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CHAPTER SUMMARY

Antibiotic resistance is a major public health threat that has stimulated the scientific community to
search for non-traditional therapeutic targets. Because virulence, but not the growth, of many
Gram-negative bacterial pathogens depends on the multi-component type three secretion system
injectisome (T3SSi), the T3SSi has been an attractive target for identifying small molecules,
peptides, and monoclonal antibodies that inhibit its function to render the pathogen avirulent.
While many small molecule lead compounds have been identified in whole cell-based high
throughput screens (HTSs), only a few protein targets of these compounds are known, an
important step to developing more potent and specific inhibitors. Evaluation of the efficacy of
compounds in animal studies is ongoing. Some efforts involving the development of antibodies
and vaccines that target the T3SSi are further along and include an antibody that is currently in
phase Il clinical trials. Continued research into these anti-virulence therapies, used alone or in
combination with traditional antibiotics, requires combined efforts from both pharmaceutical
companies and academic labs.

INTRODUCTION

Antibiotic resistance is a great and growing threat to public health motivating scientists to
find innovative strategies to cure infections (1-3). An alternative approach to classical
antibiotics is to target virulence factors (4) — bacterial factors required for infection or
damage but not for growth outside the host (2, 5, 6). An anti-virulence factor should render
the bacteria non-pathogenic by neutralizing a critical virulence element thereby allowing
clearance of the pathogen by the host immune system (5-8).

The type 3 secretion system/injectisome (T3SSi) is expressed in a broad spectrum of Gram-
negative bacteria and is usually crucial for virulence (4, 9). This needle and syringe-like
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apparatus functions as a conduit for the delivery of effector proteins from the bacterial
cytoplasm into host cells (Fig 1A). These T3SSi systems share homology with 8 essential
core components of flagellar T3SS and contain an additional 20-30 proteins involved in
expression, secretion and translocation of effector proteins (9-11). Therapeutic strategies
against the T3SSi have been pursued that include interfering with transcriptional regulation,
chaperone-effector interaction, assembly of various structures (outer ring, needle, tip
complex), or effector translocation or function (4, 5, 12-18).

Targeting the T3SSi as an effective means of curtailing infection has been rationalized in
several ways. Since the injectisome is absent in many resident microbiota, one proposed
advantage is that more of the microbiome would be preserved during treatment.
Furthermore, the likelihood of developing resistance in resident microbiota that can be
transferred by horizontal gene transfer to pathogenic bacteria is minimal. However, due to
the homology between some components of the T3SSi and flagella, some inhibitors also
affect flagella (13, 19, 20), an observation that may mitigate this advantage. Another
potential benefit is that since these anti-virulence agents should minimally affect bacterial
growth, they may exert low selective pressure in the environment and therefore drug
resistance may develop infrequently. To our knowledge this has not been experimentally
tested in an animal model of infection. On the other hand, disadvantages to be considered
include that anti-T3SSi agents may not impede bacterial growth in infected
immunocompromised individuals and that some infections require bactericidal agents.
Nonetheless, discovering and studying reagents that inhibit the T3SSi remains attractive
both for the potential therapeutic benefits and their use as important tools to elucidate the
structure-functional relationships of this complex machinery.

This review focuses on advances in T3SSi-targeted therapies in the past 4 years (Tables 1-2)
including small molecules, antibodies, and vaccines, whose molecular targets are known
(Fig. 1B). Excellent in-depth reviews covering progress of the field until 2014-2015 and
structure of molecules include (2, 21, 22). Some previously well-studied compounds are also
summarized in Table 1.

SMALL MOLECULES

Many studies use HTSs to identify small molecule inhibitors of T3SSi via phenotypic
readouts of T3SSi functions including inhibition of T3SSi expression in bacteria (13, 15,
23-25), secretion of effectors into the extracellular supernatant (14, 17, 25-27), or
translocation of effector proteins into host cells (14, 18). A benefit of such approaches is that
identified molecules are effective in the context of the bacterium. However, complications
include that the inhibitors may target more than one protein, may target a host protein, or
may alter T3SSi function by generally affecting bacterial cell physiology rather than a
specific component of the machinery. Consequently, identification of the specific targets of
many small molecule inhibitors has lagged and structure activity relationship (SAR) studies
are complicated if the molecule targets several proteins.

Recently, several exciting advances have been made in both target identification and in
identifying lead compounds with sufficiently low ICsq for /n vivo studies. More classical
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pharmacological approaches that identify compounds that bind to a protein or inhibit its
biochemical activity have been fruitfully employed (16, 28-30). Increasingly, the structures
of T3SS components are being exploited to elucidate the design of potential inhibitors to
these proteins (31-34).

Salicylidene Acylhydrazides

Salicylidene acylhydrazides (SAHS) are the first identified and most widely studied class of
synthetic small molecules that target the T3SSi across many bacterial species (13, 14).
Several studies suggest that some of these molecules have multiple targets or act indirectly
on the T3SSi by impacting bacterial physiology (19, 25, 35-37). Of the derivatives
generated, many show promising results. Modifications to improve stability and selectivity
of SAH MEQO55 resulted in two new synthesized compounds, RCZ12 and RCZ20, that
inhibit secretion of EHEC T3SS translocon protein, EspD, as effectively as ME0O055 (Fig.
1B). Unlike the parent compound, RCZ12 and RCZ20 have no effect on bacterial growth
suggesting they are more specific (38). Affinity-chromatography experiments revealed the
coiled-coil domain 1 of EspD as the inhibitors” key domain-binding site (38). These
compounds show dual functionality by also downregulating transcription of the locus of
enterocyte effacement (LEE) that encodes the T3SS (38). Recent mechanistic analysis of
another SAH, INP0341, shows that it prevents T3SS expression in £, aeruginosa clinical
isolates without affecting growth (39).

A very recent study employed a multiple-assay approach to elucidate the mechanism of
action of a group of previously identified T3SS inhibitors (40). Compound SAH INP0007
disrupts YscD puncta formation suggesting interference with needle assembly and
significantly decreases flagellar motility. Whether inhibition occurs by directly binding to a
common core component between the T3SSi and flagella, or by interfering with other
processes that render bacteria less able to build both systems, is still unknown (40).
Compound 4 (C4), a haloid-containing sulfonamidobenzamide (SAB), which was originally
identified along with SAHSs as inhibitors of the T3SS (13), is now postulated to have an
indirect effect on T3SS transcription by inhibiting the secretion process (40).

Compounds Targeting the T3SS ATPase

Using the known structure of the EPEC EscN ATPase, a computational HTS identified
compounds predicted to block the protein’s active site (29). One lead compound (WENO05—
03) competitively inhibits hydrolysis of ATP by EscN and reduces toxicity to infected HeLa
cells (29). Another study using molecular docking and virtual screening identified a series of
N-arylbenzylamines predicted to target the SctN T3SS ATPase of C. trachomatis (30). Two
of these compounds block translocation of the T3SS effector, IncA, into cultured cells and
reduce chlamydial survival in these cells (30). Hydroxyquinoline (HQ) derivatives were first
described as inhibitors of T3SSi gene expression in Y. pseudotuberculosisand C.
trachomatis (41). HQ INP1855 inhibits YscN ATPase activity /n7 vitro as well as impairs
flagellar motility providing evidence that it might target conserved ATPases found in T3SS
and flagella (28). In addition, HQ INP1855 reduces £, aeruginosa T3SS-mediated
cytotoxicity in cultured cells, blocks secretion of ExoS effector protein, as well as enhances
survival and reduces bacterial burden and lung pathology of mice infected intranasally with
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P, aeruginosa (28). HQ INP1750 acts similarly to HQ INP1855 and inhibits both ExoS
secretion as well as flagellar motility (39). However, a direct interaction between these HQ
derivatives and T3SS ATPases remains to be shown.

Compounds Targeting Needles or Needle Assembly

Phenoxyacetamide (PXA) was first discovered as an inhibitor of the T3SSi in £, aeruginosa
and SAR analysis demonstrated strict stereoselectivity suggesting an interaction with a
specific target or site (42). Isolation of several mutants in PscF resistant to PXA inhibitors
provides genetic evidence that PXAs target the needle protein (34, 43). Modeling of PXA
inhibitors supports the idea that these molecules intercalate within the needle and interact
simultaneously with several assembled PscF subunits; however, biochemical and structural
studies are needed to demonstrate a direct interaction. Importantly, injection of PXA
(MBX2359) into abscesses formed by P. aeruginosa significantly reduces abscess size
providing evidence that these inhibitors are efficacious in infection models in mammals (44).

Piericidins, a class of compounds derived from Actinomycetales, inhibits translocation of
YopM into cultured cells (45). A follow-up study showed that Yersinia treated with
Piericidin Al has fewer needles, suggesting that it inhibits a step prior to or during needle
assembly (46). The related Psc T3SS of 2 aeruginosa and the Ysa T3SS of Y. enterocolitica
are not inhibited, indicating its specificity but potentially limiting its usefulness without
additional SAR analysis (46).

Compounds Targeting Translocon and/or Effector Secretion and Activity

Using click chemistry, the flavonoids baicalein and quercetin were found to covalently
modify S. Typhimurium translocases and effectors, resulting in changes to stability or
activity (47). The N-terminal chaperone-binding domain is proposed to be the modified site
(47). These flavonoids inhibit invasion of S. Typhimurium into cultured cells but have no
effect on effector secretion or needle assembly (47). Screening libraries for compounds that
bind to Sa/monella SipD (48) or Shigella IpaD tip proteins (49) identified a new class of
small molecules based on the indole scaffold as potential inhibitors of the T3SSi. Malic
diamide (42), a compound structurally related to PXA, significantly inhibits the secretion of
YopB and YopD proteins required for translocation, without disrupting needle YscF puncta
formation indicating that it targets the translocon (40).

In the past few years, several natural compounds have been identified, typically in screens
for secretion (50-53), translocation into target cells (54) or by inhibiting the effects on
T3SSi-mediated functions on targeted host cells (55). Potentially promising compounds are
listed in Table 1, but to our knowledge, the specificity against T3SSi or protein targets have
not been investigated in depth.

Anti-T3SS Compounds Tested Against Plant Pathogens

Plants are also susceptible to infection by bacteria harboring T3SSs, and there have been
several recent exciting findings. Natural and synthetic compounds were screened for the
ability to reduce expression of the R. solanacearum T3SS pilus gene ArpY (56). The most
potent inhibitors were SAHs, which inhibit secretion of T3SS effector AvrA and limit
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bacterial growth on tomato plants (56). SAHSs also reduce the expression of T3SS genes of
Erwinia amylovora and reduce disease symptoms on inoculated crab apple pistils (57).
Phenolic compounds repress the expression of T3SS transcriptional regulators ArpG and
hrpX of Xanthomonas oryzae and reduce disease symptoms on rice leaves (58).
Thiazolidine-2-cyanamide compounds also reduce relative expression of X. oryzae hrpG and
hrpX and disease symptoms on rice (59).

ANTIBODIES, VACCINES, AND PEPTIDES

Antibodies

Vaccines

Recent advances in targeting T3SSi using antibodies, vaccines, and polypeptides are
summarized below and in Table 2.

A monoclonal antibody, KB001, that binds to the 2 aeruginosa T3SS tip protein, PcrV,
initially showed promise in the treatment of patients with airway-associated £ aeruginosa
infection or colonization, but failed in phase Il clinical trials for not meeting efficacy
endpoints (60-62). By contrast, a bispecific antibody, MEDI3902, against £, aeruginosa
PcrV and the Psl exopolysaccharide, is effective against a wide range of clinical isolates and
is currently in phase Il clinical trials for prevention of ventilator nosocomial pneumonia (63,
64).

Single-domain antibodies that consist of the N-terminal variable region of an
immunoglobulin heavy chain (VHH) but not the light chain can be isolated from camelid
species (65). A panel of VHH single-domain antibodies was raised against the Shigella
flexneri 1paD tip protein (66). Four such antibodies that bound IpaD significantly inhibit
hemolysis of sheep red blood cells, a measure of T3SS translocon functionality (66).
Structural binding analysis revealed that these inhibitory VHHs mostly bound to the distal
domain of IpaD, suggesting the importance of this region in T3SS function (66).

Work towards a plague vaccine has led to testing a recombinant vaccine consisting of the
Yersinia pestis F1 protein and the T3SS tip protein LcrV, reviewed in (67). The FDA has
granted Orphan Drug status for the development of this rF1V vaccine, as a prophylactic for
high risk individuals (68, 69). Efforts to lessen Shiga toxin-producing Escherichia coli
(STEC) disease burden in cattle to reduce transmission to humans are ongoing. Cohorts of
cattle immunized against serotype 0157 have reduced shedding of 0157 but not of other
STEC serotypes due to serotype specificity (70). To develop vaccines against a different
prevalent serotype, anti-sera to five T3SS proteins, EspA, EspB, EspF, NleA and Tir, of
STEC serotype 0103 were studied. These anti-sera block STEC adherence to HEp-2 cells
(71). In efficacy studies, mice developed strong serum IgG titers against four of these five
proteins, but still shed 0103 after oral administration indicating that the bacteria could still
be transmitted (71).

Recent attempts to develop T3SS-targeted vaccines against Sa/monella enterica show some
success in mouse studies. A peptide vaccine that elicits a CD4 T cell response against T3SS
effector protein Ssel, protects mice against acute infection, a tantalizing result given that
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only a single peptide elicits protection (72). Mice were immunized by different routes with
Salmonella T3SS proteins SipD and Prgl in combination or alone; oral immunization with
SipD provides the highest level of protection against lethal challenge (73). Increased
protection is observed when flagellin is added to a vaccine against Sa/monella T3SS protein
SseB (74). A subunit vaccine against Sa/monella consisting of two components, S1 (a
genetic fusion of SPI-1 translocon proteins SipB and SipD) and S2 (a genetic fusion of
SPI-2 proteins SseB and SseC) elicits strong IgG titers to all four proteins in mice (75).
These mice are significantly protected against challenge with S. typhimuriumand S.
enteritidis and experience reduced cecal inflammation (75). These results warrant studies on
long-term protection.

Anti-T3SS peptides (Table 2) have been identified against Sa/monella (76), EPEC (77), and
EHEC (78) and more recently, in Yersinia (79). Derivatives of the natural compound
phepropeptin D that contained various peptoid substitutions on the cyclic peptide backbone,
significantly inhibits NF-kB signaling, secretion of the effector protein YopE, and
translocation of YopM into HeLa cells by Yersinia (79). The peptomers do not affect
Yersinia growth or flagellar motility indicating their potential specificity to the T3SSi.
Several derivatives also inhibit secretion of the P, aeruginosa effector protein ExoU
suggesting that they might target a conserved component of these two injectisome systems
(79).

CONCLUSION AND PERSPECTIVE

Discovery of and research into inhibitors of the T3SSi is a highly active area with many
candidates from different classes that are effective in blocking the function of T3SS.
Although antibodies and vaccines are further along in the pipeline, many small molecule
inhibitors show promise. Some molecules have a narrower spectrum of activity, while others
have broader spectrums including those that target components conserved between the
T3SSi and flagella. Both have benefits and disadvantages. For instance, an effective, but
narrow spectrum molecule against the T3SSi of the multi-drug resistant 2. aeruginosa could
save many lives each year. By contrast, a narrow spectrum molecule effective towards Y/
pestis would not save many lives annually unless a major outbreak occurred. Yet
importantly, study of such a molecule could help elucidate structure-function relations of the
T3SSi and be used as a platform to develop molecules highly effective against homologous
components in other T3SSi. Resistance mutants, biochemical assays, structural modeling,
and rational designs are helping to identify targets and generate more potent inhibitors.
Validating their efficacy in animal systems is ongoing. Both basic science and clinical
translational research from academic and pharmaceutical groups is crucial to the
advancement of these molecules to combat the rising threat of antibiotic resistance.
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Figure 1.
(A) Structure of T3SSi. * indicate regions with conserved components between T3SSi and

flagella. Yersinia= orange; Pseudomonas = blue; EPEC/EHEC = purple; Salmonella=
green; Shigella=red. (B) Potential targets of compounds based on inhibition of T3SSi
function, biochemical or binding studies, genetic resistance, or animal studies.

EcoSal Plus. Author manuscript; available in PMC 2019 May 01.



Page 14

Fasciano et al.

U0112108S S0X3 pue

(68) uonduosues} SSE1 sHagIyu| ON ON ON 2souIlniae Seuowopnasd TYE0dNI HVYS
Apoq [eseq SSE 40
Bunabiey 1s366ns auabyy|4 SG0¥0dNI HV'S
(67) ur pajejosi suoneIniy W\ ON ON 2OLISIUS 'S ¥0v0dNI HY'S
Ssel
uo 10843 198.1pul Bunsabibins
HV'S 0} puig xd 1 pue X |04
‘WOIM patyiuapl shesse 1j02 BlyoLIaYyIsT (TEOOdNI ‘2TD)SS003N HV'S
(9¢) | umop |Ind ‘uonaioss snaIyuj ON ON ON 5150Jn2.42Gopnasd A (0TOOdNI '82)25003N HYS
(TE00dNI “£T)SS003N HY'S
(TO¥0dNI ‘0TO)¥S00INHV'S
siorenbas SSE L (€070dNI ‘TTD)ESOOINHVYS
(s1) uonaI2as sHaiyul ON ON ON | Hquyur o3 paisahing 03H3 (0TO0dNI ‘82)2G003NHVS
Alquiasse ajpasu Alquiasse
J31I0ys pue Jama- ‘uoiseAul d|ps3u [eseq SSEL
(21) | s001q pue uonaIdss SHqIyU| ON ON ON | nquyur o3 paisahing Lsuxaly efjabrys | (ST0) 20¥0dNIHVS 0070dNI HY'S
Ssel
U0 19943 19a.1pul Bunsabibins
(28) OWaH Ul paje|osi suoneInizl ON ON ON shewoyaed] 'O T7E0dNI HY'S
Ajeaidoy pasaisiuiwipe usym
uooajul [eulben 1surebe
301W $)98101d ‘uonisinboe uolre|ayd
uoJi Jo uonenbaidn uoJ1-108)J8 0070dNI HVS
(18 ‘08 's€) ‘uonduosuen SSE1 suaIyu| SOA ON ON | 108u1pul paisahing Stewoyoel elpAwelyo TVE0dNI HVS
uonisinboe uoll Jo uolre|ayd
uonenbaidn ‘uonalass pue uoJ1-103)3 (€500aN)
(s2) uonduosuen SSEL sHaIyuj ON ON ON | aunpur pajsalbng 2oLISIUS 'S €0v0dNI-TTO HVS
sdoo|
payebi| [eunsaiul auIAoq
Buisn onn ur HV'S a1epijea
0} Apn1s 1s114 ‘UoIseAul €070dNI-TTO HVS
(12 S$320]q pUe UOI13198S SHQIYU| SOA ON ON 2o1181U8 BffjUoW[ES L000dNI-TO HVS
uoedo|sues) L000dNI-TD
1) pue UONBIIBS SHAIYU| ON ON ON SI1S0[N2.19Gn1opnasd ‘A (€20-TD) HVS
Aunow seyjabery nayur ¥
pue Z2 ‘UuoNa12as doA pue ¥04avs
(1) uonduosue)) SSEL sHaIyuj ON IN ON S1S0[1248Q10pnasd BluISIa (20 '10) HVS
sy nopeayedAiousyd ¢SBIPNIS OAIA UL | ¢S|R0 0310IX0L | ¢YmoB [elleioeqsigiyu| wpbre) wsiueb 10 punodwod

Author Manuscript

T 9|qeL

Author Manuscript

Author Manuscript

SSEL aU} JO SIoNGIYU] SINIBJOIA [[EWS JO UONUNS pue s}abie] s|qissod

Author Manuscript

EcoSal Plus. Author manuscript; available in PMC 2019 May 01.



Page 15

Fasciano et al.

uisrold
juasaid 9|paauU-49S A
(9v) S3|PaaU JO Jaguinu $8dnpay ON 1IN IN 196.1e) 03 paysabbng SI1S01n2.19qNopnasa ‘A TV UIp1olald
uoleAnoe gx-4N
(sp) wispuadap-SSE L suaIyul ON ON ON s150/n24aqniopnasd A suip1auald
UOITeWLIO} SS3ISqe 2soulbnioe
o 10 |apow ashow
(vv) U1 9ZIS SS9 S8Npay SOA 1IN 1IN osoulbnioe o SaplweladeAxouayd
s1011q1yul apiweadeAxouayd utarold
0} Juelsisal 9|peau — 49sd
(ev ‘zv 'vE) SJUBINW 954 JO UOIYe|0S| ON ON ON 1866 01 palsebbng vsoulbniae o sapiwelaoeAxousyd
sanes| jueld ovbULIAS
u1 asuodsas AnanisuasiadAy Uu138128$ Se yons Seuowopansd
$30Npay ‘uonewloy xa|dwod SSEL ynm 1abiey ©III0218)UT BIUISISA
9]Paau SaONPaY ‘U011 uowwod Bunsabbns vsoulbnioe o
(€8) pue uonduosuesy sugiyul | swuejd 099eqoy SaA ON ON SSZ1 sHaiyu| BILIBIUS S sauoulpIjozZely L
vsoulbnioe o
uodojsuely — gdoA S1sad BIUISIZA
(z8) U013191935 10193149 S)HqIyu| ON SBA IN 1868 01 pajsebbng SI1S0[n2.13gn1opnasd A @ punodwo)
aoualaype
UM 81aj81ul osoulbnioe o
(81) | uomneoojsuen Jo1oays suqgIyu| OoN oN OoN 01 paisahbng S150/n249gNopnasd ‘A 022
osoulbnioe o
(8T) | uomneoo|sues 1010348 SHaIyU| ON ON ON 5150/1249qniopnasd A 8€0 pue ¥2J ‘22D ‘61D ‘STD
J]apow auunw
B Ul 9A1398)01d S][99 paldajul Joye|nBal Jaisew
(91) u1 A1191x010142 saonpay SOA oN ON Ssel — 4497 S150/n249gn3opnasd ‘A aj0zeplwizuag
uonaIdes gds3g pue
(92) uonduosuen SSg1 suqiyul ON ON ON 0343 apljiueauapliholfes
uonduriosuely
(€1) pUE UONRIIBS SHAIYU] ON 1IN ON S150/n249qmopnasd A €D apl[iueauaplAdies
uoIewIo}
(ov) rlound QIS A S04V ON SIA OoN S1S01n2.18qnopnasa ‘A 0T00dNI HVS
uonewIo}
(ov) ejpund QISA S0PV ON ON ON s1S0jn2eqniopnasd A L000dNI HV'S
(ov) uonaIIas SHgIyu| ON OoN OoN §50/n2.49gniopnasd A ¥ punodwo) gv's
Alquiasse
9|Paau J31I0YS/Jama urajoud alod 02Z204
(8¢) ‘uona109s gds3 sHaIyuj ON ON ON 3|psdu — qds3 O3H3 pue 21724 HVS
sy 1nopeay pdAoueyd ¢SRIPNISOAIA UL | ¢sIo0191X01 | ¢ymmodb [else1oeqsliqiyu| wbre] wsiueb Qo punodwo)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

EcoSal Plus. Author manuscript; available in PMC 2019 May 01.



Page 16

Fasciano et al.

$]189 10y oI

(15) | uoisenul gyauowyes sadnpay ON IN ON IS S ale||eb uiyoaedo)ehidy
Uteap 189 padnpul
BIUISIZA SPINPY :S][9D
1S0Y 01Ul UOISeAUI Z/faLoufes S1S0/n249gN0pnasd ‘A
$39Npay :03d3/03H3 vILIBIUS S
(29) J0 B0UBIBYPE SANPIY ON 1IN ON 03H3/03d3 ale|[eb ulyosyeso|jebidy
sutajoud 10198448 T-1dS
10} Joje|nBas [euonduiosuely
~//UI pUB 9/s auoladeyd
(09) 10 uoIssaldxa saonpay ON 1IN ON IS S |OUOARJ0217]
NOSA 8sed 1V
SSeLEIsIaA Jo Aunnoe
s9anpay ‘ANjnow sejjabeyy 9sed 1V SSEL 5150/n248gniopnasd A 0S.TdNI
(6€) pue uoNaI8s SHgIyu| ON ON ON 1866} 01 pajsebbng vsoulbniae o auljouinbAxoipAH
NOISA ased 1V
SSe1 snobojowoy Jo AjAnoe
$92NpaY ‘821W paldaul
ur ABojoyyed Bun| pue usp.ng
[elia10Bq S30NPay :S|18d 9sed1V SSEL GG8TdNI
(82) | 1soy uo A191x010149 S3INPAY I ON ON 18681 01 pajsebbng vsoulbniae o auljouinbAxoipAH
GG8TdNI
5150/n249qmopnasd A L9/.TdNIOSLTdNI
(tv) A1191X010140 suqiyu| ON ON ON snewoyael) D sauljouinbAxoIpAH
s|199
150y Ul suoisnjoul [eipAwe|yo NIJS 8Sed1V SSE€L
(0g) pue U0I12193S S30Npay ON ON ON 19681 0] paysebbng snewoyae D saulwelAzuaqiAte-N
S||92 e18H
paloajul 0 A1IDIX0] SaoNpay
(62) s1SAJ0IPAY d LV sHayul ON ON ON | NOs3 ased1V SSEL 0343 €0-GONaM
(¥8) uone1d8s s)qiyu] ON ON S3A- 980/ ‘ON | NOISA 8sedlV SSEL snsad A 980/ '2€8L ‘218 spunodwo)d
S[182 1s0y sajensqns T-1dS4o
() | 10 uoiseaul [els81oeq SHQIYU| ON 1N OoN Buijage| useAo)d BILIBIUS S SplouoAe|4
adoA pue
(ov) gdoA Jo uonaiss sHqIyu| ON ON ON s150/n248qmopnasd A aplwelp d1e|N
Qed] 01 puiq Jeys
spunodwod pulj 0} UsaIIS
(%) 89ueU0SaJ uowse|d adeyns ON IN IN uigyoid din — qed| ‘ads gy1a01ys spunodwo? Jo Areiqi]
gdis pue qdis o1 puiq ey urejoud
spunodwod pulj 0} UsaIIs uodojsuesy — gdis
(8y) 8oUeU0SaJ uowse|d adepns ON IN IN uoid din — qdis 'ads gfjauowes spunodwo Jo Areiqi]
sy 1nopeay pdAoueyd ¢SRIPNISOAIA UL | ¢sIo0191X01 | ¢ymmodb [else1oeqsliqiyu| wbre] wsiueb Qo punodwo)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

EcoSal Plus. Author manuscript; available in PMC 2019 May 01.



Page 17

Fasciano et al.

W9ISAS Uone1as ||| 8dAL = SSEL #/09 eryaLiayass dwusboyredolsiug = D3d3 409 elyaliayoss dibeyilowsyolaiul = D3HI ‘paisal 10N = IN

sjueid

8914 U0 swoldwAs aseasip
$90NpaY ‘Uoissaldxa 101088
Ssel arenBal yoym saush
duy Jo sioyenbal-xadsy pue

(69) 9d1y 30 uoissaldxs seonpay siuejd 2oLl SeA 1IN ON ovzA10 "X | SanIleALIap apiweurAd-Z-UIpIjozZely L
siued
8914 U0 swoldwAs aseasip
$9INPaY ‘UoIssaldxa 10308))8
SSel a1enbas yoym saush
auy 3o sioyenbal-xadsy pue

(89) 9d1y 30 uoissaidxa saonpay sjued 8911 SBA 1IN ON avzAI0 seuowoyuex sjouayd
siueld ajdde uo swoldwAs
aseasip saonpal ‘sauab

(29) SSE1 J0 uoissaldxa saonpay sjued ajdde saA IN OoN zlonojwe elumi3 SHVS
siuejd orewoy
uo yImo.b [eL1gloeq seanpal

(99) ‘uoiredojsuedy siqiyuy | syuejd orewoy seA 1N JewuIn winieaseue|os "y SHVS
siuejd 029eq0)
uo uoissalboud aseasip

$90Npay ‘sauab 1010aYs winieaeue|os auoJayl|jpquin —

(28) SSE1 Jo uoissaldxa saonpay | siuejd 099eq0) SIA 1IN (98)saA zluojs|ey ULIRWNOIAX0IPAY-/
S|189 poojq pai

(s5) daays Jo sisAjoway saonpay ON IN ON IS S 101eA0QO
uonddyul Jsurefe

301U $)98104d ‘S]199 IS0y *2u09 Jaybiy
(58) | 40 uoIseAul [eL3)ORY SHQIYU] SOA 1 Apubs *0u02 Jaybiy 1e Apybis BoLISIUS 'S JowAyL
S|189 150y '2U02

(#S) | 10 uoiseaur [elsa1oeg SHQIYU| OoN 13yBiy 1e seA OoN BILIBIUS S apLIo|yo auLreuINbURS
yreap 189 padnpul
BILISIZA SRINPAY ‘S][9D

150 01Ul UOISeAUI Z/faLoufes S1S0/n249gN0pnasd ‘A

$89Npay :03d3/03HI BILISIUS 'S 108.11%3 Jes|

(€9) 10 8duaJaype sednpay ON 1IN ON 03H3/03d3 enefent wniplsd

sy 1nopeay pdAoueyd ¢SRIPNISOAIA UL | ¢sIo0191X01 | ¢ymmodb [else1oeqsliqiyu| wbre] wsiueb Qo punodwo)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

EcoSal Plus. Author manuscript; available in PMC 2019 May 01.



Page 18

Fasciano et al.

109 BIyaLiayasg dlusboyredosaiug = D343 .#/09 eryoriayasy Buronpoid uixol-ebiys = D31S

EcoSal Plus. Author manuscript; available in PMC 2019 May 01.

esoulbnioe 4
BuipunoJ 1182 $8oNpal pue uoI1leIo|SuL.) 10308448 NAOA s1so/naagniopnasd | senireallap @ undadoadayd
(62) BIUISIZA SHQIyu] ‘sulgloid SSE] JO UoIaId8s S)gIyu| BIUISIGA — sJawoydad
abuajleys winRuapoJ 13398qoliD
(82) winnuapo. -9 1a1ye abewep uojod Jsurele adlw 1981014 dn-yds3 O3JH3 sapndad
SuoIsa|
(22) 3/v Bunuanaid Agassyy uoneziiswAjod wds3 suqiyul d-yds3 03d3 saphdad
[enuajod onnadetayy uodo|suely — ged) LIBUX3YY 'S
(92) 10} ab1e| 003 apndadAjod S]182 1S0Y 03Ul UOISBAUI [B14339B] SHQIYU| uodo|suel} — gdis 22118JUS 'S apndadAjod
uogojsuel}
pue di}-0ass pue gass Jo uoisn :zS
uodojsuely
(s2) abuajeyo [eys| 1surede aolw 3981014 pue di-gdis pue @dis jo uoisn4 :TS BI1IOIUS S 3U120BA JIUNQNS
unjjebel4
(v2) Uo1393jul Jsurele adlw $19810.4d 1010819 — gass BILIBILS 'S ETRITN
dn - qdis
(€2) uo13934ul Jsurele adlw s398104d a|paau — |Bid BILIBIUS 'S ETRITN
(zn) uonY3uI aINJe Jsurehe 8o1W $198101d 1010319 — [3SS 2I119JUI BI|oUOW|ES auIa9eA apndad
Buippays [eoay 1surebe payodsold 10U 81w
(t2) pazjuntu] 's||39 350y 0} DI LS J0 ddualaYpe $320]d sutgloud 5sg1 8010031 D3LS | eses-nue jeuojakjod uagey
va4d Siisad A 40 abus|eyd |0So.ae [eyls] YIm urajoud T4
(69) Aq uonreubisap bniqg ueydio pajoajul sanbeoew snbjowouAd Jo [ealnIns saoueyug dn — A0 S1sad BIuISIgA BUIDJBA AT
salpoquuy
(99) S]199 poojq paJ daays Jo sIsAjoway saonpay dn — qed) 118UX3)4 Bl)301YS urewoq HA-a1buIS
c06€1a3an
sfewy 321w | [apow eruownaud aynoe — Apoqnuy
(¥9 ‘c9) 1eatun]9 || aseyd ur Apusund | o uonasiold o ur pue uondsiold ANdIX0101A0 0.4 Lf apueyadesAjodoxa — |sd din — AJod psou1bnioe o ol10adsig
s[eLy ((88) ur pamainai)
[eaiuld |1 aseyd ui sutodpua uondajul Areuownd anae isurebe adiw s109304d vsouloniae
(29-09) AKoeoyys 198w Jou pIQ pue A1o1x0) pajelpaw SSEL isurefe s{192 1soy s10810.d dn — Alod Seuouiopnasd 1008 — Apognuy
sjpd fenualod annede oy L InopeayedAiouayd wbrel wsiueb 1o sse|D
siusuodwod SSg1 1surehe siawoidad pue ‘saulddeA ‘salpognuy
¢ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



	CHAPTER SUMMARY
	INTRODUCTION
	SMALL MOLECULES
	Salicylidene Acylhydrazides
	Compounds Targeting the T3SS ATPase
	Compounds Targeting Needles or Needle Assembly
	Compounds Targeting Translocon and/or Effector Secretion and Activity
	Anti-T3SS Compounds Tested Against Plant Pathogens

	ANTIBODIES, VACCINES, AND PEPTIDES
	Antibodies
	Vaccines
	Peptides

	CONCLUSION AND PERSPECTIVE
	References
	Figure 1.
	Table 1:
	Table 2:

