable because fast rates of energy transfer frornand a tetraacid from the rhodamine deriva4Scheme 1) under the same

the donor to the acceptor in through-bond energy transfer cassetteggngitions.
favor fluorescence over undesired nonradiative decay mechanisms. . .
Further, the wavelength difference between the donor absorption product. Ultimately, we found that the tetraest@ould be obtained

o o - .
and the acceptor emission is greater than Stokes shifts in a single'n 80% purity via column chromatography and then purified via

dye molecule, and is not limited by any known constraints preparative reverse phase HPLC. The final produgts obtained

. . - via an acid/base extraction procedure.
corresponding to the overlap integral inrster energy transfer, Electronic spectra of showed several desirable characteristics
i.e. fluorescence resonance energy transfer (FREThus, there P ’

is no known upper limit to how far to the red the acceptor The dye absorbs strongly at 556 nm and er_m_ts at 579 nm in aqueous
. . buffer. However, the energy transfer efficiency was not 100%
fluorescence can be shifted relative to the donor fluorescence. .
) ; . because some of the fluorescence leaks from the fluorescein donor
Briefly, cassettel was assembled by coupling the fluorescein rather than being transferred to the acceptor. Under the pH 8 buffer
alkyne 2 to the bromorhodamine derivativ& (Scheme 1Y. The nditions sh Iw%n in Fiqure 1d. there i pb .t 80% en rp ir. nuf ;
most difficult part of this was isolation and purification of the conditions sho gure 1d, there Is abou o energy transte

efficiency10
* Department of Chemistry. Monoz.actlvatlon of the ca}ssetﬂg(DIC/N?hydroxysu{:cmamlde).
* Department of Physiology, Pharmacology and Pathobiology. allowed it to be coupled with an illustrative recombinant protein,

10688 = J. AM. CHEM. SOC. 2006, 128, 10688—10689 10.1021/ja063784a CCC: $33.50 © 2006 American Chemical Society



COMMUNICATIONS

Scheme 1. Preparation of Cassette 1
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Figure 2. (a) Fluorescence emission spectrum of ACBR PBS buffer

2 3 (pH 7.4); (b) ACBP1 localizes near the cell nuclei, as expectedc)
corresponding image of ACBPwhen the cassette is irradiated at the donor
part and observed near the acceptor emission maximum (throughout, values
in parentheses are relative fluorescence intensities); d as in ¢ except observed
near the donor emission maximum; and, e as in ¢ but excited near the
(i) 10 Mok Pd(PPhg)s acceptor absorption maximum.
5mol% Cul, EtsN

DMF, 110°C, 12h the cells were excited at 488 nm (to excite the donor) and a filter

—_—
(ii) 2.7 eq chioranil at 598 nm (acceptor fluorescence) was applied, then the image
25°C, 1h shown in Figure 2c was obtained. Application of a filter corre-

sponding to the donor fluorescence gave a much weaker image
(Figure 2d). Figure 2e shows the result of exciting the cells near

ROSC the acceptor absorption maxima, at 568 r@omparison of ¢ and
4 R=Me. 11% e of Figure 2 shows that ACPBin the cell is morevisible when
o [ the cassette is irradiated at the donor part; hence, the function of
36h, 40°C 1R=H 53% the energy-transfer cassette is demonstratediiio.
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function was maintained after conjugation of cassétidnlabeled rzlr |:nporto y ri;nmrg? Thi- rgetséialni ?/taillsbol t fre as;:-r %or: OC?/i
ACBP had aKy of 26.6 nM, whereas the cassette-labeled protein thec |?1fg;)np; Zt%ett .//e uSs acssorae als available free ot charge via
bound this ligand with &4 of 20.5 nM. Circular dichroism (CD) P-/Ipubs.acs.org.
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program predicted only small differences. In summary, the binding - Histor(]:hem. Cyt%chem97a 27, 447h48.
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; i 14668-14669.
. Figure 2 presents fluoresceqce.s.pectra and real-time confocal (5) Kim. T. G.- Castro, J. C.. Loudet, A.: Jiao, J. G.-S.: Hochstrasser, R. M.:
images accumulated for ACBPin living cells (PBS buffer, pH Burgess, K.; Topp, M. RJ. Phys. Chem2006 110, 20—27.
i isgj ioti (6) Jiao, G.-S.; Thoresen, L. H.; Kim, T. G.; Haaland, W. C.; Gao, F.; Topp,
7.4) excn_ed at 488 nm. It shows emlssmns_characterlstlc of the M. R.: Hochstrasser, R. M.. Metzker, M. L - Burgess, Ghem.Eur. J.
fluorescein donor (ca. 520 nm) and rhodamine acceptor cassette 2006 In press.
constituents, the latter being stronger. These spectra are slightly (7) Faster, T.Ann. Phys1948 2, 55-75.
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different from the ones of the free cassette in Figure 1d, indicating Egg Sozogashira, K.: Tohda, Y.: Hag?hara, Retrahedron Lett1975 16,

its emission properties are affected by its microenvironment. 4467-4470. )

The next challenge was to load the fluorescently labeled protein (10) 100(fluorescence of donor)- (fluorescence of donor in cassette)/
) - ! g i y : p (fluorescence of donor). . .
into living cells without perturbing them. For this, the cell-  (11) Chao, H.; Zhou, M.; Mcintosh, A.; Schroeder, F.; Kier, A. B.Lipid

penetrating peptide Chariot was used. Chariot is unique insofar as ;) %ﬁzgogg_ 4,\21’ar7ﬂ2;8§_‘. Russell, W. K.; Waghela, S. D. Russell, D. H.;

it binds nonselectivelgnd noncomnalentlyto extracellular proteins w3 §0h|medAer'A F.;SKi;Jr, Aa BB'igcréerTis(t:rﬁfzoolzggzg %9?5,,4101_323—5131'055
H H H H H : rolov, A. A.; Schroeader, . blol. em. .
and mediates their transfer into céelfdlt is believed that Chariot (14) Sreerama, N.. Woody, R. Vnal. Biochem200 287, 252260.

dissociates from its protein cargo inside the cell and is degraded (15) Petrescu, A. D.; Payne, H. R.; Boedeker, A. L.; Chao, H.; Hertz, R.; Bar-
without causing cytotoxic effects. After some experimentation, Lana, J.; Schroeder, F.; Kier, A. B. Biol. Chem:2003 278 51813-
Chariot-mediated import of ACBR-into COS-7 cells was dem- (16) Morris, M. C.; Depollier, J.; Mery, J.; Heitz, F.; Divita, Glat. Biotechnol.
onstrated. Figure 2b shows ACBRpseudo-red color) colocalizes 2001 19, 1173-1176.

around the nuclei (false-stained green using Hoechst 33342). When JA063784A
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