Supplementary Figure 1

C486 modA4 genome summary
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477 modA5 genome summary
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1209 modA9 genome summary
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R2866 modA10 genome summary
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723 modA2 genomic DNA & pET51::modA2 plasmid DNA
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Supplementary Figure 1 — Summary of SMRT genome and methylome analysis of all five
modA ON/OFF strain pairs. Each separate strain is summarized together in a single composite
image on a single page, which each panel in each summary page corresponding to the following
legend - @) summary of the size of each SMRT sequenced genome is given for each strain pair
(modA ON and modA::kan). The ON genome for strains 723, C486, 477 and 1209 was annotated
and submitted to NCBI Genbank as indicated in the main text; b) table summarizing all the
methyltransferase activities detectable in each genome, with % values in each table referring to the
% methylation detected in that strain for the particular motif reported. The relevant
methyltransferase signature corresponding to ModA is highlighted with a thick black box. For strain
723 (modA2; fifth composite panel) we also carried out SMRT sequencing of the OFF genome, and
a summary of methyltransferase activities detected in this strain is also given in this table; ) and d)
An example of the statistical scores in the ON (C) compared with the kan (d) strain for the motif
assigned for that particular ModA protein compared with the dam methyltransferase (GATC),
showing that methylation is detectable in the modA:: kan strains; €) the sequence recognized by each
ModA protein represented as a weblogo consensus sequence; ) a typical example of the motif in
each genome with inter pulse duration (IPD) score (or plasmid vector for the ModA2
methyltransferase) shown, with the size of the IPD directly proportional to the size of the bar L 0)
shows results of bioinformatics analysis of each ON genome showing statistics for the relevant
ModA motif; and panel h), for 723 (modA2) only, shows results from sequencing of plasmid vector
over-expressing ModA2 — the number of ModA2 CCGAA motifs and the number of Dam GATC

motifs is shown compared to the number detected as methylated.



Supplementary Figure 2

Y M. snsuesuoo

v 9 ZMINH uB> 5y
v 9 2ZMWH 440 S¥
W 8 ZMINH NO 5V
v 9 CSMINH U pY
v 5 ZMIH 440 vV
v 9 ZMINH NO vV
v 9 CSMINH U gy
v 9 ZMWH 440 2¥
IEREE ZMINH NO 2V
v 9
v 9
v 5
v 9
v 9
M 9
v 9
V| 9
v 92

ololololo]o][o
<|<|<[<|<[<]|[<
<|<[<[=[<[<|[=
EEIEMEE| e
<|=|<[=[=[<|[<

<EMINH uex gy
+HMINH 440 SV
+LMINH NO SV
FMINH ueX pY
LMAH 340 vV
HMH NO #Y
LMINH U 2y
LMAH 340 v
HMWH NO 2V

olo|olololo|o]e
Clo[EE]e] <[ <|<
olololololo]o]«

olololololololololololololololvlo]e]|[e
ololololololololololo[ololv[o]o]o]o]|[e
olololololololololo|o[ololvlololo]o]|[e
<|<|<[<[<[=[<|<[<|<[<[<[<[<[<|<[<[<|[<
olololololxololo]olo[olo]=[o]o[o]s]|[e
ololololo|«|ololo]<|<[<|o]«[«[~|o]s]|[a
olololololololololololololele]<[o]o]|[e
<|<|<[|<[<[=[<|<|[<

Clo|C[o]o| = [ele] «|<|<|<|o] «|«|<|[o]s]|[&
ololololo>ololololololololol>[>[o]|[c

ololololol«lo]olo

08¢ 69¢ ore 0z¢ 00¢ 08

M

[V

<
<
%)
<
<
%)
<
<
<
%)
<
%
<
<
<
%)
<
%)

snsuesuod
ZMINH ue gy
ZMINH 440 SV
2ZMINH NO SV
ZMINH U by
ZMINH 44O ¥V
CMINH NO Y
ZMINH U 2y
2ZMINH 440 2V
ZMINH NO 2V
<HMINH UBx 5y
<LMIH 440 SV
+HMINH NO Y
LMINH U by
FMAH 440 vY
LMINH NO pY
LMINH U 2y
FMAH 440 2v
LMINH NO 2V

ololofololololo]o

o

SlelelelElElEEEEEEE = = =]~
<|<|<|<|<|<|<|<|=|<|<|<|<|=|=|=|=|<||<
SICISIo> [~ [SleSeSe> >~~~ o

<[

<
<l<l=l<l<|<|<|<|<|<|<|<[<[<[<[<[<]<
Slololololololololololololololololo
olololololololololololololololololo
<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<||<
ololofofolololofofofojololololololo]lo]

<[<[<[<[<[<[<[<[<[<[<[<[<[<[<[<

%)

%)

@
8
°
S

<
%)

<|<|<[<|<[<[<|<[<[<[<|<[<[<[<[<[<[<|[<

v

V| emH uey sy
v 2ZMIH 340 SV
v ZMINH NO SV
v CSMINH ue py
v ZMINH 440 vV
v ZMINH NO ¥V
v

[

v

v

v

v

ZMINH uey gy
ZMIWH 440 2V

ZMINH NO 2V
<HMIAH uey 5y
«HMINH 440 SV
+LMINH NO SV
- EMIAH ue py
V| LMWH 340 pY
v LMINH NO vY
J FMIAH uex gy
J
J

<|<|<[<|<[<[<[<[<[<[<|<|<[<[<[<[<]|[<

FMH 340 2V
FMIWH NO 2V

[olololololololololololololololololol Ul
lolololololololololololololololololol [l
Slololololololololololololololololollo]
e [
T BEE |
<l<l<l<l<l<l<l<l<l<|<l<l<|<|<l<|<|<|[<
OO EEEEEEEE|m
SooEEEEEEEEEEEEEEE|E
Slololololololololololololololololo]|[o]
L EEEEEEEE SEE|E
Sl e e e e e e e |
3 o e e e e [

B
B
B
J
B
B
B
B
B
B
J
B
B
B
B
B
J
J

9] 5] 5]

<
9]
ololo

0z1 001

WY SZ:0T ¥»T0Z uydxew 1 ‘Xepsanyg
uesw'SINGWNOITY MNOVNI-VIJEH MHH



Supplementary Figure 2 — Clustal W alignmentsfor HMW 1A and HMW2A promoter regions
from ON, OFF and kan strain setsfrom strains 723 (modA2), C486 (modA4) and 477 (modAb5).
Results of sequencing over HMW promoter regions encompassing the heptanucleotide repeat tracts,

and aligned using MacVector version 11.0.2.



Supplementary Figure 3

a) Differential expression in 723 modA2
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a) Differential expression in 723 modA2 (continued)
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a) Differential expression in 723 modA2 (continued)
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a) Differential expression in 723 modA2 (continued)
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b) Differential expression in C486 modA4

CGAG CGAG CGAG CGAG

I I I
C486_0893 C486_0892; OMP P2 C486_0891

> I <

| I 1 ] | | 1 I | I I | 1 I l
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

CGAG CGAG CGAG CGAG CGAG CGAG CGAG CGAG CGAG CGAG CGAG CGAG CGAG CGAG

C486_01111; HMWZB
C486_01113 C486_01112; HMWZ2A _486_01 110; HMWX4g6_01109

) <

800 1600 2400 3200 4000 4800 5600 6400 7200 8000 8800 9600 10400

CGAG CGAG CGAGCGAG CGAG CGAG CGAG CGAG CGAG CGAG CGAG CGAG CGAG CGAG

X U 11 e A I | e e O I RO I A |

C486_1470; HMW1B
C486_01468 C486_01469; HMW1A _ C486_01471; HMWI1C

)

800 1600 2400 3200 4000 4800 5600 6400 7200 8000 8800 9600 10400



c) Differential expression in 477 modA5
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Supplementary Figure 3 — position of M odA recognition sitesin relation to genes/proteins
shown to bedifferentially regulated in modA ON / OFF pairs. Genes/proteins were noted as
differentially expressed by iTRAQ and/or microarray. Differentially expressed gene sequences and
1000bp upstream were taken from our annotated SMRT derived genomes/NCBI GenBank. ModA
recognition sequences are noted by bars above and below the sequence (ModA2 = CCGAA;
ModA4 = CGAG; ModAS5 = ACAGC; and ModA 10 = CCTAC). Genes of interest are represented
as coloured arrows, with the locus tag and gene designation given above. Flanking elements are
represented as white arrows. All genes and ModA recognition sequence locations from a) NTHi
strain 723 (modA2); b) NTHi strain C486 (modA4); c) NTHi strain 477 (modAS) and d) NTHi strain
R2866 (modA10).



Supplementary Figure 4
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Supplementary Figure 4 —full anti-ModA western blotsfor NTHi strains 723 (M odA?2), C486
(ModA4), 477 (ModA5) 1209 (M odA9) and R2866 (M odA 10). Each blot is presented in full.
Order is as presented in Figure 2; for all blots — lane 1 = ON; lane 2 = OFF; lane 3 = kanamycin

knock-out strain. The band corresponding to ModA is highlighted with an arrow



Supplementary Figure 5
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Supplementary Figure 5 —full western blotsfor all vaccine candidates using outer-membrane

protein preparationsin Figure 3. Blots are shown in full, with the representative section

containing the protein of interest presented in Figure 3 boxed for clarity. Molecular weight of

protein marker bands is shown to the left of each blot. The first two lanes (1&2) in all blots contain

samples from H. influenzae strain Rd KW20, that is not considered in this work; lanes 3&4 =
modA2 ON&OFF; lanes 5&6 = modA4 ON&OFF; lanes 6&7 = modA5 ON&OFF; lanes 8&9 =
modA9 ON&OFF; lanes 11&12 = modA10 ON&OFF



Supplementary Table 1 —strain collection data for NTHi modA allele distribution presented
in Fig. 1c & 1d. NS = nasopharyngeal swab; MEE = middle ear exudate; OM = otitis media

Data for Figure1c
NTHi isolate Disease state Sourcefluid | mod allele sour ce
001 OM prone NS A4 Novotny et al, 2009 >
002 OM prone NS A7 Novotny et al, 2009 *
006 OM prone NS A5 Novotny et al, 2009 2
013 OM prone NS A3 Novotny et al, 2009 *
017 OM prone NS A4 Novotny et al, 2009 *
043 OM prone NS A8 Novotny et al, 2009 *
047 OM prone NS Al4 Novotny et al, 2009 *
050 OM prone NS A3 Novotny et al, 2009 *
052 OM prone NS A7 Novotny et al, 2009 *
059 OM-prone NS A7 Novotny et al, 2009 *
062 OM-prone NS A9 Novotny et al, 2009 2
067 OM-prone NS A5 Novotny et al, 2009 *
069 OM prone NS A8 Novotny et al, 2009 *
078 OM prone NS A7 Novotny et al, 2009 *
081 OM prone NS A8 Novotny et al, 2009 *
089 OM prone NS A10 Novotny et al, 2009 *
093 OM prone NS A8 Novotny et al, 2009 *
094 OM prone NS A7 Novotny et al, 2009 *
138 OM prone NS A8 Novotny et al, 2009 *
140 OM prone NS A2 Novotny et al, 2009 *
151 OM prone NS A10 Novotny et al, 2009 *
174 OM prone NS A3 Novotny et al, 2009 *
178 OM-prone NS A10 Novotny et al, 2009 *
182 OM-prone NS A5 Novotny et al, 2009 *
189 OM-prone NS Al10 Novotny et al, 2009 *
020 L OM prone MEE Al0 Novotny et al, 2009 *
040 L OM prone MEE A3 Novotny et al, 2009 *
075 R OM prone MEE A8 Novotny et al, 2009 *
177 L OM prone MEE A2 Novotny et al, 2009 *
182 L OM prone MEE A5 Novotny et al, 2009 *
189 L OM prone MEE Al10 Novotny et al, 2009 *
187L OM prone MEE A7 Novotny et al, 2009 *
Datafor Figure 1d
NTHi isolate Disease state Sourcefluid | mod allele source
314 Healthy NS Al4 this study
341 Healthy NS A3 this study
353 Healthy NS Al3 this study
354 Healthy NS Al3 this study
355 Healthy NS A4 this study
359 Healthy NS A7 this study




389 Healthy NS A4 this study
390 Healthy NS A10 this study
395 Healthy NS A2 this study
396 Healthy NS A2 this study
397 Healthy NS A7 this study
398 Healthy NS A9 this study
402 Healthy NS A2 this study
412 Healthy NS A4 this study
414 Healthy NS A4 this study
452 Healthy NS A8 this study
484 Healthy NS A9 this study
490 Healthy NS A10 this study
491 Healthy NS A20 this study
497 Healthy NS Al10 this study
503 Healthy NS Al10 this study
515R Healthy NS A2l this study
518 R Healthy NS A2 this study
525 R Healthy NS Al10 this study
530 L Healthy NS Al10 this study
538 L Healthy NS A8 this study
574 R Healthy NS A10 this study
577L Healthy NS A4 this study
578 L Healthy NS A4 this study
591 L Healthy NS A8 this study
593 R Healthy NS A10 this study
597 R Healthy NS A8 this study
615 L Healthy NS Al10 this study
624 R Healthy NS A2 this study
630 R Healthy NS A9 this study
639 L Healthy NS A9 this study
652 L Healthy NS A9 this study




Supplementary Table 2—Minimal Inhibitory Concentration (MIC) data for a number of
clinically relevant antibioticsused to treat NTHi infections
* MIC was based on previous studies with H. influenzae *°. MICs (mg/L) are reported as the last

well in which turbidity was observed following overnight growth

Antibiotics 723modA2  C486modA4 477 modA5 1209 modA9  R2866 modA10

(MIC

range)* ON OFF ON OFF ON OFF ON OFF ON OFF
Ampicillin

(055517 (0313 0625 0625 0625 0625 0625 0313 0313 >200  >200
Azithromycin o (o5 s 0156 0156 0313 0313 0156 0156 0625  0.625
(0.03-32)

Amoxillicin

0.03.16) 039 039 039 039 039 039 039 039 >250  >250
%‘ﬂg"gg;‘acm 0.008 0.008 0.008 0.008 0.008 0.008 0.004 0.004 0.008  0.008
Clindamycin 5 195 3175 0781 0781 0781 0781 1563 1563 1563  1.563
(0.03-16)

Erythromycin

0.5-8) 5 5 125 125 5 25 25 25 5 5
Gentamicin

< 25 25 125 125 125 125 5 5 5 2.5
Nalidixic

Acid 0625 0625 0313 0313 0625 0625 0313 0313 0625  0.625

(2=)




Supplementary Table 3 — genes showing > 1.4 fold up or down regulation and that are

statistically significant (B-Stat >0) microarray data for the modA20N / kan pair. | Gene

expression was confirmed by quantitative RT-PCR in NTHi strain 723 modA20N and 723

MOdA20FF strain variants. # identified by both microarray and iTRAQ.

Gene Microarray  Description Ratio QRT- B-
ID PCR Stat
Reduced expression in the H. influenzae strain 723 modA2 mutant
723 00381 Hflu203000743  hypothetical -1.46 1.15
723:0()5 59 HI1080 Amino-acid ABC transporter binding protein tcyA -1.47 3.22
723 01712 NTHI0007 Formate dehydrogenase major subunit fdxG -1.50 2.77
723 01520 Hflu203001461 Alcohol dehydrogenase, class II1 -1.53 2.42
723_01710 NTHI0010 Formate dehydrogenase, iron-sulfur subunit fdxH -1.53 1.66
723_00560 HI1079 Amino acid ABC transporter permease tcyB -1.62 2.92
723:0()947 HI0620.1 Methionine transport permease metl -1.78 4.24
723 00429 Hflul03001790  L-lactate permease IctP -1.79 3.08
723 00946 Hflu203000185 DL-methionine transporter ATP-binding subunit metN  -1.96 -3.56+0.741°  4.80
Increased expression in the H. influenzae strain 723 modA2 mutant
723 01433 ORF02024 Heme/hemopexin-binding precursor hxuA 1.45 0.86
723 01175 Hflu203001806  Nucleoside permease nupC 1.47 0.59
723 00220 NTHI1806 Glycogen synthase glgA 1.49 1.84
723 01174 Hflu203001807 Pyruvate-formate lyase-activating enzyme 1.49 3.11
723_01557 Hflu203001418  Sialic acid transporter siaP 1.50 1.86
723:0()403 Hflu203000922  ABC-type Co2+ transport system cbiK 1.51 1.44
723 00222 NTHI1808 Glycogen debranching enzyme glgX 1.52 1.27
723 01160 HIO0534 Aspartate ammonia-lyase aspA 1.52 2.66
723 01189 Hflu103000707 Ribose ABC transporter rbsC 1.53 1.58
723 00776 ORFO01899 Fumarate reductase subunit D frdD 1.56 0.89
723:01524 HIO181 Formate transporter focA 1.57 1.14
723 01327 Hflu203001649  TIron (chelated) ABC transporter yfeB 1.61 1.32
723 00221 NTHI1807 Glucose-1-phosphate adenylyltransferase glgC 1.61 3.76
723 00223 NTHII809 Glycogen branching enzyme glgB 1.66 2.21
723 00419 HIO809 Phosphoenolpyruvate carboxykinase pckA 1.69 1.00
723:01614 ORF00565 Iron (III) ABC transporter, permease protein hitB 1.75 4.39
723 01621 Hflu203001380  Glycerate kinase 1.81 5.06
723 01328 Hflu203001648  Iron chelated ABC transporter permease yfeC 1.90 1.69
723 01329 Hflu203001647  TIron chelated ABC transporter permease yfeD 2.08 3.98
723 00591 Hflu203000516  Anaerobic DMSO chain C dmsC 2.09 1.26
723:01434 Hflu103000469  Heme/hemopexin-binding hxuB 2.14 1.15
723 01620 NTHIO171 Gluconate family permease 2.14 5.90
723 01326 Hflu203001650  Iron chelated ABC transporter yfeA 2.17 2.166+0.667° 5.83
723 00589 Hflu203000518  Anaerobic DMSO chain A dmsA 2.22 2.1440.839°  2.38
723:0()437 HI1210 Malate dehydrogenase mdh 2.28 5.50
723 00590 Hflu203000517  Anaerobic DMSO chain B dmsB 2.65 2.67
723 01615 Hflu203001388  Iron-utilization hitA 4.04 2.08£0.397°  4.72




Supplementary Table 4

Da
ANIMAL | EAR Y
00 [ 20 | 40 | 70 | 100 [ 140] 180 220
modA2(22)ON - all numbers=%ON
L 829 | 90.6 #
#157 87.9
R 84.1 | 8L | 1000 #
L 56.5 | 803 #
#160 87.9
R #
L 828 | 813 | 772 | # # #
#163 87.9
R 850 | 757 | # # #
L 848 | #
#167 87.9
R 833 | 84.0
L 84.6 | 83.1 # #
#171 87.9
R 84.1 | 840 # #
L 49.0
#166 84.4
R 88.9
L
#181 84.4
R # | 768
L 76.6
#183 84.4
R #
L 824 | 802 # | 642 | 806 | 700
#185 84.4
R # ] 320 | 345 | 711 | 811 | #
L 85.1 84.7 | 805
#190 84.4
R # 87.8 | 855
modA2(24)OFF - all numbers=%ON
L 780 | 813 | 708 | # # #
#2 7.2
R # ] 503 | 609 | # # #
L 680 | # | 793 | 884 | 590 | # #
#1 7.2
R # | 1000 | 1000 | # # #
L 52 | 56.0 #
#9 7.2
R 740 | 741 | 768
L 843 | 57.0
#16 7.2
R # | 1000 #
L 786 | # #
#20 7.2
R 759 | 727 | # #
L 00 | 00
#159 9.8
R 0.0
L 00 | 500
#161 9.8
R 20.8
L 37.6 | 417 | 411 | 530
#162 9.8
R 829 | 744 | #
L 0.0 # # #
#173 9.8
R # 0.0 0.0
L 605 | 653 | 470 | # #
#175 9.8
R 90.9 | 511 | 610 | # #




Supplementary Table 4 — Complete fragment analysis data used to gener ate the heat map
presented in Figure 5a. Data are presented for each animal as the % ModA20N in the sample,
from both left (L) and right (R) middle ear samples. Data from the inoculum (D+0) and all
subsequent days (D+2, 4, 7, 10, 14, 18, and 22) are presented. Day 2 (D+2) is included here even
though it is not included in the analysis presented in Figure 5, as only two of the D+2 samples
contained sufficient CFU to attempt to generate a PCR product, and only one of these successfully
produced a PCR product (animal number 7, left middle ear). White boxes indicate there was
insufficient CFU in the sample to generate a PCR product; black boxes indicate the animal died/was
sacrificed; # indicates a PCR product could not be generated despite there being sufficient CFU

(>1000).



Supplementary Table 5 — Oligonucleotide primersused in this study

Name Sequence

Him1F FAM-ATG GCG GAC AAA GCA CCG AAGG

Him3 CAA AAA GCCGGT CAATTT CATCAA A

Him6 GCA GTT TAA AGG TAA AGT TAA GC

Himl11 TCG TTA AAT GGA GCA AGT TC

modA-F GAC GACGACAAGATG AAGACA GACATTCAAACCG

modA-R GAG GAG AAGCCCGGTTATTCG CCATCTTTITTTC TCC G

siaB-F GAC GAC GAC AAG ATG AAA ATA ATA ATG ACA AGA ATT
GCA ATT

siaB-R GAG GAG AAG CCC GGG AATTCT TTT GAA ATT AAACTT
TCG G

HMWI1-F CTC TTA GTA CTA GTA CAA ACC CAC

HMW2-F CCA CTC AAA TAA ACT GGT TAA ATA TAC

HMW3-F GCC GAG CAA ACC GCT TAT ATT GGC

HMW-R GCA ATA TGG CGG AAA GTG GC

16SF ACG GAG GGT GCG AGC GTT AATC

16SR CTG CCTTCG CCTTCG GTATTCCT

Hflu203000185F CAT TGC ACG TGC CTT AGC GA

Hflu203000185R ~ GCA GAA TAG ATT GCG TCG TTG C

Hflu203001388F TGA AAG GGG ACA AAGTTG CG

Hflu203001388R ~ CAA CCG CTT GTA ATG CCA CAC

Hflu203001650F CGC AACGCT GGCTTGTAA CA

Hflu203001650R TCT GCA TTG ATT GGC CAT AAA

Hflu203000518F TTC CAT TTG TGC GGA TGC C

Hflu203000518R

CGG TCATTT CTG TGC CACG
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