REPORT DOCUMENTATION PAGE Form Approved OMB NO. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions,
searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments
regarding this burden estimate or any other aspect of this collection of information, including suggesstions for reducing this burden, to Washington
Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA, 22202-4302.
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any oenalty for failing to comply with a collection
of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
09-04-2014 Final Report 1-Jul-2009 - 30-Jun-2013
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

8.3 Microbiology and Biodegradation: A new bacterial WIIT1NF-09-1-0350

communication system 5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER
611102

6. AUTHORS 5d. PROJECT NUMBER

Caroline S. Harwood

S5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAMES AND ADDRESSES 8. PERFORMING ORGANIZATION REPORT
University of Washington NUMBER
Box 359472
4333 Brooklyn Ave NE
Seattle, WA 98195 -9472
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS 10. SPONSOR/MONITOR'S ACRONYM(S)
(ES) ARO
U.S. Army Research Office 11. SPONSOR/MONITOR'S REPORT
P.O. Box 12211 NUMBER(S)
Research Triangle Park, NC 27709-2211 56241-1S.7

12. DISTRIBUTION AVAILIBILITY STATEMENT
Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES
The views, opinions and/or findings contained in this report are those of the author(s) and should not contrued as an official Department
of the Army position, policy or decision, unless so designated by other documentation.

14. ABSTRACT

Many bacteria use homoserine lactone (HSL) quorum-sensing (QS) signals to communicate and to control gene
expression in a cell-density dependent manner. Durinh this project we completed a first set of fundamental studies
of a new p-coumaroyl-HSL (pC-HSL) microbial communication system. This system of communication was novel
when it was discovered because it is not based on fatty acid metabolism. We were also interested in identifying
other non-fatty acid acyl-HSL systems in other bacteria. pC-HSL is detected by a signal receptor and transcription

Lanbniss camncanad MDaiD Tniica v i n e n A At camnaai A A e TN e r k1A A A 4 men s Alhndnirbrnwliea A DD M Al A cvrnend Al A
15. SUBJECT TERMS
bacteria, chemical communication, population sensing
16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF |15. NUMBER [19a. NAME OF RESPONSIBLE PERSON
a. REPORT [b. ABSTRACT [c. THIS PAGE |ABSTRACT OF PAGES  [Caroline Harwood
uu uu uu uu 19b. TELEPHONE NUMBER
206-221-2848

Standard Form 298 (Rev 8/98)
Prescribed by ANSI Std. 239.18



Report Title

ABSTRACT

Many bacteria use homoserine lactone (HSL) quorum-sensing (QS) signals to communicate and to control gene expression in a cell-density
dependent manner. Durinh this project we completed a first set of fundamental studies of a new p-coumaroyl-HSL (pC-HSL) microbial
communication system. This system of communication was novel when it was discovered because it is not based on fatty acid metabolism.
We were also interested in identifying other non-fatty acid acyl-HSL systems in other bacteria. pC-HSL is detected by a signal receptor and
transcription factor named, RpaR. During the project period we: 1) published a study characterizing RpaR, 2) discovered and published a
description of an RpaR anti-sense RNA that inhibits rpaR translation. The cis-RNA represents a new layer of regulation that can be brought
to bear on the activity of a QS system and 3) published a study describing a second aryl-HSL signal, cinnamoyl-HSL, produced by a
photosynthetic Bradyrhizobium species. The cinnamoyl-HSL QS system operates at 1000-fold lower concentrations than do other QS
systems. Certain features of this system allow Bradyrhizobium sp. to eavesdrop on other bacteria and to also avoid detection by other
bacteria. These novel signals appear to control biofilm formation by the bacteria that produce them.
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Scientific Progress

1. Statement of the problems to be studied.

Quorum sensing is a term used to describe bacterial cell-to-cell communication that allows cell-density-dependent gene
expression. There are many different types of quorum sensing-regulated functions, but some examples are antibiotic
production, biofilm formation and production of tissue destructive enzymes. Many gram-negative bacteria use acyl-HSL signals
for quorum sensing. Luxl proteins synthesize these signals. Until recently, all the signals known were fatty acyl-HSLs. These
signals bind to LuxR-type receptors that control the expression of specific sets of genes. A few years ago we discovered a non-
fatty acyl-HSL produced by the photosynthetic soil bacterium Rhodopseudomonas palustris. This quorum sensing signal is p-
coumaroyl-homoserine lactone (pC-HSL), which is synthesized by the Rpal protein. Rather than using a fatty acyl group derived
from cellular fatty acid metabolism, Rpal uses an environmental source of a monomeric constituent of plant lignin, p-coumarate,
for signal synthesis.

Our goal for this project was to complete a first set of fundamental studies of this new microbial communication system. We are
also interested in identifying other non-fatty acid acyl-HSL systems in other bacteria.

2. Summary of the most important results.
In the project we made significant progress on three fronts.

1. We published a study characterizing the pC-HSL responsive transcription factor RpaR (Hirakawa et al, J. Bacteriol. 193:
2598-2607). This involved purifying the RpaR protein, characterizing its pC-HSL-binding activity and determining the DNA
sequence to which it binds. We also developed RNAseq methods to identify genes whose transcription is controlled by RpaR.

2. We published a study characterizing an antisense RNA that modulates pC-HSL quorum sensing. (Hirakawa et al., Proc. Natl.
Acad. Sci. 109:12141-6) In the course of using RNAseq methods to analyze the influence of quorum sensing on the
transcriptome of R. palustris, we found that the most strongly RpaR-activated RNA was an rpaR antisense transcript. This cis-
RNA is approximately 300-450 bases in length. Transcription of the rpaR cis-RNA depends on pC-HSL and RpaR and an
RpaR-binding site. We used a plasmid to over express the cis-RNA and showed that over expression reduced RpaR levels, rpal
expression and pC-HSL production. We conclude that the cis-RNA inhibits rpaR translation, and this results in suppression of
RpaR-dependent rpal expression and thus pC-HSL production. We presume that the cis-RNA is functioning via base pairing
with rpaR transcripts. The cis-RNA represents a new layer of regulation that can be brought to bear on the activity of a LuxR-
type transcription factor and represents an example of an antisense RNA where a clear function has been established.

3. We published a study describing a second aryl-HSL signal, cinnamoyl-HSL, produced by a photosynthetic Bradyrhizobium
species. (Algren et al., Proc. Natl. Acad. Sci., 108:7183-7188). This molecule differs from pC-HSL in that there is not a hydroxyl
group on the aromatic ring. A surprising feature of the cinnamoyl-HSL-directed photosynthetic Bradyrhizobium quorum sensing
system is that operates with cinnamoyl-HSL at 1000-fold lower concentrations (picomolar) than do other quorum sensing
systems and thus is ultrasensitive. At the same time this system can respond to noncognate acyl-HSLs in the range of
nanomolar to millimolar. This is within the range of signals produced by cultures of other bacteria. This raises the possibility that
in certain soil habitats the Bradyrhizobium might respond to signals produced by other species (be able to eavesdrop), while at
the same time avoiding detection by other bacteria.
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