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fHbp, ID Sequence

15 CSSGGGGSGGGGVAADIGAGLADALTAPLDHKDKGLKSLTLEDSISONGTLTLSAQGAER 60
14 e CSSGGGGVAADIGAGLADALTAPLDHKDKSLOSLTLDOSVRKNEKLKLAAQGAEK 55
10 - CSSGGGGVAADIGAGLADALTAPLDHKD QSLMLDQSVRKNEKLKLAAQGAEK 55
i 2 — CSSGGGGVAADIGAGLADALTAPLDHKDKSLOSLTLDOSVRKNEKLKLAAQGAEK 55
3 1 J—— CSSGGGGVAADIGAGLADALTAPLDHKDKGLOSLTLDOSVRKKEKLKLAAQGAEK 55
37 e CSSGGGGVAADIGAGLADALTAPLDHKDKGLOSLMLDOSVRKNEKLKLAAQGAEK 55
4 L e CSSGGGGVAADIGAGLADALTAPLDHKDKSLOSLTLDOSVRKNEKLKLAAQGAEK 55
110 ——-—- CSSGGGGVAADIGAGLADALTAPLDHKDKGLOSLTLDOSVRKNEKLKLAAQGAEK 55
[ Y A — CSSGGGGVAADIGAGLADALTAPLDHKDKGLOSLTLDOSVRKNEKLKLAAQGAEK 55
144 ——ee- CSSGGGGVAADIGAGLADALTAPLDHKDKSLOSLTLDOSVRKNEKLKLAAQGAEK 55
LKk kkkkkkkkhhkkhkkhkkkhkhkkkhk K*okk K*gaoks 33 Kk Kekkkkkg
15 TFKAGDKDNSLNTGKLKNDKISRFDFIRQIEVDGOLITLESGEFQVYKQSHSALTADTE 120
14 TYGNGD---SLNTGKLKNDKVSRFDFIRQIEVDGOLITLESGEFQVYKQSHSALTALOTE 112
10 TYGNGD---SLNTGKLKNDKVSRFDFIRQIEVDGKLITLESGEFQVYKQSHSALTALOTE 112
12 TYGNGD---SLNTGKLKNDKVSRFDFIRQIEVDGOLITLESGEFQVYKQSHSALTALOTE 112
215 TYGNGD---SLNTGKLKNDKVSRFDFIRQIEVDGOLITLESGEFQVYKQSYSALTALOTE 112
37 TYGNGD---SLNTGKLKNDKISRFDFIRQIEVDGOQLITLESGEFQVYKQSHSALT TE 112
4 TYGNGD---SLNTGKLKNDKVSRFDFIRQIEVDGOLITLESGEFQVYKQSHSALTALOTE 112
110 TYGNGD---SLNTGKLKNDKVSRFDFIRQIEVDGOLITLESGEFQVYKQSHSALTAFQTE 112
@1 TYGNGD---SLNTGKLKNDKVSRFDFIRQIEVDGOLITLESGEFQVYKQSHSALTAFQTE 112
144 TYGNGD---SLNTGKLKNDKVSRFDFIRQIEVDGOLITLESGEFQVYKQSHSALTAFQTE 112
*: * % ***********:*************:***************:*****:***
15 OffoDSE GKMVAKREFRIGDIVGEHTSFGKLPKD TYRGTAFGSDDAGGKLTYTIDF 180
14 ODPEHSGKMVAKRRFKIGDIAGEHTSFDKLPKDVMATYRGTAFGSDDAGGKLTYTIDF 172
10 ODSEDSGKMVAKRQFRIGDIAGEHTSFDKLPRGGYATYRGTAFGSDDAGGKLTYTIDF 172
12 XVIODSEDISGKMVAKROFRIGDIAGEHTSFDKLPKGGSATYRGTAFGSDDAGGKLTYTIDF 172
215 ODSEHSGKMVAKRRFRIGDIAGEHTSFDKLPRGSYATYRGTAFGSDDAGGKLTYTIDF 172
37 ODSEDSRKMVAKROFRIGDIAGEHTSFDKLPESDRATYRGTAFSSDDAGGKLTYTIDF 172
4 QODSEHISGKMVAKROFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDASGKLTYTIDF 172
110 ODSEHSGKMVAKRRFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDF 172
o1 ODSEHSGKMVAKROFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDF 172
144 ODSEHSGKMVAKROFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDDAGGKLTYTIDF 172
% B *_* ******:*:****.******.***:. ********_****.*********
15 AAKQGHGKIEHLKSPELN HavISGsVLYNORERGSYSLGIFGGHAQ 240
14 AAKQ KIEHLKSPELN HAVISGSVLYNQDEKGSYSLGIFG Q 232
10 AAKQGHGKIEHLKSPELN HAVISGSVLYNOPEKGSYSLGIFGGQAQ 232
12 AAKQGHGKIEHLKSPELN RHAVISGSVLYNQDEKGSYSLGIFGGQAQ 232
215 AAKQGNIGKIEHLKSPELN HAVISGSVLYNOPEKGSYSLGIFGEKAQ 232
37 AAKQGHGKIEHLKSPELN RHAVISGSVLYNQPEKGSYSLGIFGGQAQ 232
4 AAKQ KIEHLKSPELN RHAVISGSVLYNQAEKGSYSLGIFG Q 232
110 AAKQGHGKIEHLKSPELN HAVISGSVLYNOPEKGSYSLGIFGGKAQ 232
o1 AAKQGNGKIEHLKSPELN RHAVISGSVLYNQAEKGSYSLGIFGGKAQ 232
144 AAKQGNGKIEHLKSPELN RHAVISGSVLYNQREKGSYSLGIFGGKAQ 232
EhEER *************:* * *:************ ki kE L
15 E IGLAAKQ--- 263
14 E IGLAAKQ--- 255
10 E IGLAAKQ--- 255
12 2 IGLAAKQ--- 255
215 E IGLAAKQ--- 255
37 i IGLAAKQEPL 258
4 2 IGLAAKQ--- 255
110 E IGLAAKQ--- 255
o1 i IGLAAKQ-—— 255
144 K IGLAAKQ--- 255

dhkkkkhkkk ok Kdkkshhdkhhkhkkk

Figure S1. Alignment of amino acid sequences of cross-reactive variants of fHbp from isolates of MenB strains, 2013-
2023, and fHbp peptide, ID 1, used in the 4CMenB vaccine (the sequence is marked with a green dot). Alignment was
done in Clustal Omega service (https:/ /www.kelleybioinfo.org/algorithms/ tutorial / TAli2.pdf). Green color
indicates polymorphic sites that occur more often than 30% of the sequences (i.e., at least 30% of the studied
sequences of cross-reactive fHbp variants contain an amino acid substitution in this position). An asterisk “*”

"

indicates fully conserved amino acid position, two dots “:” indicate positions with conservation between amino acids

u

with similar properties and one dot “.” indicates positions with conservation between amino acids with weakly
similar properties. The number of last amino acid residue in line is indicated on right.



Table S1. Polymorphic sites in the C-terminal region that occur at different frequencies in fHbp sequences from the
“Cross-reactive” and “None” groups*.
Frequency of | Cross-reactive fHbp None fHbp
substitution, %
100 - S140A
D142N
K143Q
G147-
R149K
T151E
R153H
G158S
S186T
D197N
T198L
P200A
G202E
R204S
S209L
S211D
V212T
I213R
N215G
G229D
K230R
G225A
1226L
S221T
S223H
T155K
1246V
R247H
H248E
L2511
T2421
N244E
G245K
A253G
V2341
E239T
50-99 E146K Al62P
N178H G163N
G202E K165R
R204H T167H
A217D T169S
K230Q N178H
K241E L189Q
V243A D192E
R247H A195S
Q2175
V243R
<50 D142G E146D
G147D E146S
G148V E146G
R149S G147D
G158S A174K
N178Y A174N
D192E A174S
D197Y N178Y
D197N K180R
R200Q Q217G
G229E V243G
*Underlined polymorphisms are common for sequences of fHbp from “Cross-reactive” and “None” groups.
Polymorphisms in red were mentioned in literature earlier as potentially important for antigen-antibody interaction
[13, 25, 26]. The fHbp vaccine antigen (ID 1) was used as a control.
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MFKRSVIAMACIFALSACGGGGGGSPDVKSADTPSKPAAPVVAEKETDAKEDAPQAGSQG
MFKRSVIAMACIVALSACGGGGGGSPDVKSADTLSKPAAPVVAEKETEVKEDAPQAGSQG
MFKRSVIAMACIFALSACGGGGGGSPDVKSADTLSKPAAPVVSEKETEAKEDAPQAGSQG
MFKRSVIAMACIFALSACGGGGGGSPDVKSADTLSKPAAPVVSEKETEAKEDAPQAGSQG
MFKRSVIAMACIFALSACGGGGGGSPDVKSADTLSKPAAPVVSEKETEAKEDAPQAGSQG
MFKRSVIAMACIFALSACGGGGGGSPDVKSADTLSKPAAPVVSEKETEAKEDAPQAGSQG
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QGAPSAQGGQDMAAVSAENTGNGGAETADNPENKDEGTQONDMPONAAESA-————=—==—
QGAPSTQGSQDMAAVSAENTGNGGAATTDKPKNEDEGPONDMPONA= === === === ————
QGAPSAQGGODMAAVSEENTGNGGAATADNPKNEDE-AQNDMPONTAGTDSLTPNHTPAS
QGAPSAQGGQDMAAVSEENTGNGGAAATDKPKNEDEGAQNDMPONAADTDSLTPNHTPAS
QGAPSAQGGQODMAAVSEENTGNGGAAATDKPKNEDEGAQNDMPONAADTDSLTPNHTPAS
QOGAPSAQGGQDMAAVSEENTGNGGAAATDKPKNEDEGAQNDMPONAADTDSLTPNHTPAS
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NQTGNNQ
-------------- GNTAAQGTNQAENNQ
NMPAGNMENQAPDAGESAQPENKPDMANAADGIQGDDPSADGENAGNTAAQGTNQAENNQ
NMPAGNMENQAPDAGESEQPANQPDMANTADGMQGDDPSAGGENAGNTAAQGTNQAENNQ
NMPAGNMENQAPDAGESEQPANQPDMANTADGMQOGDDPSAGGENAGNTAAQGTNQAENNQ
NMPAGNMENQAPDAGESEQPANQPDMANTADGMQOGDDPSAGGENAGNTAAQGTNQAENNQ

*ky Kkk

SAGSSDSAPASNPAPANGGGDFGRTNVGNSVVIDGPSONITLTHCKGDSCDGDNLLDEEA
VGGSQNPAPSSNPNATN-GGNFGRVDLANGVLIDGPSQNITLTHCKSDSCNGDNLLSEEA
TAGSQNPASSTNPNATNGGGDFGRTNVGNSVVIDGPSQONITLTHCKGDPCNGDNLLDEEA
TAGSQNPASSTNPSATNSGGDFGRTNVGNSVVIDGPSQNITLTHCKGDSCSGNNFLDEEV
TAGSQNPASSTNPSATNSGGDFGRTNVGNSVVIDGPSQNITLTHCKGDSCSGNNFLDEEV
TAGSQONPASSTNPSATNSGGDFGRTNVGNSVVIDGPSQONITLTHCKGDSCSGNNFLDEEV

JEKR 2 Kk sk sk Kkkgkkk aa k Kokkkkkkkkkkkkkk *x *x kokgk kkx
PSKSEFDNLSESERMEKYKKDGK----SDKFTGFVADKLOMKGTNQYIIFYKPKTTSSAR
PSKSEFEQLSDEDKIKKYKKDG-—=—=-~ EKFTGLVADRLOQMKGTNQYIIFYKPKTTSSAR
PSKSEFEKLNESERIEKYKKDGK—-=--~ DKFVGLVATTVKMEGINKYIIFYTDKPPT---
QLKSEFEKLSDADKISNYKKDGKNDGKNDKFVGLVADSVOMKGINQYIIFYKPKPTSFAR
QLKSEFEKLSDADKISNYKKDGKNDGKNDKFVGLVADSVOMKGINQYIIFYKPKPTSFAR
QLKSEFEKLSDADKISNYKKDGKNDGKNDKFVGLVADSVOMKGINQYIIFYKPKPTSFAR

kkkkg ok o trs L skkkk% skk _kakk sekok Fokkkkk % H
FRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLS
FRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLP
—--RSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLS
FRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLP
FRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLS
FRRSARSRRSLPAEMPLIPVNQADTLIVDGEAVSLTGHSGNIFAPEGNYRYLTYGAEKLS
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(AKGEMLAGTAVYNGEVLHFHTENG SRGRFAAKVDFGSKSVDGII
SKGEMLAGTAVYNGEVLHFHTENG SRGRFAAKVDFGSKSVDGII
A T
S 3

5

[T

GEMLAGTAVYNGEVLHFHTENG! RFAAKVDFGSKSVDGII
KGEMLAGTAVYNGEVLHFHTENG! RFAAKVDFGSKSVDGII
KGEMLAGTAVYNGEVLHFHTENG! RFAAKVDFGSKSVDGII
KGEMLAGTAVYNGEVLHFHTENG! RFAAKVDFGSKSVDGII
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DSGDDLHMGTQKF DGNGFKGTWTENGGEDVSGRF YGHA] PTDAEKG
DSGDGLHMGTQKF DGNGFKGTWTENGGGDVSGKFYGHA PTDAEKG
DSGDDLHMGTQKF DGNGFKGTWTENGGGDVSGRFYGPV! PTDAEKG
DSGDGLHMGTQKF DGNGFKGTWTENGGGDVSGKFYGEA PTDAEKG
DSGDDLHMGTQKF DGNGFKGTWTENGSGDVSGRFYGEA PTDAEKG
DSGDDLHMGTQKF DGNGFKGTWTENGGGDVSGRFYGHA( PTDAEKG
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Figure S2. Comparison of amino acid sequences of cross-reactive NHBA variants (full-length) with the sequence of
NHBA peptide, ID 2, included in the 4CMenB vaccine. Polymorphic sites found in the C-terminal domain are

indicated in green. Alignment of amino acid sequences constructed in Clustal Omega
(https://www kelleybioinfo.org/algorithms/tutorial/TAli2.pdf). An asterisk “*” indicates fully conserved amino acid

“.

position, two dots “:” indicate positions with conservation between amino acids with similar properties and one dot



"o

.” indicates positions with conservation between amino acids with weakly similar properties. The number of last
amino acid residue in line is indicated on the right.

NHBA, ID Sequence
197 TGHSGNIFAPEGNYRYLTYGAEK 354
43 TGHSGNIFAPEGNYRYLTYGAEK 353
47 TGHSGNIFAPEGNYRYLTYGAEK 352
120 TEHPGNIFAPEGNYRYLTYGAEK 337
6 TGHSGNIFAPEGNYRYLTYGAEK 292
9 TGHSGNIFAPEGNYRYLTYGAEK 292
17 TGHSGNIFAPEGNYRYLTYGAEK 291
18 TGHSGNIFAPEGNYRYLTYGAEK 291
31 TGYSGNIFAPEGNYRYLTYGAEK 285
63 TGHSGNIFAPEGNYRYLTYGAEK 285
30 TGHSGNIFAPEGNYRYLTYGAEK 346
2 TGHSGNIFAPEGNYRYLTYGAEK 358
112 TGHSGNIFAPEGNYRYLTYGAEK 351
K| 3 Pk ok ok ok ok ok ok ok ke ke ok e ok e ke ke ok
197 AVYNGEVLHF NGR EEGRFAAK GSKSVDG 414
43 AVYNGEVLHF NGR GGRFAAK GSKSVDG 413
47 AVYNGEVLHFHTENGRBYPTRGRFAAK GSKSVDG 412
120 AVYNGEVLHFHTENGRBYPTKGRFAAK GSKSVDG 397
6 AVYNGEVLHF NGRBY[PTKGRFAAK GSKSVDG 352
9 AVYNGEVLHF NGRBY[PI'RGRFAAK GSKSVDG 352
17 AVYNGEVLHFHTENGRBY[PITRGRFAAK GSKSVDG 351
18 AVYNGEVLHFHTENGRBYPTKGRFAAK GSKSVDG 351
31 AAVYNGEVLHF NGRPY[PSGGRFAAK GSKSVDG 345
63 AVYNGEVLHF NGR FRGRFAAK GSKSVDG 345
30 AVYNGEVLHF NGR FRGRFAAK GSKSVDG 406
2 AVYNGEVLHF NGR SRGRFAAK GSKSVDG 418
112 AVYNGEVLHF NGR| FRGRFAAK GSKSVDG 411
ok de g ke ke e ok ok | % %k Kk % ok ok ok ok e e ok ok ok
197 IIDSGDDLHMG DGNGFK TENGGGDVS YGPAGEEVAGKYSYRPTDAE 474
43 IIDSG HMG NGFKGI'WTENG{GDVSGRFYGPAGEEVAGKYSYRPTDAE 473
47 IIDSGDDILHMG] NGFK: TENGGGDVS YGPAGEEVAGKYSYRPTDAE 472
120 IIDSG _HMG[T INGNGFK TENGGGDVS YGPAGEEVAGKYSYRPTDAE 457
6 IIDSGDDILHMG DGNGFKGITWTENGGGDVSGRFYGPAGEEVAGKYSYRPTDAE 412
9 IIDSG HMG'RKFK SNGFKGNWTENG{GDVSGRF YGPAGEEVAGKYSYRPTDAE 412
17 IIDSGDDLHMGIDKFKAATIDGNGFK! TENGGGDVS YGPAGEEVAGKYSYRPTDAE 411
18 IIDSGDDLHMGKDKF IDGNGFK TENGGGDVS YGPAGEEVAGKYSYRPTDAE 411
31 IIDSGDDLHMGIPKFKARIDGNGFKGIWTENGGGDVSGRFYGPAGEEVAGKYSYRPTDAE 405
63 IIDSGDDLHMGIPKFKANV[IIDGNGFKGAWNTENSGGDVSGRFYGPAGEEVAGKYSYRPTDAE 405
30 IIDSG L.HMGKDKFKAATDGNGFK! TENGGGDVS YGPAGEEVAGKYSYRPTDAE 466
2 IIDSGDGLHEMGIDKF IIDGNGFK TENGGGDVS YGPAGEEVAGKYSYRPTDAE 478
112 IIDSG IHMGEJKFK IDGNGFKGAWTENSGGDVSGRFYGPAGEEVAGKYSYRPTDAE 471
sk ok ok e de| e e o k| B e ke ok ok *l****** ***.****** s v e de g ok ok ok e e e ke e ok o o e ke ke ok
197 KGGFGVFAGKKEQD 488
43 KGGFGVFAGKKEQD 487
47 KGGFGVFAGKKEQD 486
120 KGGFGVFAGKKEQD 471
6 KGGFGVFAGKKEQD 426
9 KGGFGVFAGKKEQD 426
17 KGGFGVFAGKKEQD 425
18 KGGFGVFAGKKEQD 425
31 KGGFGVFAGKKEQD 419
63 KGGFGVFAGKKEQD 419
30 KGGFGVFAGKKEQD 480
2 KGGFGVFAGKKEQD 492
112 KGGFGVFAGKKEQD 485
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Figure S3. Comparison of the amino acid sequences of NHBA C-terminal domains from the “None” group with
corresponding sequence of the NHBA peptide, ID 2, included in the 4CMenB vaccine. Red indicates the positions at
which substitutions occur in the sequences of each NHBA of this group, and blue indicates the remaining
polymorphic sites in the C-terminal domain. Alignment of amino acid sequences constructed in Clustal Omega
(https://www kelleybioinfo.org/algorithms/tutorial/TAli2.pdf). An asterisk “*” indicates fully conserved amino acid

position, two dots “:” indicate positions with conservation between amino acids with similar properties and one dot



“.” indicates positions with conservation between amino acids with weakly similar properties. The number of last
amino acid residue in line is indicated on the right.
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Figure S4. The tree of the NadA. Multiple alignments of amino acids sequences produced by the MUSCLE algorithm
to construct phylogenetic trees of the NadA antigen. The trees were constructed using the Maximum Likelihood
algorithm and visualized in MEGA software.



