Supplementary Figures

All the Described MMEs

Through comparative analysis of the neisserial genome
sequences and the PCR and sequence data generated
here and previously (Saunders & Snyder, 2002), 40
MME sites have been identified and investigated. Each
of these is individually described and relevant GenBank
Accession numbers and previous publications
concerning each of these MME sites are referenced.



N. meningitidis strain MC58

hgall methylase g restriction enzyme methylase
3383 bp

phes* *pheT
N. meningitidis strain Z2491

pheS” “pheT
N. gonorrhoeae strain FA1090

methylase | hypothetical | hypothetical
1874 bp

pheS™ *pheT

N. meningitidis strain FAM18
hypo" hypo

3014 bp

phesS” :pheT

N. lactamica
hypo'; hypo methylase

2107 bp N
pheS” “pheT

N. polysaccharea
hypo"| hypo methylase'| hypo | hypo

2182 bp

pheS' . L . pheT
N. meningitidis strain 01/241825
methylase restriction enzyme
pheS”™ R ApheT
N. elongata
- 123 bp -
pheS pheT
N. flavescens
- 103 bp .
pheS pheT

MMEpheST: Described in Saunders & Snyder, 2002:
N. lactamica (AF542177), N. polysaccharea
(AF542178), N. elongata (AF542173), and N.
flavescens (AF542175). N. meningitidis strain
01/241825 sequence is identical to AJ311178.



N. meningitidis strain MC58

rpoC . 873 bp JpsL
N. gonorrhoeae strain FA1090
hypothetical hypothetical
rpoC, 3066 b JpsL
N. meningitidis strain FAM18
i
rpoC , 257 bp TpsL

MMErpoCrpsL: Three different MME
regions have been identified in this MME
site. Most of the N. meningitidis strains
Investigated have an MC58-like
MMErpoCrpsL. N. meningitidis strain
FAM18, however, has an empty
MMErpoCrpsL, as does N.
polysaccharea. The N. gonorrhoeae
MMErpoCrpsL contains a hypothetical
gene with homology to NMB0134, but the
other genes in the gonococcal MME
region differ from the MC58-like
MMErpoCrpsL.



N. meningitidis strain MC58

vals | 329 bp JYsR

. gonorrhoeae strain FA1090

valS 4292 bp JYsR

N. meningitidis strain 22491

vals | 1333 hp JYsR
N. polysaccharea

hypothetical
valS 876 bp JysR

MMEvalSlysR: Four different MME regions have
been identified in this MME site. Most of the N.
meningitidis strains investigated have an MC58-like
MMEvalSlysR. The N. lactamica and N.
gonorrhoeae strains have the FA1090-like
MMEvalSlysR. A new sequence was identified in N.
polysaccharea (DQ115757). CREE: Correia Repeat
Enclosed Element. CR: Correia Repeat. There are
three LysR family regulators in the N. gonorrhoeae
strain FA1090 genome.



N. meniniitidis strain MC58

dadA 1086 bp JalS
N. @orrhoeae strain FA1090

i
dadA X 104 bp alS

MMEdadAvalS: Two different MME regions have
been identified in this MME site. The N.
meningitidis strains investigated have an MC58-like
MMEdadAvalS, containing one hypothetical gene.
The N. gonorrhoeae MMEdadAvalS is empty.



N. meningitidis strain MC58

4
fabZ | 86 bp JPXA
N. gonorrhoeae strain FA1090
hypothetical
fabZ 935 bp JPXA

MMEfabZlpxA: Two different MME regions have
been identified in this MME site. N. meningitidis
strain MC58 and 4 strains investigated here are
empty at MMEfabZIpxA. All other strains
investigated have an FA1090-like MMEfabZIpxA,
although polymorphisms in Dpnll sites differentiate
those like strain 22491 and those like strain
FAM18, which both also have this single
hypothetical gene in this MME site.



N. meningitidis strain MC58

w
NMBO188 179 bp i
N. gonorrhoeae strain FA1090
NgoPIl methylase NgoPIl enzyme
NMBQ188 2084 bp i
N. lactamica
hypothetical hypothetical

NMB(Q188 774 by g

MMEfrr: Three different MME regions have been
identified in this MME site. The N. meningitidis
strains investigated here are empty at MMEfrr. The
N. gonorrhoeae strains have the Ngoll restriction-
modification system at the MMEfrr site. Two new
hypothetical genes were identified in N. lactamica
(DQ115758).



N. meningitidis strain MC58

NMBO247 836 bp nuoG
N. gonorrhoeae strain FA1090

\ w) 4
NMBQ247 289 bp ,nuoG

MMEnuoG: Two different MME regions have been
identified in this MME site. Most of the strains
Investigated here are empty at MMEnuoG. N.
meningitidis strains MC58, 22491, and 01/241825
have a hypothetical gene at this site. Both of the
MME regions identified at this site contain an
Inverted repeat sequence (crescents).



N. meniniitidis strain MC58

nuol | 773 bp ,nuoJ
N. ﬁonorrhoeae strain FA1090
nuol 11 bp ,nuoJ

MMEnuolJ: Two different MME regions have been
identified in this MME site. Most of the strains
Investigated here are empty at MMEnuolJ, like N.
gonorrhoeae strain FA1090. N. meningitidis strains
MC58, 22491, 97/282675, and 00/240868 have a
hypothetical gene at this site.



N. meningitidis strain MC58
Fic-related protein hypothetical

nuoKA 1122 bp AnuoL
N. @orrhoeae strain FA1090

4
nuok, 2 bp huoL

MMEnuoKL: Two different MME regions have been
identified in this MME site. The N. meningitidis
strains investigated here all have two genes
between nuoK and nuoL, one of which has
homology to Fic-related cell filamentation / cell
division genes. In the N. gonorrhoeae strains and
N. lactamica MMEnuoKL is empty.



N. meningitidis strain MC58

nuoLA 95 bp nuoM
N. meningitidis strain Z2491
NMAOOOL g i NIMA2230 s
nUOL¢ 2902 bD QUOM
N. gonorrhoeae strain FA1090
hypothetical
nuoL XNG1613 nuoM

1460 bp

L 4

N. gonorrhoeae strain MS11

hypothetical hypothetical g*hypo g ypPoN
nuoLz 1893 bp QUOM

MMEnuoLM: Four different MME regions have
been identified in this MME site. The sequence of
MMEnuoLM from N. gonorrhoeae strain MS11
(AY386266) was obtained previously (Snyder,
Davies & Saunders, 2004).



N. meningitidis strain Z2491

NMA2036 ~ NMA2035

pdxJ, 1803 bp ,acps

N. meningitidis strain MC58

I \NNGREEVZ’ GRS

pde: 2060 bp :acpS
N. gonorrhoeae strain FA1090
pdeA 49 bp acpS

MMEpdxJacpS: Three different MME regions have
been identified in this MME site. The N.
meningitidis strains investigated here all have the
CREE (Correia Repeat Enclosed Element) within
the NMA2036 homologue. N. lactamica, N.
polysaccharea, and the N. gonorrhoeae strains all
have an empty MMEpdxJacpsS.



N. meningitidis strain MC58

i
NMBQ455 57 bp ,amiC
N. gonorrhoeae strain FA1090
hypothetical
NMBQ455 945 bp ,amiC
N. meningitidis strain 22491
NMBQ455 1193 bp ,amiC

MMEamiC: Three different MME regions have been
Identified in this MME site. N. meningitidis strains
MC58 and NG E30, N. lactamica, and N.
polysaccharea have an empty MMEamiC. All other
strains investigated contain the hypothetical gene
NMA2029 at this MME site. In all of the N.
meningitidis strains investigated that have
NMA2029, a CREE (Correia Repeat Enclosed
Element) is also present in MMEamiC.



N. meningitidis strain MC58

4
SMC family 248 bp JNMB0544
N. ﬁonorrhoeae strain FA1090
SMC family 1761 bp JNMB0544

MMESMC: Two different MME regions have been
Identified in this MME site. The N. meningitidis
strains investigated here have an empty MMESMC.
The N. gonorrhoeae strains and N. lactamica have
an adhesin in MMESMC that has been
demonstrated to contain a phase variable repeat
tract (Jordan, Snyder & Saunders 2005). This gene
contains other frame-shifts in N. gonorrhoeae strain
FA1090, however.



N. meningitidis strain MC58

gevT 161 bp , JcvH
N. gonorrhoeae strain FA1090
hypothetical
gevT, 737 bp , JcvH

MMEgcvTH: Two different MME regions have been
identified in this MME site. The N. meningitidis, N.
lactamica, and N. polysaccharea strains
Investigated here have an empty MMEQcVTH. The
N. gonorrhoeae strains contain a hypothetical
gene.



N. meningitidis strain MC58

ksgA , 172 bp , ABC transporter
N. gonorrhoeae strain FA1090
ksgA 1191 bp ABC transporter

MMEKksgA: Two different MME regions have been
identified in this MME site. The N. meningitidis
strains investigated here have an empty MMEKsgA.
The N. gonorrhoeae strains, N. lactamica, and N.
polysaccharea have two hypothetical genes in
MMEKsgA.



N. meningitidis strain MC58

o ——FETTTTT——
rpoH | 483 bp JNMBO711
N. gonorrhoeae strain FA1090
hypothetical
rpoH, 732 bp . NMBO0711

MMErpoH: Two different MME regions have been
identified in this MME site. The N. meningitidis, N.
lactamica, and N. polysaccharea strains
Investigated here contain a CREE (Correia Repeat
Enclosed Element) at MMErpoH. The N.
gonorrhoeae strains contain a hypothetical gene in
MMETrpoH.



N. meningitidis strain MC58

NMBQ775 250 bp , NMBO0776
N. gonorrhoeae strain FA1090
~Type I Msubunit g Typel S subunit
NMBQ775 2910 bp ,NMBO776
N. meningitidis strain FAM18
o e —1
NMBQ775 402 bp NMBO776

MMENMBO775-6: Three different MME regions
have been identified in this MME site. The N.
meningitidis strains investigated here either have
an empty MMENMBO775-6 or contain a CREE
(Correla Repeat Enclosed Element). The N.
gonorrhoeae strains contain a Type | restriction-
modification system methylase and DNA specificity
protein.



N. meningitidis strain MC58
methylase endonuclease

rfaE X 2433 bp ArfaD
N. gonorrhoeae strain FA1090

\ w
rfak X 63 bp ArfaD

MMErfaED: Two different MME regions have been
Identified in this MME site. In N. meningitidis strains
MC58, 22491, FAM18, 00/240794, and NG E30 the
genes for a Type Il restriction-modification system
are present between rfak and rfaD. This site was
Identified previously by Klee, et al. (2000) as one of
8 genetic islands that distinguish N. meningitidis
from N. gonorrhoeae.



N. meningitidis strain MC58

oxidoreductase 523 bp ,did
N. gonorrhoeae strain FA1090

hypothetical
oxidozreductase 1095 bp ,did

MMEdId: Two different MME regions have been
Identified in this MME site. The N. meningitidis and
N. gonorrhoeae strains used in this study have
either the empty MMEdId, as in strain MC58, or
contain the hypothetical gene, as in strain FA1090.



N. meninaitidis strain MC58

trpE 538 bp purk
N. gonorrhoeae strain FA1090
NgoMI methylase NgoMI enzyme
trpE 1899 bp JurkK
N. Wlsaccharea
i
trpE 282 bp Jurk

MMEtrpEpurK: Three different MME regions have
been identified in this MME site. N. lactamica and
most of the N. meningitidis strains investigated
here contain a hypothetical gene, NMB1020, at
MMEtrpEpurK. The N. gonorrhoeae strains and N.
meningitidis strain NG E30 have the NgoMI
restriction-modification system at the MMEtrpEpurK
site. An empty MMEtrpEpurK was identified in N.
polysaccharea (DQ115761).



N. meningitidis strain MC58

NMB1028 71 bp LaSpA

N. gonorrhoeae strain FA1090

\*;57a ligand gated channel | hypo | hypo

NMB;OZB 6840 bp LSPA
N. lactamica

)
hypo 195 bp LASPA

MMEaspA: Three different MME regions have been
Identified in this MME site. The N. polysaccharea
and N. meningitidis strains investigated here
contain an empty MMEaspA. N. gonorrhoeae strain
FA1090 contains 3 genes, including a gene
encoding a TonB-dependent ligand gated channel
protein. An empty MMEaspA with a larger
Intergenic region than in strain MC58 was identified
in N. lactamica (DQ115762) and N. meningitidis
strain 00/240794.



N. meningitidis strain MC58
NlalV methylase NlalVR enzyme

leuD . 2226 bp JeuB
N. meningitidis strain 00/240794

hypothetical
leuD X 621 bp leuB

MMEIleuDB: Two different MME regions have been
identified in this MME site. Although the genome
sequences analyzed in this study all had the
MC58-like MMEIleuDB, the location of this
restriction-modification system between the leuD
and leuB genes lead to investigation of this site. A
hypothetical gene was identified in N. meningitidis
strain 00/240794 (DQ115763).



N. meningitidis strain MC58

| NS opc gy
glyA 3016 bp JdedA
N. gonorrhoeae strain FA1090
regulator hypo opcA
glyA 2343 bp JdedA

N. meningitidis strain Z2491

glyA 4026 bp JdedA
N. meningitidis strain FAM18

\ w
glyA 90 bp JdedA
N. polysaccharea strain 89357
glyA dedA

MMEglyAdedA: Five different MME regions have
been identified in this MME site, including an empty
MMEglyAdedA in N. meningitidis strain FAM18.
This site has been investigated previously (Zhu, et
al., 2003), identifying the N. polysaccharea
MMEglyAdedA shown (AY072809).



N. meningitidis strain MC58

\ m \BD02 g 4
ginD 878 bp ,guaB
N. gonorrhoeae strain FA1090

\ w
ginD | 146 bp guaB

MMEgInDguaB: Two different MME regions have
been identified in this MME site. N. meningitidis
strains MC58, 22491, 00/240868, and NG E30,
and N. polysaccharea have an MMEgInDguaB
that contains the hypothetical gene NMB1202.



N. meningitidis strain MC58
hypothetical hypothetical

zur 789 bp ,CobW
N. worrhoeae strain FA1090 .
zur (overlapping stop/start) ,CObW

MMEzurcobW: Two different MME regions have
been identified in this MME site. N. meningitidis
strain MC58 is the only strain investigated that
contains the two hypothetical genes, NMB1265
and NMB1264, within MMEzurcobW.



N. meningitidis strain MC58
EERE restriction enzyme

nrdA . 2290 bp nrdB
N. @orrhoeae strain FA1090
4

nrdA . 291 bp znrdB
N. meningitidis strain FAM18

. ool -
nrdA . znrdB
N. meningitidis strain A22

T potheical BN
nrdA . 1926 bp hrdB
N. lactamica

conserved hypothetical

nrdA | 1152 bp nrdB

MMEnrdAB: Five different MME regions have been
Identified in this MME site. N. meningitidis strain
A22 contains a newly identified hypothetical gene
and an IS30 at MMEnrdAB (DQ115764). N.
lactamica contains a large conserved hypothetical
gene at this MME site (DQ115765).



N. meningitidis strain MC58
NMB1329 NMB1330

methyltransferase 1102 bp _uvrB
N. gonorrhoeae strain FA1090
hypothetical carbonic anhydrase
methyltransferase 2015 bp uvrB
N. meningitidis strain Z2491
W - T
methyltransferase 1801 bp uvrB
N. meningitidis strain FAM18
methyltransferase 579 bp uvrB
N. meningitidis strain 00/240794
hypothetical hypothetical
methyltransferase 1468 bp _uvrB
N. meningitidis strain 01/241825
hypothetical 1S1301
methyltransferase 2306 bp _UVrB

MMEuvrB: Five different MME regions have been
Identified in this MME site. A new region was
Identified in N. meningitidis strain 00/240794
(DQ115766). A similar region is present in N.
meningitidis strains 01/241825 and NG E30, but
an 1IS1301 has inserted.



N. meningitidis strain MC58

\ @ \wB13 g 4
pdhB, 548 bp IpdA
N. meningitidis strain Z2491

\ w
pdhB, 77 bp IpdA

MMEpdhBIpdA: Two different MME regions have
been identified in this MME site. Most of the strains
Investigated here are empty at MMEpdhBIpdA. N.
meningitidis strains MC58 and NG E30 and the N.
gonorrhoeae strains contain a hypothetical gene
homologous to NMB1343at MMEpdhBIpdA.



N. meningitidis strain MC58

\ @ NMBI350
NMB1349 892 bp jmu
N. gonorrhoeae strain FA1090

|| 4
NMB1349 35 bp jmu

MMEfmu: Two different MME regions have been
identified in this MME site. Most of the strains
Investigated here contain a hypothetical gene
homologous to NMB1350 at MMEfmu. The N.
gonorrhoeae strains and N. meningitidis strain
01/241825 are empty at MMEfmu.



N. meningitidis strain MC58

) w
rbfA | 32 bp JruB
N. gonorrhoeae strain FA1090
hypothetical
rbfA | 592 bp JruB

MMErbfAtruB: Two different MME regions have
been identified in this MME site. Strains either have
an empty MMErbfAtruB, as in N. meningitidis
strains MC58 and FAM18, or the MMErbfAtruB
contains a hypothetical gene homologous to
NMAZ1587, as in N. gonorrhoeae strain FA1090 and
N. meningitidis strain Z2491.



N. meningitidis strain MC58

hypothetical
nifS X 263 bp znifU
N. gonorrhoeae strain FA1090
XNGO0607 cell filamentation
nifS X 1108 bp znifU

N. meningitidis strain 00/240794

hypothetical
nifS 797 bp Jifu
N. meningitidis strains 97/282675

hypothetical hypothetical

nifS 1330 bp ifU
N. lactamica

hypothetical
nifS 1233bp Jifu

MMEnIfSU: Five different MME regions have been
Identified in this MME site. Three new MME regions
were identified here. N. meningitidis strains
97/282675, 00/240868, and NG E30 contain two
newly identified hypothetical genes (DQ115768),
while N. meningitidis strain 00/240794 (DQ115767)
and N. lactamica (DQ115769) each contain one
newly identified gene.



N. meningitidis strain MC58
TonB-dependent receptor

for 3506 bp dinP
N. gonorrhoeae strain FA1090
fpr 899 bp JdinP
N. meningitidis strain Z2491
TonB-dependent receptor  NCREEZ
fpr 3609 bp dinP
N. meningitidis strain FAM18
1S1106
for 1837 bp inP

v

N. meningitidis strains 97/282675

fpr . 233 bp inP

MMEfprdinP: Five different MME regions have
been identified in this MME site. Each of the
genome sequences investigated contains a
different region at MMEfprdinP. N. meningitidis
strains 97/282675 and 00/240868 are empty at
MMEfprdinP (DQ115770).



N. meninﬁitidis strain MC58

hesA , 1018 bp ¢NI\/I81504
N. worrhoeae strain FA1090
4
hesA¢ 244 bp JNMB1504
N. meningitidis strain 97/282675
hypothetical w

hesA . 835 bp NNMB1504
N. polysaccharea
hesA¢ 1442 bp JNMB1504
N. meningitidis strain 00/240794

—= [S30 —
hesA . 1327 bp JNMB1504

MMEhesA: Five different MME regions have been
identified in this MME site. The N. meningitidis
strain 97/282675 MMEhesA is similar to that from
N. meningitidis strain MC58, but there is a 183 bp
indel present in MC58 and absent in 97/282675
(DQ115772) and 00/240868. NMB1502 is
interrupted in N. polysaccharea by a hypothetical
gene (DQ115773) and an 1S30 is found Iin
MMEhesA in N. meningitidis strain 00/240794
(DQ115771).



N. meningitidis strain MC58

asmA, 1123 bp folP
N. meningitidis strain Z2491 —
asmA 274 bp , folP
N. meningitidis strain NG E30

asmA, 1334 bp folP

MMEasmAfolP: Three different MME regions have
been identified in this MME site. N. meningitidis
strains MC58 and NG E30 both contain a
chorismate mutase at MMEasmAfolP, but in strain
NG E30 there are 211 bp with homology to a
fragment of 1IS1106 (DQ115777).



N. meningitidis strain MC58

grx- -, 2227 bp Joeptidase
grx-, 71 bp Joeptidase

gitidis strain 860800
DY—NS130 transporter

grx -, 3050 bp Joeptidase

MMEgrx: Three different MME regions have been
Identified in this MME site. N. meningitidis strains
MC58 and 860800 both contain three genes at
MMEqgrx, but in strain 860800 there is also an
1IS1301 and a 22 bp deletion in the hypothetical
gene NMB1733, which results in a frame-shift
(DQ115774).



N. meningitidis strain MC58
hypothetical

glyQ | 505 bp A
N. gonorrhoeae strain FA1090

- =
glyQ, 116 bp ,alyS

MMEglyQS: Two different MME regions have been
identified in this MME site. The N. gonorrhoeae
strains studied are empty at MMEglyQS. Most of
the N. meningitidis strains investigated contain a
hypothetical gene, but strains 00/240868 and
97/282675 are empty like strain FA1090.



N. meningitidis strain MC58

purl , 94 bp ,hagH

N. gonorrhoeae strain FA1090
NADH oxidase hypothetical

purl, 1898 bp ,hagH

hypothetical
purl, 1482 bp ,hagH

MMEpurLhagH: Three different MME regions have
been identified in this MME site. N. gonorrhoeae
strains 28539 and 26593 contain the two genes
found in the N. gonorrhoeae strain FA1090
MMEpurLhagH, but there is a 416 bp deletion in
the NADH oxidase in the two strains investigated
here (DQ115775).



N. meningitidis strain MC58
aCREF4 serine-type peptidase

hagH, 4840 bp MgtE
N. gonorrhoeae strain FA1090

\ w
hagH, 233 bp ,MgtE

MMEhagHmgtE: Two different MME regions have
been identified in this MME site. N. meningitidis
strains MC58, A22, and 860800 contain a CREE
(Correia Repeat Enclosed Element) and a serine-
type peptidase gene. The N. gonorrhoeae strains,
N. meningitidis strains 00/240794 and NG E30, N.
lactamica, and N. polysaccharea are empty at
MMEhagHmgtE.



N. meningitidis strain MC58

u —/EETTTT
metR . 254 bp Jps|
N. gonorrhoeae strain FA1090

_m. hetical 00 8 4

metR, 1067 bp Jpsl
N. lactamica —
metR, 154 bp Jpsl

MMEmetRrpsl: Three different MME regions have
been identified in this MME site. The N.
gonorrhoeae and N. polysaccharea strains contain
a hypothetical gene at MMEmetRrpsl. The N.
meningitidis strains have a CREE (Correia Repeat
Enclosed Element) at this location. In N. lactamica,
MMEmetRrpsl is empty (DQ117942).



N. meningitidis strain MC58
hypothetical

obg | 1819 bp ,CYsS
N. gonorrhoeae strain FA1090
Ngol methylase Ngol enzyme
obg 2065 bp CYSS

MMEobgcysS: Two different MME regions have
been identified in this MME site. Most of the N.
meningitidis strains and N. lactamica have a
hypothetical gene at MMEobgcysS. The N.
gonorrhoeae strains, N. polysaccharea, and N.
meningitidis strain 01/241825 contain the Ngol
restriction-modification system at MMEobgcyssS.



