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ABSTRACT: Rhodamine dyes are well-known P-glycoprotein (P-gp)
substrates that have played an important role in the detection of inhibitors
and other substrates of P-gp, as well as in the understanding of P-gp
function. Macromolecular conjugates of rhodamines could prove useful as
tethers for further probing of P-gp structure and function. Two
macromolecular derivatives of rhodamine, methoxypolyethylene glycol-
rhodamine6G and methoxypolyethylene glycol-rhodaminel23, were
synthesized through the 2'-position of rhodamine6G and rhodaminel23,
thoroughly characterized, and then evaluated by inhibition with verapamil
for their ability to interact with P-gp and to act as efflux substrates. To put
the results into context, the P-gp interactions of the new conjugates were
compared to the commercially available methoxypolyethylene glycol-
rhodamineB. FACS analysis confirmed that macromolecular tethers of
rhodamine6G, rhodamine123, and rhodamineB were accumulated in P-gp

expressing cells 5.2 + 0.3%, 26.2 + 4%, and 64.2 + 6%, respectively, compared to a sensitive cell line that does not overexpress P-
gp. Along with confocal imaging, the efflux analysis confirmed that the macromolecular rhodamine tethers remain P-gp
substrates. These results open potential avenues for new ways to probe the function of P-gp both in vitro and in vivo.

B INTRODUCTION

P-glycoprotein (P-gp) is an ATP-binding cassette membrane
efflux protein that actively transports small molecules across the
cell membrane. It is expressed in both healthy (e.g.,
gastrointestinal endothelium) and diseased (e.g, multidrug
resistant cancer) tissues.' > Although general characteristics of
P-gp substrates are known, such as high lipophilicity, the
protein is fairly promiscuous and transports a surprisingly wide
range of structures.”” The clinical ramifications of P-gp
expression in cancers are well documented and the literature
is replete with examples of drug targeting with antibodies
against P-gp expressing cell types®” or of attempts to inhibit P-
gp mediated efflux of substrates.® However, to date the clinical
impacts of these approaches have yet to be fully realized. For
these reasons, probes to evaluate the functionality of P-gp are
increasingly important to help better understand the mecha-
nism and specificity of its activity.”'® In particular, polymeric
probes could prove useful for in vivo applications since the
majority of probes are small molecules that often have limited
circulation time.'"'?

Polymeric materials have been extensively studied for their
ability to inhibit P-gp."> Poloxamers are a particularly well-
known class of polymeric P-gp inhibitors."* Poloxamers inhibit
P-gp by either decreasing membrane fluidity or depleting
ATP." The polymers do not directly interact with P-gp and are
not considered substrates of the protein. Little is known about
polymers acting as substrates of P-gp, and our aim is to describe
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such interactions through the conjugation of polymers to
established low molecular weight substrates of P-gp.
Rhodamine dyes are one popular class of P-gp substrates.
The rhodamine variant, rhodaminel23, is a strong P-gp
substrate and is particularly well represented in the literature
as a probe to quantify the activity of the protein under different
conditions.'®"® Rhodamine123 (Rho123) has played a historic
role in the detection of P-gp inhibitors and in the analysis of
potential treatments for multi-drug-resistant (MDR) can-
cers.'”~** Although Rhol23 is more widely used as a P-gp
substrate, other rhodamine variants have been explored for
affinity to P-gp. Rhodamine 6G (Rho6G) and Rhodamine B
(RhoB) have also been used as P-gp substrates and have higher
and lower affinity, respectively, to P-gp than Rho123."° An
expansion of the potential use of rhodamines could lead to
opportunities for further investigation into P-gp function. One
useful expansion would be conjugation of a macromolecule to
rhodamine variants. Early conjugates of rhodamine derivatives
were synthesized by activation of the 4’ or §' sites,”*** but
more recently a one-step substitution of small compounds
through the 2’ position of Rho6G and Rho123 was reported.*
Herein we report the synthesis and characterization of a

methoxypolyethylene glycol (mPEG) conjugate of Rho6G and
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Rho123 through the 2’ position and characterize their
interactions with P-gp (Figure lab). PEG is a well-established
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Figure 1. Proposed structure of (a) mPEG-Rho6G conjugate, (b)
mPEG-Rho123 conjugate, and (c) commercially available mPEG-
RhoB.

tether of small molecules, peptides, and proteins,'"*® and

mPEG-Rho6G and mPEG-Rho123 conjugates could be useful
to investigators in the P-gp field. We also compare the P-gp
interaction of the 2’-substituted mPEG-Rho6G and mPEG-
Rho123 to the more common and commercially available 4’
substituted mPEG-RhoB (Figure 1c). Recognizing that
perturbations of the molecular architecture of a P-gp substrate
can influence the interaction with P-gp,”” we sought to establish
the retained activity of the macromolecular rhodamine
conjugates using the P-gp expressing breast adenocarcinoma
cell line, MDA-435/LCC6 MDR. Our results show that PEG
was effectively linked to Rho6G and Rho123 in a single step as
determined by both '"H NMR and diffusion ordered NMR.
Additionally, retention of the P-gp interaction with the mPEG-
Rho6G, mPEG-Rho123, and mPEG-RhoB conjugates was
confirmed by both FACS analysis and confocal microscopy.
Both techniques showed that the P-gp interaction with the
conjugates directly correlated to that of free Rho6G, Rho123,
and RhoB, thereby establishing the potential use of these
macromolecular tethers of rhodamine derivatives as P-gp
interactive conjugates.

B RESULTS

Synthesis and Characterization of mPEG-Rho123 and
MPEG-Rho6G. The conjugates of mPEG-Rho6G and mPEG-
Rhol123 were characterized by 'H NMR (Supporting
Information (SI) Figure S1 and Figure S2 respectively) and
diffusion ordered NMR (Figure 2 and Figure 3 respectively).
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Figure 2. Stejskals-Tanner plots of diffusion ordered NMR. (M)
Rho6G peak at 6.95 ppm, (A) Rho6G peak 1.25 ppm, () mPEG
peak at 3.17 ppm, (A) mPEG peak at 3.44 ppm, (¢) DMSO-d;. (a)
Free Rho6G and unconjugated mPEG-NH,. Free Rho6G diffuses
faster than mPEG-NH,. (b) Conjugated mPEG-Rho6G. Covalent
attachment is evident from the equal diffusion of Rho6G peaks and
mPEG peaks.
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Figure 3. Stejskals-Tanner plots of diffusion ordered NMR. (M)
Rho123 peaks at 6.14 and 6.16 ppm, (A) Rhol23 peaks at 6.09 and
6.10 ppm, (O0) mPEG peak at 3.17 ppm, (A) mPEG peak at 3.44 ppm,
(#) DMSO-d;. (a) Free Rho123 and unconjugated mPEG-NH,. Free
Rho123 diffuses faster than mPEG-NH,. (b) Conjugated mPEG-
Rho123. Covalent attachment is evident from the equal diffusion of
Rho123 peaks and mPEG peaks.

The single proton NMRs (SI Figures S1 and S2) show the
respective Rho6G and Rho123 peaks visible from a chemical
shift between S and 8 ppm (aromatic region). Percent
conjugation yields were ~90% (of polymer chains that were
initially NH, terminated), calculated from peaks at 3.17 (from
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mPEG), 1.25 (from Rho6G), and 6.14 and 6.16 (from Rho123)
ppm. To confirm that the '"H NMR results were not from an
unconjugated mixture of mPEG-NH, and free Rho6G or free
Rho123 and that covalent conjugates were made, diffusion
ordered NMR (which calculates relative diffusion of each peak
in the spectra) was also performed (Figures 2 and 3). Small
molecules, like free Rho6G or free Rho123, diffuse fast relative
to macromolecules, like mPEG-NH,. NMR signals with equal
diffusion rates are indicative of covalently linked compounds.
Diffusion ordered spectra of Rho6G with mPEG-NH, (Figure
2A), of conjugated mPEG-Rho6G (Figure 2B), of Rho123 with
mPEG-NH, (Figure 3A), and of conjugated mPEG-Rho123
(Figure 3B) were obtained and represented by Stejskals-Tanner
plots. The results show that Rho6G and Rho123 are covalently
conjugated to the mPEG-NH, tether.

P-glycoprotein Interactions. The interaction between the
mPEG-Rho6G, mPEG-Rho123, and mPEG-RhoB conjugates
and P-gp was investigated using two MDA-435/LCC6 cell
lines: MDA-435/LCC6 MDR which expresses P-gp and MDA-
435/LCC6 WT which does not.*® Before tests were initiated,
P-gp expression in both MDR and WT cells was confirmed by
Western blot (Figure 4). The Western blot confirms the
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Figure 4. Western blot analysis to show P-gp expression in MDA-435/
LCC6 MDR cells (a) and absence in MDA-435/LCC6 WT cells (b).
A f-actin control was run for protein content comparison. The first
lane is a protein ladder for reference with molecular weights in kDa.

expression of P-gp in the MDR cells and the lack of expression
in WT cells. The protein band in the MDR cells is visible
around the molecular weight of P-gp, 170 kDa, which correlates
to the reported molecular weight of the protein.”
Representative quantification of mPEG-Rho6G, mPEG-
Rho123, and mPEG-RhoB accumulation in MDR and WT
cells was obtained via FACS experiments and represented as a
quantitated ratio between mean fluorescence of MDR cells
compared to WT cells (Figure S). Initial FACS experiments
were conducted at 37 °C with 0 yM verapamil to investigate
the efflux of both mPEG-dye conjugates and free dyes from
MDR cells compared with WT cells. It was determined that 5.2
+ 0.3%, 26.2 + 4%, and 64.2 + 6% of mPEG-Rho6G, mPEG-
Rho123, and mPEG-RhoB, respectively, accumulated in MDR
cells in comparison to WT cells. Native dyes showed that 3.3 +
0.4%, 9.7 + 0.6%, and 59.2 + 4% of Rho6G, Rhol23, and
RhoB, respectively, accumulated in MDR cells in comparison to
WT cells. To show that the mechanism of efflux was mediated
by P-gp, a series of verapamil (a well-established P-gp
inhibitor®®) concentrations (5, 25, 50, 75, and 100 uM) were
added to the incubations. A concentration of 25 M of
verapamil increased MDR cell accumulation to 13.0 + 1%, 59.8
+ 4%, and 93.6 + 9% for mPEG-Rho6G, mPEG-Rho123, and
mPEG-RhoB, respectively, and 28.5 + 3%, 35.3 + 2%, and 59.5
+ 9% for Rho6G, Rho123, and RhoB, respectively, compared
to WT cells. FACS analysis was also performed with incubation
at 4 °C to investigate endocytosis as the mechanism of cellular
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entry for mPEG-dye conjugates (Figure 6). Internalization of
Rho6G, Rho123, and RhoB was decreased by 1.2 & 0.06, 3.8 +
0.3, and 1.2 + 0.09 times in WT cells. Note that the y-axis for
the RhoB experiment (Figure 6e) is smaller than the others in
Figure 6. While these data appear to show that RhoB has lower
overall cellular accumulation, the lower y-axis values of Figure
6e are due to the lower quantum efficiency of RhoB compared
to Rho6G and Rhol123.3' Internalization of mPEG-Rho6G,
mPEG-Rho123, and mPEG-RhoB was decreased by 2.9 + 0.2,
64 + 0.09, and 2.7 + 0.3 times in WT cells. The greater
decrease in mPEG-rhodamine conjugates signals endocytosis as
an internalization mechanism. Statistics represent the significant
differences in MDR/WT accumulation ratio at a p-value of
<0.01.

Visual verification of the FACS results was obtained by
confocal microscopy of cells incubated with both mPEG-dye
conjugates and free dyes (Figure 7). Images were taken of
mPEG-dye conjugates and free dyes incubated with MDR and
WT cells at 37 °C with 0 gM of verapamil P-gp inhibitor.
Images were also obtained from identical incubations
conducted in the presence of 25 uM of verapamil to observe
the increase in accumulation of mPEG-dye conjugates and free
dyes. All images visually verify the FACS results.

B DISCUSSION

Rhodamine dyes are a class of well characterized P-gp
substrates and have been utilized for numerous P-gp analysis
studies. This study investigated the synthesis and P-gp
mediated efflux patterns of macromolecular conjugates
composed of mPEG linked through the 2’-position of Rho6G
and Rhol23 in comparison to the patterns of free Rho6G and
free Rho123. This study also compared P-gp mediated efflux
patterns of commercially available mPEG-RhoB in comparison
to patterns of free RhoB. Conjugate synthesis was confirmed by
"H NMR and diffusion ordered '"H NMR. Both the mPEG and
Rho6G or Rho123 peaks are present and identifiable on the 'H
spectra and the diffusion ordered NMR confirmed covalent
conjugation. When free Rho6G or Rho123 is physically mixed
with unconjugated mPEG-NH,, the decrease in peak intensity
in the diffusion ordered NMR is much faster for Rho6G or
Rho123 peaks than for mPEG-NH, peaks, which translates into
different diffusion rates and depicts a lack of covalent
attachment. However, once Rho6G or Rhol23 is conjugated
to the mPEG, the decrease in intensity is the same for both the
Rho6G or Rhol123 and mPEG peaks, which depicts covalent
attachment of the compounds. The behavior of faster decay for
smaller molecules seen on the Stejskals-Tanner plots is a
consistent result given the size of the molecules involved; the
smaller the molecule, the faster the signal decays with
increasing gradient.Sz_34

FACS experiments were performed to analyze efflux patterns
of mPEG-Rho6G, mPEG-Rho123, and mPEG-RhoB and
compare them with patterns of Rho6G, Rho123, and RhoB.
The two wash steps allowed for measurements of efflux
separate from any variances in influx. Results with 0 M
verapamil exhibit the pattern of Rho6G, Rhol23, and RhoB
acting as “high”, “medium”, and “low” P-gp substrates,
respectively, corresponding to efflux patterns. This same
pattern is followed by the mPEG conjugates where mPEG-
RhoB has the highest accumulation in MDR cells compared to
WT cells, mPEG-Rho123 has moderate accumulation, and
mPEG-Rho6G has low accumulation. Studies in the literature
involving Rho6G, Rho123, and RhoB report the same trend
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Figure S. Representative accumulation ratio of MDR to WT cells of (a) rhodamine alone and (b) mPEG-rhodamine conjugates. Black bars represent
Rho6G and mPEG-Rho6G, gray bars represent Rho123 and mPEG-Rho123, and white bars represent RhoB and mPEG-RhoB. Conjugates follow
the same trends as the dyes alone with increasing verapamil concentrations. Also, the pattern of high (Rho6G), medium (Rho123), and low (RhoB)
P-gp efflux of the free dyes is maintained with conjugation of mPEG. All bars are an average of 3 replicates. * represents statistical significance of p <

0.01 over 0 M verapamil condition.
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Figure 6. FACS analysis comparing accumulation of (a) Rho6G, (b)
mPEG-Rho6G, (c) Rho123, (d) mPEG-Rho123, (e) RhoB, and (f)
mPEG-RhoB at 4 °C to accumulation at 37 °C. Gray bars represent
accumulation in WT cells and white bars represent accumulation in
MDR cells. Conjugates have a greater change in accumulation than
native dyes with the temperature change, signifying endocytosis as an
internalization mechanism. * represents statistical significance of p <
0.01.
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reported here.'®'” Confirmation of P-gp mediated efflux of the
mPEG-rhodamine conjugates was accomplished by serial
increases in the concentration of verapamil. Verapamil is a
well-established inhibitor of P-gp that increases intracellular
accumulation of free Rho6G, free Rho123, and free RhoB in a
concentration dependent manner. Higher concentrations of
verapamil lead to hi%her accumulation of Rho6G,*>3°
Rho123,”*® and RhoB* in MDR cell lines. Our results show
that higher concentrations of verapamil increase accumulation
of all dyes and conjugates in MDR cells. Rho6G has significant
increases in MDR/WT accumulation ratio above 25 yuM of
verapamil. At 100 yM of verapamil there is a large variance in
accumulation ratio leading to an insignificant result compared
to 0 uM. This is likely due to variability in P-gp expression
between cells in the MDR cell line and the strength of Rho6G
as a P-gp substrate. The mPEG-Rho6G conjugate has a
significant increase in accumulation ratio at all verapamil
concentrations and still remains a strong P-gp substrate. Both
Rho123 and mPEG-Rhol23 have significant increases in
MDR/WT accumulation ratio with as little as S uM of
verapamil and are moderately effluxed by P-gp. RhoB does not
show significant increases until 75 yM of verapamil and mPEG-
RhoB shows an accumulation ratio close to 1 after 25 uM of
verapamil, signaling that both are less effective P-gp substrates.
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Bioconjugate Chemistry

Rho6G +
25 pM ver.

Rho6G

MDA-435/LCC6
MDR

MDA-435/LCC6 i
WT

Rho123

MDA-435/LCC6
MDR

MDA-435/LCC6E
WT

MDA-435/LCC6
MDR

MDA-435/LCCB
WT

mPEG-Rho6G
+ 25 UM ver.

mPEG-Rho6G

mPEG-Rho123
+ 25 uM ver.

mPEG-RhoB
mPEG-RhoB +25 uM ver.

—
g 4 a

Figure 7. Confocal images of MDR and WT cells incubated with mPEG-Rho123, mPEG-Rho6G, mPEG-RhoB, Rho123, Rho6G, or RhoB. Cells
were incubated with 0 4uM or 25 yM verapamil, both at 37 °C. Fluorescent accumulation is greater in WT cells for all conditions at 0 M verapamil.
At 25 uM verapamil fluorescent accumulation is similar for both MDR and WT cells for all conditions. Scale bar represents 10 ym.

Polymer conjugates of P-gp substrates have previously been
reported for doxorubicin.** These conjugates were designed to
allow escape from P-gp mediated efflux by covalently attaching
polymers at the amine site on doxorubicin, which is essential
for P-gp binding.41 However, for the mPEG-substrates reported
in this study, the amine groups on the substrates are preserved
allowing for the conjugates to remain P-gp substrates.

FACS analysis was also performed following 4 °C incubation.
mPEG-Rho6G, mPEG-Rho123, and mPEG-RhoB all show
significant decreases in accumulation in both MDR and WT
cells suggesting endocytosis as the mechanism of cell entry, a
well-characterized internalization mechanism for macromole-
cules."***~** The conjugates are still able to interact with P—g4p
during endocytosis, as P-gp has been shown to retain activity."
Rho6G and Rho123 show significant decreases in accumulation
for WT cells, but not for MDR cells due to efficient efflux at 37
°C. The decrease in Rho6G is much less than in mPEG-Rho6G
due to the difference in passive diffusion versus endocytosis.
Rho123 and mPEG-Rho123 have similar decreases in WT
accumulation due to the fact that Rhol23 shows little
accumulation in non-MDR cell lines.** RhoB has a significant
decrease in both WT and MDR cell lines, since P-gp mediated
efflux for this substrate at 37 °C is poor.

Confocal images were taken to visualize the FACS results at
0 uM and 25 puM verapamil. Fluorescence is visible in all WT
cell lines for all conditions. In all cases, when 25 yM verapamil
is introduced fluorescence is similar in MDR cells lines as in
WT cell lines.

B CONCLUSION

Strategies to investigate MDR-expressing cancerous tumors can
greatly benefit from macromolecuar P-gp substrates. This study
demonstrates that conjugation of Rho6G and Rho123 through
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the 2’-position to mPEG produces conjugates that can still be
classified as P-gp substrates. FACS analysis was used to
determine the efflux patterns of mPEG-Rho6G, mPEG-
Rho123, and commercially available mPEG-RhoB conjugates
in MDA-435/LCC6 MDR and MDA-435/LCC6 WT cells.
Confocal imaging provided visual verification of FACS data.
The knowledge that Rho conjugates still act as P-gp substrates
makes rhodamine dyes a reasonable choice as a tethered system
for further analysis of P-gp interactions in vitro and in vivo.

B MATERIALS AND METHODS

Materials. Dialysis tubing of 2000 g/mol molecular weight
cutoff (MWCO) was purchased from Spectrum Laboratories
(Rancho Dominguez, CA). Deuterated dimethyl sulfoxide was
purchased from Cambridge Isotope Laboratories (Andover,
MA). Methoxypolyethylene glycol amine (mPEG-NH,), rhod-
amine 123 (Rho123), rhodamine 6G (Rho6G), rhodamine B
(RhoB), anhydrous dimethylformamide (DMF), triethylamine
(TEA), RIPA buffer, phosphate buffered saline (PBS) with
calcium and magnesium, protease inhibitor cocktail, mono-
clonal anti-P-glycoprotein antibody produced in mouse,
monoclonal anti-f-actin antibody produced in mouse, anti-
mouse antibody produced in goat, and BCIP-blue liquid
substrate were purchased from Sigma-Aldrich (Saint Louis,
MO). Methoxypolyethylene glycol rhodamine B (mPEG-
RhoB) was purchased from Nanocs (New York, NY). PD-10
columns were purchased from GE Healthcare Biosciences
(Piscataway, NJ). Accutase, penicillin/streptomycin, NOVEX
Bis-Tris 10% gels, and MOPS running buffer were purchased
from Life Technologies (Grand Island, NY). PVDF membrane
was purchased from Pall Corporation (Port Washington, NY).
Nonfat dry milk blotting grade blocker was purchased from
Bio-Rad (Hercules, CA). Sterile cell culture phosphate buffered

dx.doi.org/10.1021/bc5002196 | Bioconjugate Chem. 2014, 25, 1462—1469



Bioconjugate Chemistry

saline (PBS) and fetal bovine serum (FBS) were purchased
from Cellgro (Manassas, VA). HyClone MEM Richter’s
modification with L-glutamine and phenol red was purchased
from Thermo Scientific (Rockford, IL). T-flasks were
purchased from Corning (Corning, NY). MDA-435/LCC6
WT and MDA-435/LCC6 MDR cells were graciously donated
by Dr. Robert Clarke (Georgetown University, Washington,
D.C.) and MD Anderson Cancer Center (Houston, TX).
Synthesis of mPEG-Rho6G and mPEG-Rho123. For
production of mPEG-Rho6G, the mPEG-NH, (M, 5000, 241.6
mg, 4.8 X 107° mol) was dissolved in anhydrous DMF (2 mL)
with excess TEA at room temperature. Excess TEA was added
to Rho6G powder (77.2 mg, 1.6 X 10™* mol) which was then
dissolved in anhydrous DMF (12 mL) with slight heating. For
production of mPEG-Rho123, mPEG-NH, (M, 5000, 71.6 mg,
1.4 X 107° mol) was dissolved in anhydrous DMF (1 mL) with
excess TEA at room temperature. Excess TEA was added to
Rho123 powder (10.8 mg, 2.8 X 107> mol) which was then
dissolved in anhydrous DMF (1 mL) at room temperature. For
both mPEG-Rho6G and mPEG-Rho123 production, the two
DMF solutions were combined and stirred at 30 °C for 1 week
while being protected from light with an aluminum foil cover.
The solution was then diluted with Milli-Q water (38 mL) and
dialyzed (MWCO 2000g/mol) in the dark against deionized
water with 14 water exchanges over 1 week at room
temperature. After dialysis the solution was dried to a light
pink powder by lyophilization in the dark for 3 days. Product
yields for mPEG-Rho6G and mPEG-Rho123 were 54.7% and
83%, respectively. '"H NMR and diffusion ordered NMR were
conducted on an Inova 600 MHz spectrometer at 25 °C.
mPEG-Rho6G conjugate: '"H NMR (600 MHz, DMSO-dy) &
(ppm): 3.24 (s, 3H, CH;0 mPEG), 3.5 (s, 4H, CH,CH,0
mPEG), 6.06 (s, 2H, ArH Rho6G), 6.26 (s, 2H, ArH Rho6G),
6.97 (d, 1H, ArH Rho6G), 7.50 (m, 2H, ArH Rho6G), 7.77 (d,
1H, ArH Rho6G), 1.86 (s, 6H, ArCH;), 1.21 (t,
6H,NCH,CH,). mPEG-Rhol23 conjugate: '"H NMR (600
MHz, DMSO-dy) § (ppm): 3.17 (s, 3H,CH;0 mPEG), 3.44 (s,
4H, CH,CH,0 mPEG), 6.09 (s, 1H, ArH Rho123), 6.10 (s,
1H, ArH Rhol23), 6.14 (d, 1H, ArH Rho123), 6.16 (d, 1H,
ArH Rho123), 6.26 (d, 1H, ArH Rho123), 7.43 (m, 4H, ArH
Rho123), 7.68 (d, 1H, ArH Rhol123). For diffusion ordered
NMR of the mPEG-Rho6G conjugate and mPEG-NH, with
free Rho6G, the gradient pulse was incremented in 12 steps and
16 steps, respectively. For the diffusion ordered NMR of the
mPEG-Rho123 conjugate and mPEG-NH, with free Rho123,
the gradient pulse was incremented in 16 steps and 12 steps,
respectively. Stejskals-Tanner plots were made to represent the
intensity decrease with increasing gradient. Points were
included on the plots until the peaks had disappeared. The
proposed structures of the resulting conjugates are shown in
Figure 1 along with the structure of purchased mPEG-RhoB.
Purification of mPEG-RhoB. Purchased mPEG-RhoB was
turther purified by dissolving the purchased powder in Milli-Q
water and passing the sample through a series of PD-10
columns. In brief, the column was equilibrated with 25 mL of
Milli-Q water. After equilibration, 2.5 mL of a 6 mg/mL
mPEG-RhoB solution was passed through the column followed
by elution with 3.5 mL of Milli-Q water. Eluent (3.5 mL) was
collected and run through a second column that was also
equilibrated with 25 mL of Milli-Q water and eluted with 4.5
mL of Milli-Q water. A clear separation of the high and low
molecular weight components was observed in the second
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column and only the high molecular weight fraction was
collected and lyophilized to dryness.

Cell Culture. MDA-435/LCC6 MDR and MDA-435/LCC6
WT cells were maintained at 37 °C with 5% CO, in Richter’s
modified MEM (IMEM) containing L-glutamine, phenol red,
10% fetal bovine serum, and 1% penicillin/streptomycin in 25
cm? canted T-flasks.

P-Glycoprotein Detection by Western Blot. Total
protein was extracted from 4 X 10° of both MDA-435/LCC6
WT and MDA-435/LCC6 MDR cells by incubating in RIPA
buffer (0.5 mL) with 1% protease inhibitor cocktail for 1 h on
ice. Cell lysate and any remaining debris were separated by
centrifugation at 16 000Xg for 2 min. Protein was quantified
using the BCA protein assay. Cellular protein (S0 ug) was
separated on a 10% Bis-Tris NOVEX gel with MOPS running
buffer at a constant current of 80 mA. Proteins were transferred
to a PVDF membrane at 300 mA for 45 min and then 350 mA
for an additional 45 min. After blocking in nonfat milk, the
membrane was incubated with a 1:5000 dilution of primary
anti-P-glycoprotein antibody and 1:8000 dilution of primary
anti-#-actin antibody for 1 h followed by incubation for 30 min
with a 1:3600 dilution of secondary anti-mouse antibody with
alkaline phosphatase. The membrane was developed with BCIP
blue liquid substrate.

P-Glycoprotein Interactions. MDA-435/LCC6 WT or
MDA-435/LCC6 MDR cells (1 X 10° each) were detached
from the culture flask surface with Accutase then incubated in
suspension (in Accutase) with 27 uM of either mPEG-Rho6G,
mPEG-Rho123, or mPEG-RhoB or 0.27 uM of free Rho6G,
free Rho123, or free RhoB for 1 h at either 37 or 4 °C. For
inhibition studies the cells were first incubated at 37 °C with 0,
5, 25, 50, 75, or 100 M verapamil for 20 min then incubated
with mPEG-Rho6G conjugate, mPEG-Rho123 conjugate,
mPEG-RhoB conjugate, free Rho6G, free Rhol23, or free
RhoB for an additional hour at 37 °C. Inhibition studies
evaluated with confocal imaging were conducted with 25 yM of
verapamil since this was determined to be the lowest effective
concentration from the FACS experiments. All studies were
conducted with the cells gently suspended by rotation during
the incubation time. After incubation the cells were centrifuged
at 300 rcf for 10 min. The supernatant was removed and the
cells were washed once with PBS. They were centrifuged again
and resuspended in PBS with calcium and magnesium and
placed on ice until FACS or confocal imaging analysis. The two
centrifugation steps were included to allow time for efflux.
FACS analysis was performed on a BD LSR II FACS (San Jose,
CA) machine equipped with a 488 nm laser and 100 000 cells
were counted for each trial. Each experimental condition was
conducted in triplicate. Data for mPEG-Rho6G, mPEG-
Rho123, free Rho6G, and free Rho123 were collected under
a FITC filter at a voltage of 300 V. Data for mPEG-RhoB and
free RhoB were collected under a PE filter at a voltage of 300 V.
FACS data were analyzed by gating all cell populations based
on untreated cells. Imaging was performed on a Leica (Buffalo
Grove, IL) SP2 confocal microscope with a 40X objective at
488 nm wavelength for fluorescent measurements of mPEG-
Rho6G, mPEG-Rho123, free Rho6G, and free Rho123. A 543
nm wavelength was used for fluorescent measurements of
mPEG-RhoB and free RhoB. For visual clarification images of
cells incubated with RhoB and mPEG-Rho123 were adjusted
for brightness by an equal amount for all images. Statistical
significance was determined by Student’s t test with a p-value of
<0.01 for all dyes and conjugates.
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