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Calculation and interpretation of FRET efficiency of FRET NP 0.8:1

The actual highest Errer was calculated from the decrease in the Cy3 fluorescence
intensity at Aexem=555/570 nm of a suspension of FRET NP 0.8:1, relative to that of a sus-
pension of Pep-Cy3 NP (with 0.7% loading of Pep-Cy3) at a concentration of 0.5 mg/mL
in PBS at room temperature (equation 1 [1,2]):

I
Eppgr = 1— I—L;/ (1)

in which I'pa and Ip are the normalized donor fluorescence (Cy3) intensities at
Aextem=555/570 nm in the presence and absence of the acceptor (Cy5), respectively. Ipa is
the donor (Cy3) fluorescence intensity at Aevem=555/570 nm of FRET NP 0.8:1 (1757 A.U.)
that was normalized by subtraction of the background signal of 9 wt% PLGA-Cy5 NP (98
A.U.). The donor (Cy3) fluorescence intensity Ip (4832 A.U.) was obtained from the 1 wt%
Pep-Cy3 NP, however these have a lower loading of Pep-Cy3 (0.3%) than that of the FRET
NP 0.8:1 (0.7%). Therefore, we had to correct for this difference and multiplied the meas-
ured fluorescence intensity Ip by a factor of 0.7/0.3. These normalizations result finally in
the following calculation (equation 2):

IFRET NP 0.8:1~lo%,PLGA-Cy5 NP 1757-98
7 - = o = 0.87 or 87%,

Eprpr =1- Tron Pen—Cys NpX —CERETNPOS1 — 4837x%7 (2)
o Fep=ty LC19 Pep—Cy3 NP 03

Concluding from this, the encapsulation efficiency of Pep-Cy3 is sufficient to obtain a high
FRET efficiency (87%) in the dual labeled FRET NP 0.8:1 dispersed in PBS (pH 7.4). The
observed FRET fluorescence is contributed to the large spectral overlap of the selected
Cy3-Cyb5 pair as donor and acceptor, respectively. The large spectral overlap integral | (1)
is calculated from the integral of the normalized donor Cy3 emission intensity
Ip(J Ip dA = 1), multiplied by the extinction coefficient of the acceptor Cy5 ¢, (25,000
mol’cm ) [3] and by the wavelength to fourth power according to the equation 3[1].

J(A) = [ Ipeadt d2, 3)

The observed Forster distance (Ro) is defined as the separation distance between the donor
and acceptor that corresponds to 50% FRET efficiency and is calculated with equation 4

[4].
Ro= 0.0211(x2®p n4] (A)16, )
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Herein, ¥2=2/3 is the FRET orientation factor [5], n = 1.445 is the refractive index of PLGA
[6], o= 0.15 is the donor Cy3 quantum yield [3] and ] (1) (for FRET pair Cy3/Cy5) is
calculated as 7.6 x 10 M- cm™ nm* using equation (1). Thus, Ro is equal to 50 A (5.0 nm).
Practically, efficient non-radioactive energy transfer only occurs when the separation dis-
tance between the acceptor and donor is within the range between 0.5-1.5 Ro (FOrster dis-
tance) (2.5-7.4 nm) [3,7]. In conclusion, the occurrence of FRET indicates a proximity (be-
tween 2.5-7.4 nm) between the donor and acceptor dyes in the PLGA nanoparticles.

Forster distance (Ro) of 5 nm is the separation distance of D (Cy3) and A (Cy5) in
PLGA NP, when assuming a FRET efficiency (Eerer) of 50%. However, the actual Errer was
87% as calculated by using equation 3. Therefore, the actual dye pair distance is smaller.
Indeed, the energy transfer mediated by dipole-dipole interactions by the donor and ac-
ceptor dye is highly dependent on the separation distance (r), and depends on the Forster
distance Ro as expressed by equation 5 [1,3]:

1
Epgpr = TRLO)(” 5)

Therefore, from equation 1 and the previously calculated Errer (87%) and Ro (5.0 nm), the
actual average separation distance (r) between the donor (Cy3) and acceptor (Cy5) in the
FRET NP 0.8:1 is 3.6 nm, which is again between 0.5-1.5 Ro (Forster distance, 2.5-7.4 nm)
to allow occurrence of FRET signal.

Thus, we can conclude that dual labeled FRET nanocarriers of ~250 nm at a D/A ratio of
0.56:1 enables efficient non-radioactive energy transfer from the Cy3 labeled Peptide to
the Cy5 labeled PLGA NP matrix with a close average proximity between Cy3 and Cy5 of
3.6 nm.
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Supplemental tables
Supplemental Table S1. Cy3 fluorescence intensity of 1 mg/mL 2% Pep-Cy3 NP in RPMI 1640 me-
dium before and after filtration with 0.2 pm RC membrane syringe filter.
NP suspension FI'-Cy3
at kex/em: 555/570 nm (AU)
Non-filtered Filtered FI ratio of Filtrated NP? (mg/mL)
Filtered/Non-filtered
2% Pep-Cy3 NP 9006 1071 0.12 0.12

! FI: Fluorescence intensity

. m Flg AU,
2 Concentrationgjrered NP (—g) = —reedlE R fttered e (A-U)

mg Flfiitered np (A-U.) mg
mL X 1(mL

X Concentrationyon—filtered NP (—) ==

mL

non-filtered NP(A-U-) non—filtered NP(A-U-)
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Supplemental Table S2.2 Cy3, Cy5 and FRET fluorescence intensity of 0.5 mg/mL 1% Pep-Cy3 NP, 9% PLGA-Cy5 NP and FRET NP 0.8:1 in RPMI

1640 medium before and after filtration with 0.2 um Regenerated Cellulose membrane syringe filter.

NP FI+-Cy3 FI-Cy5 FI-FRET Loaded
Pep-Cy3 in
suspension at Aexiem = 555/570 nm at Aeem = 646/662 nm at Aextem = 555/662 nm .
the filtra-
FI (A.U.) FI Ratio of Fil- Filtered FI (A.U.) FI Ratio of Fil-  Filtered NP FI (A.U.) FI Ratio of Filtered tions
tered/Non-fil- NP tered/Non-fil- (mg/mL) Fil- NP (ug/mL)
Non- Fil- Non-fil- Filtered Non-  Filtered
on ! tered (mg/mL) on-it Here tered on Here tered/Non- (mg/mL)
fil- tered tered fil-
i ere ere ! filtered
tered tered
1% Pep-Cy3 NP 1839 1084 0.59 0.30 - - - - - - - - 0.9
9% PLGA-Cy5 NP - - - - 10000 1007 0.10 0.05 - - - - -
FRET NP 0.8:1 2346 620 0.26 0.13 10000 5583 0.56 0.28 2752 750 0.27 0.14 0.9

2 Cy5 fluorescence intensity of PLGA-Cy5 and FRET NP before filtration exceeded the maximum of 10,000 A.U. that can be measured by our machine.
Measured FI-Cy5 of filtered FRET NPs was 5,583 A.U., showing loss of NPs by filtration. Indeed, from Cy3 and FRET fluorescence data (see Table)
it can be concluded that just 26-27% of FRET NPs remained after filtration. Therefore, the Cy5 fluorescence intensity of the stock suspension before
filtration was expected to have been 5,583/0.265=21,068 A.U. It is assumed that the stock suspension of PLGA-Cy5 NPs would have given the same
FI of 21,068 A.U. as for the FRET NPs, since both contained the same amount of Cy5 labeled polymer. After filtration of the PLGA-Cy5 NPs we
measured 1007 A.U., which would suggest that only 5% remained after filtration, which is equal to 0.03 mg/mL.

t FI: Fluorescence intensity

§ Concentrationygaded pep-cys3 (ﬁ) = Concentrationgjtered Np (m—ﬁ) X Loading capacitypep_cy3 (%) X 1000
ok : mg. Flfiltered Np(A.U.) . mg Flfiltered np (AU mg
Concentration ¢ —)= ———==——"— X Concentration,g,_g; — ) =—— % 0.5 (=
filtered NP (mL) Flnon—filtered NP(A-U-) non—filtered NP mL Flnon—filtered NP (A-U-) (mL
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Supplemental Figure S1. Concentration dependent fluorescence intensity of (A) 1.5-7% PLGA-Cy5 NPs at Aexvem=646/662 nm and 0.1-2% Pep-Cy3
NPs Aex/em=555/570 nm in PBS.
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Supplemental Figure S2. Mean NP size (A) and polydispersity index (PDI) (B) of empty PLGA NP incubated in different media at 37 °C over 336 h
as determined by Zetasizer Nano S. Data are presented as mean+SEM, and SEM is derived from 3 different measurements of one sample.
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Supplemental Figure S3. Fluorescence spectra obtained after 0 h (top) and 6 h (bottom) at Aexem=555/570-900 nm of 0.2 mg/mL 1% Pep-Cy3 NP, 9%
PLGA-Cy5 NP and FRET NP 0.8:1 (1% Pep-Cy3:9% PLGA-Cy5) incubated at 37 °C in (A) PBS (pH 7.4), (B) in FaSSGF (pH 1.6) with pepsin and (C)
in FaSSGF (pH 1.6) without pepsin for 0 and 6 h.
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Medium 9% PLGA-Cy5 NP 1% Pep- NP FRET NP 0.8:1 Free Pep-

2h

96 h

144 h

Supplemental Figure S4. Cellular images of internalized fluorescent nanoparticles and free Pep-Cy3 by murine DC 2.4. According to the scheme of
Figure 8A, cells were washed and live imaged over 144 h after 2.5 h-incubation of DC 2.4 cells with medium, 9% PLGA-Cy5 NP, 1% Pep-Cy3 NP,
FRET NP 0.8:1 (1% Pep-Cy3:9% PLGA-Cy5) or 1 pug/mL free Pep-Cy3. Shown are representative merged confocal fluorescence microscopy images
(B) of nuclei (Hoechst, blue, Aex=405+5 nm), Cy3 (orange, Aex=561+2 nm), Cy5 (red, Aex=640+4/-5 nm) and FRET (Aex=561+2 nm) taken at (A) 2, (B) 24,
(C) 96 and (D) 144 h after the washing step, bars indicate 10 pm.
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Supplemental Figure S5. Intracellular localization of FRET NP after internalization by DC 2.4 cells. According to the scheme of Figure 8A, DC 2.4
cells were incubated with FRET NP 0.8:1 (1% Pep-Cy3:9% PLGA-Cy5) for 2.5 h and subsequently washed. Shown are representative confocal fluo-
rescence microscopy images of DC 2.4 cultured with FRET NP at (A) 2, (B) 24, (C) 96 and (D) 144 h after the washing step respectively, bars indicate
10 pm. Colocalizations of Cy3 (orange, Aex=561+2 nm), Cy5 (red, Ae=640+4/-5 nm) and FRET (purple, Ae=561+2 nm) fluorescence are indicated with
the yellow arrows and numbers.
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