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T3SS - canker symptoms in plant host
Cappelletti et al (2011)
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T6SS — protection against predatory ameobas T4 pilus — twitching motility and biofilm
Bayer-Santos et al (2018) (Guzzo et al, 2009, 2013; Dunger et al, 2014,
Llontop et al, 2022)
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Prototypical conjugative T4SS
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A spectacular example of a difficult structural

blology project attacked by several techniques
Membrane proteins

- Symmetry Mismatch

- Compositional heterogeneity

- Conformational heterogeneity

- Disordered regions

- CryoEM + Crystallography + AlphaFold

- Composite model construction

- VirD4 coupling ATPase not present
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Target bacterial cell

Killer bacterial cell

The Xanthomonas
Type IV Secretion System

Bacterial | cytosol
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Bacterial cytosol

Physiological role(s) of the machine
- Identification and characterization of protein substrates
- Mutagenesis studies

How the machine works - Protein-protein interactions and structures of:
- the components of the pore

- substrate activity and secretion

- molecular motifs responsible for substrate recognition

- inhibitors/immunity proteins



The X. citri X-T4SS offers an advantage in
growth competition experiments

X. citri WT CFP X. citri AvirB7 CFP X. citri AvirB7 + virB7 CFP

+ E. coli DH5a

Mixed colonies; scale bar: 1 mm

Souza et al. (2015)
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VS
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E. coll (YFP)

Souza et al. (2015)
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The opportunistic pathogen
Stenotrophomonas maltophilia utilizes a type IV
secretion system for interbacterial killing

Ethel Bayer-Santos "2, William Cenens'®, Bruno Yasui Matsuyamac: ', Gabriel

Umaji Oka', Giancarlo Di Sessa®, Izabel Del Valle Mininel®', Tiago Lubiana Alves®’,

Chuck Shaker Farah'*
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SOME STRUCTURAL STUDIES OF THE XANTHOMONAS
TYPE IV SECRETION SYSTEM

Roberto Diorge German
Salinas Souza Sgro Oka
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Core complex (OMCC)

= VirB7-B9-B10

Macé et al (2022)

IMC protomer &%

R388 plasmid
Conjugative T4SS

OomMCC

IMC

Gel filtration using Superose 6

Normaised absorbance 280 m (mAU)
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X. citri effectors
X-Tfes

J. Bacteriol. Nat. Commun. PNAS

XAC0466 — GH19 = M23 Metallopeptidase

XAC0096 HExxH motif Metallopeptidase
XAC0574 —— Lipase 3
XAC2885 —— Lipase 3

XAC1918 “ Lysozyme-like (a2
XAC3266 = AHH

XVIP conserved domain (XVIPCD)
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X. citri effectors (toxins) X-Tfes SN
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X. citri effectors (toxins) X-Tfes aasa aﬂ
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X. citri immunity proteins X-Tfis
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Each effector has its own
cognate immunity protein

XAC3633  Liropox —lE- 00
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Diorge Souza,
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X. citri effector conserved domains (XVIPCD)
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N-terminal sequences of XVIPCDs
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XVIPCD NMR structure (Oka et al, 2022) -



X. citri effector conserved domains (XVIPCD)
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Killer bacterial cell

VirD4,,p induced perturbations in XVIPCD (Oka et al, 2022) 1



AlphaFold model of VirD4 hexamer
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S_enterica LSVVPRGKTDEAEEWASYGRLLLRETAHKL----------------- ALIGTPJMRELFH 244 x
A_tum_D4 ANLITA-KGKGAEGFIDGARDLFVAGIWTCI----------------- ERGTPYIGAVYD 271
Dy_jiang_D4 AILYPD-EPGKDPFWTSQSRAAFTGFTQFMFEAWDRSWRMGLPSDPNTVEDFPYFERILR 282
Lut_rhiz_D4 SMLYPD-GSEDQKFWVSQARNAFMAFSIRYLCEKWEDDERKNRPMA - - -VRSKPJLGMIYR 278
Lys_anti_D4 AMLYPD-GSDDQKFWVSQARNAFMAFTIJYLFEAWEDAKKVGFPFG- - - -T-IPJLGAVYR 27/,
Lys_enz_D4 AMLYPD-GSDDQKFWISQARNAFMAFTIJYLFEAYDDAQKVGFPFA----T-QPJIGAVYR 274
X_citri_D4 AMLYPD-GSDDQKFWVSQARNAFMAFARYLFENWDEELSLGFPGG- - - -AGAPLGGIYR 275
S_malto_D4 AMLYPD-GAEDQKFWVSQARNAFMAFTIYLFENWDDERSSGFPGG- - - -SGTPYLGSVYR 279
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Partial assignment of the VirD4 all alpha domain
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Amino-acid sequence of VirD4_AAD showing the assigned residues in the Ih.
N Trosy spectrum. The protein has 163 amino-acids. The residues in blue are

those that are still assign. The ~H-

N Trosy spectrum of the VirD4_AAD contain

132 backbone amide cross peaks out of 155 peaks expected based on the amino

acid sequence. Thus, signals for 24 ~H-

N spin pairs were absent in the spectrum.

From the 132 aohserved signals, 98 could be assigned to a VirD4_AAD amino acid

residue. 34 TH-1°N spin pairs are not yet assigned.
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Gabriel Oka, Luis Cezar, Roberto Salinas
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Identification of VirD4,,, residues involved in interactions with the X-TfeXAc2609, | o
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AlphaFold model of VirD4-XVIPCD complex




AlphaFold model of VirD4-XVIPCD complex
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Models of other VirD4-XVIPCD complexes
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Models of other VirD4-XVIPCD complexes
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The VirD4,,p-XVIPCD interaction may help to poise the X-Tfe
extreme C-terminus for insertion into the hexamer channel

Target bacterial cell
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C-terminal sequences of XVIPCDs
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Killer bacterial cell

Oka et al (2022): All of the mutations that significantly impaired XVIPCD binding to
VirD4,,p also compromised the ability of X-TfeXAC2609 to be transferred into and
lyse target E. coli cells.

Of particular interest is the six- and nine residue deletions in the carboxyl-
terminal tail of XAC2609 and XAC3634 that impaired E. coli killing even though
it did not significantly affect binding to VirD4,,p. Thus, the extreme carboxyl
terminus of the XVIPCD is apparently involved in an essential step in the
secretion pathway that may be distinct from binding to VirD4,,p.




Future crystal structures of the VirD4, ,p-X-TfeXAC2609, | .. complex
may provide evidence for or against these hypotheses

550 uM VirD4 550 uM XVIPCD
20 %wl/v PEG 3350 (Precipitant)
0.2 M Nal (Salt)

0.1 M BIS-TRIS prop 6.5 pH (Buffer)

550 uM VirD4_AAD-550 uM XVIPCD
20 %wlv PEG 6K (Precipitant)
0.1 M HEPES 7 pH (Buffer)

0.2 M NaCl (Salt)

550 uM VirD4_AAD-550 uM XVIPCD
1.6 M (NH4)2504 (Salt)
0.1 M MES 6.5 pH (Buffer)

10 %v/v Dioxane (Precipitant)

550 uM VirD4_AAD-550 uM XVIPCD Daniela Sifuentes
1.4 M Na2 Malon (Salt) .
Luis Cezar
Roberto Salinas
Chuck Farah



Main points covered

Many species from the Xanthomonadales order carry a
chromosomally encoded T4SS capable of transferring
toxic effectors into other Gram-negative bacterial species.

Effectors/toxins are recognized by way of an interaction
between a conserved C-terminal and the All-Alpha-Domain
of the VirD4 coupling protein.

Effectors carry N-terminal domains with different catalytic
activities

The VirD4,,,-XVIPCD interaction may help to poise the X-
Tfe extreme C-terminus for insertion into the hexamer
channel



Target bacterial cell

Killer bacterial cell

Some Outstanding Questions and Future Directions
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T4SS structural biology
incorporation of other components into larger complexes
recognition of toxins by the X-T4SS

Can we identify distinct conformational states of the core
complex?

Tomography of X-T4SS in cell

Coordination of ATPase activities with toxin transport.

For example: what happens after VirD4-XVIPCD recognition?

Can we directly observe toxin transfer from a
Xanthomonas cell to a target cell?

How do toxins that act in the target cell cytosol get there
from the periplasm?

Structural basis of X-T4SS self/non-self discernment

X-T4SS effectors/toxins — diversity and evolution
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