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I. Abstract
Ib. Abstract in English

Keywords: Klebsiella pneumoniae, counter-expression of type 1 and type 3 fimbriae,

interacting regulation with CPS biosynthesis

Fimbriae (also called pili) play a key role for bacteria to attach to specific host cell
during the establishment of an infection. The expression of type 1 or type 3 fimbriae in
the clinical isolates of Klebsiella pneumoniae has been commonly reported. We have
proposed to explore the regulatory mechanisms involved in the control of
counter-expression between type 1 and type 3 fimbirae and interacting regulation
between fimbriae and CPS biosynthesis. The accomplished experiments in a year are as
following:

1) To investigate if the deletion of the specific regulatory genes affects the
expression: The analysis of western hybridization against MrkA antibody and yeast
agglutination revealed: Deletion of phgS or phgM increased the expression of MrkA;
The deletion of mrkJ (KP4551), encoding EAL domain protein, or mrkH (KP4554),
encoding PilZ domain protein had no apparent effect on the YA activity or MrkA
expression. However, deletion of csgD or mrkl (KP4552), which encoding a
GerE-family transcription factor, apparently increased the YA activity. On the other
hand, the expression of MrkA was abolished in mrkl mutant. These results suggest
PecS/M is a negative regulatory system for the expression of type 3 fimbriae, Mrkl is
the regulator for the counter expression of the two fimbriae, and CsgD probably
controls the expression of a mannose-resistant adhesin.
2) We have used qPCR analysis to show that RcsB, an activator for the CPS synthesis,
negatively affect the expression of FimB and hence the expression of type 1 fimbriae
and FimK. The expression of FimK appeared to modulate level of the second
messenger c-di-GMP which in turn affects the expression of MrkA. In the meantime, a
transposon-insertion mutant library derived from CG43S3Z01rcsB’ strain carrying
Pmra-LacZ was generated, and 8 mutants with color changes on the X-gal plate had
been isolated. The sequences determined revealed that the disrupted genes include the
gene encoding a putative glycosidase and lacl, and the gene encoding carbon starvation
protein and an unknown function protein YehZ. The efficiency of Tn-mutagenesis has
to be improved, however.

3) To investigate if envelope stress plays a role in the regulation of the

counter-expression: The mutants with deletion of either porin gene encoding Ompk35

(OmpF), Ompk36 (OmpC), Omp37 (OmpN) or OmpA were generated. As assessed

using yeast agglutination activity, MrkA expression, and biofilm formation activity, no

I



apparent deletion effect on the yeast agglutination activity was observed for any of the
mutants. However, either ompC or ompA deletion was found to reduce the expression of
MrkA. Moreover, either of the gene deletion affected differently the biofilm formation

activity.
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I1. Background and Significance

Klebsiella pneumoniae (KP) infections

As a common nosocomial pathogen, Klebsiella pneumoniae (KP) causes suppurative
lesions, septicemia, and urinary and respiratory tract infections in immunocompromised
patients (27, 41). In Taiwan, KP is the leading cause of liver abscess in patients with
diabetes mellitus. A steady increase of the incidence of Klebsiella Liver Abscess (KLA) in
the patients of diabetes, malignancy, renal disease, or pneumonia was reported (5, 18, 32,
58, 61). Reports of KLA in western countries have also been accumulating (15, 29).
Virulence traits involved in the KLA pathogenesis including K1 capsule, magA, rmpA, and
type 1 fimbriae of the hypermucoviscous KP strains have been implicated (4, 7, 34, 36, 64).

KP adhesins

Fimbriae (also called pili) are the best understood structures for the attachment to host
cells to establish a persistent infection. Among the five adhesins identified in KP, type 1
fimbriae are frequently present in the pyelonephritis isolates of (44, 53, 54). Type 3
fimbriae, referred to as the mannose-resistant Klebsiella hemagglutin (Mr/KH), have also
been shown in some uropathogenic isolates of KP (56). The nonfimbrial adhesin CF29K,
which is involved in the adherence to human intestinal cell line Caco-2 (9), and a fimbrial
antigen KPF-28 that has been shown to be a determinant for the colonization on human gut
(10), are both encoded by a [B-lactamase-producing plasmid (8). The fifth nonfimbrial
adhesin mediates an aggregative adhesion pattern in intestinal cell lines (13). The recent
analysis of the KP NTUH-K2044 genome revealed, in addition to type 1 and type 3
fimbriae encoding operons, seven novel fimbriae kpa, kpb, kpc, kpd, kpe, kpf, and kpg
(94IDP11). This is consistent with many findings that multiple fimbriae are required for a

bacteria to establish an infection (59).

Expression of type 1 fimbriae

Type 1 fimbriae, which are characterized by their binding to mannosides, are expressed
in most members of the family Enterobacteriaceae (12, 21, 25). Encoded by the
fimAICDFGH gene cluster, type 1 fimbriae is composed of the major subunit FimA and the
adhesin FimH. The expression of type 1 fimbriae is phase variable which is mediated by an
invertible 414-bp cis element, fimS, that is located upstream of fimA. Flipping of fimS
alternates E. coli between type 1 fimbriated and nonfimbriated states, namely ON and OFF
phase. The site-specific recombination process requires either FimB (ON-to-OFF or
OFF-to-ON switch) or FimE (ON-to-OFF switch only) (30). KP carries an extra gene fimK
downstream to the fim operon. A negative role of FimK for the expression of type 1
fimbriae has been suggested to explain why KP is a less prevalent etiological agent of UTI
(44).

The recent DNA microarray demonstrated a coordinate expression between type 1 and
P fimbriae in an inverse manner (20). This cross-regulation occurred when PapB, a positive

regulator for type P fimbriae expression, was expressed to inhibit the FimB-promoted
1



recombination, but enhance the expression of fimkE (63). The deletion of ompA in E. coli

K1 was shown to decrease the expression of type 1 fimbriae (40). Moreover, an
iron-dependent regulation of FimE via IscR was reported to decrease expression of type 1
fimbriae (62). Most recently, Rcs phosphorelay has also been reported to affect the

expression of type 1 fimbriae via positively regulating the FimB expression (47).

Expression of type 3 fimbriae

Type 3 fimbriae, which is encoded by mrk gene cluster, have been demonstrated to be
responsible for the adherence of KP to uroepithelial cells, respiratory epithelia, intestinal
and endothelial cells of (22). The mrk operon includes mrkA, encoding the major fimbrial
subunit; mrkB and mrkC, respectively coding for chaperone and usher proteins for the
assembly of the fimbriaec; mrkD coding for the adhesin with a MR/K hemagglutination
activity (1, 16); and mrkF, encoding a protein to affect the length and adhesion activity of
the fimbriae (24). The bacterial growth on abiotic surfaces is facilitated, in part, by the
major fimbrial subunit MrkA protein, whereas growth on surfaces coated with a human
extracellular matrix (HECM) requires the presence of the MrkD adhesin (16, 55). We have
shown in 94IDP11 that the type 3 fimbrial expression could be readily demonstrated in the
clinical isolates. The expression of type 1 fimbriae, however, was only evident in the mrkA
deletion mutant or in KP carrying a fimB-overexpression plasmid. This suggested the
presence of a cross-talk regulation on the expression of the two fimbriae.

Cross-talk requlation on the expression of fimbriae and CPS

Down regulation of cps operon following the attachment of type 1 fimbriae to
D-mannose receptor was observed in E. coli (46), which implying a counter-expression of
the two surface components. However, the global regulator RcsB for the expression of CPS
(60) was recently shown to affect positively the expression of type 1 fimbriae (47).
Clinically isolated KP usually produces large amounts of capsular polysaccharide (CPS) as
a major virulence factor to protect the bacteria from phagocytosis and from killing by
serum factors (28, 42). Several reports in KP indicated that inhibition of capsule synthesis
enhances type 1 fimbrial function (14, 37, 45, 48, 49). The deletion of rcsB reduced the
expression of CPS and the expression of type 3 fimbriae, but increased the activity of type
1 fimbriae, indicating an interacting regulation plays a role for the differential expression of

the two surface components.

C-di-GMP is involved in requlation of the expression of fimbriae

Cyclic-di-GMP, the most recently identified second messenger in bacteria, is
synthesized from GTP by diguanylate cyclases (DGCs) and broken down by specific
phosphodiesterases (PDEs) (43, 50). DGC activity is associated with the GGDEF domain
protein, while c-di-GMP-specific PDE activity is associated with the EAL or HD-GYP
domain proteins. The PilZ-domain proteins are one of the currently known c-di-GMP
effector (19). In general, c-di-GMP stimulates the biosynthesis of adhesins and

exopolysaccharide matrix substances in biofilms and inhibits various forms of motility (43).
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FimK and KP4554 are both EAL-domain containing proteins, while KP4551 encodes the
only c-di-GMP sensor (PilZ domain protein) in the genome. It would be of interest to
investigate whether they play a role in controlling the level of c-di-GMP leading to the
counter expression of type 1 and type 3 fimbriare.

Envelope stress responses

The regulatory systems involved in E. coli envelope stress responses include the
CpxAR (Cpx) and BaeSR (Bae) two-component systems, the oE alternative sigma factor,
the phage shock protein (Psp), and the Rcs phosphorelay (17, 38). In Salmonella enterica,
loss of mediated regulation might cause unfolded OMPs to accumulate in the periplasm
leading to the triggering of the sigma E response (2, 3). The mutation of CpxA was able to
increase ompC transcription but strongly decrease the transcription of ompF (2). In the
absence of the Cpx pathway, the pap gene cluster synthesize aberrant P pili and DegP is
induced to degrade the toxic, off-pathway aggregated subunits (26). Cpx envelope stress
response also affects expression of bundle-forming pili of enteropathogenic E coli (38). On
the other hand, adesion of type 1 fimbriae to abiotic surface leads to altered composition of
the outer membrane proteins in E. coli (40). Conceivably, the regulatory systems involved
in release of the envelope stress must play a modulation role for the expression, assembly
and transportation of the envelope components, fimbriae and CPS. Our preliminary data
indicated an envelope change affected differentially on the expression of type 1 and type 3
fimbriae. It is hence if the envelope stress responses exert a differential regulation, how or

why the differentiation, would be of interest to be studied.

In general, two KP strains NTUH-K2044 of K1 serotype and CG43 of K2 serotype will

be used in the following studies and their properties comparatively analyzed.

AIM 1. To investigate if the deletion the specific regulatory genes affects the expression:
The genes include fimK, pecgS, pecM, KP4551(mrkJ), KP4552(mrkl), and KP4554 (mrkH)
those are clustered with the operons encoding type 1 and type 3 fimbriae (Fig. 1). Sequence
analysis revealed that (1) FimK contains in the N-terminal domain with an HTH motif and
C-terminal EAL domain possibly providing a c-di-GMP phosphodiesterase (PDE) activity.
(2) PecS and PecM show homology respectively with the virulence regulators PecS and
PecM of Erwinia chrysanthemum. (3) MrkH, MrkI, and MrkJ respectively encode a
c-di-GMP sensor (PilZ protein), transcription factor with an HTH domain, and EAL protein.
In addition to analyzing the deleting effects of the above mentioned regulatory genes on the
expression of either fimbriae, the possibility of regulatory role of ¢-di-GMP in coordinate
expression of the fimbriae and how are these proteins exert their regulatory function will

also be investigated.

AIM 2. To generate transposon-insertion mutant libraries to screen for the regulatory
genes: Transposon mutagenesis will be performed on CG43S3rcsB’ strain, the mutants
screened for decreasing activity of yeast agglutination, an assessment assay for type 1
fimbriae activity. Promoter reporter approach will also be used for the genome-wide

screening of the transposon-insertion mutants on X-gal plate.
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AIM 3. To investigate if envelope stress plays a role in the regulation of the
counter-expression: Deletion effect of OmpA, OmpC, OmpF and OmpN will be analyzed.
Any of the genes showing apparent changes of the expression level will be selected for
further study. The expression of CpxAR, 6E and RcsB, which are activated in response to
disruptions of the folding of envelope proteins and the integrity of the outer membrane, will
be determined by quantitative PCR.



I11. Material and Methods

1. Generation of type 1 fimbriae “lock ON” mutant and the mutants carrying either
deletion of the involved regulators. Preliminary data indicated that the promoter of the type 1
fimbriae in either NTUH-K2044 or CG43 was generally in OFF phase. The fimK deletion in
either strain had no apparent effect on either activity of type 1 or type 3 fimbriae. This is likely
due to that fimK is resided in the fim operon structure and hence not expressed with an “OFF”
phase promoter. RT-PCR will be firstly carried out the demonstrate the operon structure, and
then fim “LOCK-ON” mutant derived from CG43 or NTUH K-2044 constructed before
introducing with the secondary mutation of fimK deletion.

- Deletion mutant constructs of the genes involved in the regulation: The DNA
fragments of 1 kb in length flanking both ends of the target gene will be amplified and the PCR
fragments cloned into the suicide vector pKAS46 (51) or pCVD442. The plasmids will then be
respectively transferred into E. coli S17-1A-pir and then mobilized to K. pneumoniae NTUH
K-2044 or CG43S3 (31) by conjugation. Occurrence of double recombination will be verified
by PCR and confirmed with Southern blotting hybridization.

2.Assements of the fimbrial expression
- To measure the fimbrial activity:
(1) Hemagglutination assay- Basically as described (16), the overnight grown bacteria

suspended in PBS to approximately 10° CFU/ml and Human or animal erythrocytes in PBS
will be collected. A series of four-fold dilution of the bacterial suspension will then be
mixed with an equal volume of 3% (vol/vol) erythrocytes and the mixture incubated at
room temperature for 30 min to allow erythrocytes settle to the bottom of the glass tube.

(2) Yeast agglutination assay- Agglutination of yeast Saccharomyces cerevisiae AH109 will be
carried out as described (12). Briefly, the bacteria (2 x 10°/ml) suspended in PBS or PBS

with 2% mannose will be mixed with 10 mg/ml of yeast on a glass slide. The agglutination

count is expressed as the highest dilution of the bacteria causing visible agglutination of
yeast.
(3) ECM (extracellular metrix) binding assay- The wells of flatbottom microtiter plate

(Nunc-Immuno™ plate) will be coated with optimal concentrations of type IV collagen,
type V collagen or fibronectin. Subsequently, each well will then be added with 100 pl
bacteria (10°cfu/ml) and the incubation continued for 2 h at 22°C with gentle shaking. After
washing with 0.05% Tween-20 to remove the unattached bacteria, the attached bacteria will
be washed off by 0.1% Triton X-100 and the adhesion determined by the recovery of the
bacteria.

(4) Cell adherence assay- The tested cells will be seeded onto 24 well plate (TPP industries,

France) and incubated to confluent growth in 5% CO, for 48 h. Approximately 1x10’
bacteria will then be added to each well containing about 10° cells, and the incubation
continued for 1 h. After washing with phosphate-buffered saline (PBS), the cells will be
lysed with 0.1% Triton X-100 and the cell-adhesive bacteria measured by recovery of the
bacteria from the lysates. The cell lines include intestinal cells of Int-407 and HCT-8,
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urinary bladder cancer cells T24, hepatoma cells Hep-G2, colon adeno-carcinoma Caco-2.
(5) Biofilm formation analysis- The bacteria diluted 1/100 in LB will be inoculated into each

well of a 96-well microtiter dish and incubated at 37°C for 36 h. After the removal of the

bacteria, 150 ul of 1% (w/v) crystal violet will be added to each well and the plate

incubated for 30 min at room temperature. The plate will then be washed, the dye
solubilized in 1% (w/v) SDS, and the absorbance at 595 nm determined as described (39).

- To measure at the molecular level:

(1) Real time PCR or RT-PCR analysis: Total RNA will be isolated from K. pneumoniae cells
by extraction with the TRI reagent (Molecular Research Center, Cincinnati, Oh, USA) and
the residual DNA eliminated with RQ1 RNase-free DNase (Promega, Madison, WI, USA).
The cDNAs used for PCR amplification will be synthesized from 1 pg of total RNA using

the random hexamer primer from a RT-PCR Kkit.

(2) Promoter activity measurement: The putative promoters will be PCR amplified using the

specific primers and the PCR products subcloned in front of the promoterless lacZ gene on
placZ15 (35). The bacteria carrying each of the reporter plasmids will be grown in suitable
conditions, and the B-galactosidase activities measured.

(3) Western blotting hybridization: The assayed fimbrial proteins will be resolved by
SDS-PAGE and then electrophoretically transferred onto a PVDF membrane (Millipore,
Billerica, MA, USA). Polyclonal antibody will be prepared by immunizing five-week old

female BALB/c mice and the antisera obtained by intra-cardiac puncture.

3. Transposon-mediated random mutagenesis

Transposon-mediated mutagenesis will be performed using a mini-Tn5 Km2 transposon (11).
Briefly, the plasmids harboring either of the fimbrial promoter-lacZ transcriptional fusion will
be mobilized into K. pneumoniae NTUH K2044lacZ or CG43lacZ16 by conjugation. The
mini-Tn5 containing plasmid will then be introduced by conjugation and the resulting
transconjugants screened on LB agar plates supplemented with X-gal. Colonies displaying
apparent alteration of color indicating increase or reduction of LacZ activity will be isolated.

The transposon-inserted sequence will be determined using the specific primer.



1. Results and Discussion

Specific aim 1- To investigate if the deletion the specific regulatory genes affects the expression:

As shown in Fig. 1A and B, the gene organizations which have been recently reported to be
conserved in the genome of K. pneumoniae NTUH-K2044, MGH78578, and 342 (65) were also found

in the contig sequences of K. pneumoniae CG43 (unpublished results from Dr. S.-F. Tsai, NHRI)
suggests a coordinate regulation on

determined using BLAST analysis. The cluster gene organization

the expression of type 1 and 3 fimbriae.

(A)

Type 1 fimbrial gene cluster

Type 3 fimbrial gene cluster

| fimk fimH fimGTmE__ pPhgsS phg

=

fimD  fimC fiml fimA fimE fimB pmp

HTH domain EAL domain

KP4552
KP4551 [transcription factor]
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MrkF MrkD MrkcC
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frimp mrkA mrkB mrkC
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Fig. 1. (A) Gene organization of the type 1 and 3 fimbriae and
3 fimbrial operon in K. pneumoniae CG43.

type 3 fimbrial gene cluster

(B) the downstream genes of type

Deletion of phgS (pecS) or phgM (pecM) increased the expression of MrkA

Dilution RT-PCR shown in Fig. 2(A) indicated that the deletion of either pecS (phgS) or pecM (phgM)
increased the transcript of MrkA. The western blot further supported a negative regulatory role of
PecSM on the expression of MrkA (Fig. 2B). On the other hand, neither deletion had apparent effect

on the expression of type 1 fimbriae.

(A)
S3lacZ S3lacZphgS  S3lacZ phgM
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(B)

!\F;kA

Fig. 2. (A) Limiting-dilution RT-PCR analysis of mrkA. (B) Western blotting analysis of the
expression of type 3 fimbriae. M: marker. Lane 1: K. pneumoniae CG43S3; 2: K. pneumoniae
CG43S3phgS’; 3: K. pneumoniae CG43S3phgM-.

Deletion of fimK increased the expression of both fimbriae
As shown in Fig. 3A, deletion of the fimK increased the yeast agglutination activity. The gene
deletion from the fimB overexpression bacteria also enhanced the expression of MrkA (Fig. 3B).

These suggested a negative regulatory of FimK on the expression of the two fimbriae.

(A)

K. preumoniae CG43 Yeast agglutination
53 (pETQ) 0
S3fimK (pETQ) 0
S3 (pETQ-fimB) 4
S3fimK (pETQ-fimB) 32
(B)

FimB MrkA

Fig. 3. Deletion effect of fimK on the expression of type 1 fimbriae (A) and type 3 fimbriae (B).

Lanes 1, CG43S3(pETQ); 2, CG43S3fimK' (pETQ); 3, CG43S3(pETQ-fimB); 4, S3fimK"
(pETQ-fimB).



FimK exhibited a c-di-GMP phosphodiesterase (PDE) activity and c-di-GMP plays a positive
role on the expression of type 3 fimbriae. As shown in Fig. 4A, expression of YhjH, a c-di-GMP
PDE in E. coli W3110 apparently increased the bacterial swimming activity. Introducing in the
bacteria with the FimK expression plasmid, pRK415-FimK, but not the one with single residue
substitution (FimKE246A) also enlarged the swimming zone. This suggested that FimK is a
c-di-GMP PDE and the residue E246 is essential for the activity. As shown in Fig. 4B,
overexpression of the PDE domain of FimK abolished the expression of MrkA. On the other hand,
overexpression of the GGDEF domain protein YdeH appeared to enhanced the expression of MrkA.
In summary, FimK negatively regulates the expression of type 1 and type 3 fimbriae while

cyclic-di-GMP plays a positive role on type 3 fimbriae expression.

(A)

pRK415 .
pREK415-FimK

pRK415--FimK(E246A)00 = | pRK415-YhjH

(B)
{" NS %
L A
o SITSF
kD: & &8 &8 O
kDa "M Y L LS
7 QL ]I g
72
55 5
40 ‘3‘2
- 24
24
S « MrkA
17 17

Fig. 4 (A) Swimming activity analysis and (B) western blot using anti-MrkA (lower panel).



Deletion of mrkl reduced the expression MrkA but increased the expression of type 1 fimbriae
As shown in Fig. 5A and 5B, deletion of KP4552 (mrkl) abolished the MrkA expression, while an

increased activity of mannose sensitive yeast agglutination (MSYA) was noted. The deletion of mrkl

appeared to decreased the biofilm formation implying a decreased expression of type 3 fimbriae.

These revealed that KP4552 is probably the regulator for the counter-expression of the two fimbriae.

(A)
kDa M 1 2 3 2 D (&
2= —
— — — | MrkA
(B)
1X PBS mrkH mrkJ

Wit mrkl csgb

1X PBS+ 1M mannose
mrkH mrkJ

Wit mrkl csgb
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CG43S3 CG43S3 CG43S3 CG43S3 CG43S3
/AmrkH /Amrkl /AmrkJ /\csgD

Fig. 5. (A) Western blotting analysis for the expression of type 3 fimbriae using anti-MrkA
antibody. M: pre-stained marker. Lanes 1: K. pneumoniae CG43S3; 2: K. pneumoniae CG43S3/\
4551; 3: K. pneumoniae CG43S3/\4552; 4: K. pneumoniae CG43S3/\4554; 5: K. pneumoniae
CG43S3/\csgD; 6: positive control for anti-MrkA. (B) Yeast agglutination activity assay for the
expression of type 1 fimbriae (C) Biofilm formation activity.

Specific aim 2- To generate transposon-insertion mutant libraries to screen for the regulatory

genes:

Deletion of RcsB decreased the MrkA expression but increased the activity of type 1 fimbriae
The rcsB deletion, which decreased the production of the capsular polysaccharide (Fig. 6A), led to a

slight reduction in MrkA expression (Fig. 6B) but an increased in type 1 fimbriae activity (Fig. 6C).

This suggested a possible role of ResB for the counter expression of the two fimbriae.

(A)

(B)

- MrkA
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Fig. 6. Deletion effect of the cps regulators on the expression of cps (A), type 3 (B) and type 1
fimbriae (C). The cps regulators include RmpA (Regulator for mucoid phenotype) RmpA2, and RcsB.

RcsB neqgatively affected the expression of type 1 fimbriae

As shown in Fig. 7, Q-PCR analysis suggested RcsB negatively regulates the expression of fimB
leading to a reduced activity of type 1 fimbriae. However, analysis of PmrkA revealed no consensus
ResB box which could be found within PfimB and PfimE. It implies an indirect control by RcsB on the

expression of type 3 fimbriae. Transposon mutagenesis was hence carried out as shown in Fig. 7 to
isolate the mutant displaying phenotype with a suppression of the rcsB deletion effect. Since all the
isolated mutants appeared to carry defects in LacZ expression, more mutagenesis experiments have to

be performed.

4 -
35 | =
_.‘, -
25t (
= 2t
z
ol [l
0.5 -
0 ' ' ' !

mrkA fimB fimE fimA

Fig. 6. Q-PCR analysis of the expression of mrkA, fimB, fimE, and fimA in CG43S3 and
CG43S3rcsB.
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Fig.7. LacZ activity of K. pneumoniae CG43S3Z01rcsB derived transposon-insertion mutants.

Specific aim 3- To investigate if envelope stress plays a role in the regulation of the
counter-expression:

Deletion of OmpA or OmpC (OmpK36) affected the expression of MrkA and the biofilm
formation

As shown in Fig. 8A, either ompA or ompK36 (ompC) deletion mutant exhibited reduced expression of

MrkA under static growth suggesting a micraerobic control for the expression of type 3 fimbriae.
Nevertheless, the ompC deletion had less effect on the biofilm formation compared to the deletion of
ompA. On the other hand, neither deletion had effect on the activity of MSYA.

(A)

B ous - Fig.8. Analysis of the deletion effects of the omp
e genes on the expression of type 3 fimbriae
(A) and biofilm formation (B).
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We have carried out the experiments in a year as planned, three manuscripts (1~3) are in the
final stage to be submitted for publication. Many interesting findings including (a) FimK negatively
regulated the expression of type 1 and type 3 fimbriae, (b) the second messenger c-di-GMP plays a
positive role on the expression of both fimbriae, (¢c) PecSM affected negatively on the expression of]
type 3 fimbriae, however, had no apparent effect on the expression of type 1 fimbriae, (d) MrkI is
likely the regulator for the counter- expression of the two types of fimbriae, (¢) q-PCR analysis
suggested RcsB negatively regulates the expression of fimB leading to a reduced activity of type 1
fimbriae, and (f) deletion of ompA or ompC reduced the MrkA expression and biofilm formation,
allow unravel a cross-talk regulatory circuit on the expression of type 1 and type 3 fimbriae, which
may provide intervening targets for antimicrobial agents.

1. Huang YJ, Wu CC, Cheng HY, and Peng HL. (2010) Regulation on the expression of type 1 and
type 3 fimbriae in Klebsiella pneumoniae CG43.

2. Wu CC, Lin CT, Cheng WY, and HL Peng (2010) Identification of Mrkl-mediated counter
expression of type 1 and type 3 fimbriae in Klebsiella pneumoniae CG43.

3. Wu CC, Lin CT, and HL Peng (2010) Cyclic-di-GMP affects the expression of type 3 fimbriae
via Fur-dependentregulation in Klebsiella pneumoniae CG43.
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I. Diversity in Microbial Chemotaxis

- The first section covers the properties of Rhodobacter, E. coli, and P. aeruginosa. “ Rewiring
the chemosensory pathways of Rhodobacter sphaeroides” given by Dr J. Armitage from Oxford
University UK focused on why 4 CheA and 6 MCP are encoded by 3 operons in the genome and
how do they play roles for the motility. He has shown that the different chemosory machineries play
similar role but at different parts of the cell. Control mechanism for the location determination has
also been studied.

- Dr R. Parales from UC Davis USA reported “Bacterial chemotaxis to environmental pollutants”
mainly on the Pseudomonas chemotactic receptor proteins. In E. coli, 4 sets of MCP were identified.
On the other hand, a total of 26 chemotactic receptor proteins were identified in Pseudomonas. The
equipped with large numbers of chemosensory machineries may ensure the bacteria survive the
diverse environmental challenges.

I1. Intracellular Signaling in Bacteria
- Using microarray approach, Dr Ann Stock from UMDNJ-Robert Wood Johnson Medical
Schooll described their investigation of “ Regulating response regulators”. In general, response
regulator (RR) contains in the regulatory domain the conserved residues including Ser, Thr, and Tyr
next to the Asp residue for the reception of the phosphate signaling molecule. Approximately 14% of
RR contain only the regulatory domain, 12% have enzymatic domain at the C-terminus, while most
RR act as transcription factor carrying with a DNA domain.

- M Laub (MIT) introduced in “Specificity and evolution of two-component signaling
pathways” his theory about new pathways arise in order to ensure the specificity to prevent from
unwanted cross-talk between 2CSs. By comparative analysis of the phosphor-relaying rate at
different time-intervals of approximately 4500 2CS pairs, he showed that the 2CS with strong
kinetics preference ensure the specificity of the phosphor-relay.

- M Goulian (U Penn) in the talk “Feedback regulation in the PhoQ/PhoP two-component
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system” mentioned how they measured the feedback regulation using YFP to report the target gene
expression and CFP to report the activity of the reference promoter. He concluded that a small
molecule of 47 aa is involved in the feed-back regulation for the PhoQ/PhoP signaling pathway.
They also demonstrated using 2-hybrid analysis that the small protein MgrB exerted its regulatory
role by direct binding to PhoQ. The mgrB deletion conferred the bacteria an abnormal filamentous
cell morphology implying an essential role of the MgrB-mediated control.

- L McCarter (U lowa) reported in “Surface specific gene expression” of Vibrio
parahaemolyticus. They used microarray comparison to differentiate the swarmmer cells, 200~ 400
um filaments with peri-flagella, and the swimmer cells with polar flagella. The analysis revealed, in
addition to the LafK regulon, several groups of the LafK-independent genes including virulence
genes, the genes involved in modulation of the c-di-GMP level were also identified in the swarmmer
cells. Most interestingly, the secreted collagenase increased production of ~550 fold higher than the
swimmer cells.

- U Jenal from U Basel, Switzerland in the talk “Coordination of Caulobacter cresentus cell
cycle and pole morphogenesis” described the involvement of second messenger c-di-GMP in the
control of the single cell to community stage. The interacting regulation YhjH, YcgR, YedQ, YfiN,
YddV, and YegE were demonstrated.

I11.  Motility Apparatus and Regulation

- Dr. J Liu (U Texas Medical School) in the talk “Molecular architecture of spiral flagellar motor
in situ” presented the use of Cryo-EM tomography to build up the model for the assembly of the spiral
flagella motor; - D Blair (U Utah) in “Organization and mechanism of the flagellar switch” described
the use of EM analysis revealed that the switching machinery is composed of 3 protein complex
including 25 copies of FliG, 35 copies of FliM, and 140 copies of FIiN.

- R Harshey (U Texas Austin) described in “The cyclic-di-GMP receptor protein YcgR localizes
to the flagellar basal body and inhibits chemotaxis in Salmonella* the use of co-1P analysis
demonstrated an interaction between YcgR and the rotor protein. The in vivo analysis for the
expression of YcgR-GFP in either fliM, fliG, or fliN deletion mutant further supported the presence of
an interaction between YcgR and FliM and FliG. In contrast to the interaction between B. subtilis
EpsE and FliG, of which EpsE acts as clutch to interact with FIiG at late stage to inhibit the flagellar
switch leading to the biofilm formation, the Salmonella YcgR interacts with FIiM in the early stage to
inhibit dhemotaxis.

IV.  Intracellular Signaling in Eukaryotic Microorganisms
The 2CS of eukaryotic microorganism are mainly hybrid type and the phosphate group transferred
from histidine kinase to Hpt module and then to response regulator (RR). Two types of RR are
transcription factors and MAPK pathway effectors involved in stress response.
- In the talk “ Osmosensory signal transduction in the budding yeast”, Dr H. Saito (U Tokyo)
introduced the signal transduction pathway in order for the budding yeast growing in ripen fruit in
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which the sugar concentration could reach to 5 M. The osmostress in the hyperosmotic environment
was received by the sensor kinase and the signal relay eventually led to glycerol accumulation.

- In the talk “HKs, cell wall biosynthesis, and relationships to Candida albicans and
candidiasis”, R. Calderone (Georgetown UMC) introduced the fungal HK could be classified into 11
families on the basis of phylogenic analysis. Among them, ChKI, Sinl, and NiKI are conserved and
required for virulence. In the study, they have shown that Chkl is required for invasive candidiasis, QS,
biofilm formation, adherence of Candida to host cells via regulating the enzymes for reconstitution of
the cell wall system (rich in mannoprotein~ 30-40%).

- K. Shiozaki (UC Davis) reported in * Stress sensing and response in fission yeast S. pombe”
the use of 2-hybrid analysis to identify the Sinl (stress MapK-interacting protein 1)- dependent stress
response pathway; - K. Borkovich (UCR) in “Two-component systems in Neurospora” introduced
thatll hybrid HK, 1 Hpt, and 2 RR have been identified in Neurospora. She also described in details
the signal relayed following the path from HK to Hpt then to RR and finally to the MAPK cascade.

V. Intercellular Communication

In "What’s new with QS”, E. P. Greenberg (UW) introduced the term “Sociomicrobiology” of
which QS allows coordination of group activities which induced by the signals of LuxI family. He
described the discovery of a new class Aryl-HSL from Rhodopseudomonas palustris for the synthesis
of QS products including light, exoenzymes, toxins, and aggregation factors. The bioassay excluded
the signals of LuxN- 3-OH-C4, LuxR-C5-C8, RhIR-C4-C6, LasR C8-14, GtaR C14-16, or TraR
C4-14. Finally, p-coumarate p-coumaroyl-HSL was shown to be the QS inducer for the Rpal-RpaR
mediated regulon.

- K.L. Visick described in “The regulatory network controlling biofilm formation and
colonization by Vibrio fisheri” the identification of a RscS hybrid HK. He has shown the sensor kinase
regulates the signal transduction control for the synthesis of polysaccharide (Syp), which is an
essential step for the bacterial colonization and biofilm formation. He also showed the experiments
used including knock out the sypG gene, overexpression of rscS or sypE, interaction of SypE and
SypA (the anti-sigma antagonist) to establish the phosphorelay from RscS to SypG-P then to SypA-P,
and finally affects the biosynthesis of the polysaccharide, biofilm formation and the development of a
symbiosis lifestyle.

- F Yildiz (UC Santa Cruz) in the talk “Regulation of biofilm formation in Vibrio cholerae” the
role of c-di-GMP signaling potential effectors including PilZ (PIzA, PIzB, P1zC, PIzD, and PIzE) and
RXXD, CdgG riboswitch in the control of the expression of the 62 GGDEF, EAL, HD-GYP domain
proteins. He showed that the deletion of PilZ protein, CdgG had no effect on the colony rugosity or the
biofilm formation. He has also shown that VpsT dimmer functions as a c-di-GMP effector to
determine the colony conversion from smooth to rugose.

- D. Kearns (Indiana U) described in “Bistable expression of motility genes in Bacillus subtilis”
the heterogenous population phenotype: some are motile, while some are in chains and non-motile. To
investigate how the gene expression differs in the different cell types, the reporters including
P-flagellin-GFP and P-autolysin-CFP were used. The monitoring in short cells and long chain cells
revealed that Sigma D dependent gene expression is bi-stable.
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- D. Zusman (UC Berkeley) also reported the use of reporter systems in “Coupling the FrzCD
receptor to the A motility”. He has shown that using the A motility complex GST-FrzCD has pulled
down from the Myxococcus lysate AlgZ and AgmU. The interaction with FrzCD was further
demonstrated using AglZ-YFP or AgmU-mcherry. He has shown that both proteins co-localized and
the clusters appeared stationary as cells move forward. In addition, AgmU decorates a double helix
showing a same periodicity of MreB which supports the previous finding that the A motility is MreB
dependent. Finally, he showed the use of AgmU-GST in the pull down assay that in addition to FrzCD,
AglZ, AglIT, AglW and the MotAB homologues are required for the A motility.

VI.  Pathogenesis and Virulence mechanisms

- Dr E. Groisman from Washington University gave an overview of “Controlling the activity of
two-component regulatory systems”. He introduced genetic basis differences for the different control
between related species, which include the presence or absence of the gene, differential regulation,
allelic difference, and different genetic context. In Salmonella, PmrD-dependent pathway is involved
in the regulation of the polymyxin resistance. While in E. coli, the drug resistance is mediated by a
PmrD-independent control. However, although sharing less than 50% sequence identity, Ec-PmrD in
Salmonella works as Salmonella PmrD. On the other hand, Ec-PmrBc which shares much higher
sequence identity with Salmonella PmrBc exerts different dephosphorylation activity.

- “Inter-kingdom chemical signaling in bacterial pathogenesis” by Dr V. Sperandio from UTS
Medical Center introduced the identified signaling molecules such as Al3, Epinepharine,
Norepinepharine, and Tyrosine in Gl tract.

- “When is a predator not a predator? Prey dependent versus axenic growth in Bdellovibrio”
given by Dr. L. Sockett from U Nottingham UK introduced the life styles of the 3.8 Mbp genome
G(-) bacteria. They are host independent (HI) growth, which takes 2 wk on peptone-rich medium
and host dependent (HD) growth. The microarray analysis has identified predation specific genes
namely predatosome, which include genes for the expression of type 1V pilus and flagella, 15 PilZ
domain proteins, 1 EAL and 5 GGDEF domain proteins, and MreB, MreC, and MreD proteins.

Overall, I was impressed and overwhelmed with the stimulations of most of the reports. Most
importantly, | find the meeting extremely informative and inspiring for the future study of the sensory
transduction in bacteria.
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Three manuscripts are to be submitted for publication. Many findings include FimK
negatively but c-di-GMP positively regulated both fimbriae expressions; PecSM
affected negatively the type 3 fimbriae expression; Mrkl regulates the
counter-expression; RcsB negatively regulates fimB expression; OmpA and OmpC
affected MrkA expression and biofilm formation. These allow unravel a regulatory

circuit on both fimbriae expressions and intervening targets for antimicrobial
agents.







