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1. Sequence Identities and Multiple Structural Alignment of the Studied Fluorescent Proteins

Table S1. Sequence identity percentages (%) between pairs of fluorescent proteins (FP variant) that
have been studied.

FP variant mEGFP  SBFP2 mTurquoise2 SYFP2 mKO2  TagRFP mCherry

mEGFP 100 97.1 96.7 97.1 27.5 25.3 29.5
SBFP2 97.1 100 98.3 97.9 27.5 25.3 29.5
mTurquoise2 96.7 98.3 100 97.5 27.5 24.9 29.5
SYFP2 97.1 97.9 97.5 100 28.4 25.8 30.4
mKO2 27.5 27.5 27.5 28.4 100 47.1 48.5
TagRFP 25.3 25.3 24.9 25.8 47.1 100 56.9
mCherry 29.5 29.5 29.5 30.4 48.5 56.9 100
1 1 2 2 3
mEGFP 20100 i »TT i >odo i >
1 10 20 30 €0 50
SBFP2 « [L{F TCVIV|P[T|L{VIE )V N| [ DA T Y[e]K|L, FICTT. .. .[gKLigVvP
mTurquoise2 «|L{F T|GV|V|P|Z|L|V|E BV N [e]DAT Y[elK|L| FIC|TT. .. .[eKLigvP
mEGFP « |[L{F T|GIV|V|P|T|L{VIE BV N| [ DA T Y[eK|L, FICITT. .. .[gKLigVP
SYFP2 « |[L{F T|GIV|V|P|T|L{VIE BV N| [ DA T Y[eK|L, LICITT. .. .[gKLigVvP
mKO2 S|V|I K|P|EMKMR[Y|Y] SV N| EGIAeTIER P YE[EHQEM TILRV|[TMAE Glg PMigF A
TagRFP  |...... « |1 I K[E|NMBEMEK|L|Y TAAY N K C T SjAelE[e€K P Y Efe T|Q| IRKVVIEG. .[gP|Ll{dF A
mCherry . EEDNMA|. |[I|T KE[F|MREK[VH SEAUCEIERE T ECifer[eR P YE[ETIO) LEV|IKG. .[gP[LigFra
n3 B5
mEGFP 0000 »TT
6 0 11 0
SBFP2 PT Ls YKTR] KFE[CD
mTurquoise2 PT LS YKTR| KFEGD
mEGFP PT LT YKTR| KFE(GD
SYFP2 PT LG YKTR KFE(GD
mKO2 DL|{VSHV|FC| ASVS|2AHI[SLR|GN
TagRFP DI F LTATIQDTSLQDG
mCherry DILSPQF VTVTIQDSSLODG
Bo B7 ne B8
129 139 149 159 169 179
SBFP2 NR T|E[L K T DR EDENT [|GlH KL E ¥ N[F|N S H[NV ¥[T|T[2 /K QK N| ANF HN Gieavye
mTurquoise?2 N|R T|E|LK{g T|Di@K E[DIEN|T [{GH K|LE Y N|Y|F S DNV Y|I|T|2 JKQKN| ANF HN| Glehife)
mEGFP N|R I|E[L K[ T Di@K E|D[EN|T T{GHK|LE Y N|Y|N S H|N[V Y|I[M|A DKQKN| VNF HN [clsvQ
SYFP2 N|R I|E[L K€ T Di@K E|D[EN| T T{GH KL E Y N|Y|N S H|N[V Y|T|T|A DKQKN| ANF HN Gleavte]
mKO2 F Y|H[K S|K|F Tl VNI P AD[EP|T MQINQISV . DIWEP S|TIEK|T|T|2 SD . . GVLE|GDV|TM Y|LK|L EG[EG NHK
TagRFP C L T|Y|NV|K|T Rle] VNl P S[N[e} |V MQK K|TL « GWEANT|EM[L|Y|/PAD . . GIGLEGRS|DMALK|L VGEGHI|
mCherry EF 1| YK VKL R{GTINIE P S|DIE PV MIQEEKITM . GWEAS|SERMY[PED . . GALKIGE IKQRLK|LKD[EGHY|D
Bo p10 B11 n7
189 199 209 219 229 239
SBFP2 HY[DONTP[T|GHG . [PVLLFDN TQSK| PNEKRDHMVLLEFV|T[AAaG
mTurquoise?2 HY[QQINTP|T|GD|G . |P V|L{Liz DN TQSK P N|E K|R DHM|V LiLiAF[V|T|2[A G|
mEGFP HY|QQNT P|T|GD|G . LLjgDN TQSK| P N|E K|R DHMV LILIF[V|T|2AG
SYFP2 HY|Q QN T P|T|G|D|G . [P V|L{LidD N| YQSK| P N|E K|R DHM|V LiLiAF[V|T|2[A G|
mKO2 CQOMK|T T|Y KAAK[E|. «|I LE[Mi4GD GHRLVRKTE|. « GNI|TE QVIAD|2|L|AH S|
TagRFP CNFK|T T|Y RS[K[K|PIA KN |K[M}{GV]Y Y VDHRLERIKEA . ETYVEQHIVIAVIARYICDL PSKL
mCherry VE|[TTIYKAKKL|. [P VQIHGAYNVNIKLD|ITSHN. YT IVEQYIHRAEGRHSTG

Figure S1. Multiple structural alignment of seven fluorescent proteins that were studied. Protein
structures were aligned using msTALI software [1]. The alignment was then manually adjusted and
drawn using ESPript 3.0 software [2]. Strictly conserved amino acid residues are shown with brown
background and similar amino acid residues are boxed and shown in green. The amino acid residues
forming the chromophore are indicated in bold letters. Secondary structure elements derived from
mEGFP (PDB entry 4EUL [3]) are depicted as arrows (representing (3-strands), coils (representing a-
and 3'%-helices), and TT letters (representing turns). The numbering is based on that of mEGFP.
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2. Fluorescent Protein Characteristics

Table 52 shows the characteristics of the studied fluorescent proteins (FPs). Next to the standard characteristics, some specific features for this article are
given, i.e., charge, monomeric quality and dissociation constant. The net charge of the FPs at pH 9.0 or pH 10.0 is given, which were calculated using the
software package PROPKA 3.1 [4, 5]. The monomeric qualities of more than 40 FPs were determined by Cranfill, et al. [6] For this, they fused FPs onto an
endoplasmic reticulum (ER) membrane protein (CytERM). If the FP formed homo-oligomers due to high effective concentrations, the ER configured from a
tubular network into an organized smooth ER whorl structure. The percentage of observed cells exhibiting an organized smooth ER whorl structure was
related to the monomeric quality of the FPs. The dissociation constants were determined by sedimentation equilibrium analytical ultracentrifugation
experiments. The A206K mutation introduced into yellow fluorescent protein (YFP) increased the dissociation constant from 0.11 to 74 mM [7]. This mutation
is present in SBFP2, mTurquoise2, mEGFP, and SYFP2, providing these proteins with dissociation constants of about 74 mM. Next to that, mTurquoise2 bears
the N146F mutation resulting in an increased dissociation constant [8]. The Kb of mKO?2 is not determined so far. The dissociation constants of TagRFP and
mCherry were investigated by Han, et al. [9]. For TagRFP a Ko of 0.038 mM was found and the Ko of mCherry was beyond the limit of their instrument.

Table S2. Properties of the studied fluorescent proteins (FP variant).

Monomeric

FP variant Aex (M) Aem (nm) EC M1cm?) QY pKka pl Chargec quality (%)¢ Ko (mM) Reference

SBFP2 380 446 34000 047 55 559 -89 nd 74.0%  Kremers, et al. [10]
mTurquoise2 434 474 30000 0.93 31 529  -11.30 93.8 >74.0%h  Goedhart, et al. [11]
mEGFP 488 507 56000 0.60 60 549 987 98.1 740t Yang, etal. [12]
SYFP2 515 527 101000 0.68 60 562 -9.75 nd 74.0%  Kremers, et al. [13]
mKO2 551 565 63800 0.62 55 548  -13.09 68.4 nd ffzaue'sawano’ etal,
TagREFP 555 584 100000 048 3.8 743  -10.35¢ 57.7 0.038  Merzlyak, et al. [15]
mCherry 587 610 72000 022 451103 570 -8.93 95.0 >0.050'  Shaner, et al. [16]

afrom Shaner, et al. [16], Pfrom Shu, et al. [17], “Charge based on PROPKA 3.1 results, determined at their respective pH value used for the experiments, ‘Value
determined at pH 10, from Cranfill, et al. [6], ffrom Zacharias, et al. [7], 8Value based on the presence of the A206K mutation, Mrom von Stetten, et al. [8], ifrom Han, et al. [9],
nd, not determined.
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3. Dynamic Light Scattering Results
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Figure S2. Dynamic light scattering composition results of (A) mTurquoise2 (mT2), (B) mEGEFP,
(C) SYFP2, (D) mKO?2, (E) TagRFP, and (F) mCherry with P2MVPu-b-PEOz20s (P41, light colored blocks)
and P2MVPus-b-PEOs77 (P128, dark colored circles) wherein the concentration of protein was kept
constant. Top graphs show scattered intensity as a function of the F* composition, and bottom graphs
show hydrodynamic radius as a function of the F* composition. Error bars show the distribution of

radii in one experiment.
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4. Fluorescence Correlation Spectroscopy Results
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Figure S3. Fluorescence correlation spectroscopy results the number of fluorescent particles measured
of all used FPs (except SBFP2) free in solution (darkest colored, left bars), and measured at the PMC
with P2MVPu-b-PEO2s (C3M_P41, light colored, middle bars) and P2MVPis-b-PEO4z (C3M_P128,
dark colored, right bars).
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5. Absorption Spectral Analysis

Absorption spectra were recorded on a Hewlett Packard 8453 diode array spectrophotometer in
10 mM borate buffer at pH 9.0 for SBFP2, mTurquoise2, mEGFP, SYFP2, mKO2, and mCherry and at
pH 10.0 for TagRFP at 20°C. Spectrophotometer settings were controlled using the UV-Visible
ChemStation software package (Hewlett Packard, Palo Alto, CA, USA). Samples with concentrations
of 1 uM FP were measured free in buffered solution as well as encapsulated with P2MVPu1-b-PEOz0s
and P2MVP1s-b-PEOu7 at their respective PMCs.
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Figure S4. Normalized absorption spectra of (A) SBFP2, (B) mTurqouise2 (mT2), (C) mEGFP, (D)
SYFP2, (E) mKO2, (F) TagRFP, and (G) mCherry for proteins free in solution (dashed lines) and
encapsulated proteins in C3Ms at their respective PMCs with P2MVPu-b-PEOz0s (P41, solid light
colored line) and P2MVPi2s-b-PEO477 (P128, solid dark colored line). The spectra are normalized to
those of the free proteins.
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6. Steady-State Fluorescence at Different pH Values

Fluorescence excitation and emission spectra were measured using a Cary Eclipse
spectrofluorimeter (Varian). Excitation and emission slits were set to yield bandwidths of 5 nm. All
measurements were performed at 20°C. A master buffer was used consisting of 20 mM sodium
phosphate, 20 mM citric acid, 10 mM glycine, and 150 mM NaCl adjusted to the desired pH by
addition of NaOH. Samples with concentrations of 1 uM FP at pH 5.2, 7.1, 9.0, and 10.0 were

measured.
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Figure S5. Normalized fluorescence excitation and emission spectra of (A) SBFP2, (B) mTurqouise2,
(C) mEGFP, (D) SYFP2, (E) mKO2, (F) TagRFP, and (G) mCherry in solutions with different pH
values. The spectra are colored according to the FP at the respective pH: pH 9.0 for SBFP2,
mTurqouise2, mEGFP, SYFP2, mKO2, and mCherry and pH 10.0 for TagRFP. Spectra are normalized
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7. High Tension Graphs Related to the Far-UV CD Spectra
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Figure S6. High tension (HT) signals of free fluorescent proteins (dashed lines) and encapsulated with
P2MVPu1-b-PEO20s (P41, solid light colored line) and P2MVPi2s-b-PEOu477 (P128, solid dark colored line)
belonging to the far-UV CD spectra in Figure 6: (A) SBFP2, (B) mTurquoise2 (mT2), (C) mEGFP, (D)
SYFP2, (E) mKO2, (F) TagRFP, and (G) mCherry.
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8. Sequence Alignment of All Fluorescent Proteins with Their Protein Data Bank Entries

10 20 30 40 50 60
SBFP2 VSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTL

1BFP MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTL
10 20 30 40 50 60

70 80 90 100 110 120
SBFP2 VTTLSHGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLV

1BFP VITFSHGVQCFSRYPDHMKRHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLV
70 80 90 100 110 120

130 140 150 160 170 180
SBFP2 NRIELKGIDFKEDGNILGHKLEYNFNSHNVYITADKQKNGIKANFKIRHNIEDGGVQLAD

1BFP NRIELKGIDFKEDGNILGHKLE YNFNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLAD
130 140 150 160 170 180

190 200 210 220 230
SBFP2 HYQONTPIGDGPVLLPDNHYLSTQSKLSKDPNEKRDHMVLLEFVTAAGITLGMDELYK

1BFP HYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK
190 200 210 220 230

Figure S7. Pairwise sequence alignment of SBFP2 with the template 1BFP generated by lalign [18]. The
identical (double points) and similar (single point) residues are highlighted.

10 20 30 40 50 60
mT2 MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPT

3ZTF MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPT

10 20 30 40 50 60
70 80 90 100 110 120
mT2 LVTTLSWGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTL

3ZTF LVTTLSWGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTL

70 80 90 100 110 120
130 140 150 160 170 180
mT2 VNRIELKGIDFKEDGNILGHKLEYNYFSDNVYITADKQKNGIKANFKIRHNIEDGGVQLA

3ZTF VNRIELKGIDFKEDGNILGHKLEYNYFSDNVYITADKQKNGIKANFKIRHNIEDGGVQLA

130 140 150 160 170 180
190 200 210 220 230
mT2 DHYQONTPIGDGPVLLPDNHYLSTQSKLSKDPNEKRDHMVLLEFVTAAGITLGMDELYK

3ZTF DHYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYK
190 200 210 220 230

Figure S8. Pairwise sequence alignment of mTurquoise2 (mT2) with the template 3ZTF generated by
lalign [18]. The identical (double points) and similar (single point) residues are highlighted.
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10 20 30 40 50 60
MEGFP MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPT
4EUL MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPT
10 20 30 40 50 60

70 80 90 100 110 120
mMEGFP LVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTL

4EUL LVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTL
70 80 90 100 110 120

130 140 150 160 170 180
MEGFP VNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLA
4EUL VNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLA
130 140 150 160 170 180

190 200 210 220 230
mEGFP DHYQQONTPIGDGPVLLPDNHYLSTQSKLSKDPNEKRDHMVLLEFVTAAGITLGMDELYK

4EUL DHYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYK
190 200 210 220 230

Figure S9. Pairwise sequence alignment of mEGFP with the template 4EUL generated by lalign [18].
The identical (double points) and similar (single point) residues are highlighted.

10 20 30 40 50 60
SYFP2 MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKLICTTGKLPVPWPT
IMYW MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKLICTTGKLPVPWPT
10 20 30 40 50 60

70 80 90 100 110 120
SYFP2 LVTTLGYGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTL

IMYW LVTTLGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTL
70 80 90 100 110 120

130 140 150 160 170 180
SYFP2 VNRIELKGIDFKEDGNILGHKLEYNYNSHNVYITADKQKNGIKANFKIRHNIEDGGVQLA
IMYW VNRIELKGIDFKEDGNILGHKLEYNYNSHNVYITADKQKNGIKANFKIRHNIEDGGVQLA
130 140 150 160 170 180

190 200 210 220 230
SYFP2 DHYQONTPIGDGPVLLPDNHYLSYQSKLSKDPNEKRDHMVLLEFVTAAGITLGMDELYK
IMYW DHYQONTPIGDGPVLLPDNHYLSYQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK
190 200 210 220 230

Figure S10. Pairwise sequence alignment of SYFP2 with the template IMYW generated by lalign [18].
The identical (double points) and similar (single point) residues are highlighted.
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10 20 30 40 50 60
mKO2 SVIKPEMKMRYYMDGSVNGHEFTIEGEGTGRPYEGHQEMTLRVTMAEGGPMPFAFDLVSH

27ZMU SVIKPEMKMRYYMDGSVNGHEFTIEGEGTGRPYEGHQEMTLRVTMAKGGPMPFAFDLVSH
10 20 30 40 50 60

70 80 90 100 110 120
mKO2 VFCYGHRVFTKYPEEIPDYFKQAFPEGLSWERSLEFEDGGSASVSAHISLRGNTFYHKSK

27ZMU VFCYGHRPFTKYPEEIPDYFKQAFPEGLSWERSLEFEDGGSASVSAHISLRGNTFYHKSK
70 80 90 100 110 120

130 140 150 160 170 180
mKO2 FTGVNFPADGPIMONQSVDWEPSTEKITASDGVLKGDVTMYLKLEGGGNHKCOMKTTYKA

27ZMU FTGVNFPADGPIMONQSVDWEPSTEKITASDGVLKGDVTMYLKLEGGGNHKCQFKTTYKA
130 140 150 160 170 180

190 200 210 220
mKO2 AREILEMPGDHY IGHRLVRKTEGNITEQVEDALAHS

27ZMU ARKILKMPGSHYISHRLVRKTEGNITELVEDAVAHS
190 200 210

Figure S11. Pairwise sequence alignment of mKO2 with the template 2ZMU generated by lalign [18].
The identical (double points) and similar (single point) residues are highlighted.

10 20 30 40 50 60
TagRFP MVSKGEELIKENMHMKLYMEGTVNNHHFKCTSEGEGKPYEGTQTMRIKVVEGGPLPFAFD

3M22 MVSKGEELIKENMHMKLYMEGTVNNHHFKCTSEGEGKPYEGTQTMRIKVVEGGPLPFAFD
10 20 30 40 50 60

70 80 90 100 110 120
TagRFP ILATSFMYGSRTFINHTQGIPDFFRKQSFPEGFTWERVTTYEDGGVLTATQDTSLODGCLI

3M22 ILATSFMYGSRTFINHTQGIPDFFKQSFPEGFTWERVTTYEDGGVLTATQDTSLQDGCLI
70 80 90 100 110 120

130 140 150 160 170 180
TagRFP YNVKIRGVNFPSNGPVMOQKKTLGWEANTEMLYPADGGLEGRSDMALKLVGGGHLICNFKT
3M22 YNVKIRGVNFPSNGPVMOQKKTLGWEANTEMLYPADGGLEGRSDMALKLVGGGHLICNFKT
130 140 150 160 170 180

190 200 210 220 230
TagRFP TYRSKKPAKNLKMPGVYYVDHRLERIKEADKETYVEQHEVAVARYCDLPSKLLYK

3M22 TYRSKKPAKNLKMPGVYYVDHRLERIKEADKETYVEQHEVAVARYCDLPSKLGHK
190 200 210 220 230

Figure S12. Pairwise sequence alignment of TagRFP with the template 3M22 generated by lalign [18].
The identical (double points) and similar (single point) residues are highlighted.
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mCherry

2H5Q

mCherry

2H5Q

mCherry

2H5Q

mCherry

2H5Q

Figure S13. Pairwise sequence alignment of mCherry with the template 2H5Q generated by lalign

10 20 30 40 50 60
MVSKGEEDNMATITKEFMRFKVHMEGSVNGHEFE IEGEGEGRPYEGTQTAKLKVTKGGPLP

MVSKGEEDNMATITKEFMRFKVHMEGSVNGHEFE IEGEGEGRPYEGTQTAKLKVTKGGPLP
10 20 30 40 50 60

70 80 90 100 110 120
FAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLQD

FAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLQD
70 80 90 100 110 120

130 140 150 160 170 180
GEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGALKGE IKQRLKLKDGGHYDA

GEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGALKGE IKQRLKLKDGGHYDA
130 140 150 160 170 180

190 200 210 220 230
EVRKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK

EVRKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK
190 200 210 220 230

[18]. The identical (double points) and similar (single point) residues are highlighted.
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