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ABSTRACT

P-glycoprotein/MDR1 (P-gp) is a well-characterised membrane transporter relevant in drug disposition
and multi-drug resistance. In this study, we aimed to investigate how far nanoparticulates impair the
function of the P-gp transport system and which particle properties govern these interactions.

Expression and function of P-gp was confirmed in A549 cell monolayers. Rhodamine 123 (Rh123)
release studies were carried out in the presence of known inhibitors of P-gp function (i.e., cyclosporine
A and verapamil), under ATP depletion (NaN3/DOG) and after acute exposure to nanoparticles (NPs) with
different surface modifications, {-potentials and sizes (plain, carboxylated, and amine- and sulphate-
modified). The cytotoxic potential of NPs on A549 monolayers was evaluated by MTT assay. The effects
on P-gp protein level, after incubation with NPs, were investigated by Western blot analysis of A549 cell
lysate and supernatant.

Cellular retention of Rh123 was significantly (P < 0.05) increased in the presence of carboxylated
(100 nm), amine- and sulphate-modified NPs. A slight, but not significant, decrease in Rh123 release
was also observed for plain latex and carboxylated (500 nm) NPs. The MTT assay demonstrated that most
NPs caused only marginal levels of cytotoxicity (78-88% cell viability); the positively charged amine-NPs,
however, were considerably more cytotoxic. Western blot showed that NPs did not cause any cell mem-

brane disruption.

Our findings suggest that nanomaterials can attenuate membrane transporter function depending on
their size and surface properties and hence might influence the disposition of xenobiotics as well as

endogenous substrates.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The use of nanotechnologies has expanded rapidly during the
last decade and begins to revolutionise the scientific landscape as
well as everyday’s life. Nanoparticles, nanometre-ranged drug
delivery systems, offer opportunities across all areas of medical
treatment. Significant advances in cancer diagnostics, imaging
and therapy have been developed based on the nanomedicine ap-
proach [1,2]. To improve the biodistribution of (particularly anti-
cancer) drugs, nanoparticles have been designed for optimal size
and surface characteristics to increase their circulation time in
the bloodstream. In addition, active targeting strategies using sur-
face-bound ligands directed against selected cellular targets ampli-
fy the specificity of these therapeutic nanocarriers [3,4]. It has also
been suggested that nanoparticles have the ability to accumulate
in cells without being recognised by P-glycoprotein, one of the
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main mediators of multi-drug resistance, resulting in the increased
intracellular concentration of drugs [5]. Nevertheless, at present,
we are only beginning to understand the opportunities, challenges
and potential hazards of nanomaterials [6].

P-glycoprotein/MDR1 (P-gp) is a 170-kDa membrane glycopro-
tein encoded by the ABCB1 gene. It is known to play an important
role as an efflux pump in drug disposition, particularly in cancer
chemotherapy [7]. P-gp is also expressed in many tissues under
physiological conditions, indicating its major role in the cellular
transport of a variety of endogenous substrates and therapeutic
agents [8,9]. Presently, more than 100 compounds have been iden-
tified to be P-gp substrates, of which the majority were basic lipo-
philic amines [10]. The lung is thought to accumulate lipophilic
amines, which strongly suggests that P-gp-mediated efflux plays
an important role in pulmonary drug accumulation [11,12]. Inter-
estingly, recent studies on the impact of P-gp on drug disposition
after oral inhalation in vivo and in situ have resulted in quite con-
flicting data, making this an exciting area for further investigations
[13,14].

In this study, we aimed to investigate how far nanoparticulates
impair the function of the P-gp transport system and which
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particle properties govern these interactions. Commercially avail-
able, insoluble latex nanoparticles with various surface and size
characteristics were studied in an in vitro model of human alveolar
epithelial type 2-like cells, A549.

2. Materials and methods
2.1. Materials

A549 cells (ATCC CL-185) were obtained from LGC Promochem
(Teddington, UK). All cell culture plastics were obtained from
Greiner (Frickenhausen, Germany), with the exception of Lab-Tek
chamber slides (Nunc, Roskilde, Denmark). Nanoparticles (L3405,
L3280, LB1, L9902 and L0780), mouse monoclonal anti-P-gp anti-
body (clone F4) and all other chemicals and reagents were pur-
chased from Sigma-Aldrich (Dublin, Ireland).

2.2. Cell culture

A549 (American Type Culture Collection CL-185; LGC Promo-
chem, Teddington Middlesex, UK) cells are derived from a human
pulmonary adenocarcinoma [15]. Due to phenotypic similarity to
type II alveolar epithelial cells, this cell line has been widely uti-
lised in the studies of alveolar epithelium function [16]. Cells of
passage numbers 66-82 were used in this study and were main-
tained in a 1:1 mixture of Dulbecco’s modified Eagle’s medium
and Ham'’s nutrient mixture F-12 (DMEM:F-12) supplemented
with 5% (v/v) FBS, 100 U/ml penicillin and 100 pg/ml streptomycin.
Cells were cultured at 37 °C in 5% CO, atmosphere, and culture
medium was exchanged every 48 h.

2.3. Rhodamine 123 release studies

Rhodamine 123 (Rh123) release studies were performed using
A549 cell monolayers cultured for 5 days in 24-well plates at a
density of 40,000 cells/cm?. Cell layers were washed twice with
pre-equilibrated bicarbonated Krebs-Ringer buffer (KRB; com-
posed of 15 mM HEPES, 116.4 mM NacCl, 5.4 mM KCl, 0.78 mM
NaH,PO4, 25 mM NaHCOs, 1.8 mM CaCl,, 0.81 mM MgSO, and
5.55 mM glucose; pH 7.4), before being loaded with a 10 uM solu-
tion of Rh123 in KRB for 30 min. Next, the Rh123 solution was
replaced with freshly prepared, pre-warmed KRB containing the
nanoparticles (100 pg/ml) or pharmacological inhibitors (cyclo-
sporine A (CsA) 10 pM; verapamil 10 pM; NaN3/2-deoxy-p-glucose
(DOG) 10 mM). The monolayers were then incubated for 30 min at
37 °C in 5% CO, atmosphere, before being washed twice with ice-
cold KRB and lysed with a 1% solution of Triton X-100 in KRB.

Fluorescence of samples was analysed in 24-well plates using a
fluorescence plate reader (FLUOstar Optima, BMG Labtech, Offen-
burg, Germany) at excitation and emission wavelengths of 485
and 520 nm, respectively. The samples were diluted with KRB,
where appropriate. Rh123 release from untreated A549 cell layers
was used as control. For standardisation, the total protein amount
of cell layers was determined by bicinchoninic acid (BCA) assay
according to the manufacturer’s instructions (Pierce, Thermo Sci-
entific, Rockford, USA).

Half-saturation constant (K;,) and maximum release rate (Viax)
of Rh123 were calculated by fitting the release rate (v) to the fol-
lowing equation by means of non-linear least-squares regression
analysis according to the Michaelis-Menten equation (Eadie-
Hofstee transformation):

V= Vimax % (5)/[(Km + ()] (1)

where (S) was [Rh123].

2.4. Western blot

Cell supernatant (CS) was collected by aspiration from A549
monolayers that have been incubated with KRB containing
100 pg/ml of nanoparticles for 30 min. Cell lysate (CL) was ob-
tained by washing the cell layers three times with ice-cold phos-
phate saline buffer (PBS), followed by cell homogenisation in
60 pul per well freshly prepared lysis buffer, containing aprotinin
(6%) and leupeptin (1%). Samples of CS and CL were sonicated twice
for 20 s and centrifuged at 9279 g for 20 min. The total protein
amount was determined by Bio-Rad protein assay (Hercules,
USA) with bovine serum albumin (BSA) used as standard. Western
blot was performed immediately after sample preparation.
Samples were standardised to equal protein concentrations, 6 pl
of loading buffer was added, and the mixture was heated up to
95 °C for 5 min, before 20 pul of each sample was loaded onto a
6% SDS gel. Electrophoresis was performed for 2 h at 110 V. The
protein bands were transferred onto PVDF membranes (Bio-Rad)
at 25V for 30 min. Blots were blocked in PBS containing 5% (w/v)
BSA for at least 1h at room temperature, before overnight
incubation with the anti-P-gp primary antibody (1:100) at 4 °C.
Membranes were then washed with PBS, and the secondary goat
anti-mouse IgG antibody (Promega, Medical Supply, Ireland) in a
concentration of 1:13,500 was added for 1 h at room temperature.
Peroxidase activity was detected with Immobilon Western
Chemiluminescent HRP substrate (Millipore). Signals were docu-
mented using a ChemiDoc system (Bio-Rad).

2.5. Analysis of particle size and {-potential

Physicochemical properties (i.e., size and (-potential) of the
nanoparticles were measured before and after the release experi-
ments using a Zetasizer Nano ZS (Malvern, Malvern, UK) at 25 °C
and a scattering angle of 173°. Nanoparticles were examined
immediately after being suspended in KRB (pH 7.4), before initia-
tion of each Rh123 release experiment. To study changes in phys-
icochemical parameters, 800 Ll of the supernatant was analysed
for size and {-potential measurements at the end of the study.
The samples containing nanoparticles were placed in a standard
disposable capillary cell (DTS1060, Malvern, UK) for size measure-
ments and {-potential, respectively. Average size was calculated
from the intensity, volume and number distributions by Dispersion
Technology software 5.03 (Malvern). All measurements were taken
in triplicate.

2.6. Cell viability assay

The viability of A549 cells was determined by MTT (3-(4,5-
dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay.
Cells were seeded at a density of 30,000 cells/cm? in 96-well plates
and left for 24 h to attach. After 30 min of incubation with nano-
particles (100 pg/ml) suspended in KRB, the cell layers were
washed twice with KRB, before 100 pl of fresh KRB and 10 pl of
MTT solution (5 mg/ml in KRB) were added to each well. After fur-
ther incubation at 37 °C for 3 h, the supernatant was removed and
cells were dispersed in 50 pl of DMSO. Absorbance was measured
at 570 nm by using a microplate reader (FLUOstar Optima).

2.7. Confocal laser scanning microscopy

A549 cell layers were grown on chamber slides at 35,000 cells/
cm? for 5 days, before cells were being fixed for 10 min with 2% (w/
v) paraformaldehyde and incubated for 10 min in 50 mM NH,4(CI,
followed by permeabilisation for 8 min with 0.1% (w/v) Triton
X-100 in PBS. After 60-min incubation with 200 pl of a 1:500
dilution of monoclonal mouse anti-P-gp antibody, the cell layers
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were washed three times with PBS, before incubation with 100 pl
of a 1:200 dilution of Alexa Fluor 488-conjugated goat anti-mouse
F(ab'), fragment (Invitrogen) in PBS containing 1% (w/v) BSA.
Propidium iodide (1 pg/ml in PBS) was used to counterstain cell
nuclei. In the case of F-actin staining, cells were initially incubated
for 30 min with nanoparticles (100 pg/ml) suspended in KRB.
TRITC-phalloidin was used at a concentration of 500 ng/ml in
PBS. After 30 min of incubation, the specimens were again washed
three times with PBS and embedded in FluorSave anti-fade med-
ium (Merck, Nottingham, UK). Images were obtained using a con-
focal laser scanning microscope (CLSM, Zeiss LSM 510, Go6ttingen,
Germany) with the instrument’s settings adjusted so that no posi-
tive signal was observed in the channel corresponding to the
fluorescence of the isotypic controls.

2.8. Statistical analysis

Each experiment was repeated at least in triplicate with cells
from three different passages. Results were expressed as
mean + SD of at least three experiments. Two groups were com-
pared using one-way analysis of variance (ANOVA), followed by
the Student-Newman-Keuls post hoc test. P < 0.05 was considered
as significant.

3. Results
3.1. P-gp expression, localisation and activity in A549 cells

Immunocytochemical staining, performed after 5 days of cul-
ture of A549 cell layers, showed moderate expression of P-gp in
the plasma membrane (Fig. 1A). In addition, a punctuate staining
pattern typical for intracellular vesicles or similar substructures
was observed (Fig. 1A). Consistent with this observation was a
moderate signal of immunoreactive P-gp detected by immunoblot
(Fig. 1B).

To investigate P-gp function, A549 cell layers were loaded with
Rh123 and the release of the substrate was studied at 37 °C and
4 °C, as well as in the presence of P-gp inhibitors (i.e., CsA and
verapamil) and attenuators of energy-dependent translocation
events by depletion of ATP (i.e.,, NaN3 plus DOG). The difference
in fluorescence intensities between the measurements at 37 °C
and 4 °C was calculated (depicted in Fig. 2A), and the resulting
release was converted by Eadie-Hofstee transformation (a
linearisation of the Michaelis-Menten equation) to evaluate the
number and activity of transporter sites. The linear plot
(R?>>0.97) shown in Fig. 2B indicates a single transporter site being
responsible for the efflux of Rh123. P-gp-mediated efflux was
saturable, and kinetic parameters were determined as follows:
K, 32911449 uM and 0.057 + 0.004 nmol/min x mg

Vmax.
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Fig. 2. Kinetic analysis of rhodamine 123 (Rh123) release from A549 cell layers
after 5 days of culture. (A) Release of Rh123 was measured for 30 min at 37 °C and
4 °C. The efflux was calculated as the difference in fluorescence signals obtained at
the two temperatures and standardised against the total protein amount. (B) Rh123
release data were transformed to an Eadie-Hofstee plot. The linearity of the
transformation indicates a single transporter site for Rh123 release from A549
monolayers. Results are expressed as means * SD (n = 3).

protein. Cyclosporine A and verapamil almost completely
suppressed Rh123 release from A549 cell layers (Fig. 3). A similar
effect was observed when A549 monolayers were incubated with
NaNjs plus DOG (Fig. 3).

3.2. Rh123 efflux in the presence of nanoparticles

Rh123 release studies were then carried out with insoluble
nanoparticles of different sizes and surface charges suspended in

250 kDa =

4w 170kDa

130kDa mp

Fig. 1. Expression of P-glycoprotein/MDR1 (P-gp) in plastic-grown A549 human alveolar epithelial cell layers after 5 days of culture. Cells were plated at a density of 3.5 x 10*
cells per cm? and cultured under liquid-covered culture conditions. (A) Immunolabelling of P-gp. Staining for P-gp (green) is shown using confocal laser scanning microscopy.
Nuclei were counterstained with propidium iodide (red). Scale bars represent pm. (B) Immunoblot analysis of P-gp. A single band of 170 kDa can be detected in A549 cell
lysate.
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Fig. 3. Effect of cyclosporine A (10 pM), verapamil (10 pM) and NaN3/2-deoxy-p-
glucose (DOG; 10 mM) on rhodamine 123 (Rh123) release from A549 cell layers
cultured for 5 days. Cell layers were loaded with Rh123 (10 uM) for 30 min (¢,), and
fluorescence was measured after another 30 min of release (t3o). Results are
expressed as means + SD from 6 independent experiments. “P < 0.01 versus control
buffer alone.

the incubation buffer at concentrations of 100 pg/ml. Fig. 4 shows
the effect of the nanoparticles on Rh123 release from A549 cell lay-
ers. Incubation with carboxy (100 nm), amine and sulphate nano-
particles resulted in significantly (P<0.01 and P<0.05,
respectively) higher intracellular Rh123 levels after 30 min, indi-
cating an attenuating effect on release by inhibition of the P-gp
transport system. Carboxy (500 nm) and unmodified latex particles
also decreased Rh123 efflux, albeit those effects were not signifi-
cant (P <0.05).

3.3. Cytotoxicity assay

In order to investigate whether the observed P-gp attenuating
effects resulted from cytotoxic events caused by the nanoparticu-
lates, the viability of A549 cells was tested by MTT assay. Cells
were incubated with NPs at concentrations of 25, 50 and 100 pg/
ml for 30 min (Fig. 5). Carboxy (500 nm), latex and sulphate parti-
cles marginally reduced the cell viability to 79 + 7%, 78 £ 14% and
84 +13%. Amine nanoparticles, however, showed a pronounced
and concentration-dependent cytotoxicity, with only 47 + 1% cell
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Fig. 4. Effect of different nanoparticles (100 pg/ml) on rhodamine 123 (Rh123)
release from A549 cell layers cultured for 5 days. Cell layers were loaded with
Rh123 (10 uM) for 30 min (o), and fluorescence was measured after another 30 min
of release (t30). Results are expressed as means + SD from 6 independent experi-
ments. *P < 0.05, **P < 0.01 versus control buffer alone.
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Fig. 5. Cytotoxicity of nanoparticles. A549 cell layers were cultured for 5 days,
before being incubated with different nanoparticles (100 pig/ml) for 30 min. Cell
viability was assessed by MTT assay and normalised to the level of untreated cells.
Results are expressed as means * SD (n = 6).

viability at the highest concentration after 30 min. It should be
noted that carboxy (100 nm) nanoparticles have been discontinued
by the supplier prior to the onset of this study.

3.4. Physicochemical characteristics of nanoparticles

Latex nanoparticles with various surface charges, surface mod-
ifications and sizes (see Table 1) were used in Rh123 release stud-
ies. Table 2 shows the changes in {-potential and particle size when
analysing the NPs before and after release studies.

Prior to experiments, carboxy 100 and 500, latex and sulphate
NPs were measured to be negatively charged with their {-potential
values ranging from —22 to —63 mV. Amine-modified particles
showed a net positive charge of 61 mV.

The particle sizes measured in our laboratory were in good
agreement with the supplier’s given specifications.

Incubation with A549 cell layers resulted in dramatic changes
in both particle size and surface charge (Table 2). Whilst the {-po-
tential was diminished among all nanoparticles, particle size in-
creased significantly as a result of agglomeration. The highest
increase was observed for amine-modified particles that grew from
approximately 50 nm to almost 4 pm in diameter.

3.5. Western blot analysis

Nanoparticles suspended in KRB were incubated with A549 cell
monolayers for 30 min, and the level of P-gp was quantified in the
cells and the cell supernatant by Western blot (Fig. 6). No obvious
changes in cellular P-gp levels, compared to control, were observed
after incubation with the different nanoparticles (Fig. 6A). Extrac-
tion of P-gp from the membrane into the cell supernatant could
also be ruled out, as no protein signals were obtained in the inves-
tigated samples (Fig. 6B).

3.6. Confocal laser scanning microscopy

The interactions of nanoparticles with A549 cell layers were
observed using confocal laser scanning microscopy (Fig. 7).
TRITC-labelled phalloidin was used to visualise the cytoskeleton.
Agglomerated carboxy and sulphate NPs appeared in the same
channel due to their Texas-red label (Fig. 7B and E). It is evident
from the CLSM micrographs that none of the nanoparticles were
taken up into the cells or caused significant disruption of the
cytoskeleton.
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Table 1
Physicochemical properties of nanoparticles used in the study.
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Latex bead nanoparticles (Sigma-Aldrich order no.)

Abbreviation

Fluorescence label (excitation/emission)

Carboxylate-modified, 2.5% solids, 100 nm (L3405)
Carboxylate-modified, 2.5% solids, 500 nm (L3280)

Carboxy 100
Carboxy 500

(575 nm/610 nm)
(575 nm/610 nm)

Unmodified, 10% solids, 100 nm (LB1) Latex None
Amine-modified, 2.5% solids, 50 nm (L0780) Amine (360 nm/420 nm)
Sulphate-modified, 2.5% solids, 100 nm (L9902) Sulphate (575 nm/610 nm)

Table 2

Physicochemical properties of latex nanoparticles before and after rhodamine 123 release experiments.

Nanoparticles Initial values After Rh123 release
Size (nm) PdI {-potential (mV) Size (nm) PdI {-potential (mV)

Carboxy 100 1208+ 0.4 0.02 —45.0£05 563.4£23.3 0.56 —-20.6£0.5

Carboxy 500 476.8+9.2 0.07 —63.1£04 2125.0+117.9 0.32 -15.1£08

Latex 117.1£12 0.04 -485+06 1715.0 £56.2 0.62 —-422+08

Amine 56.7+0.8 0.05 61352 3943.0 £ 2209 0.73 11.0£08

Sulphate 131.1£2.1 0.01 —223+1.1 1422.0£58.7 0.52 -10.0£0.7
A < 5 > Recently, Arvizo et al. [19] reported that gold nanoparticles,
é eﬁ .ﬁé @\‘ °,,$‘ depending on their surface charge, caused changes in membrane

< . .

<& é‘s" o .&‘5’ ‘_}9 potential. Nevertheless, P-gp function has repeatedly been ob-
hd hd <& < Aad served to be independent of membrane potential [20]. McCarthy
4mmm 170kDa and co-workers [21] have shown that when Calu-3 cell monolayers
9 were acutely exposed to carbon nanoparticles, there was an inhibi-
tion of forskolin-induced I activation through CFTR. They con-
Q S cluded that size and charge were essential factors in determining
B < QS R N @\L °¢'¢ the extent of this effect and that cholesterol and specialised mem-
..«,_\k & a,oo“" \Qv" ".9" brane domains at the cell surface play a pivotal role. Thus, a more
A4 & & > A direct interaction between the nanoparticles and the membrane or

Fig. 6. Analysis of P-glycoprotein/MDR1 protein levels in A549 cells and superna-
tant. A549 cell layers were cultured for 5 days, before being incubated with
different nanoparticles (100 pg/ml) for 30 min. Protein was extracted from cells and
cell supernatant and probed with a monoclonal anti-P-gp antibody. (A) Represen-
tative immunoblot of cell lysate. A single band of 170 kDa can be detected in A549
cell lysate. (B) Representative immunoblot of cell supernatants. No signal could be
obtained.

4. Discussion

Consistent with earlier observations [17,18], our data confirmed
that the A549 cell line functionally expressed P-glycoprotein/
MDR1. Rh123 efflux was found to be mediated by a saturable, sin-
gle transporter site, and an increased accumulation of Rh123 was
observed in the presence of verapamil, cyclosporine A and NaNs/
DOG, agents known to inhibit P-gp function and deplete ATP,
respectively.

When studying the interaction of insoluble, latex-based nano-
particles of different surface modification, {-potential and particle
size with P-gp, we found that Rh123 efflux from A549 cell layers
was inhibited in a size- and surface-chemistry-dependant manner
that, in some cases, was of similar scale as the attenuation ob-
served with the pharmacological agents. These findings allow the
speculation that nanoparticles might directly interfere with P-gp
function. In particular, small, carboxylated and sulphated NPs were
able to reduce P-gp-mediated efflux of Rh123 from A549 cells.
Whilst similar effects were also observed for amine-modified par-
ticles, it cannot be ruled out that this effect resulted from the par-
ticles’ acute cytotoxicity rather than from direct P-gp inhibition.

even the ABC transporter can be suggested to be responsible for the
observed effects.

We observed that positively charged nanoparticles had the
highest cytotoxicity, which is consistent with previous reports
[19,22], whereas negatively charged nanoparticles induced only
marginal cell death. Thus, whilst nanoparticles potentially change
the conformation of the cell membrane, resulting in the disruption
of cellular processes and membrane integrity [23,24], most interac-
tions with the cell membrane do not cause any membrane disrup-
tion or extraction of the protein from the plasmalemma, as
previously observed in the case of cyclodextrins [25]. This was con-
firmed by Western blot analysis of the cells and their supernatant.

Significant changes in the size of nanoparticles once they were
in contact with the cell supernatant were shown. In most cases, the
surface of nanoparticles is covered immediately after contact with
biological fluids by several biomolecules [26]. The particles’ surface
interacts with its dispersion medium in a complex fashion, involv-
ing conflictive forces, especially between particles, ions and biolog-
ical substances in the medium such as proteins. This interplay
affects both the hydrodynamic size and the {-potential of the nano-
particles and can have an impact on the agglomeration statues of
the particle itself [26].

To further our understanding of nanomedicines, it is necessary
to investigate the nanomaterial’s physicochemical properties and
how these properties influence their uptake and biodistribution.
This is the first study comparing pharmacological P-gp inhibitors
with nanoparticulates. The attenuation of Rh123 release, and
hence P-gp function by nanoparticles, is an interesting observation,
which might further increase the interest in nanoparticulate drug
delivery systems, particularly for the treatment of cancer and to
overcome biological barriers imposed by efflux pumps, such as
P-glycoprotein.
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D

Fig. 7. Visualisation of F-actin in plastic-grown A549 human alveolar epithelial cell layers after 5 days of culture. Cells were plated at a density of 3.5 x 10* cells per cm? and
cultured under liquid-covered culture conditions. Cells were fixed and labelled using TRITC-phalloidin (red), after being incubated with different nanoparticles (100 pg/ml)
for 30 min. (A) Control, (B) carboxylated nanoparticles 500 nm, (C) unmodified latex nanoparticles, (D) amine-modified nanoparticles and (E) sulphate-modified
nanoparticles. In (C) and (E), nanoparticles are visible due to their Texas-red label. Scale bars represent pm.
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