Supporting information

Virus like particle display of Vibrio cholerae O-specific polysaccharide as a
potential vaccine against cholera

Zahra Rashidijahanabad,?> Meagan Kelly,> Mohammad Kamruzzaman?, Firdausi Qadri#, Taufiqur
R. Bhuiyan® Hunter McFall-Boegeman,? Di Wu,® Grzegorz Piszczek,”> Peng Xu,®" Edward T.

Ryan,? 7.8 Xuefei Huang'%%"

'Department of Chemistry, Michigan State University, East Lansing, Michigan 48824, United
States

2Institute for Quantitative Health Science and Engineering, Michigan State University, East
Lansing, Michigan 48824, United States

3Division of Infectious Diseases, Massachusetts General Hospital, Boston, Massachusetts 02114,
United States

4International Centre for Diarrheal Disease Research Bangladesh (icddr,b), Dhaka 1212,
Bangladesh

>Biophysics Core Facility, National Heart, Lung, and Blood Institute, National Institutes of
Health, Bethesda, Maryland 20892, United States

SLaboratory of Bioorganic Chemistry, National Institute of Diabetes and Digestive and Kidney
Diseases, National Institutes of Health, Bethesda, Maryland 20892, United States

'Department of Medicine, Harvard Medical School, Boston, Massachusetts 02115, United
States

8Department of Immunology and Infectious Diseases, Harvard T.H. Chan School of Public
Health, Boston, Massachusetts 02114, United States

*Department of Biomedical Engineering, Michigan State University, East Lansing, Michigan
48824, United States

*Email: xup3@nih.gov; etryan@mgh.harvard.edu; huangxu2@msu.edu

S1



Table of Contents

Scheme S1. QB conjugation to lactose squarate 3. S3
Figure S1. SELDI-TOF MS result of the conjugation of Q and lactose S3
Figure S2. The SDS-PAGE of different samples S4
Figure S3. SELDI-TOF MS result of conjugation of Qp to OSP S4
Figure S4. The MP result of QB triple mutant A38K/A40C/D102C S5
Figure S5. The MP result of QB WT mutant without RNA S5
Figure S6. The MP result of QB WT mutant without RNA a) before and b) after QB conjugation

to lactoside 3 S6
Figure S7. Mass spectrum of wild-type QB without RNA S6
Figure S8. Mass spectrum of wild-type QB without RNA after conjugation to lactoside S7

Figure S9. SELDI-TOF MS result of wild type QB without RNA before and after conjugation to

lactoside S7
Figure S10. Sequence coverage of wild type QB conjugated with lactoside 3 S8
Table S1. TIC from sequencing of wild type QB conjugated with lactoside 3 S8

S2



O O‘(“))LN/\/N OMe
by
3 (0] (0]

Scheme S1. Qf conjugation to lactose squarate 3. a) 0.5M pH 7.0 phosphate buffer, r.t., 3h,
76%; b) 0.5M borate buffer, pH 9.0, r.t., 20 h for x = 810 (14 eq 3 per QB monomer); 92 h for x =
1,440 (20 h at 14 eq 3 per QB monomer followed by another 72 h with 28 additional eq of 3).
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Figure S1. SELDI-TOF MS result of the conjugation of QB triple mutant A38K/A40C/D102C and
lactose squarate 3. a) QB before conjugation, b) 14 eq of 3 was added to QB and the reaction
mixture was incubated for 20h, c) An additional 14eq of 3 was added to reaction and incubated
for 72h. The mass difference between the peaks corresponds to the addition of a lactose
squarate with MW of 577 Da. The average loading was calculated based on the ratio of the sum
of respective antigen number of each peak multiplied by their intensity to the total intensity of
all peaks.
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Figure S2. The SDS-PAGE of different samples under non-reducing (Lanes 1-5) and reducing
(Lanes 8-12) conditions. Lanes 1, 12: molecular weight ladder; lanes 2, 11: unconjugated Qp;
lanes 3, 10: QP-lactose conjugate; lanes 4, 9: QB-OSP conjugate; lanes 5, 8: BSA. The Qf
monomer and dimer appeared at 14KDa and 28KDa under the reducing condition. The band
corresponding to the Qp-lactose 5 monomer shifted to about 19 kDa after conjugation,
corresponding to the addition of about 8 lactoses per monomer. QB-OSP conjugate showed up
as a smear at higher MW on the gel.
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Figure S3. SELDI-TOF MS results of conjugation of a) wild type QB or b) mutant Qf to squarate-
OSP. The broad weak peak could be observed at ~20 KDa for QB-OSP conjugates, which
correlated to conjugate 6 with 1 copy of OSP loaded.
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Figure S4. The MP result of QB triple mutant A38K/A40C/D102C. The same QB sample which
was measured several times over time of this study showed a decrease of the MW. The right
peak shifted from 2696 KDa in (a) to 2544KDa (b) and 2387KDa in (c).
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Figure S5. The MP result of QB without RNA. The measurement of Qf3 sample without RNA was
repeated after three months. The MW of right peak was 2388 KDa in (d) and 2443 KDa in (e)
respectively.
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Figure S6. The MP result of wild-type QB without RNA f) before and g) after conjugation with
lactoside 3. The right peak shifted from 2,443 KDa to 3,249 KDa, which suggests the conjugation
of about 7 lactosides per QB monomer on average.
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Figure S7. Mass spectrum of wild-type QB3 without RNA.
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QB-lactose
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Figure S8. Mass spectrum of wild-type QB without RNA after conjugation to lactoside. The
average loading of lactoside is 6 per QB3 monomer.
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Figure S9. SELDI-TOF MS result of a) wild type QB without RNA or b) wild type QB without RNA
conjugated to compound 3. The average loading of lactoside is about 6 per QB monomer.
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Qbeta (100%), 14,254.0 Da
seq |
18 exclusive unique peptides, 41 exclusive unique spectra, 185 total spectra, 128/133 amino acids (96% coverage)

MAKLETVTLG NIGKDGKQTL VLNPRGVNPT NGVASLSQAG AVPALEKRVT
VSVSQPSRNR KNYKVQVKIQ NPTACTANGS CDPSVTRQAY ADVTFSFTQY
STDEERAFVR TELAALLASP LLIDAIDQLN PAY

Figure S10. Sequence coverage of wild type QB conjugated with lactoside 3, from MS sequencing
following trypsin digestion. AA found in sequencing are highlighted yellow, AA modified with lactoside 3
are highlighted green. Alanine functionalization was on the N-terminus. Sequence coverage was 96%.

. . . SUM TIC of Peptides SUM TIC of All Peptides . . Ave. Number of Lactoside 3/Capsid
Conjugation Site . . . N % Functionalized N
Containing Modified AA Containing Indicated AA Each AA Contributes
[ - | [ - | [~ | [ - |

N-Terminus 1211768.95 159180.95 13.1 23.6
K3 1211768.95 551373.41 45.5 81.9
K14 221370.02 179417.34 81.0 145.9
K17 5360909.39 4860382.58 90.7 163.2

K47 442203.76 4234.08 1.0 1.7
K61 19769.33 17206.6 87.0 156.7
K64 57881.63 57881.63 100.0 180.0
K68 137070.3 137070.3 100.0 180.0
Ave. # of Lat.:t05|de 933.0

3/capsid
Ave. # of Lactoside
5.2
3/monomer

Table S1. TIC from sequencing of wild type QB conjugated with lactoside 3, from MS sequencing
following trypsin digestion. The functionalization percentage was calculated based on the ratio of TIC of
glycan modified peptide over the sum of TIC corresponding to all peptides containing the amino acid
residues.
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