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Virus Modification and Characterization

The efficiency of labelling in the BMV-OG conjugates was estimated with the help of UV-

Visible absorption spectroscopy.1 The average number of chromophores were calculated using

a molar extinction coefficient value of ε = 33,641 cm−1M−1 for Oregon green NHS ester at

496 nm in buffer at pH 4.6.

Figure S1: Steady state UV-Visible absorption spectra of BMV-OGs normalized at 260 nm.
The legends show varying number of chromophores per virus in average. The absorbance
spectra of free dye and wtBMV is also depicted for comparison.
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Figure S2: A) Coomassie stained native agarose gel for wtBMV ( Lane 1 and 2- 0.5 and
0.25 mg/mL, respectively), BMV capsid protein (Lane 3 and 4 – 0.5 and 0.25 mg/mL) and
BMV-OG with 220 dyes/virus(Lane 5 and 6 -0.3 and 0.15 mg/mL). There is a noticeable
difference in electrophoretic mobility between wtBMV and OG-BMV which is interpreted as
due to a difference in surface charge. B) Box and whiskers plot representing the normalized
fluorescence counts to incident laser power from TIRF microscopy for BMV-OGs with 74,
112, 176 and 300 dyes/virus. The fluorescence intensity is quenched at higher dye numbers,
consistent with the steady state fluorescence results from Tsvetkova et al .1
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Enzymatic digestion and LC-MS/MS results

The enzymes employed for proteolytic digestion of BMV capsid protein2 are trypsin, chy-

motrypsin and proteinase K(PK). The tryptic and chymotryptic cleavage sites are shown in

Figure. S3 and S4. PK can digest proteins adjacent to the carboxyl group of aliphatic and

aromatic amino acids.

Figure S3: Tryptic cleavage sites (labelled in red) for BMV capsid protein

Figure S4: Chymotryptic cleavage sites (labelled in red) for BMV capsid protein

Figure S5: Extracted ion chromatogram of peptide mixture containing equal amount of
RVVPV and OG488 labelled peptide. The OG488 label prolongs the peptide retention time.
The peak area of labelled peptide is 20% smaller than the one of unlabeled peptide, indicating
the OG488 label may change the extent of peptide ionization.
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Limited Proteolysis of BMV-OGs

Figure S6: MALDI-TOF analysis of peptides released from BMV-OG samples after trypsin
treatment for short time intervals: A) 56, B) 132, C) 231, D) 292 dyes/virus respectively.
The masses and the identity of labelled ions can be seen in Table 4 of the main document
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Figure S7: TEM image of particles after digestion: A) wtBMV, BMV-OGs with different
dye numbers B) 56, C) 132, D) 231, E) 264, F) 292
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Figure S8: Coomassie-stained SDS-PAGE gel of A) wtBMV: Lane 1- Untreated; Lane 2 and
3- Trypsinated BMV for 5 and 10 mins respectively, B) BMV-OGs: Lane 1 and 6- Untreated
BMV-OGs; Lane 2,3,4,5,7 - Trypsinated BMV-OGs with 56, 132, 231, 264 and 317 dyes
numbers. Prestained ladder is also shown at the leftmost end for each figure.

Figure S9: UV–Vis absorption spectra of BMV-OG before and after proteolytic digestion.
The absorbance value at 500 nm (OG emission peak) dropped after the trypsin treatment
(depicted by dashed lines). Spectra are normalized at 260 nm - the peak of protein absorption
band.
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cBMV mutant Modification and Characterization

Figure S10: UV-Visible absorption spectra of cBMV-OG normalized at 260 nm. The average
number of chromophores were calculated using a molar extinction coefficient value of ε =
65,000 cm−1M−1 for Oregon green maleimide at 496 nm, in buffer at pH 6. The legend shows
the average number of chromophores per virus. B) TEM of cBMV-OG particles.

Table S1: HPLC gradient used for peptide LC-MS/MS

Mobile phase A: 0.1% formic acid + 99.9% water

Mobile phase B: 0.1% formic acid + 19.9% water + 80% acetonitrile
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Table S2: Tryptic peptides, retention time(RT) and their corresponding masses- wtBMV
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Table S3: Chymotryptic peptides, retention time and their corresponding masses- wtBMV.
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Table S4: Proteinase K peptides, retention time and their corresponding masses- wtBMV.
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Table S5: Peptides modified with OG dye generated from eznzymes A) Trypsin, B) Chy-
motrypsin
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Table S6: Peptides modified with OG dye generated from Proteinase K enzyme

Table S7: Tryptic peptides modified with SMTA at pH6

S13



Table S8: Chymotryptic peptides modified with SMTA at pH6

Table S9: Tryptic peptides modified with SMTA at pH8
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Table S10: Chymotryptic peptides modified with SMTA at pH8
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Computational Section Results

Figure S11: MD simulation results for A chains. (a) Average Cα RMSF over sixty copies
of chain A. Axis shown on the left for highly flexible residues 1 to 39, and on the right for
remaining residues. Lysines are highlighted according to the color scheme used in Fig. 2.
(b) Average solvent accessible surface area for each lysine, calculated with a probe radius of
1.4 Å. (c) Average dye accessible surface area for each lysine, calculated with a probe radius
of 5.0 Å. (d) Percentage of trajectory frames in which each lysine was involved in hydrogen
bonds and/or salt bridges. Averages were calculated over 4.5 microseconds of cumulative
simulation sampling. Error bars represent standard deviation.
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Figure S12: MD simulation results for B chains. (a) Average Cα RMSF over sixty copies
of chain B. Axis shown on the left for highly flexible residues 1 to 39, and on the right for
remaining residues. Lysines are highlighted according to the color scheme used in Fig. 2.
(b) Average solvent accessible surface area for each lysine, calculated with a probe radius of
1.4 Å. (c) Average dye accessible surface area for each lysine, calculated with a probe radius
of 5.0 Å. (d) Percentage of trajectory frames in which each lysine was involved in hydrogen
bonds and/or salt bridges. Averages were calculated over 4.5 microseconds of cumulative
simulation sampling. Error bars represent standard deviation.
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Figure S13: MD simulation results for C chains. (a) Average Cα RMSF over sixty copies
of chain C. Axis shown on the left for highly flexible residues 1 to 39, and on the right for
remaining residues. Lysines are highlighted according to the color scheme used in Fig. 2.
(b) Average solvent accessible surface area for each lysine, calculated with a probe radius of
1.4 Å. (c) Average dye accessible surface area for each lysine, calculated with a probe radius
of 5.0 Å. (d) Percentage of trajectory frames in which each lysine was involved in hydrogen
bonds and/or salt bridges. Averages were calculated over 4.5 microseconds of cumulative
simulation sampling. Error bars represent standard deviation.
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Table S11: Lysine salt bridge interactions observed during MD simulations.

Lysine Salt bridge partner Type of interaction*
K41 D139 Inter

E33 Inter
K44 D139 Inter

D181 Inter
D182 Inter

K53 E172 Intra
E55 Intra
E76 Inter

K64 E160 Intra
K81 D139 Inter

E110 Inter
E76 Intra
E80 Intra

K83 D148 Inter
E80 Intra
E84 Intra

K86 E174 Intra
E84 Inter/Intra

K105 D127 Intra
K111 E80 Inter
K130 D127 Intra

E131 Inter
K165 D59 Intra

E116 Inter
*Inter = The residues involved in the salt bridge are in different subunits A, B or C.

*Intra = The residues involved in the salt bridge are in the same subunit A, B or C.
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