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Type IV Pili - Introduction

e Neisseria gonorrhoeae (Gc) primarily express T4P
e Type IV pili (T4P) are filamentous cell surface structures essential for Neisseria gonorrhoeae (Gc)
colonization and virulence
e TA4P playarolein:
o Initial attachment to host cells and tissues
o Twitching motility
o Natural transformation
o Microcolony formation
o Biofilm development
o Protection against neutrophil-mediated killing
e TA4P are assembled by a complex machinery, spanning the entire cell envelope (Figure 1)
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Figure 1. Architecture the Gc T4p apparatus. Model is Figure 2. Gc pilus fiber (Craig et al., 2006). Hypervariable
adapted from Craig et al., 2004 and Hospenthal et || epitopes (A, pink) and epitopes exposed to

al.. 2017. posttranslational modifications (B, white) are
predominant at the pilus surface.
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Pilus-associated Proteins:

Table 1. Architectural Proteins

Protein name

NGO_1177, NEIS1995, Q5F7J8

Protein Other Function(s) &
NGO, I_)UbMLST' and Designation | Designation(s) Notable Characteristics
UniProt entry
Major pilin subunit Protein a Extensive sequence variation due
No NGO number, NEIS0210, PilE iIiIn , ’ tI:)/ antiqinic vavriaicioln ’
P02974 P g
Minor pilin
Type Il secret|o|: system protein Pl EimT
NGO_0452, NEIS0827, Q5F9E6
Minor pilin , ,
NGO_0453, NEIS0828, Q5F9ES Pill ] Geaggregation
- — Microcolony formation
Minor pilin PilJ PilW Pilus-pilus interactions
NGO_0454, NEIS0829, Q5F9E4 P
Minor pilin Pilk
NGO_0455, NEIS0830, Q5F9E3 | )
Minor pilin , ,
NGO_0456, NEIS0831, Q5F9E2 PilL i
Minor pilin Interacts with PilC
NGO_1441, NEIS0487, Q5F6VA4 Pilv ] Host-cell adhesion
ComP antagonist
Pilus adhesin ) . .
NGO._0055. NEIS0371, Q5FAG7 PilC1 . . Located at th.e pilus tip
, , Pilus tip Adhesion
Pilus adhesin adhesin Phase variation via a poly-G tract
NGO_10270, NEIS0033, PilC2* PO
AOAOH4IWH7
I s DNA uptake sequence (DUS)
DNA |
binding pilin ComP - recognition, DNA binding, natural

transformation

*Not present in all strains
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Table 2. T4P Biogenesis Proteins

Protein name

NGO_1908, NEIS0036, Q5F5L5

Current . . Function(s) &
NGO, PubMLST, and . . Other Designation(s) L.
. Designation Notable Characteristics
UniProt entry
Dodecameric secretin;
Outer membrane )
] ) Forms the channel for pilus
Secretin ) protein ]
PilQ fiber growth and passage
NGO_0094, NEIS0408, Q5FAD2 macromolecular
through the outer
complex; OMP-MC
membrane
Inner membrane lipoprotein oilp
NGO_0095, NEIS0409, Q5FAD! ! ]
Periplasmic alignment protein . )
PilO - PilM/N/O/P complex;
NGO_0096, NEIS0410, Q5FADO ) o ,
. R - Aligns pilus fiber with
Periplasmic alignment protein . )
PilN - secretin channel
NGO_0097, NEIS0411, Q5FAC?
Inner membrane platform protein BiM
NGO_0098, NEIS0412, QSFACS ! ]
Platform protein PG Inner membrane protein;
| -
NGO _1669, NEIS1838, Q5F693 Coordinates pilus assembly
T4P assembly protein TroC Stabilizes pilus in extended
NGO_0783, NEIS1125, Q5F8J0 P conformation
Not yet studied in Gg;
T4P biogenesis/stability protein Bl May play a role in assembly
| -
NGO_0595, NEIS1246, Q5F912 and stability of the PilQ
secretin
Assembly ATPase pilF PiIR Hexameric ATPase that
i i
NGO _1673, NEIS1844, Q5F689 powers pilus assembly
Pilus assembly protein PilF inhibitor pilz Not yet studied in Gg;
| -
NGO _0348, NEIS0723, Q5F9P5 May control PilF activity
Twitching motility protein;
. Primary ATPase, powers
Retraction ATPase . . . .
PilT PilT1 pilus retraction;

Provides energy for

depolymerization




Secondary retraction ATPase
NGO_0346, NEISO721, Q5F9P7

PilT2

PilU

Secondary retraction
ATPase, works with PilT;
Twitching motility-like

protein

Prepilin leader peptidase /
N- methyltransferase
NGO_1670, NEIS1839, Q5F692

PilD

Leader peptidase;
Type IV prepilin
peptidase

Cleaves leader sequence
and N-methylating mature
proteins (PilE, PilH, Pill, PilJ,

PilK, ComP, PilV, and PilL)

DD-carboxypeptidase/
endopeptidase Mpg
NGO_1686, NEIS1856, Q5F676

Mpg

Periplasmic protein;
Regulatory roles in pilus

biogeneisis

TA4P pilus
secretin-associated protein
NGO_1873, NEISO101, Q5F5P4

TsaP

Anchors the secretin

complex to peptidoglycan
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PilE - Major Pilin Subunit Domains and Structure:

e PilE is the major structural component of the gonococcal pilus fiber.

e PilE is comprised of:
o Leader sequence (N-terminal): 6-7 amino acids, cleaved and methylated by PilD

o N-terminal a-helix: Highly conserved, hydrophobic, forms pilus fiber core, not immunogenic
o C-terminal region: Contains semi-variable regions, a hypervariable loop, and a tail, which are primary
sites for antigenic variation; whereas all undergo frequent changes, the semi-variable regions exhibit

less sequence diversity.

Antigenic Variation

e PilE undergoes extensive antigenic variation (Figure 2) through:
o RecA-dependent gene conversion between expressed pilE and silent pilS loci
o Multiple silent pilS cassettes (18-19 copies within 5-6 loci) provide sequence repertoire for the pilE
gene variation (see Tables 3 and 4)
¢ The sRNA and guanine quartet (G4) structures upstream of the pilE gene are essential for antigenic
variation of the pilE gene
e pilE gene variation rate: ~4 x 1073 variants/CFU/generation
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Figure 3. Genomic organization of pilE and pilS loci in Gc FA1090 and the process of antigenic variation
in pilE. The model is adapted from Rotman & Seifert, 2014 and Rotman et al., 2016.
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Table 3. pilS Silent loci in N.gonorrhoeae F1090

NCBI Accession

pilS locus Partial gene copies | UniProt Number
number
pilS1c1 V9GZV8
pilS1c2 V9H082
pilS1, 5 copies pilS1c3 V9HO040 U58846
pilS1c4 V9GZU4
pilS1c5 V9GZX1
pilS2c1 V9HO054
pilS2c2 V9GZV6
. , pilS2c3 V9GZY2
pilS2, 6 copies _ U58848
pilS2c4 V9GZWé
pilS2c5 V9H084
pilS2cé V9HO048
pilS3c1 V9HO090
pilS3, 3 copies pilS3c2 V9HO56 U58850
pilS3c3 V9GZW3
pilSéc1 V9GZZ0
pilSé, 3 copies pilSé6c2 None U58849
pilSéc3 V9H087
pilS7, 1 copy pilS7c1 VoGZX4 U58851
pilE8, 1 copy pilS8c1 None? Us8847

a — UniProt designation is not available/unassigned
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Table 4. pilS Silent loci in N.gonorrhoeae MS11

pilS locus

Partial gene copies

UniProt Number?

NCBI Accession

number

pilS1, 6 copies

pilS1c1

pilS1c2

pilS1c3

pilS1c4

pilS1c5

pilS1cé

None

M11663

pilS2, 2 copies

pilS2c1

pilS2c2

None

NoneP

pilS5, 1 copy

pilS5c1

None

X60748

pilSé, 3 copies

pilSéc1

pilSé6c2

pilSéc3

None

X60749

pilS7, 1 copy

pilS7c1

None

X60750

pilE8, 2 copies

pilS8c1

pilS8c2

None

NoneP

a — At present, UniProt designations are not available for N. gonorrhoeae strain MS11

b - NCBI accession numbers are not available for pilS2 and pilS8
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Table 5. Summary of the Role of Pilus Variation in Gc pathogenesis

Mechanism

Effect

Clinical Significance

Antigenic variation

Escape from antibody recognition
Immune evasion
Different adhesin phenotypes

Persistent infection
Vaccine challenges

Phase variation

On/off expression of pili

Cell tropism changes

Modulation of adherence capability
Immune evasion

Dissemination
Transmission
Persistent infection
Vaccine challenges

Glycosylation changes

Altered receptor binding
Different host targets

Protection from proteolysis
Colonization efficiency
Immune recognition avoidance
Persistent infection

PilC variation

Different adherence properties
Tissue specificity

Changes in piliation levels
Dissemination potential
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