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WelCome leTTer
Welcome to san Diego!
The Society for Industrial Microbiology and Biotechnology (SIMB), The Korean Society for Microbiology and 
Biotechnology (KMB), and The Society for Actinomycetes Japan (SAJ) welcome you to the first international 
meeting on “Natural Products Discovery and Development in the Post Genomic Era.” Despite the steady decline in 
natural product discovery efforts in the pharmaceutical industry over the last three decades, new natural product 
chemical scaffolds continue to yield important human antimicrobial agents, immunomodulators, and antitumor 
agents, as well as compounds for animal health and plant crop protection. Natural product discovery is currently 
undergoing a renaissance, now mainly in academic environments, based to a large extent on observations from 
microbial genome sequencing that only a fraction of the potential microbial secondary metabolites encoded 
by actinomycetes, other eubacteria, and fungi have been discovered and the conclusions that most secondary 
metabolite pathways are not expressed under normal laboratory growth conditions. A new discipline, “genome 
mining” has emerged and has been exploring ways to activate the expression of these “cryptic pathways.” A recent 
Special Issue of the Journal of Industrial Microbiology and Biotechnology (Volume 41, Number 2, February 2014) 
has covered recent advances on “Microbial Genome Mining.” In light of the rapid progress and growing interest in 
this area, we decided that it was time to put together and co-sponsor a new international meeting devoted to the 
re-emergence of Natural Products as a fruitful approach to the discovery and development of novel compounds 
to address challenges and unmet needs in medicine, health, and food production. Where better to hold such a 
meeting than in San Diego, a hotbed of natural products research! 

A distinguished international Organizing Committee composed of members from 14 countries, along with our 
Honorary Chairmen, Sir David Hopwood and Professor Satoshi Ōmura, have put together an outstanding program 
covering all current aspects of natural products discovery and development with special emphasis on genome 
mining, and NP pathway activation. It is our hope that this meeting will help reignite interest and accelerated 
funding in all aspects of natural products research to reinvigorate the pharmaceutical, biotech and agricultural 
chemistry industries that have had enormous successes with natural products in the past. To document the 
current resurgence in natural products discovery and development, the Journal of Industrial Microbiology and 
Biotechnology will publish a Special Issue devoted to the presentations of this meeting.

A key player in the USA leading the charge on Microbial Genome Mining is Warp Drive Bio of Cambridge, 
Massachusetts. Dr. Greg Verdine, co-founder and CEO of Warp Drive will give the Keynote address to kick the 
meeting off. The program includes six sessions of presentations from distinguished scientists from all over the 
world as well as more than 100 poster presentations.

On behalf of our entire Organizing Committee and Honorary Chairmen, we welcome you to San Diego! Enjoy the 
meeting!

Jong seog ahn (Kmb)

richard baltz (simb)

Haruo ikeda (saJ)

leonard Katz (simb)

Hiroyuki osada (saJ)

Joo-Won suh (Kmb)
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guesT sPeaKers
Keynote speaker
gregory Verdine, PhD 
founder and Chief executive officer, Warp Drive bio
Gregory Verdine is a pioneer in the field of chemical biology, having 
served as the Erving Professor of Chemistry in the Harvard University 
Departments of Stem Cell and Regenerative Biology, Chemistry and 
Chemical Biology, and Molecular and Cellular Biology for the past 25 
years. He discovered the molecular mechanism of epigenetic DNA 
methylation and elucidated the pathway by which certain genotoxic 
forms of DNA damage are eradicated from the genome. He is also 
responsible for having developed a new class of therapeutics termed 

stapled peptides, which are currently in clinical development and have received much attention for their ability to drug 
“undruggable” targets.  In addition to Warp Drive, Dr. Verdine has co-founded multiple biotechnology companies, 
including Enanta Pharmaceuticals, Gloucester Pharmaceuticals, Aileron Therapeutics, Tokai Pharmaceuticals, 
Ontorii Pharmaceuticals and Eleven Biotherapeutics. For more than a decade, Verdine served as one of two 
global consultants for Hoffmann-La Roche, and was a founding scientific advisor to Vertex Pharmaceuticals, Ariad 
Pharmaceuticals and Variagenics, Inc. In 2009, he joined Third Rock Ventures as a venture partner. Dr. Verdine 
serves as a scientific advisor to the board of directors of the Ibusuki Medipolis Research Institute; on the board of 
scientific consultants of the Memorial Sloan-Kettering Research Institute; on the board of scientific advisors of the 
National Cancer Institute; and the scientific advisory board of the SMA Foundation.
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banQueT sPeaKer
Julian Davies, PhD 
university of british Columbia
Julian Davies (JD) obtained his BSc (1953) and PhD (1956) in Chemistry 
at Nottingham University. After three years of postdoctoral training at 
Columbia University (NY) and the University of Wisconsin, he accepted 
a Lecturership in Chemistry at the University of Manchester Institute of 
Technology in 1959. 

In 1962, JD quit chemistry and joined the laboratory of Bernard Davis 
(Harvard Medical School) to study the mode of action of streptomycin 

and then teamed up with Luigi Gorini and Walter Gilbert to identify aminoglycoside-induced miscoding. He then 
went to work with H. Gobind Khorana on the molecular nature of antibiotic-induced mistranslation. In 1965, an NIH 
fellowship permitted him to work with Francois Jacob (Pasteur Institute) to genetically map the regulatory genes 
of the E.coli lac operon. In 1967 he was appointed to the Biochemistry faculty at the University of Wisconsin and 
worked on antibiotic mode of action, the origins and evolution of antibiotic resistance and the use of resistance 
genes as selective markers in transformation. Taking a sabbatical in Geneva in 1975 he co-discovered transposable 
antibiotic resistance. Later, he developed selective gene transfer processes between bacteria and eukaryotic cells.

In 1980, JD left academia to join Biogen as Research Director, eventually becoming President: during his tenure, 
the company made significant advances in the commercial development of a number of human cytokines. The 
company also developed a selective agent for gene transfer in plants. He returned to academia in 1986, becoming a 
laboratory director at the Institut Pasteur (Paris), his group studied a variety of topics including antibiotic resistance, 
antibiotic production, mechanisms of bacterial and fungal pathogenicity, and horizontal gene transfer in microbes.

JD became Professor and Head of the Department of Microbiology and Immunology at the University of British 
Columbia in 1992. He founded TerraGen Diversity, one of the first environmental DNA metagenome-based 
Biotech companies in 1996 (subsequently acquired by Cubist Pharmaceuticals). He served as the President of the 
American Society for Microbiology from 1999–2000 and President of the International Union of Microbiological 
Societies in 2003. He is a Fellow of the Royal Societies of London and Canada, and has received several other 
awards, including the Lifetime Achievement Award from the American Society for Microbiology. He chaired the 
External Scientific Board of the NIH Human Microbiome Project from 2009–2012.

As a Professor Emeritus at UBC he maintains a research lab and teaches in assorted courses. His research 
focuses on studies of antibiotic mode of action, bacterial cell signaling, antibiotic resistance mechanisms and their 
suppression, antibiotic discovery and the biology of lichens. In addition his lab is investigating the antimicrobial 
activities of “therapeutic” clays.
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general informaTion
registration Hours

Sunday, January 11 12:00 noon–6 pm

Monday, January 12 7:30 am–5:00 pm

Tuesday, January 13 7:30 am–5:00 pm

Wednesday, January 14 7:30 am–5:00 pm

Location: California Ballroom Foyer

meals
Meals and receptions included with registrations are:

Sunday, July 11, 2015 Opening reception and Poster Session 1

7:30–9:30 pm

Location: California Ballroom C and Santa Fe Room

Monday–Wednesday, January 12-14, 2015 Breakfast

7:30–8:30 am

Location: California Ballroom C and Foyer

Monday, January 12, 2015 Poster Session 2

5:00–7:00 pm

Location: California Ballroom C and Santa Fe Room

Tuesday, January 13, 2015 Banquet Reception

6:00–7:00 pm

Location: California Ballroom Foyer

Banquet

7:00–9:00 pm

Location: California Ballroom AB

Lunches each day are on your own.

Please note that SIMB does not permit recording or photographing session presentations.

As a condition of registration, you acknowledge that you may be photographed during your attendance and that 
photos may be used by SIMB in SIMB News or on the web.
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informaTion for PosTer PresenTers
Poster sessions will be held:

Sunday, January 11 7:30–9:30 pm Odd-Numbered Poster Presenters

Monday, January 12 5:00–7:00 pm Even-Numbered Poster Presenters

The poster session is two (2) hours in length. Authors must be available during that time to answer 
questions, expand on the material and take part in discussions.

Poster Size 4 feet high by 4 feet wide. Labeling with the poster title and authors should be prepared for 
the top of your poster space. There will be two posters per side of each 4 foot x 8 foot board.

Set-Up: Poster boards will be available for setup on Sunday morning, January 11, from 12:00 noon until 
4:00 pm. Please have all posters displayed no later than 4:00 pm on Sunday.

Posters must be displayed on assigned boards.

Locate your poster number in the meeting program. Your poster number will be posted on your board 
prior to set up.

Please do not write, draw or paste on the poster boards. A supply of poster pins will be available at both 
the registration desk and poster hall.

sPeaKers anD PosTer PresenTers
Session speakers and poster presenters are invited to upload slides of your presentation for viewing by 
attendees. Access to presentations will be via login and password provided to registered attendees only. 
They will not be available publicly on the SIMB website.

To upload presentations log into Confex where you first uploaded your abstract. Use the left-hand 
column navigation area to upload your pdf.
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THe WesTin san Diego gaslamP QuarTer HoTel
The Westin Gaslamp Quarter Hotel is located in the center of the Gaslamp District which features restaurants, 
clubs and shopping of all kinds. The hotel is also within walking distance of the famous Little Italy neighborhood 
on India Street.

In addition to the usual amenities the Westin Gaslamp Hotel provides the following:

Included for hotel guests: guest room internet, fitness center, outdoor pool with food service 

 l Refrigerators

 l Complimentary bottled water

 l 24-hour room service

 l In room electronic safes

MAKE A GREEN CHOICE-receive a $5 voucher daily

Conserving water, energy and other resources is rewarding for you and great for the environment. Enjoy a $5 
voucher at participating food and beverage outlets or 500 Starpoints® awarded at check-out for each night you 
decline housekeeping (except day of departure).

The hotel is located adjacent to the Westfield Horton Plaza Mall which features over 130 stores and now includes 
Jimbo’s Natural Foods Grocer, provider of organic products, groceries, beer and wine as well as deli and juice 
bar.
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PubliC TransPorTaTion
www.sdmts.com

olD ToWn Trolley sigHTseeing Tours
http://www.trolleytours.com/san-diego/

San Diego’s Original Hop-On, Hop-Off Tour since 1989

airPorT sHuTTle serViCe
www.Supershuttle.com

http://www.supershuttle.com/default.aspx?GC=GA9DY for a discount on shuttle service, or call 1-800-blue-van 
and use code GA9DY
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sunday, January 11
registration 
12:00–6:00 pm 
California Ballroom Foyer

opening session and Keynote address 
Opening Session and Keynote Address by Greg 
Verdine, Warp Drive Bio (USA) and Harvard 
University, Cambridge, MA, “Biologically Oriented and 
Inspired Small-Molecule Drug Discovery”

6:00–7:30 pm 
California Ballroom AB

Welcome reception and Poster session 1 
Posters 1–119 (odd numbers)
7:30–9:30 pm 
California Ballroom C and Santa Fe Room

monday, January 12
Continental breakfast
7:30–8:30 am 
California Ballroom C and Foyer

registration
7:30 am–5:00 pm 
California Ballroom Foyer

session 1: natural Products in the  
natural environment
Chairs: J. Clardy, Harvard Medical School, 
Boston, MA and P. Jensen, Scripps Institution of 
Oceanography, La Jolla, CA

8:30 am S1: Resistance-guided antibiotic 
discovery 
G. Wright*, McMaster University, 
Hamilton, ON 

8:55 am S2: Harnessing plant metabolic 
diversity 
A. Osbourn*, John Innes Centre, 
Norwich, UK

9:20 am S3: Mapping our molecular world 
P. Dorrestein*, University of California 
San Diego, La Jolla, CA

9:45 am S4: Plant pathway discovery for plant 
and human health 
E. Sattely*, Stanford University, 
Stanford, CA

10:10 am Break

10:40 am S5: Exploring uncharted metabolic 
space 
J. Piel*, ETH Zurich, Zurich

11:05 am S6: Evolutionary ecology of antibiotics 
in soil communities 
L. Kinkel* and D. Schlatter, University 
of Minnesota, Saint Paul, MN; P. Vaz-
Jauri, INIA-Las Brujas, Canelones

11:30 am S7: Natural product discovery using 
culture independent methods 
S. Brady*, The Rockefeller University, 
New York, NY

12:00–1:30 pm  Lunch on own

Program sCHeDule
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session 2: Chemical biology of natural Products
Chairs: W. Fenical, Scripps Institution of 
Oceanography, La Jolla, CA and J.S. Ahn, Korea 
Research Institute of Bioscience and Biotechnology, 
Cheongju, South Korea

California Ballroom AB

1:30 pm S8: Biosynthesis study of reveromycin: 
Aiming at a therapeutic agent to 
osteoclast related diseases 
H. Osada* and S. Takahashi, RIKEN 
Center for Sustainable Resource 
Science, Wako-shi, Saitama;  
M. Kawatani, RIKEN

1:55 pm S9: Posttranslational modifications in 
natural product biosynthesis 
W. van der Donk*, Howard Hughes 
Medical Institute and the University of 
Illinois at Urbana-Champaign,  
Urbana, IL

2:20 pm S10: Decoding and reprogramming 
complex biosynthetic pathways in 
microbes 
C. Hertweck*, Leibniz Institute for 
Natural Product Research and Infection 
Biology (HKI), Jena

2:45 pm S11: New compounds via activation 
of secondary metabolite biosynthesis 
gene clusters in terrestrial and marine 
Streptomyces 
S. Zotchev* and O.Sekurova, 
Norwegian University of Science and 
Technology, Trondheim, Norway; 
M. Jasyk and R. Süssmuth, Technische 
Universität Berlin, Berlin, Germany; 
F. Reyes, Fundación MEDINA, 
Granada, Spain; C. Rückert, University 
of Bielefeld, Bielfeld, Germany; 
J. Kalinowski, University of Bielefeld, 
Bielefeld, Germany; K. Degnes and 
H. Sletta, SINTEF Materials and 
Chemistry, Trondheim, Norway

3:10 pm Break

3:40 pm S12: Chemistry and bioligy of natural 
products that modulate cellular 
responses 
M. Imoto*, Keio University, Yokohama

4:05 pm S13: New target identification of 
angiogenesis from phenotypic 
screening of natural products 
H.J. Kwon*, Yonsei University, Seoul

4:30 pm S14: Inhibition of eukaryotic 
transcription by a natural product from 
Thunder God vine 
J. Liu*, Johns Hopkins School of 
Medicine, Baltimore, MD

Poster session 2 and reception 
Posters 2–102 (even numbers)
5:00–7:00 pm 
California Ballroom C and Santa Fe Room

Tuesday, January 13
Continental breakfast
7:30–8:30 am 
California Ballroom C and Foyer

registration
7:30 am–5:00 pm 
California Ballroom Foyer

session 3: natural Products from bench  
to Clinic
Chairs: F. Koehn, Pfizer World Wide R&D, Groton, 
CT and S.K. Hong, Mjyongji University, Yongin, South 
Korea

California Ballroom AB

8:30 am S15: Advancing new cell wall inhibitors 
towards clinical applications 
S. Donadio*, Naicons Srl, Milano, Italy

8:55 am S16: Ecumicin as a novel anti-
tuberculosis drug 
J.W. Suh*, J.Y. Kim, Y.Y. Jin and H. Lee, 
Myongji University, Yongin; W. Gao, 
S.H. Cho, G. Pauli and S. Franzblau, 
University of Illinois at Chicago, 
Chicago, IL; A. Goldberg, Harvard 
Medical School, Boston, MA
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9:20 am S17: Discovery and development of 
Surotomycin 
J. Silverman*, Cubist Pharmaceuticals, 
Lexington, MA

9:45 am S18: Natural product derived 
insecticides: Discovery and 
development of Spinetoram 
U. Galm*, Dow AgroSciences, USA, 
Indianapolis, IN

10:10 am Break

10:40 am S19: Novel antitumor substances from 
microbial origin 
T. Sakai*, Eisai Co., Ltd., TSUKUBA-
SHI

11:05 am S20: Uncoupling neuroprotection from 
immunosuppression: The discovery of 
ILS-920 
E. Graziani*, Pfizer, Groton, CT

11:30 am S21: Natural products: Bridging ancient 
medicine and synthetic biology 
E. Schmitt*, Novartis, Basel, 
Switzerland

12:00–1:30 pm Lunch on own

session 4: enzymology of natural Product 
Pathways
Chairs: W. Wohlleben, University Tübingen, 
Tübingen, Germany and E.S. Kim, Inha University, 
Incheon

California Ballroom AB

1:30 pm S22: Complexity generation in fungal 
indole alkalod biosynthesis 
Y. Tang*, University of California Los 
Angeles, CA and H.C. Lin, University of 
California, Los Angeles, CA

1:55 pm S23: Unusual cyclization mechanism of 
Streptomyces terpene cyclases 
T. Kuzuyama*, The University of Tokyo, 
Tokyo

2:20 pm S24: Lessons from nature – Dissecting 
and applying the chemical logic of 
halogenating enzymes 
B. Moore*, University of California, San 
Diego, La Jolla, CA

2:45 pm S25: Biosyntheis of FK506 and its 
engineering for the generation of novel 
analogues 
Y.J. Yoon*, Ewha Womans University, 
Seoul, South Korea

3:10 pm Break

3:40 pm S26: Biochemical and genetic analysis 
of precursor supply in natural product 
biosynthesis 
W. Wohlleben*, E. Stegmann and 
Y. Mast, University Tuebingen, 
Tuebingen

4:05 pm S27: Griselimycins - magic bullets 
against Mycobacterium tuberculosis? 
R. Müller*, Helmholtz Institute 
Pharmaceutical Research Saarland, 
Saarbrücken

4:30 pm S28: C-H functionalization and 
biocatalyst engineering from natural 
product systems 
D. Sherman*, University of Michigan, 
Ann Arbor, MI

Pre-banquet reception
6:00–7:00 pm 
California Ballroom Foyer

banquet and address
Julian Davies, University of British Columbia, BC, 
Canada, “Antibiotics, Anthropomorphism, Evolution 
and the Meaning of Life” 

7:00–9:00 pm 
California Ballroom AB
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Wednesday, January 14 
Continental breakfast
7:30–8:30 am 
California Ballroom C and Foyer

registration
7:30 am–1:30 pm 
California Ballroom Foyer

session 5: from genomes to natural Products
Chairs: M. Fischbach, University of California,  
San Francisco, CA and H. Ikeda, Kitasato University, 
Kanagawa, Japan

California Ballroom AB

8:30 am S29: Insights from a global view 
of secondary metabolism: Small 
molecules from the human microbiota 
M. Fischbach*, University of California, 
San Francisco, CA

8:55 am S30: Sequencing and in silico analysis 
of the Warp Drive Genome Databank 
D. Udwary*, Warp Drive Bio, LLC, 
Cambridge, MA

9:20 am S31: From big data to small molecules: 
new resources and methods 
A. Pati* and M. Hadjithomas, DOE Joint 
Genome Institute, Walnut Creek, CA

9:45 am S32: Microbial genomics and strain 
prioritization to streamline natural 
product discovery 
B. Shen*, The Scripps Research 
Institute, Jupiter, FL

10:10 am Break

10:40 am S33: Approaching synthetic 
microbiology to harness the metabolic 
power for novel and improved 
nucleoside antibiotics 
Z. Deng*, Shanghai Jiaotong 
University, Shanghai, China, W. Chen, 
Wuhan University, Wuhan, China, 
Y. Li, Shanghai Institute of Organic 
Chemistry, Chinese Academy of 
Sciences, Shanghai, L. Zhai, Shanghai 
Jiao Tong University, Shanghai, 
J. Qi, Wuhan University, Wuhan and 
J. Zhou, Shanghai Institute of Organic 
Chemistry, Chinese Academy of 
Sciences, Shanghai

11:05 am S34: Activation of silent biosynthetic 
gene clusters via rational manipulation 
of AHFCA-dependent regulatory 
networks 
G. Challis*, University of Warwick, 
Coventry, United Kingdom

11:30 am S35: Novel terpenes generated by 
heterologous expression of genes 
encoding bacterial terpene synthases 
in an engineered Streptomyces host 
H. Ikeda*, Kitasato University, 
Kanagawa, Japan

12:00–1:30 pm  Lunch on own

session 6: activation of natural Product 
Pathways
Chairs: K. Ochi, Hiroshima Institute of Technology, 
Hiroshima, Japan and G. van Wezel, Leiden 
University, Leiden, Netherlands

California Ballroom AB

1:30 pm S36: New strategies for drug discovery: 
Activation of silent or weakly expressed 
microbial gene clusters 
K. Ochi*, Hiroshima Institute of 
Technology, Hiroshima

1:55 pm S37: Genome mining and heterologous 
expression for the activation of silent 
gene clusters in Streptomyces species 
M. Bibb*, John Innes Centre, Norwich, 
UK
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2:20 pm S38: Chemical elicitation of secondary 
metabolism 
J. Nodwell* and S. Elardo, University of 
Toronto, Toronto, ON

2:45 pm S39: Involvement of the 5’-UTR of 
afsS in the activation of actinorhodin 
production in Streptomyces lividans  
Y. Ohnishi*, Department of 
Biotechnology, Graduate School of 
Agricultural and Life Sciences, The 
University of Tokyo, Tokyo, Japan

3:10 pm Break

3:40 pm S40: Regulatory networks and 
ecological cues that control antibiotic 
production by actinomycetes 
G. van Wezel*, H. Zhu, C.S. Wu, 
J. Gubbens and Y. Choi, Leiden 
University, Leiden, The Netherlands

4:05 pm S41: Genome mining and activation of 
silent fungal gene clusters by microbial 
communication contributing to drug 
discovery 
A. Brakhage*, Leibniz Institute for 
Natural Product Research and Infection 
Biology – Hans Knöll Institute, Jena, 
Germany

4:30 pm S42: ATP synthesis inhibitor at 
subinhibitory concentration 
K. Ueda*, College of Bioresource 
Sciences, Nihon University, Fujisawa, 
Kanagawa, Japan

Concluding remarks

Photos by M. Edlow for Visit Philadelphia™
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oral Presentation s1
Resistance-guided antibiotic discovery 
G. Wright* 
McMaster University, Hamilton, ON 
wrightge@mcmaster.ca

Environmental microbes are outstanding sources of antibiotics. 
Expanding the activity of these antibiotics, for example towards a 
broader group of pathogens or resistant organisms, can often be 
achieved by modification of the core chemical scaffold. Increasing 
antibiotic chemical diversity can be achieved using synthetic biology 
approaches for example by harnessing the biosynthetic capacity 
of various accessorizing enzymes that often are found in antibiotic 
producing organisms. Indeed it is the actions of these enzymes 
that are the sources of much of the chemical diversity of various 
antibiotic classes produced by environmental organisms. However 
selectively identifying individual strains that produce members of a 
given antibiotic class can be very challenging and time consuming. 
We have developed a method that combines the use of antibiotic 
self-resistance in producing bacteria to enrich the pool of antibiotic 
producers by orders of magnitude. Combining this strategy with 
phylogenetic analysis of selected biosynthetic genes enables rapid 
identification of producers of known and novel members of antibiotic 
classes. These can be sources of new compounds and new enzymes 
that can have roles in downstream synthetic biology platforms to 
increase antibiotic chemical diversity.

oral Presentation s2
Harnessing plant metabolic diversity 
A. Osbourn* 
John Innes Centre, Norwich 
anne.osbourn@jic.ac.uk 

Plants produce a tremendous array of natural products, including 
medicines, flavours, fragrances, pigments and insecticides. The vast 
majority of this metabolic diversity is as yet untapped, despite its huge 
potential value for humankind. So far research into natural products 
for the development of drugs, antibiotics and other useful chemicals 
has tended to focus on microbes, where genome sequencing has 
revolutionised natural product discovery through mining for gene 
clusters for new metabolic pathways. Identifying novel natural 
product pathways in plants is extremely difficult because plant 
genomes are much larger and more complex than those of microbes. 
However, the recent discovery that genes for some types of plant 
natural product pathways are organised as physical clusters is now 
enabling systematic mining of plant genomes in the quest for new 
pathways and chemistries. Improved understanding of the genomic 
organization of different types of specialized metabolic pathways will 
shed light on the mechanisms underpinning pathway and genome 
evolution. It will further open up unprecedented opportunities for 
exploiting Nature’s chemical toolkit by providing grist for the synthetic 
biology mill.

oral Presentation s3
Mapping our molecular world 
P. Dorrestein* 
University of California San Diego, La Jolla, CA 
pdorrestein@ucsd.edu

The chemical make-up of biology is incredibly complex. It is difficult to 
analyze the molecular make up of one organism but what about 100s 
or 1000s of different organisms? How can we look at the molecular 
make-up of all such organisms at once? How many molecules do they 
have in common? How many are different? As mass spectrometers 
are becoming faster and more sensitive we can detect a lot of 
molecular information. There are now mass spectrometers that can 
analyze 10,000 samples a day. However, there is no infrastructure 
to analyze this amount of molecular information or to correlate 
this information to other Big Data generating approaches such as 
sequencing. On average, however, only 1-5% of all the molecular 
information that is collected by mass spectrometry can be annotated. 
It is simply too much information for one person or lab to analyze this 
information with the existing tools that are available. In this lecture we 
will explore the strategies for organizing and visualizing the massive 
amount of information. Topics such as molecular networking, crowd 
source molecular analysis, large scale mass spectrometry based 
genome mining, cross correlative analysis with molecular networking 
and pattern based genome mining will be covered.

oral Presentation s4
Plant pathway discovery for plant and human 
health 
E. Sattely* 
Stanford University, Stanford, CA 
sattely@stanford.edu

The discovery of biosynthetic pathways for plant natural products 
has classically been a slow process; as a consequence, few 
complete pathways are known. New plant genome sequences 
offer an opportunity to increase the rate of pathway discovery, but 
genomic data is not sufficient to identify the genes in a pathway that 
is unclustered or distributed among multiple contigs. This seminar 
will describe our efforts to merge transcriptomics, untargeted 
metabolomics, bioinformatics, and biochemistry to rapidly discover 
complete plant pathways for known and novel molecules, not only in 
the model plant Arabidopsis but also non-model plants.

oral session absTraCTs
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oral Presentation s5
Exploring uncharted metabolic space 
J. Piel* 
ETH Zurich, Zurich 
jpiel@ethz.ch

Environmental studies suggest that a large fraction of the total 
bacterial diversity has so far resisted cultivation. Many of the 
uncultivated bacteria belong to large taxonomic groups without 
cultivated representatives and known functional properties. 
Considering the importance of bacteria for drug discovery, it has 
been proposed that these elusive organisms represent a massive 
untapped resource of novel compounds and biotechnologically 
useful enzymes. To investigate the biosynthetic potential of microbial 
dark matter, our laboratory uses metagenomic and single-cell 
methods focusing on host-associated microbiomes. We provide 
evidence for the existence of a new environmental candidate 
phylum, termed “Tectomicrobia”, members of which live associated 
with marine sponges and are metabolically highly talented. These 
bacteria exhibit a rich and versatile specialized metabolism with 
bioactive compounds not yet encountered in cultivated bacteria. 
Functional studies revealed unprecedented types of biosynthetic 
transformations that are of significant biotechnological interest.

oral Presentation s6
Evolutionary ecology of antibiotics in soil 
communities 
L. Kinkel*1, D. Schlatter1 and P. Vaz-Jauri2 
(1)University of Minnesota, Saint Paul, MN; (2)INIA-Las 
Brujas, Canelones 
kinkel@umn.edu

Antibiotics play significant roles in mediating microbial species 
interactions in the environment, yet the dynamics of selection 
for antibiotic inhibitory, signaling, and resistance phenotypes 
remain poorly understood. Soil biological and environmental 
factors are often significantly correlated with antibiotic production 
capacities of Streptomyces populations in soil, likely because of 
their influences on nutrient competition. We have characterized 
inhibitory, resistance, and signaling dynamics among sympatric 
(locally-coexisting) and allopatric Streptomyces populations in 
relation to isolate phylogeny and nutrient use capacities as a means 
of identifying factors that may be significant to selection. Sympatric 
selection for both antibiotic inhibition and signaling phenotypes, and 
a significant correspondence of these phenotypes with niche overlap 
among interacting isolates support the hypothesis that antibiotics 
are important to mediating nutrient competition in soil. Consideration 
of complex networks of interactions among multiple sympatric 
populations shows that some patterns of inhibitory interaction among 
sets of 3 (or more) isolates are statistically more common than 
expected, suggesting that interactions between two populations can 
be mediated by interactions with a third population. Identifying the 
environmental and community contexts which select for inhibitory 
and resistance phenotypes in soil Streptomyces populations has 
significant implications for both agricultural management and the 
search for novel antibiotics.

oral Presentation s7
Natural product discovery using culture 
independent methods 
S. Brady* 
The Rockefeller University, New York, NY 
sbrady@rockefeller.edu

No abstract submitted.

oral Presentation s8
Biosynthesis study of reveromycin: Aiming at a 
therapeutic agent to osteoclast related diseases 
H. Osada*1, M. Kawatani2 and S. Takahashi1 
(1)RIKEN Center for Sustainable Resource Science, 
Wako-shi, Saitama; (2)RIKEN 
hisyo@riken.jp

Reveromycin A (RM-A) was originally isolated as an antitumor 
polyketide compound from Streptomyces reveromyceticus. 
Unfortunately, because the antitumor spectrum was narrow, we gave 
up the development of RM-A as antitumor agent. Subsequently, 
we found that RM-A exhibited the potent anti-bone-resorption and 
anti-bone-metastases activities through inhibiting the activity of 
isoleucyl-tRNA synthetase in osteoclasts. Then, we have pursued 
the in vivoexperiments to prove the efficacy of RM-A.

In order to supply a large amount of RM-A for the in vivo experiments, 
we investigated the molecular basis of biosynthetic machinery of 
RM-A. The RM-A gene cluster consists of 21 open reading frames 
spanning 91 kb. To understand the post-PKS modification pathway, 
all of the genes found in the RM-A cluster were disrupted. Then, the 
metabolites accumulated in each mutant strain were analyzed.

We revealed the responsible genes involved in each biosynthesis 
process, such as polyketide chain truncation (revH, revN), spiroacetal 
formation (revG, revJ), hydroxylation and succinylation (revI, revK, 
revL, revM) etc. To clarify the enzymatic mechanism of biosynthesis, 
we performed the heterologous expression of the enzymes, which 
were purified for biochemical characterization. Finally we succeeded 
in the in vitro reconstitution of enzymes and obtaining RM-A (final 
product) from RM-A1a (post PKS product).
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oral Presentation s9
Posttranslational modifications in natural product 
biosynthesis 
W. van der Donk* 
Howard Hughes Medical Institute and the University of 
Illinois at Urbana-Champaign, Urbana, IL 
vddonk@illinois.edu

Ribosomally synthesized and post-translationally modified 
peptides (RiPPs) are a rapidly growing group of natural products. 
Lanthipeptides are the most abundant group of RiPPs encoded in 
the currently sequenced bacterial genomes. The manner by which 
the characteristic lanthionine crosslinks are installed in a region- and 
stereoselective during the posttranslational modification process is 
still unclear. This presentation will discuss the molecular mechanism 
of the dehydration step catalyzed by NisB during the biosynthesis 
of the food preservative nisin. In addition, new insights into the 
combinatorial biosynthesis of groups of lanthipeptides in marine 
cyanobacteria will be presented.

oral Presentation s10
Decoding and reprogramming complex 
biosynthetic pathways in microbes 
C. Hertweck* 
Leibniz Institute for Natural Product Research and 
Infection Biology (HKI), Jena 
christian.hertweck@hki-jena.de

Natural products from microorganisms are a highly prolific source for 
novel therapeutics, in particular for antiinfectives and antiproliferative 
agents. From a synthetic point of view, it is fascinating to learn that the 
most complex metabolites are assembled from simple biosynthetic 
building blocks by multienzyme processing lines. In recent years, 
advances in genome sequencing and developments of molecular 
tools have provided deeper insights into the genetic codes for these 
fine-tuned, multifaceted biocatalysts.

In this overview, I will demonstrate how genetic and chemical 
methods can be used in a synergistic manner to decode and 
engineer biosynthetic processing lines in microorganisms. Potential 
applications will be highlighted, such as reprogramming the 
biosynthetic code in the sense of combinatorial biosynthesis and 
synthetic biology. Furthermore, strategies to unlock the hidden * or 
cryptic - biosynthetic potential will be presented. In recent years it 
has become increasingly apparent that the vast number of predicted 
polyketide biosynthesis genes of microorganisms is not reflected 
by the metabolic profile observed under standard fermentation 
conditions. Since these gene clusters could code for the biosynthesis 
of drug candidates, it is desirable to test new strategies for their 
activation to make use of this largely untapped reservoir of natural 
products. Progress in engineering biosynthetic pathways and 
characterization of bioactive natural products from underexplored or 
neglected microorganisms will be presented.

oral Presentation s11
New compounds via activation of secondary 
metabolite biosynthesis gene clusters in terrestrial 
and marine Streptomyces 
S. Zotchev*1, O.N. Sekurova1, M. Jasyk2, F. Reyes3, C. 
Rückert4, J. Kalinowski5, K. Degnes6, H. Sletta6 and R. 
Süssmuth2 
(1)Norwegian University of Science and Technology, 
Trondheim, Norway; (2)Technische Universität Berlin, 
Berlin, Germany; (3)Fundación MEDINA, Granada, 
Spain; (4)University of Bielefeld, Bielfeld, Germany; (5)
University of Bielefeld, Bielefeld, Germany; (6)SINTEF 
Materials and Chemistry, Trondheim, Norway 
sergey.zotchev@ntnu.no

Analyses of actinomycete bacteria genomes revealed an astounding 
number of gene clusters potentially governing biosynthesis 
of secondary metabolites that have not been discovered by 
conventional bioactivity screening. To explore this hidden 
potential for drug discovery, we aimed at activating such gene 
clusters by overexpressing cluster-associate regulators in the 
original hosts. First, we obtained high-quality genome sequence 
of Streptomyces noursei ATCC 11455 known as a producer of 
the medically important polyene macrolide nystatin, antibacterial 
glycosylated macrolide and albonoursin. antiSMASH 2.0 analysis 
of the genome revealed the presence of at least 38 gene clusters  
potentially governing biosynthesis of secondary metabolites, 
including one for a tetramycin-like polyene macrolide. A putative 
transcriptional regulator gene from this cluster was overexpressed in 
the nystatin non-producing S. noursei, leading to production of a new 
tetraenic polyene macrolide, termed notromycin. Encouraged by this 
success, we then explored Streptomyces albus GBA94-07, a marine 
sponge-derived streptomycete carrying several unique biosynthetic 
gene clusters. Using the same strategy, we attempted to activate a 
putative peptidyl nucleoside biosynthetic gene cluster. Surprisingly, 
a series of new molecules was recovered from the fermentation broth 
of the activated strain that were shown to be deferoxamine-derived 
glycoconjugates not found in the control. These results represent an 
example of interplay between different biosynthetic pathways that 
can be exploited to generate new hybrid metabolites. The presented 
studies provide examples of genome-based bioprospecting that can 
revitalize drug discovery programs.
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oral Presentation s12
Chemistry and bioligy of natural products that 
modulate cellular responses 
M. Imoto* 
Keio University, Yokohama 
imoto@bio.keio.ac.jp

The 60 trillion cells that make up our bodies maintain our normal 
biological activities through high-level control. Currently, however, 
much is still unknown about cell control mechanisms. Proteins 
play the intrinsic roles for determining the cellular events about 
cell growing, differentiations and so on, through the sequential 
assembly of the protein interactions, which drafts signal transduction 
pathways. Among a variety of methods to realize the protein function, 
an approach of chemical genetics is remarkable, in which small 
molecular compounds are used as probes to elucidate the protein 
functions within the signal pathways. Therefore, firstly we look for 
compounds that can modify the cellular responses such as cell 
growth, cell migration, autophagy modulation and cell death mainly 
from microbial extracts. Then, we investigate the mechanism 
underlying the compound-induced phonotypic changes of cells, by 
looking for target proteins of the compound, and studying signal 
transduction pathway responsible for cellular responses of interest, 
to find out how the compounds work.

If this research progresses, we continues to the next stage: developing 
lead compounds for drugs to treat cancer and neurodegenerative 
disorders.

In this session, I would like to present our recent chemical biology 
studies of the compounds modulating cellular responses.

oral Presentation s13
New target identification of angiogenesis from 
phenotypic screening of natural products 
H.J. Kwon* 
Yonsei University, Seoul 
kwonhj@yonsei.ac.kr 

Unbiased phenotypic screening of natural products has provided a 
number of unique small molecules with unknown target proteins and 
modes of action (MOA) in biological context. Target identification of 
these bioactive natural products is pivotal to address their MOA and 
to discover better drug candidates that will expedite drug discovery 
and development. To this aim, we have established chemical 
genomics and proteomics approach of target identification methods 
leading to discovery of a number of target protein candidates. 
Among them, the ubiquinol-cytochrome c reductase binding protein 
(UQCRB), a subunit protein of Complex III in the mitochondrial 
respiratory chain was identified as a cellular target of terpesatcin, 
a natural anti-angoigenic small molecule from fungal metabolites. 
Terpestacin binding to UQCRB inhibited hypoxia-induced ROS 
generation, subsequently HIF-1 alpha activation and tumor 
angiogenesis in vivo, without inhibiting mitochondrial respiration. 
Functional knock down of UQCRB by siUQCRB as well as UQCRB 
morpholino dose-dependently inhibited angiogenesis both in vitro 
and in vivo. Furthermore, vascular endothelial growth factor (VEGF) 

levels decreased with UQCRB inhibitors treatment and UQCRB 
morpholino injection in zebrafish model. Based on these new 
structural and biological information, new synthetic small molecules 
that specifically regulate the function of UQCRB were also developed 
by using the smart chemical library designed by pharmacophore-
based virtual screening. Collectively, target identification of natural 
product from phenotypic screening provides both new target and 
small molecule for exploring new biology of interest and developing 
new drug candidates.

oral Presentation s14
Inhibition of eukaryotic transcription by a natural 
product From Thunder God vine 
J. Liu* 
Johns Hopkins School of Medicine, Baltimore, MD 
joliu@jhu.edu

Natural products have been a valuable source of novel anticancer 
drugs; they have also served as powerful molecular probes for 
different cellular processes. In contrast to cell proliferation, cell 
cycle regulation and a variety of signaling pathways, few potent 
small molecule inhibitors are known that target the fundamental 
process of transcription in eukaryotic cells. We have been studying 
the mechanism of action of triptolide, a natural product isolated from 
a traditional Chinese medicinal plant with potent antitumor activity. 
Using a top-down approach, we identified XPB, a DNA-dependent 
ATPase and a subunit of the general transcription factor TFIIH, as 
a molecular target for triptolide. We showed that triptolide binds 
covalently to XPB, blocking its DNA-dependent ATPase activity. 
In efforts to further elucidate the molecular interaction between 
triptolide and XPB, we recently identified the amino acid residue 
in XPB that is covalently modified by triptolide. We have also 
assessed the functional group in triptolide that is involved in the 
covalent modification of XPB. To assess the functional relevance 
of XBP as a molecular target of triptolide, we generated knock-in 
cells with a drug-resistant mutant of XPB and showed that it confers 
dramatic resistance to triptolide, strongly supporting XPB as the 
physiologically relevant target of triptolide. Together, these findings 
revealed for the first time a highly specific and potent small molecular 
inhibitor of the basal transcription machinery that has implications 
in the future development of inhibitors of transcription as anticancer 
drugs.
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oral Presentation s15
Advancing new cell wall inhibitors towards clinical 
applications 
S. Donadio* 
Naicons Srl, Milano, Italy 
sdonadio@naicons.com

Natural products represent a major source of approved drugs and still 
play an important role in supplying chemical diversity. Consistently, 
2014 has seen new, natural product-derived antibiotics approved 
for human use by the FDA. One of the recently approved second-
generation glycopeptides is dalbavancin, a semi-synthetic derivative 
of the glycopeptide A40,926, produced by the actinomycete 
Nonomuraea sp. This compound inhibits bacterial growth by binding 
to lipid II, a key intermediate in peptidoglycan biosynthesis. Like 
other recently approved antibiotics, dalbavancin has a complex 
history and key events leading to its approval will be reported. Also 
originating from the Naicons’ collection of actinomycete strains, 
a series of lantibiotics have been discovered and characterized. 
These compounds also target lipid II, but bind to different site 
from glycopeptides and are thus equally effective on vancomycin-
resistant strains. The most active compound, designated NAI-
107 and produced by the actinomycete Microbispora sp., is highly 
active against most Gram-positive pathogens, independent of their 
resistance mechanisms. It is rapidly bactericidal at concentrations 
close to the MIC and efficacious in several experimental models 
of infection. It is currently in advanced preclinical characterization. 
Additional actinomycete-derived compounds in the series include 
natural and semi-synthetic variants with similar potency but different 
physico-chemical properties.

oral Presentation s16
Ecumicin as a novel anti-tuberculosis drug 
J.W. Suh*1, J.Y. Kim1, W. Gao2, Y.Y. Jin1, S.H. Cho2, A. 
Goldberg3, G. Pauli2, H. Lee1 and S. Franzblau2 
(1)Myongji University, Yongin; (2)University of Illinois 
at Chicago, Chicago, IL; (3)Harvard Medical School, 
Boston, MA 
jwsuh@mju.ac.kr

Tuberculosis (TB) is an infectious disease caused by Mycobacterium 
tuberculosis (Mtb), which cause high mortality rate despite enormous 
efforts to treat TB. Recently, occurrence of multidrug (MDR) and 
extensively drug resistant (XDR) Mtb makes treatment of TB by 
existing TB drugs harder. Besides, existing TB drugs are often less 
effective against non-replicating Mtb that potentially cause TB. 
Therefore, new TB drugs require efficacy against MDR and XDR as 
well as non-replicating Mtb.

In order to address these issues, we screened for anti-TB agents 
by MABA and LORA from extract library from actinomycete, which 
are known to be fascinating natural product producers. We selected 
the extract showing potent anti-Mtb activity and verified that the 
actinomycetes producing anti-Mtb agent is a novel Nonomuraea 
species. Based on bioassay, we purified a compound designated 
H14 and identified that it was a new macrocyclic peptide consisting 

of 13 amino acids. H14 showed superior anti-Mtb activity against 
MDR, XDR, and non-replicating strains of Mtb, compared to three 
first line TB drugs. Moreover, in pharmacokinetic study in mouse, 
H14 showed good PK that moves to lung, where TB causes lesions. 
Through target ID study, we discovered that the mode of action 
of H14 is the acceleration of ATP hydrolysis by its selective target 
ClpP1/P2 and interferes in protein degradation by related ClpP1/P2.

We demonstrated that H14 is a novel anti-tuberculosis drug candidate 
that can treat TB with mode of action different from existing TB drugs. 

oral Presentation s17
Discovery and development of Surotomycin 
J. Silverman* 
Cubist Pharmaceuticals, Lexington, MA 
jared.silverman@cubist.com

Surotomycin is a novel, orally administered, cyclic lipopeptide 
antibiotic in development for the treatment of Clostridium difficile 
associated diarrhea (CDAD). Surotomycin was derived via semi-
synthesis from the natural product daptomycin. Surotomycin has 
potent activity against Gram positive organisms, including C. difficile 
and VRE and is bactericidal against exponential and stationary 
phase bacteria. By spontaneous and serial passage methods, 
surotomycin displays a low potential for resistance development. 
No cross-resistance is seen with other agents used in the treatment 
of C. difficile. In the hamster model of CDAD, surotomycin and 
vancomycin both demonstrated potent efficacy in resolving initial 
disease onset, even at very low doses, and a similar dose- and time-
dependent pattern with respect to rates of CDAD recurrence.

Surotomycin has limited activity against Gram-negative bacilli 
including bacteroides. As a result, while both surotomycin and 
vancomycin alter the gastrointestinal flora of treated animals and 
patients, the patterns of alteration are different and may influence 
clinical outcomes. Surotomycin is also more rapidly bactericidal 
in vitro than vancomycin, and lipopeptides are known to retain 
activity against stationary phase bacteria; these features could also 
influence clinical outcomes. In Phase 2 trials, surotomycin dosed at 
125 or 250 mg/day produced equivalent end of therapy cure rates 
to vancomycin (92.4%, 86.6%, and 89.4%, respectively). However, 
surotomycin was superior with regards to recurrence rates (27.9%, 
17.2%, 35.6%), resulting in higher rates of sustained cure (66.7%, 
70.1%, 56.1%).  Ongoing Phase 3 studies will determine whether 
these findings are reproducible in a broader patient population.

oral Presentation s18
Natural product derived insecticides: Discovery 
and development of Spinetoram 
U. Galm* 
Dow AgroSciences, USA, Indianapolis, IN 
UGGalm@dow.com

No abstract submitted.
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oral Presentation s19
Novel antitumor substances from microbial origin 
T. Sakai* 
Eisai Co ., Ltd ., TSUKUBA-SHI 
t3-sakai@hhc.eisai.co.jp

In our screening of microorganisms, new macrolide, which we 
termed pladienolide, was found out, leading to developing E7107 
possessing unique MOA as antitumor drug candidate. I would like to 
show you our Natural Product research program.

oral Presentation s20
Uncoupling neuroprotection from 
immunosuppression: The discovery of ILS-920 
E. Graziani* 
Pfizer, Groton, CT 
edmund.graziani@pfizer.com

The family of natural product immunophilin ligand macrolides 
(exemplified by rapamycin, FK506, meridamycin, and antascomicin) 
all contain a pipecolic acid- tricarbonyl motif (required for binding 
to immunophilins or cyclophilins) and a variable polyketide portion.  
In two of the four compounds (rapamycin/FK506), this variable 
polyketide portion confers an exquisitely specific binding affinity for 
a second protein, leading to formation of a protein-ligand-protein 
ternary complex. For example, the rapamycin-FK505 binding protein 
(FKBP)12 complex recruits the mammalian target of rapamycin 
(mTOR) kinase, and the subsequent inhibition of kinase activity 
leads to inhibition of cell proliferation that has important application 
in transplantation and oncology.

We tested the hypothesis that modification of rapamycin at the mTOR 
binding region could provide non-immunosuppressive compounds 
with potent neuroprotective activity and significant efficacy in an 
animal model of ischemic stroke. Employing cell-based screening of 
our existing rapamycin analog (rapalog) equity, we identified Diels-
Alder adduct formation at the C19,C22 diene as a potential synthetic 
strategy. The subsequent preparation of biologically active, non-
immunosuppressive rapalogs yielded ILS-920, a compound that 
advanced into human trials for stroke. Preliminary investigations 
of the chemical biology of the compound suggest that the in vivo 
efficacy of ILS-920 derives from the compound’s dual functions as 
a potential activator of glucocorticoid and other steroid receptors 
via dissociation of FK506 binding protein 52 (FKBP52) from the 
receptor complexes, and as an inhibitor of L-type voltage gated Ca2+ 
channels via binding to the β1 subunit.

oral Presentation s21
Natural products: Bridging ancient medicine and 
synthetic biology 
E. Schmitt* 
Novartis, Basel, Switzerland 
esther.schmitt@novartis.com

Natural products continue to be a source of innovation in the 
pharmaceutical industry. At Novartis, natural products are screened 
in disease relevant and phenotypic assays related to many 
different disease areas. This talk will focus on recent results with 
natural products in drug discovery projects and target identification 
activities. The impact of the concepts and tools of synthetic biology 
on natural product based drug discovery and development will also 
be discussed. 

oral Presentation s22
Complexity generation in fungal indole alkalod 
biosynthesis 
Y. Tang* and H.C. Lin 
University of California, Los Angeles, Los Angeles, CA 
yitang@ucla.edu 

Communesins are a group of indole alkaloids, bearing a unique 
cage-like heptacyclic scaffold, isolated from various marine and 
terrestrial Penicillium spp. Due to their structural novelty and 
potential as pharmaceutical and insecticidal agents, this family of 
compounds has inspired numerous total synthesis efforts in recent 
years. However, the genetic and biochemical basis of communesin 
biosynthesis have remained unexplored. Here, we report the 
identification and characterization of the communesins biosynthetic 
gene cluster from Penicillium expansum. We confirmed the pathway 
involved in the formation of aurantioclavine together with the post-
modification steps including methylation, epoxidation and acylation 
by targeted-gene deletion experiments and structural elucidation 
of the isolated intermediates. We show that the precursors of 
communesin tryptamine and aurantioclavine, are generated 
from two divergent pathways from L-tryptophanm using chemical 
complementation studies. The coupling of these two indole building 
blocks to yield the heptacyclic core in communesin involves minimally 
a P450 monooxygenase. Our studies uncovered the biosynthetic 
mystery surrounding this famous indole alkaloid, and set the stages 
for detailed biochemical characterization to understand how nature 
generates exceptional structural complexity from simple building 
blocks.
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oral Presentation s23
Unusual cyclization mechanism of Streptomyces 
terpene cyclases 
T. Kuzuyama* 
The University of Tokyo, Tokyo 
utkuz@mail.ecc.u-tokyo.ac.jp

Terpenoids have been an important resource for biologically active 
compounds because of their structural diversity. The complexity 
of the terpenoid skeleton is generated by the condensation of C5 
isoprene units and subsequent cyclization. In this presentation, I 
will share with you cyclization mechanism of two terpene cyclases 
that involved in the biosynthesis of terpenoids, lavanducyanin 
produced by Streptomyces sp. CL190 and cyclooctatin produced by 
Streptomyces melanosporofaciens MI614-43F2.

Lavanducyanin is a structurally unique phenazine compound 
with a cyclolavandulyl carbon skeleton attached through N-5 of a 
phenazine nucleus. Recently, we identified an unprecedented 
terpene cyclase that synthesizes the cyclolavandulyl skeleton. 
Notably, the enzyme, a single-domain protein that consists of only 
217 amino acids, catalyzed both condensation and cyclization to 
form the cyclolavandulyl structure. We propose a likely reaction 
mechanism for this unusual terpene cyclase.

Cyclooctatin is a diterpene having a unique tricyclic C20 skeleton 
characterized by a 5-8-5 fused ring system. Recently, we cloned 
and characterized the cyclooctatin biosynthetic cotB gene cluster. 
CotB2 catalyzes the cyclization of C20 geranylgeranyl diphosphate 
to produce cyclooctat-9-en-7-ol, a tricyclic diterpene alcohol 
intermediate in cyclooctatin biosynthesis. We propose a mechanism 
of the one-pot biosynthesis of the unusual tricyclic fused ring 
structure, based on the combined isotopic labeling results. The 
mechanism involves an unusual carbon−carbon bond rearrangement 
in catalysis.

oral Presentation s24
Lessons from nature – Dissecting and applying the 
chemical logic of halogenating enzymes 
B. Moore* 
University of California, San Diego, La Jolla, CA 
bsmoore@ucsd.edu

Nature is an efficient synthetic organic chemist of complex organic 
molecules that often contain bioactive halogen atoms. Due to the 
reactivity of organohalogens, these natural molecules can exert 
beneficial properties as pharmaceutical drug leads as well as 
deleterious effects as toxins and pollutants. In this lecture, we will 
examine the orthogonal strategies nature has evolved to activate 
and deliver halogens to organic substrates associated with the 
oncology drug candidate salinosporamide A, the antimicrobial agent 
merochlorin A, and the natural pollutant 2’-OH-BDE68. We will further 
discuss advantageous applications in synthesis and biotechnology 
to extend nature’s biohalogenation strategies.

oral Presentation s25
Biosyntheis of FK506 and its engineering for the 
generation of novel analogues 
Y.J. Yoon* 
Ewha Womans University, Seoul, South Korea 
joonyoon@ewha.ac.kr

FK506 (known as tacrolimus) is a macrocyclic polyketide of 
microbial origin exhibiting various biological activities, including 
immunosuppressive, antifungal, antiinflammatory, neuroprotective, 
and neuroregenerative. It is a clinically important drug used to 
prevent the rejection of organ transplants and to treat autoimmune 
diseases such as atopic dermatitis. We have elucidated the detailed 
biosynthetic pathway of allylmalonyl-coenzyme A from which 
the FK506 allyl group is derived. Characterization of this discrete 
pathway facilitated the engineered biosynthesis of novel allyl group-
modified FK506 analogues, 36-fluoro-FK520 and 36-methyl-FK506, 
the latter of which exhibits improved neurite outgrowth activity. We 
have also detailed the parallel pathways responsible for the post-
modification step in the biosynthesis of FK506, demonstrating that 
substrate-flexible post-PKS modification enzymes, FkbD and FkbM, 
can provide a potential tool for the combinatorial biosynthesis of 
novel macrolide derivatives. In addition, FK506 analogues containing 
a non-natural starter unit could be obtained through mutasynthesis. 
Taken together, these results illuminates an efficient strategy for 
the engineered biosynthesis of FK506 analogues with improved 
therapeutic properties.
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oral Presentation s26
Biochemical and genetic analysis of precursor 
supply in natural product biosynthesis 
W. Wohlleben*, E. Stegmann and Y. Mast 
University Tuebingen, Tuebingen 
wolfgang.wohlleben@biotech.uni-tuebingen.de

A special feature of many natural products is the occurrence of 
non-proteinogenic amino acids. To obtain a general outline of the 
secondary metabolite specific amino acid synthesis and their 
regulation and evolution, the precursor biosynthesis of several 
antibiotics which contain non-proteinogenic amino acids was 
analysed:

Four out of seven amino acids of the balhimycin peptide-backbone 
originate from the shikimate pathway which therefore may be a 
bottleneck in precursor supply. Analysis of the key steps (such as 
DAHP synthase, prephenate dehydrogenase) revealed a complex 
interaction of these enzymes including feedback inhibition which 
limit antibiotic yield.

The four-step biosynthetic route for the provision of phenylglycine, 
which is one of the amino acids in pristinamycinB, comprises three 
steps corresponding to those in dihydroxyphenylglycine synthesis 
in the balhimycin pathway: Dioxygenation, transamination and the 
release of a biosynthetic intermediate by a hydrolase are performed 
analogously, whereas the initial step, the formation of phenylacetyl-
CoA resembles the acetyl-CoA formation by the pyruvate 
dehydrogenase complex of the primary metabolism.

An even more striking similarity between an enzyme of the primary 
metabolism and its counterpart in secondary metabolism was 
observed in PTT biosynthesis: The phosphinomethylmalic acid 
isomerase, which converts phosphinomethylmalic acid cannot 
be distinguished from the TCA cycle aconitase by sequence and 
structure data.

The knowledge on precursor supply is the basis for experiments on 
precursor-directed biosynthesis and for manipulating the metabolic 
flux to increase the antibiotic yield.

oral Presentation s27
Griselimycins - magic bullets against 
Mycobacterium tuberculosis? 
R. Müller* 
Helmholtz Institute Pharmaceutical Research Saarland, 
Saarbrücken 
rom@helmholtz-hzi.de

Despite modern antibiotics and the development of a curative 
regimen for tuberculosis, this disease remains a worldwide problem 
and the emergence of drug-resistant Mycobacterium tuberculosis 
has prioritised the need for new drugs. Here we show that new 
and optimised derivatives from Streptomyces-derived griselimycin 
are highly active against M. tuberculosis, both in vitro and in vivo. 
After identification of the griselimycin biosynthetic gene cluster we 
were able to clarify the biosynthesis of the biosynthetic precursor 
methyl-proline which is incorporated into the natural product at 
the site of metabolic lability. This finding opened up oportunities to 
improve the ratio of metabolically stable versus unstable griselimycin 
derivatives. Remarkably, methylproline is generated from leucine 
by a specific pathway involving four enzymes expression of which 
results in methy-proline formation in heterologous hosts. Based 
on self-resistance studies in Streptomyces and genomic analyses 
of resistant mycobacteria, we found that griselimycins inhibit the 
DNA polymerase sliding clamp DnaN; these interactions were 
characterised by surface plasmon resonance and crystal structure 
analysis. Furthermore, we discovered that infrequent resistance to 
griselimycin is associated with highly unusual target amplification 
in mycobacteria. Our results demonstrate that griselimycin and its 
derivatives have high translational potential for tuberculosis, validate 
DnaN as an antimicrobial target and capture the process of antibiotic 
pressure-induced target amplification.

oral Presentation s28 
C-H functionalization and biocatalyst engineering 
from natural product systems 
D. Sherman* 
University of Michigan, Ann Arbor, MI 
davidhs@umich.edu

No abstract submitted.
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oral Presentation s29
Insights from a global view of secondary 
metabolism: Small molecules from the human 
microbiota 
M. Fischbach* 
University of California, San Francisco, 
San Francisco, CA 
fischbach@fischbachgroup.org

The discovery of natural products – small molecules from microbes 
often used as drugs – has been an ad hoc pursuit for almost a century. 
The rapidly growing database of microbial genome sequences 
offers new opportunities to leverage genomics and bioinformatics 
toward discovering natural products and characterizing their roles 
in mediating interspecies interactions. This seminar will describe 
two convergent, ongoing lines of research: our use of genomics 
and bioinformatics to identify biosynthetic gene clusters and predict 
the structures of their small molecule products, and our efforts to 
identify and characterize small molecules produced by the human 
microbiota.

oral Presentation s30
Sequencing and in silico analysis of the Warp Drive 
Genome Databank 
D. Udwary* 
Warp Drive Bio, LLC, Cambridge, MA 
info@warpdrivebio.com

No abstract submitted.

oral Presentation s31
From big data to small molecules: new resources 
and methods 
A. Pati* and M. Hadjithomas 
DOE Joint Genome Institute, Walnut Creek, CA 
apati@lbl.gov

In the discovery of secondary metabolites (SMs), large-scale 
computational analysis of genomic and metagenomic sequences is 
a promising exploration path. In this presentation, efforts at the Joint 
Genome Institute to develop computational methods, resources 
and tools to enable the discovery and analysis of biosynthetic 
gene clusters (BCs) will be discussed. First, IMG-ABC (Integrated 
Microbial Genomes’ Atlas of Biosynthetic Gene Clusters) -- a rich 
repository of both validated and predicted BCs in cultured isolates, 
single-cells and metagenomes linked with the SMs they produce 
and enhanced with focused analysis tools within IMG -- will be 
introduced. Following this, research on class agnostic genomic 
markers that may facilitate the discovery of BCs will be presented, 
followed by techniques used for evaluating and prioritizing candidate 
BCs for novel enzymatic activities and/or potential for production 
of previously uncharacterized SMs. Finally, our work on the 
development and utilization of BC clustering methods coupled with 
analysis of metadata and sample composition data to explore and 
compare the biosynthetic potential in diverse environments will be 
discussed.

oral Presentation s32
Microbial genomics and strain prioritization to 
streamline natural product discovery 
B. Shen* 
The Scripps Research Institute, Jupiter, FL 
shenb@scripps.edu

Traditional natural product discovery programs, relying primarily on 
bioassay-guided fractionation and chemical-profiling of compounds 
possessing unique structural novelty, are not sustainable because 
they demand too much time, effort, and resources. The progress 
made in the last two decades in connecting natural products to the 
genes that encode their biosynthesis has fundamentally changed the 
landscape of natural products research and sparked the emergence 
of a suite of contemporary approaches to natural product discovery. 
While each of the various approaches has different strengths and 
weaknesses, they have been successful in yielding novel natural 
products but only on a case-by-case basis and are far from being 
of practical use for natural product discovery. Thus, in spite of the 
rapid advances in DNA sequencing technologies and bioinformatics, 
it is still unlikely to sequence and annotate all strains within a 
collection as a practical means to discover new natural products. 
As the size of strain collections continues to grow, innovations in 
strains prioritization are clearly needed. Resources could then be 
devoted preferentially to the strains that hold the highest promise 
in producing novel natural products. Selected examples from our 
current efforts in prioritizing actinomycetals, thereby identifying 
the most promising strains for targeted discovery of novel natural 
products will be discussed.
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oral Presentation s33
Approaching synthetic microbiology to harness 
the metabolic power for novel and improved 
nucleoside antibiotics 
Z . Deng*, Shanghai Jiaotong University, Shanghai, 
China; W . Chen, Wuhan University, Wuhan, China; Y . 
Li, Shanghai Institute of Organic Chemistry, Chinese 
Academy of Sciences, Shanghai; L . Zhai, Shanghai 
Jiao Tong University, Shanghai; J . Qi, Wuhan University, 
Wuhan and J . Zhou, Shanghai Institute of Organic 
Chemistry, Chinese Academy of Sciences, Shanghai 
zxdeng@sjtu.edu.cn

Polyoxins, a group of structurally-related peptidyl nucleoside 
antibiotics elaborated by Streptomyces cacaoi var. asoensis 
and Streptomyces aureochromogenes, were extensively used to 
control phytopathogenic fungi. Systematic investigation of polyoxin 
gene cluster revealed distinctive enzymatic reactions involved 
in the biosynthesis of its buiding blocks, nucleoside skeleton and 
peptidyl moeities; wherein PolB, a homolog of the distinctive 
Thymidylate synthase (ThyX) in bacteria, was demonstrated to be a 
unique UMP/dUMP bifunctional methylase capable of independently 
catalyzing UMP and dUMP to generate 5-methyl UMP and dTMP 
in vitro; Structural analysis of PolB indicated that two loops function 
as gatekeeper for recognition and selection of the prime substrates 
for catalysis. Moreover, polyoxin biosynthetic pathway was 
demonstrated to show distinctive “crosstalks” with primary metabolic 
networks.

The manipulation of the polyoxin gene cluster in industrial producer 
strain Streptomyces aureochromogenes resulted in the successful 
engineering of the industrial polyoxin producer as cell factories 
for components optimization and combinatorial biosynthesis. 
Interestingly, making mutations and introducing heterologous 
genes from other nucleoside antibiotics producer into an industrial 
S. aureochromogenes polyoxin producer resulted in the production 
of seven polyoxin-nikkomycin designer hybrid antibiotics (designated 
as nikkoxin A-G). Some of them were significantly more potent 
against some human or plant fungal pathogens.

Apparently, elucidation of the molecular mechanism for uridyl 
polyoxin biosynthesis not only provides a solid foundation for 
rational designing and generation of natural artificial molecules 
with enhanced/selective bioactivity, but also set the stage for the 
biosynthesis-based genome mining and biomanufacturing for 
successful nucleoside drug discovery.

oral Presentation s34
Activation of silent biosynthetic gene clusters 
via rational manipulation of AHFCA-dependent 
regulatory networks 
G. Challis* 
University of Warwick, Coventry, United Kingdom 
g.l.challis@warwick.ac.uk

A key challenge in genomics-driven natural product discovery is the 
development of rational methods for inducing the expression of gene 
clusters that are expressed poorly, or not at all, in laboratory cultures. 
In 2008, we reported that 2-alkyl-4-hydroxymethylfuran-3-carboxylic 
acids (AHFCAs) induce the production of methylenomycin antibiotics 
in Streptomyces coelicolor. Based on an understanding of the way in 
which AHFCAs are biosynthesised in S. coelicolor and the role they 
play in regulating methylenomycin biosynthesis, we have identified 
several putative specialised metabolite biosynthetic gene clusters in 
other actinobacterial genomes that also appear to be controlled by 
AHFCA-dependent regulatory networks. Deletion of a repressor gene 
within such networks upregulates AHFCA production and appears 
to prolong the expression of biosynthetic genes under their control. 
These findings have been applied to induction of the expression 
of putative AHFCA-regulated biosynthetic gene clusters in other 
actinobacteria that are silent under laboratory growth conditions, 
resulting in the discovery of novel specialised metabolites.
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oral Presentation s35
Novel terpenes generated by heterologous 
expression of genes encoding bacterial terpene 
synthases in an engineered Streptomyces host 
H. Ikeda* 
Kitasato University, Kanagawa, Japan 
ikeda@ls.kitasato-u.ac.jp

In 2008, we first described the results of a Pfam search of predicted 
terpene synthases in the current bacterial genome databases 
using a hidden Markov model (HMM) that was based on a group of 
aligned protein sequences of plant terpene synthases, resulting in 
the discovery of a large number of previously unrecognized bacterial 
terpene synthases. We have now extended these results using a 
newly trained third-generation HMM which was generated from 
the previously recognized 140 presumptive terpene synthases to 
thereby reveal 262 presumptive terpene synthases out of 8,759,463 
predicted proteins from the combined public and in-house databases 
of bacterial genome sequences. Genes encoding numerous 
presumptive terpene synthase have been efficiently expressed in 
a heterologous host derived from an engineered S. avermitilis from 
which the endogenous natural product biosynthetic genes had been 
deleted, leading to the production and identification of numerous 
terpene hydrocarbons and alcohols, most of which had not previously 
been observed in bacterial cultures. While the majority of the terpenes 
so produced were identical to known fungal or plant terpenes, to date 
we have already identified and structurally characterized 13 entirely 
new cyclic terpenes, including 2 sesquiterpenes and 11 diterpenes, 
using the method of heterologous Streptomyces expression. These 
studies suggest that genes encoding terpene synthases are widely 
distributed in bacteria and that these terpene synthase genes 
represent a fertile source for discovery of new natural products.

oral Presentation s36
New strategies for drug discovery: Activation of 
silent or weakly expressed microbial gene clusters 
K. Ochi* 
Hiroshima Institute of Technology, Hiroshima 
k.ochi.bz@it-hiroshima.ac.jp

Genome sequencing of Streptomyces and fungi showed that, 
although each strain contains genes that encode a plethora of 
potential secondary metabolites, only a fraction are expressed during 
fermentation. Interest has therefore grown in the activation of these 
cryptic pathways. The key issue for the success of this approach is 
to find ways to induce or enhance the expression of cryptic or poorly 
expressed pathways to provide material for structure elucidation 
and biological testing. We review current progress on this topic, 
describing concepts for activating silent genes as follows.

1) Broad applicability of the rpoBmutations for activation of silent 
genes.

2) Utilization of lincomycin to activate silent genes.

3) Applicability of “Metabolism-Remodeling” to nonribosomal-
peptide antibiotics, in addition to polyketide antibiotics.

4) Mutagenic modulation of intracellular SAM level to activate 
bacterial silent genes.

These approaches may solve the early stage discovery problems 
of: (a) inducing some level of expression of cryptic biosynthetic 
gen clusters [waking the sleeping genes] and (b) rapidly increasing 
product yields to obtain enough material to characterize chemically 
and biologically [early stage yield enhancement].

References:

J. Ind. Microbiol. Biotechnol. 41: 403-414 (2014) J. Bacteriol. 196: 
1514-1524 (2014)

Appl. Microbiol. Biotechnol. 97: 87-98 (2013) J. Bacteriol. 195: 2959-
2970 (2013)

Chem. Biol. 19: 932-934 (2012) Chem. Biol. 19: 1020-1027 (2012)

Nat. Biotechnol. 27: 462-464 (2009)

oral Presentation s37
Genome mining and heterologous expression 
for the activation of silent gene clusters in 
Streptomyces species 
M. Bibb* 
John Innes Centre, Norwich, UK 
mervyn.bibb@jic.ac.uk

Genome sequencing has revealed that actinomycetes have the 
potential to produce many more specialised metabolites than 
previously thought, and the advent of affordable Next Generation 
Sequencing promises a renaissance in natural product discovery. 
However, many of the identified gene clusters are not expressed 
under standard laboratory conditions, but their expression can 
be activated by genetic manipulation of their natural hosts or by 
heterologous expression, generally in a genetically characterised 
streptomycete. This presentation will describe the activation of 
two silent gene clusters that produce two quite distinct specialised 
metabolites, one of which is, to our knowledge, a completely novel 
compound.
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oral Presentation s38
Chemical elicitation of secondary metabolism 
J. Nodwell* and S. Elardo 
University of Toronto, Toronto, ON 
justin.nodwell@utoronto.ca

Secondary metabolites produced by environmental microorganisms 
or their derivatives make up most of the drugs in current use. 
Genome sequencing has revealed that the full complement of 
secondary metabolites in nature, the parvome, includes many 
compounds that are not expressed well in the laboratory. It is agreed 
that these low-yield compounds, sometimes referred to as ‘cryptic 
secondary metabolites’, include candidates of interest for therapeutic 
development. The low production levels of these compounds in the 
laboratory has impeded their discovery. We have explored the use 
of chemical elicitors to drive the discovery of these low abundance 
metabolites. Using this approach we have identified biologically 
active compounds that act on eukaryotic cells. Our results call into 
question the meaning of the term ‘cryptic’ as applied to secondary 
metabolites.

oral Presentation s39
Involvement of the 5’-UTR of afsS in the activation 
of actinorhodin production in Streptomyces lividans 
Y. Ohnishi* 
Department of Biotechnology, Graduate School of 
Agricultural and Life Sciences, The University of Tokyo, 
Tokyo 
ayasuo@mail.ecc.u-tokyo.ac.jp

afsS was originally found as a gene that conferred the production of 
actinorhodin on Streptomyces lividans, when it was carried on a high 
copy number plasmid. In Streptomyces coelicolor A3(2), transcription 
of afsS is activated by AfsR, which is a pleiotropic regulator for 
secondary metabolism in this species. afsS encodes a 63-amino-acid 
protein containing three repeats of the sequence Thr-X2-Asp-Asn-
His-Met-Pro-X2-Pro-Ala (X: non-conserved amino acids). Although 
the Asp and His residues in the repeated sequences in AfsS have 
been shown to be important for the enhancement of actinorhodin 
production in S. coelicolor A3(2), how AfsS stimulates the transcription 
of actII-ORF4 (which encodes the pathway-specific transcriptional 
activator for actinorhodin production) and how overexpression of afsS 
awakes “sleeping” actinorhodin production in S. lividans have been 
unknown. Here, I report an unexpected function of the 5’ untranslated 
region (5’-UTR) of afsS in the activation of actinorhodin production in 
S. lividans. The afsS mRNA has a 5’-UTR (144 nucleotides), which 
could form a rigid hairpin structure with a loop of seven nucleotides 
(UACGGGG). Only this 5’-UTR was enough to confer the actinorhodin 
production on S. lividans, when it was overexpressed. Furthermore, 
replacement of any one of the 3’ five nucleotides (CGGGG) of the 
loop sequence abolished the function of 5’-UTR, while the nucleotide 
sequence of the stem region was not important as far as it formed a 
similar stem structure. Together with other results, the functions of 5’-
UTR and coding sequence of afsS in awaking “sleeping” actinorhodin 
production in S. lividans are discussed.

oral Presentation s40
Regulatory networks and ecological cues that 
control antibiotic production by actinomycetes 
G. van Wezel*, H. Zhu, C.S. Wu, J. Gubbens and 
Y. Choi 
Leiden University, Leiden, The Netherlands 
g.wezel@biology.leidenuniv.nl

Actinomycetes are prolific producers of natural products, including 
anticancer compounds, antifungals and antibiotics. The treasures 
that lie hidden in the actinomycete genomes may well be our final 
resource in the battle against the rapidly emerging infectious 
diseases associated with multi-drug resistance. We aim to 
understand the triggers and cues that elicit antibiotic production in 
the soil as well as in the laboratory. For this we use a combination of 
ecological insights, systems biology and genome mining to uncover 
the regulatory mechanisms that control antibiotic production. We 
then apply this for the discovery of novel antimicrobials. One major 
control system revolves around the nutrient sensory protein DasR, 
which pleiotropically controls antibiotic production. Many other 
control systems are undoubtedly in place to allow actinomycetes to 
respond appropriately to challenges by competitors and fluctuations 
in nutrient composition in the habitat. Furthermore, once a bioactivity 
is elicited under specific growth conditions, novel approaches are 
needed to rapidly identify the bioactivity of interest and link it to a 
specific gene cluster. Molecular and ecological insights to elicit 
antibiotic production will be discussed, and examples of antibiotics 
identified by these approaches presented.
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oral Presentation s41
Genome mining and activation of silent fungal gene 
clusters by microbial communication contributing 
to drug discovery 
A. Brakhage* 
Leibniz Institute for Natural Product Research and 
Infection Biology – Hans Knöll Institute, Jena, Germany 
axel.brakhage@hki-jena.de

Low-molecular-weight secondary metabolites play roles in 
intercellular communication. Moreover, many of these compounds 
have found important applications in medicine for instance as 
antibiotics. Genome mining efforts indicate that the capability of 
fungi to produce secondary metabolites has been substantially 
underestimated because many of their biosynthesis gene clusters 
are silent under standard cultivation conditions (1). By genetic 
engineering, we could activate such silent gene clusters (2), which led 
to the production of novel compounds (2, 3). Furthermore, we have 
discovered that communication between microorganisms represents 
a physiological trigger for activation of such silent fungal gene clusters 
(4). The physical interaction of the fungus Aspergillus nidulans with a 
distinct soil-dwelling bacterium, Streptomyces rapamycinicus, led to 
the selective activation of the silent polyketide synthase gene cluster 
encoding orsellinic acid biosynthesis (4). This reprogramming of 
the fungus by the bacterium requires the histone acetylase GcnE 
of A. nidulans, which is part of the Saga/Ada complex. GcnE was 
shown to specifically increase the K14 and K9 acetylation of histone 
3 at genes belonging to the orsellinic acid biosynthesis gene clusters 
after co-incubation with S. rapamycinicus (5, 6). Knowledge of these 
regulatory interactions will pave the way to a novel avenue to drug 
discovery through targeted activation of silent gene clusters.

1. Brakhage (2013) Nature Rev Microbiol

2. Bergmann et al. (2007) Nature Chem Bio

3. Scherlach et al. (2011) Angew Chem Int Ed

4. Schroeckh et al. (2009) PNAS

5. Nützmann et al. (2011) PNAS

6. Nützmann et al. (2013) Appl Environm Microbiol

oral Presentation s42
ATP synthesis inhibitor at subinhibitory 
concentration 
K. Ueda* 
College of Bioresource Sciences, Nihon University, 
Fujisawa, Kanagawa, Japan 
ueda.kenji@nihon-u.ac.jp

Knockout of respiratory enzymes causes developmental defects 
in Streptomyces coelicolor A3(2). The mutant cells upregulated 
the transcription of certain housekeeping genes including the ATP 
synthase operon. This was likely to be a homeostatic response 
to respiratory impairment. The respiratory mutants contained a 
high level of intracellular ATP, and performed effective cellular 
differentiation and antibiotic production if ATP synthesis inhibitors 
were exogenously supplied. Based on this observation, we 
hypothesize that the intracellular ATP level is critical for Streptomyces 
development. The stimulatory effect of ATP synthesis inhibitors turns 
out to be an instance of the divergent actions of antibiotic compounds 
exerted at a subinhibitory concentration. The evidence provides an 
explanation regarding the physiological background fundamental to 
such an effect of antibiotics.



31Natural Product Discovery & Development in the Post Genomic Era

PosTers
Poster P1
Self-resistance mechanisms of actinomycetes 
producing lipid II-targeting antibiotics 
E. Stegmann*1, R. Kiliian2, H.J. Frasch2, R. Pozzi2 and 
W. Wohlleben1 
(1)University Tuebingen, Tuebingen; (2)University of 
Tuebingen 
evi.stegmann@biotech.uni-tuebingen.de

Glycopeptides and several lantibiotics are lipid II targeting antibiotics 
produced by actinomycetes. To protect themselves from their own 
product, antibiotic producers developed self-resistance mechanisms. 
Inspection of different producer strains revealed that their resistance 
is not only based on a single determinant but on the synergistic 
action of different factors.

Glycopeptide producers possess different ways to synthesize a 
modified peptidoglycan to prevent the binding of the glycopeptide 
antibiotic. One possible modification is the synthesis of peptidoglycan 
precursors terminating with a D-alanyl-D-lactate (D-Ala-D-Lac) 
rather than with a D-alanyl-D-alanine (D-Ala-D-Ala) resulting in a 
1000-fold decreased binding affinity of the glycopeptide to its target. 
The reprogramming of the peptidoglycan precursor biosynthesis is 
based on the action of VanHAX or paralogous enzymes as it was 
shown for Amycolatopsis balhimycina. A second peptidoglycan 
modification resulting in glycopeptide resistance was investigated 
in the glycopeptide A40926 producer Nonomuraea ATCC 39727. 
Nonomuraea eliminates the glycopeptide target by synthesizing 
a peptidoglycan with 3-3 cross-linked peptide stems. The 
carboxypeptidase VanYn provides tetrapeptides which serve as 
substrates for the L,D-transpeptidase catalysing the formation of 3-3 
cross-links. The occurrence of 3-3 cross-linked dimers is also an 
important feature of the lantibiotic NAI-107 producer Microbispora 
ATCC PTA-5024. Moreover, the D-Ala in the fourth position in the 
acceptor peptide of muropeptides is exchanged to glycine or serine 
in Microbispora, a side reaction of the L,D-transpeptidase. Together 
with the lipoprotein MlbQ, the ABC transporter MlbYZ and the 
transmembrane protein MlbJ it might contribute to the self-resistance 
in Microbispora ATCC PTA-5024. 

Poster P2 
5-Alkyl-1,2,3,4-tetrahydroquinolines, membrane-
interacting lipophilic metabolites, found in a unique 
combined-culture of Streptomyces sp. HEK616 and 
Tsukamurella pulmonis  
R. Sugiyama*1, S. Nishimura1, T. Ozaki2, H. Onaka2 and 
H. Kakeya1 
(1)Graduate School of Pharmaceutical Sciences, 
Kyoto University, Kyoto, Japan; (2)Graduate School of 
Agricultural and Life Sciences, The University of Tokyo, 
Tokyo, Japan  
sugiyama.ryousuke.43e@st.kyoto-u.ac.jp 

The cell membrane is one of the most challenging research 
subjects, partly because structure and function of lipid membranes 
are largely unknown at a molecular level. The chemical genetics 
approach using lipid-binding natural products is likely effective for 
understanding the cell membrane, however, most small molecules 
targeting membrane lipids exhibit acute toxicity and are not suitable 
for the live-cell analysis. To find new membrane-targeting molecules, 
we are screening microbial culture extracts using fission yeast 
mutant cells lacking sterol biosynthetic genes. Recently, 5-alkyl-
1,2,3,4-tetrahydroquinolines (5aTHQs), novel tetrahydroquinoline 
alkaloids were discovered as new membrane-targeting molecules, 
from a unique combined-culture of Streptomyces and mycolic acid-
containing bacteria.

The combined-culture of Streptomyces sp. HEK616 and 
Tsukamurella pulmonis exhibited anti-yeast activity in which 
ergosterol mutant cells showed higher tolerance than wild-type cells. 
Bioassay-guided fractionation afforded a dozen of novel alkaloids. 
Spectral analysis revealed that the molecules (5aTHQs) contained 
a 1,2,3,4-tetrahydroquinoline moiety to which an alkyl chain was 
attached at the position 5. In this presentation, we report the isolation, 
structure determination, synthesis and biological activity of 5aTHQs.
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Poster P3
Chemical space exploration: targeting the 
undiscovered 
D.J. Floros*1, N. Koyama2, P.R. Jensen3 and P.C. 
Dorrestein2 
(1)UC San Diego, La Jolla, CA; (2)University of 
California San Diego, La Jolla, CA; (3)Scripps Institution 
of Oceanography, La Jolla, CA 
dfloros@ucsd.edu

Medicinal chemists and pharmaceutical companies have often 
relied on natural products (NPs) as a source of biologically active 
molecular scaffolds. While genomics and metabolomics allow 
for high throughput characterization of potentially novel NPs from 
large culture collections and environmental isolates, we lack tools 
for directly targeting unexplored chemical space, as evidenced by 
high rates of rediscovery. We hypothesize that microbial cultures 
containing potentially novel chemistries can be prioritized for in-depth 
characterization based on molecular patterns revealed in a high 
throughput mass spectrometry survey of the sampled chemical space. 
We surveyed the metabolomic profiles of 1000 marine Actinobacteria 
isolates with a wide range of phylogenetic and geographic diversity. 
Small scale cultures were extracted and subjected to profiling with 
high resolution tandem mass spectrometry to generate over 1 
million fragmentation patterns. Molecular fragmentation patterns 
were grouped, scored, and organized into a molecular network 
on GNPS (gnps.ucsd.edu). Visualizing this network allowed us to 
prioritize several strains for further characterization based on their 
contribution to the chemical space of the sample set. Our network 
contained 835 (19%) strain specific chemistries. Nearly one third of 
these unique signals were contributed by just five strains, in which the 
classically prodigious genus of Streptomyces was overrepresented. 
This molecular networking based analysis of the sampled chemical 
space can rapidly highlight potential sources of novel chemistry 
within a sample set. We believe high throughput mass spectrometry 
guided exploration of chemical space will significantly accelerate NP 
discovery through simple sample prioritization and its effectiveness 
should increase with sample size.

Poster P4
Characterization of Non-Ribosomal Peptide 
Synthetase (NRPS) in Pseudoalteromonas SANK, 
the natural producer of thiomarinol antibiotic 
H. Mohammad* 
University of Birmingham, Birmingham 
HHM147@bham.ac.uk

Non-ribosomal peptide synthetases are large multimodular 
megaproteins with repeated catalytic domains. In linear (type A) 
NRPS, each module is responsible for incorporating one amino acid 
into the product, so the number of amino acids in the product can be 
predicted by the number of NRPS modules (Mootz et al, 2002; Hur 
et al, 2012).

The iterative NRPS types, in which the catalytic domain is reused 
repeatedly, are common in many fungal species. Siderophores, a 

high affinity iron chelators, and Enniatins, a cyclohexadepsipeptides 
with various biological activities, are among the compounds that 
produced by iterative NRPS in fungi (Bushley, Ripoll and Turgeon, 
2008; Sy-Cordero, Pearce , Oberlies, 2012).

Thiomarinol produced by Pseudoalteromonas bacteria contains 
pyrrothine consisting of two cysteine molecules which are proposed 
to be produced by an NRPS gene cluster. The intriguing feature 
of Hol A gene, which is responsible for pyrrothine biosynthesis, is 
encoding only one Adenylation(A) domain, Condensation(C) domain 
and Peptidyl carrier protein(PCP) while pyrrothine should require two 
domains. This leads to the suggestion that Hol A is a dimeric protein 
and works as an iterative NRPS in a similar manner to fungal NRPSs 
(Fukuda, 2011).

The study includes cloning, expressing and purification of HolA 
(unusual NRPS) to allow biochemical characterisation and eventually 
X-ray crystallography. Studies of dimerization both in vivo (using 
bacterial two hybrid system) and in vitro (using crosslinking agent & 
AUC) will be reported as well as functional assays for ATPase activity 
and amino acid loading. 

Poster P5
New natural products, mangromicins, from 
Lechevalieria aerocolonigenes K10-0216 
T. Nakashima*, Y. Takahashi and S. Ōmura 
Kitasato University, Tokyo 
takuji@lisci.kitasato-u.ac.jp

Staurosporine1) was found from culture broth of an actinomycete 
using an approach based on Physicochemical Screening (PCS) by 
our group. As PCS is a search method for new compounds utilizing 
the physico-chemical properties of compounds, such as polarity, 
molecular formula and UV spectra, this screening method does 
not depend on biological activity. The search for new compounds 
via this screening system is guided by liquid chromatography-UV 
detection (LC/UV), liquid chromatography-MS (LC/MS), and color 
reaction (for example, detection of alkaloids by Dragendorff’s 
reagent). We have discovered new compounds mangromicin 
analogs, A-I, from a cultured broth of Lechevalieria aerocolonigenes 
K10-0216 possesing unique structure.2-4) Mangromicins are an 
unprecedented structural skeleton of a cyclopentadecane with 
a 5,6-dihydro-4-hydroxy-2-pyrone moiety and a tetrahydrofuran 
unit except mangromicin C including a tetrahydropyran unit. In the 
biological activities, mangromicins showed radical scavenging 
activities against 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radicals 
and nitric oxide generated from LPS-stimulated RAW264.7 cells, a 
murine macrophage cell line. Among the analogs, mangromicins A 
and I showed the most potent DPPH radical scavenging activity and 
nitric oxide scavenging activity, respectively.

1. Ōmura S. et. al., J Antibiotics, 30, 275-282 (1977)

2. Nakashima T. et. al., J Antibiotics, 67, 253-260 (2014)

3. Nakashima T. et. al., J Antibiotics, 67, 533-539 (2014).

4. Nakashima T. et. al., J Antibiotics, 67, web publication. 
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Poster P6 
Diamide Strapped Calixpyrroles. Synthetic Ion Pair 
Transporters That Induce Apoptosis 
S.K. Ko* and J.S. Ahn 
Korea Research Institute of Bioscience and 
Biotechnology, Cheongju, South Korea 
ksk1230@kribb.re.kr

The synthesis, ion recognition function, and apoptosis-inducing 
activity of two pyridine diamide strapped calix[4]pyrroles is 
described. These systems act as sodium chloride transporters in 
liposomal models and in cancer cells. They induce cancer cell death 
by increasing intracellular chloride and sodium ion concentrations. 
This response can be abrogated when either ion is removed from the 
extracellular media. However, control systems, lacking the diamide 
functionality and having poor ion transport activities, have very low 
cytotoxicity. Results obtained from cell experiments show that ion 
pair transporters induce caspase activation via sodium chloride 
influx but do not activate AIF-associated caspase-independent 
apoptotic pathways. These compounds also lead to an increased 
level of reactive oxygen species production in cancer cells. They 
thus represent an attractive new approach to regulating biological 
processes by modulating ion concentrations that are normally 
controlled tightly via homeostasis of cells. 

Poster P7 
Pseudomonas metabolic diversity captured by 
GNPS molecular networking 
D.D. Nguyen*, A. Melnik, N. Koyama, J. Fang and 
P.C. Dorrestein 
University of California San Diego, La Jolla, CA 
ddnguyen@ucsd.edu

The genus Pseudomonas represents a broad and diverse group of 
Gram-negative bacteria inhabiting diverse environments including 
soil, plant surfaces, rhizospheres, aquatic environments, as well as 
animals. Strains such as P. putida and P. fluorescens are known to 
protect plants and promote growth. On the other hand, the genus 
encompasses the plant pathogen P. syringae and as well as the 
human opportunistic pathogen P. aeruginosa often associated with 
cystic fibrosis and nosocomial infections. Many pseudomonads have 
common features including their ability to utilize an array of organic 
compounds as energy sources, their capability to endure abiotic 
stresses and share common specialized metabolite biosynthetic 
pathways. Because pseudomonads are found in a myriad of 
environments and possess the genetic capability to biosynthesize 
a wide range of specialized metabolites, we hypothesize that within 
the genus Pseudomonas there are unique chemistries evolved 
from environmental niche necessity. We examined the metabolic 
profiles of over 260 strains of Pseudomonas isolated from around 
the world and from an array of environmental niches, and visualized 
their niche chemistries from a global view using mass spectrometry-
based molecular networking. Integrating molecular networking 
and new genome mining techniques lead to the discovery of four 
new molecular families and one new analogue from niche specific 
environments. Expansion of the methods used in this study will soon 

allow for the prediction of molecular phylogeny, genetic relatedness, 
and molecular function, to further aid in the global characterization of 
Pseudomonas and its specialized metabolites. 

Poster P8 
Curcumin exerts antifungal activity via inducing 
disruption of plasma membrane 
W. Lee* and D.G. Lee 
Kyungpook National University, Daegu 
l890209@naver.com

The aims of present study are to investigate the antifungal 
mechanism of curcumin. This polyphenolic compound has been 
used traditionally in Asia for medicinal, culinary and other purpose. 
Although antifungal effect of curcumin has been reported, this is 
first study for its mode of action underlying disruption of plasma 
membrane in Candida albicans. The leakage of potassium ion 
from the fungal cytosol and dissipation in membrane potential 
was detected by bis-(1,3-dibutylbarbituric acid) trimethine oxonol 
[DiBAC4(3)] staining. We also investigated an increase in membrane 
permeability in curcumin-treated C. albicans with influx of propidium 
iodide assay. Fluorescence analysis with 1,6-diphenyl-1,3,5-
hexatriene (DPH) supported the membrane-targeted mechanism of 
action indicating membrane disruption. Based on these results, we 
studied the effects of curcumin treatment on model membrane to 
elucidate its antifungal mechanism. Using calcein leakage assays 
from curcumin-treated large unilamellar vesicles (LUVs) and giant 
unilamellar vesicles (GUVs), we found that curcumin has membrane-
active mechanism inducing leakage of intracellular component 
through the flappy membrane. Therefore, this study suggests that 
curcumin exerts antifungal activity via inducing disruption of fungal 
plasma membrane.
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Poster P9 
Biological activity of citridone A and its derivatives 
T. Fukuda*1, K. Shimoyama2, T. Nagamitsu1 and 
H. Tomoda1 
(1)Kitasato University, Tokyo; (2)Kitasato University 
fukudata@pharm.kitasato-u.ac.jp

Citridone A (1), a potentiator of miconazole activity against 
Candida albicans, was originally isolated from the culture broth 
of Penicillium sp. FKI-1938.1, Citridone A (1) has a rare phenyl-R-
furopyridone skeleton (6-6/5/5 ring system) and 1 was the only natural 
compound having this ring system. Structurally related citridones 
B (2), C (3) and D (4) were also isolated from the fungus, but they 
showed very weak miconazole-potentiating activity. Because of its 
unique structure and biological properties, two groups have already 
completed its total synthesis.2, 3 These findings prompted us to 
synthesize new citridone A derivatives to understand the structure-
activity relationship. Furthermore, the biological activity of the 
derivatives was re-evaluated in 15 in-house assay systems. Among 
11 derivatives synthesized in this study, three derivatives, 17 (formyl 
1), 20 (structural isomer of 1) and 21 (enantiomer of 1), potentiated 
miconazole activity against C. albicans. Interestingly, 1, 14 (demethyl 
1), 20 and 21 were found to inhibit yellow pigment production in 
methicillin-resistant Staphylococcus aureus (MRSA).

In this poster, we described the synthesis of citridone derivatives and 
their biological activity, including the potentiating activity of antifungal 
miconazole and inhibitory activity of yellow pigment production in 
MRSA.

1. Fukuda, T., et al. J. Antibiot. 58, 309-314 (2005)

2. Miyagawa, T., et al. Org. Lett. 13, 1158-1161 (2011)

3. Fotiadou, A-D. et al. Org. Lett. 13, 4592-4595 (2011)

Poster P10
Bioprospecting of Natural Products by Use of a 
Heterologous Expression System in Eukaryotes 
D.J. Mattern*1, S.E. Unkles2, V. Valiante1 and 
A.A. Brakhage1 
(1)Leibniz Institute for Natural Product Research and 
Infection Biology – Hans Knöll Institute, Jena, Germany; 
(2)School of Biology, University of St . Andrews, St 
Andrews, Fife, UK 
derek.mattern@hki-jena.de

Filamentous fungi have the ability to produce a multitude of natural 
products that are both biologically and pharmacologically active. 
With advances in fungal genetics, it has paved the way for the 
discovery of new secondary metabolites (SM). However, many of 
the genes involved are silent and their products unidentifiable. Many 
strategies have been implemented in order to activate unknown SM 
gene clusters; however, it is often unsuccessful. One approach to 
overcome these hurdles is to heterologously express these clusters 
in a different organism. Reasons for doing this could range from being 
able to better control the expression of the cluster by implementing 

inducible/constitutive promoters or introducing the cluster in a host 
where compounds are easier identifiable. Here we present a novel 
strategy of combining SM gene clusters with viral genetics. The goal 
was to assemble a plasmid that contains an entire SM gene cluster, 
but in the heterologous host would be transcribed as a polycistronic 
mRNA. In addition, we designed 2A viral peptides between each 
individual gene so that they would direct cotranslational cleavage of 
each individual enzyme. In the end we would have each individual 
enzyme simultaneously expressed with the other enzymes in the 
pathway, meaning that all the tools for the biosynthesis of that specific 
product should be present and the respective product detected1. This 
technique could be applied to SM gene clusters of unknown function 
and hopefully help in opening the door for the discovery of novel SM.

1. Unkles et al. Chemistry and Biology. 21(4):502-8 (2014).

Poster P11
Natural low molecular mass organic compound 
with oxidase activity 
T. Nishiyama*1, Y. Hashimoto1, H. Kusakabe2, 
T. Kumano1 and M. Kobayashi1 
(1)University of Tsukuba, Tsukuba; (2)Enzyme-Sensor 
Co ., Ltd ., Tsukuba 
beer-no-awa_1010@theia.ocn.ne.jp 

Organocatalysts, low-molecular-mass organic compounds composed 
of nonmetallic elements, are often used in organic synthesis, but 
there have been no reports of organocatalysts of biological origin 
that function in vivo. Here we report that actinorhodin (ACT), which 
is produced by an actinomycetes, Streptomyces coelicolor A3(2), 
is an organocatalyst. During the screening of a new oxidase from 
streptomycetes, we found that supernatant of S. coelicolor A3(2) 
showed catalytic activity to oxidize l-ascorbic acid (L-ASC). The 
oxidase could not be purified, however, a correlation between the 
depth of color and the oxidase activity was obtained. Thus, we focus 
on ACT known as the most famous pigment produced by this strain. 
Next, we discovered that the addition of purified ACT to the reaction 
mixture containing L-ASC as a substrate led to a decrease in the O2 
concentration. Like L-ASC, some thiol compounds [e.g. L-cysteine] 
also acted as substrates. By means of oxygen electrode and LC-
MS/MS analyses, we carried out quantitative analysis of ACT in 
the reaction mixture before and after the oxidation reaction. We 
also investigated some characteristics of ACT from enzymological 
standpoints. As a result, a small amount of ACT oxidized an excess 
amount of substrate, and ACT was not consumed during the reaction. 
These findings demonstrated that ACT is a “natural” organocatalyst 
and catalyzed the following oxidation reactions: L-ASC + O2-> 
L-dehydroascorbic acid + H2O2; and 2 L-cysteine + O2-> L-cystine 
+ H2O2.
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Poster P12
Chemical Biology for modulators targeting cancer 
microenvironment and cell membrane signaling 
H. Kakeya*1, A. Yoshimura1, R. Sugiyama1, 
S. Kishimoto1, S. Nishimura1, A. Hattori1, F. Ishikawa1, 
Y. Yomoda1, S. Lu1, N. Katagiri1, S. Shimada1, E. Seto1, 
H. Hayashi1, N. Takahashi1 and H. Harada2 
(1)Graduate School of Pharmaceutical Sciences, 
Kyoto University, Kyoto, Japan; (2)Graduate School of 
Medicine, Kyoto University, Kyoto, Japan 
hkakeya@pharm.kyoto-u.ac.jp

Exploration of novel small molecules from natural sources such as 
microbial metabolites, medicinal plants, and marine invertebrates 
has contributed to the dicovery of not only lead molecules for drugs 
but also research tools on chemical biology. Chemial biology based 
on forward/reverse chemical genetics accerelates drug development 
and the functional analysis of genes and proteins. We have 
discovered several novel bioactive metabolites by both in vivo cell-
based phenotypic screenings and in vitro target-oriented screenings, 
and investigated their modes of action using a chemical genetics or a 
chemical genomics approach.1)

In this conference, we present chemical genetics approaches for 
microbial metabolites targeting cancer microenvironmetnt and cell 
membrane signaling, as well as development of 5-SOxT probe for 
chemical tagging of a drug target using 5-sulfonyl tetrazole. 2)

1. URL: http://www.pharm.kyoto-u.ac.jp/sc-molsci/

2. a) Yoshimura, A. et al. J. Org. Chem. 79, 6858 (2014); b) Sugiyama, 
R. et al. J. Am. Chem. Soc. 136, 5209 (2014); c) Kishimoto, S. et al. 
Org. Lett. in press (2014); d) Ishikawa, F. et al. Bioorg. Med. Chem. 
Lett. 24, 865 (2014); e) Ostuki, S. et al. Bioorg. Med. Chem. Lett. 23, 
1608 (2013). 

Poster P13 
Antibacterial tricyclic peptides inhibiting fatty acid 
synthesis from Streptomyces sp. 
W.G. Kim* 
Korea Research Institute of Bioscience and 
Biotechnology, Daejeon, Republic of Korea 
wgkim@kribb.re.kr

Bacterial fatty acid synthesis (FAS II) has been as an attractive 
antibacterial target since FAS is organized differently in bacteria and 
mammals. Bacterial enoyl-ACP reductase (FabI) catalyzes the final 
and rate-limiting step in bacterial fatty acid synthesis. Therefore, 
FabI inhibitors could be interesting lead compounds for treatment 
of multidrug-resistant bacteria. Our screening program led to the 
selection of Streptomyces sp. producing FabI-inhibitory metabolites. 
The chemical structures of the isolated FabI inhibitors were elucidated 
by mass (MS) and nuclear magnetic resonance (NMR) spectral 
data. Antibacterial target of the inhibitors was examined using FabI 
inhibition, macromolecular biosynthesis, and supplementation 
assay. The isolated FabI inhibitors were elucidated to be tricyclic 

peptides. They strongly inhibited Staphylococcus aureus FabI with 
IC50s (uM) of 0.1 - 0.2. The compounds also potently prevented the 
growth of S. aureus as well as methicillin-resistant S. aureus (MRSA) 
and quinolone-resistant S. aureus (QRSA) with MICs (mg/L) of 1 - 
4. Time-kill study showed its bacteriostatic activity. Consistent with 
its FabI inhibition, the inhibitor selectively prevented intracellular 
fatty acid synthesis, whereas did not affect the biosynthesis of 
DNA, RNA, protein, and cell wall. Furthermore, the supplementation 
with exogenous fatty acids reversed the antibacterial effect of the 
compound, which showing that they target fatty acid synthesis. Our 
data demonstrate that the antibacterial action of the compounds is 
mediated by the inhibition of fatty acid synthesis. The compounds 
are a new type of fatty acid synthesis inhibitors that could have 
potential for further development of a new anti-MRSA agent. 

Poster P14
FKI-6682A and FKI-6324A, new mitochondrial 
respiration inhibitors discovered by 
pesticide screening using recombinant 
Saccharomyces cerevisiae 
Y. Asami*1, T. Suga1, S. Hashimoto1, K. Nonaka1, 
M. Iwatsuki1, T. Nakashima1, R. Sugahara2, 
T. Shiotsuki2, T. Yamamoto3, Y. Shinohara3, 
N. Ichimaru4, M. Murai4, H. Miyoshi4, S. Ōmura1 and 
K. Shiomi1 
(1)Kitasato University, Tokyo; (2)National Institute of 
Agrobiological Sciences, Tsukuba; (3)University of 
Tokushima, Tokushima; (4)Kyoto University, Kyoto 
yasami@lisci.kitasato-u.ac.jp 

It is important to develop new pesticides to overcome the drug-
resistant mechanisms in agricultural pest. It is also conceivable that 
a novel pesticide might lead to the discovery of new mode of action. 
In this regard, we have commenced a screening program to find 
new pesticides from microbial metabolites using screening system 
of recombinant Saccharomyces cerevisiae. Recently, we discovered 
that the fungi Aspergillus sp. and Tricoderma sp. isolated from soil 
samples produced two new pesticide candidates designated as 
FKI-6682A (1) and FKI-6324A (2), respectively. The structure of 1 
was elucidated by detailed NMR experiments to have a lanostane 
skeleton and a sugar moiety. Interestingly, this structural frame is 
similar to that of ascosteroside (3). Compounds 1 and 3have unique 
characteristics such as the presence of an exomethylene group and 
a carboxylic acid in lanostane skeleton. On the other hand, the planar 
structure of 2 with aminoisobutyric acids was established by detailed 
product ion mass spectra and 1H-NMR, gCOSY and HSQC to have 
containing methyldecanoic acid, 2-amino-6-hydroxy-4-methyl-8-
oxodecanoic acid and trichodiaminol moiety. The core structure of 
2 was similar to that of trichopolyn analogues isolated from fungal 
metabolites. The structure of 2 is different from the structure of 
trichopolyn ² as regards the H-6 and H-7 positions. We report the 
isolation, structural elucidation, and biological activity of 1 and 2 in 
this meeting.

The study was supported by Programme for Promotion of Basic and 
Applied Researches for Innovations in Bio-oriented Industry.
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Poster P15
Construction of a microbial metabolite fraction 
library with NPPlot for discovery of novel 
metabolites 
T. Nogawa*1, A. Okano2, C.L. Lim3, S. Takahashi4 and 
H. Osada4 
(1)RIKEN CSRS, Wako Saitama, Japan; (2)RIKEN 
CSRS, Wako, Saitama, Japan; (3)RIKEN, Wako, 
Saitama, Japan; (4)RIKEN Center for Sustainable 
Resource Science, Wako-shi, Saitama 
nogawat@riken.jp 

We have constructed a microbial metabolite fraction library combined 
with Natural Products Plot (NPPlot), which is an original and unique 
database based on physicochemical information of microbial 
metabolites, for efficient discovery of novel metabolites. A fraction 
library has been prepared by a systematic separation based on a 
basic chromatographic technique including middle pressure liquid 
chromatography and HPLC. Each fraction in the library is submitted 
to DAD-LC/MS analysis to obtain physicochemical data including UV 
and mass spectra of metabolites in the fraction. Each metabolite is 
plotted in a two-dimensional area based on the retention time and 
molecular weight for X- and Y-axis to generate the NPPlot for each 
strain. The NPPlot is a distribution map and shows characteristic 
pattern for the strain. Therefore, we can use the NPPlot for screening 
of novel metabolites by searching a characteristic distribution pattern 
and comparison of NPPlots between strains.

On the screening for structurally unique metabolites from the fraction 
library by the NPPlot search, two classes of novel compounds, 
verticilactam and spirotoamides, and new quinomycin derivatives 
were discovered and isolated from the fraction libraries. Verticilactam 
had unprecedented beta-keto-amide moiety in 16-membered 
lactam ring and spirotoamides had 6,6-spiroacetal moiety with a 
carboxamide group.

These results showed that our strategy constructing the fraction 
library combined with NPPlot was a powerful tool to discover and 
isolate novel metabolites from microorganisms. Also the method can 
be applied to other natural sources. 

Poster P16
Electrophilic natural products lymphostin and 
ammosamide C: Total synthesis for mode-of-action 
studies 
D. Reimer*, M. Saeedian, D. Hahn and C.C. Hughes 
Scripps Institution of Oceanography, University of 
California - San Diego, La Jolla, CA 
dreimer@ucsd.edu

Using the method of “reactivity-guided isolation”, we identified 
the pyrroloquinoline alkaloids lymphostin and ammosamide C as 
putative electrophilic natural products. Electrophilic natural products 
are often known for their remarkable variety of biological activities, 
such as antibiotic, antifungal, insecticidal and anticancer. Our thiol 
probes are not only used as tools to identify new natural products 
but moreover give an insight in the structural moieties involved in 
the natural products’ mode of action via covalent modification of one 
of the key residues in the catalytic pocket. The knowledge about 
important structural moieties enables the design of affinity probes 
for the determination of their cellular targets without reducing the 
biological activity or changing the binding mode of action.

Although, several targets of lymphostin such as lymphocyte kinase 
Lck, phosphatidylinositol 3-kinase (PI3K) and the mammalian target 
of rapamycin (mTOR) are already identified, the explicit mode of action 
as a kinase inhibitor is still unknown. Ammosamide C, which harbors 
an electrophilic iminium moiety and is therefore significantly different 
from ammosamide A and B structures, suggests consequently a 
different target protein.

Herein, we describe the work towards the total synthesis of 
lymphostin and ammosamide C biotin-affinity probes, starting with 
3-chloroaniline and yielding 4-hydroxy-6-nitropyrrolo[4,3,2-de]
quinolin-2(1H)-one as core structure, to identify potential protein 
targets. Initial results presented will support the understanding of 
the mode of action of this compound class as electrophilic natural 
products. 
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Poster P17
Cysteine biosynthesis inhibitors of 
Entamoeba histolytica from secondary metabolites 
of microorganisms 
K. Shiomi*1, M. Mori1, K. Sakai1, S. Tsuge1, K. Nonaka1, 
A. Matsumoto1, S. Ōmura1 and T. Nozaki2 
(1)Kitasato University, Tokyo; (2)National Institute of 
Infectious Diseases, Tokyo 
shiomi@lisci.kitasato-u.ac.jp

Human amebiasis, an intestinal infection, is caused by the protozoan 
parasite Entamoeba histolytica. An antibacterial and antiprotozoal 
drug, metronidazole, has been used to treat amebiasis for several 
decades. However, metronidazole is not effective against cysts 
of the protozoa, and resistant protozoa have already appeared. 
Therefore, we screened novel drug candidates of human amebiasis 
from secondary metabolites of microorganisms.

We focused on a sulfur assimilatory cysteine biosynthetic pathway to 
screen selective anti-amebic compounds. Cysteine plays essential 
roles in synthesis of various proteins, proliferation, adherence, and 
defense against oxidative stress in E. histolytica. This pathway 
consists of two steps catalyzed by serine acetyltransferase (SAT) 
and cysteine synthase (CS). In contrast, cysteine is biosynthesized 
from methionine and serine in mammals. The two enzymes, SAT 
and CS, are specific to E. histolytica, and each of three isoenzymes 
of SAT1-3 and CS1-3 are known. We selected these enzymes as 
targets and screened their inhibitors from 300 compounds in the 
Kitasato Natural Products Library and more than 3,000 samples of 
microbial cultured broths.

Several compounds were found to inhibit SAT or CS from the 
Natural Products Library and the broth screening. For example, 
ascofuranone (IC50 120 µM) and naphthacemycin A9 (IC50 19 µM) in 
the Natural Products Library inhibited SAT1 and CS1, respectively. 
Exophillic acid isolated from the culture broth of a fungus Exophiala 
sp. FKI-7082 inhibited CS1 at the IC50 value at 19 µM. We will report 
the structures of inhibitors and their inhibitory activities against 
enzymes of E. histolytica in this presentation.

Poster P18
Automated Mapping of Natural Product Families 
Identifies Improved Antibacterials 
C. Johnston*1, A. Ibrahim1, L. Yang2, M. Skinnider1, 
B. Ma2 and N. Magarvey1 
(1)McMaster University, Hamilton, ON; (2)University of 
Waterloo 
chadjohnston87@gmail.com

Microbial natural products are the most valuable source of therapeutic 
antibacterials, featuring unique chemical structures that have arisen 
through eons of natural selection and environmental competition. The 
two most valuable classes of these natural products – the polyketides 
and nonribosomal peptides – are produced by massive multi-
modular assembly-line enzymes whose domain combinatorialization 
has given rise to a plethora of diverse antimicrobial scaffolds, with 

entire families of evolved compounds arising from lone promiscuous 
assembly-lines. Though evolution has honed the potent bioactivities 
and structures of these metabolites towards niche-specific threats, 
this is often at odds with the needs for treating human diseases, 
wherein the abundance of a given natural product often does not 
correlate with efficacy towards targeted pathogens. Continued 
exploration of microbial secondary metabolites for improved 
antimicrobial agents will require systems-level interrogation of 
natural product families and classes to assess the breadth of 
nature’s evolved small molecule arsenal and selectively identify 
desired variants. Here, we outline an automated informatic discovery 
platform capable of simultaneously identifying and elucidating entire 
families of microbial natural products, including vast numbers of 
novel congeners. Through the use of database-dependent search 
algorithms, LC-MS/MS data from crude bacterial culture extracts 
was analyzed to reveal 80 new analogues of powerful antibacterial 
agents, guiding the isolation of novel variants with improved activity. 
Our results demonstrate that informatic discovery methodologies 
can provide a systems-level analysis of natural product taxonomy, 
enabling the charting and navigation of antimicrobial chemical space 
towards desired variants with superior pharmaceutical potential.

Poster P19 
Decontamination of Escherichia coli O157:H7 
from the surface of leafy greens using copper and 
ascorbic acid alone or in combination with organic 
acids 
S. Ibrahim, North Carolina A & T State University, 
Greensboro, NC, S. Aljaloud; King Saud University, 
Riyadh, Saudi Arabia and R. Gyawali*; North Carolina 
A & T State University, Greensboro 
rabingyawali@hotmail .com

Food safety issues and outbreaks of foodborne illness caused 
by E. coli O157:H7 in leafy greens have raised concerns among 
consumers. Consumers’ demand for natural ingredients to control 
such pathogens is drawing attention to the food industry considering 
better alternatives. The objective of this study was to determine the 
efficacy of copper and ascorbic acid alone or in combination with 
organic acids in decontaminating leafy greens (cilantro, parsley, and 
dill) that were artificially contaminated with Escherichia coli O157:H7. 
Samples were individually submerged in an approximately 8 log 
CFU/mL cocktail suspension consisting of 3 E. coli O157:H7 strains. 
To allow attachment, inoculated samples were air dried under 
a biosafety hood for 2 hour before exposure to various treatment 
solutions. Samples were then kept in each treatment solution 
(Control, Copper (Cu) 50 ppm, Ascorbic acid (AA), Lactic acid (LA), 
and Acetic acid (AA) at 0.2%, or combination of Cu/LA, and Cu/AA 
solution). Our results indicated that a reduction of at least 2.0 CFU/g 
of E. coli O157:H7 was achieved when a combination 50 ppm copper 
with 0.2% lactic acid and 0.2% ascorbic with 0.2% acetic acid were 
applied. These results demonstrated that combination treatments 
could be useful in improving the microbial safety of leafy greens 
including cilantro, parsley, and dill.
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Poster P20
Enhancement of FK506 production through 
engineering the regulatory genes and precursor 
supply 
J.Y. Hwang*1, M.C. Song2, M.S. Kim2, J.Y. Beom2 and 
Y.J. Yoon1 
(1)Ewha Womans University, Seoul, South Korea; (2)
Ewha Womans University, Seoul 
hjaeyeon89@gmail.com

FK506 (tacrolimus) is a 23-membered polyketide macrolide with 
immunosuppressant activity that is produced by a variety of 
Streptomyces species. Due to its pharmacological importance and 
broad applicability, considerable effort has been expended over 
the past few decades to elucidate its biosynthetic gene cluster and 
enhance the yield of FK506. In the study reported here, the level of 
FK506 production in S. clavuligerus CKD1119 and Streptomyces sp. 
Strain KCTC 11604BP was enhanced by promoting the intracellular 
pool of methylmalonyl-CoA and engineering the regulatory 
genes. The methylmalonyl-CoA mutase pathway participating in 
the biosynthesis of methylmalonyl-CoA from succinyl-CoA was 
introduced to the wild-type strain of S. clavuligerus CKD1119 along 
with the supplementation of methyl oleate to the medium, resulting 
in an approximately three fold improvement in the FK506 titer. 
Recently, the sequences of the entire FK506 biosynthetic gene 
clusters from Streptomyces sp. Strain KCTC 11604BP was reported 
and analyzed. Based on this, the tcs7 and fkbN genes encoded 
an LysR-type transcriptional regulator and LAL (large ATP-binding 
regulators of LuxR) family regulator, respectively. We discovered that 
fkbN overexpression in the tcs7 deletion strain resulted in a 4.0-fold 
(21 mg liter-1) increase in FK506 production. These results implies 
that fkbN and tcs7 play essential roles as positive and negative 
regulators of FK506 biosynthetic pathway and demonstrate the 
potential of manipulate regulatory genes to increase the level of 
FK506 biosynthesis in industrial production strains. 

Poster P21
Two New Cyclic Peptides from Marine 
Cyanobacteria 
O. Demirkiran*1, G. Navarro2, J. Lee2, P. Boudreau2 and 
W.H. Gerwick2 
(1)Trakya University, Edirne-TURKEY; (2)University of 
California, San Diego, La Jolla, CA 
ozlemdemirkiran@trakya.edu.tr

Two new cyclic peptides portobelomide A (1) and B (1) were isolated 
from the extract of marine cyanobacteria collected from Portobelo-
Panama. The cyanobacterial biomass was extracted with 2:1 CH2Cl2/
CH3OH. A portion of the extract was fractionated by silica gel VLC 
using a stepwise gradient solvent system of increasing polarity 
starting from 100% hexanes to 100% MeOH (nine fractions, A-I). 
The fraction eluting with 75% EtOAc in MeOH (fraction H) was 
separated further using RP SPE [500 mg SPE, stepwise gradient 
solvent system of decreasing polarity starting with 25% CH3CN in 
H2O to 100% CH3CN, and 100% CH3OH to produce four fractions 
(1-4). Further fractionation of 3 by RP-HPLC using a Phenomenex 5 

μm Phenylhexyl analytical column, with a gradient from 50% CH3CN/
H2O to 100% CH3CN over 30 min, yielded pure cyclic peptides 1 and 
2. Their planar structures were elucidated through a combination of 
2D-NMR and MS2/MS3 techniques. Absolute stereochemistries were 
determined by Marfey’s analyses. 

Poster P22
Biosynthesis of Ochratoxin A in 
Aspergillus westerdijkiae 
A. Chakrabortti* and Z.X. Liang 
Nanyang Technological University, Singapore 
ALOLIKA1@e.ntu.edu.sg

Orchratoxins are some of the most abundant mycotoxins known to 
contaminate cereals and are hazards to public health. Details are 
still missing about the exact biosynthetic and regulatory mechanism 
for this potent carcinogen. Fungi belonging to the genera Aspergillus 
and Penicillium are the major producers of Ochratoxins in the natural 
environment. Advances in genome sequencing and bioinformatic 
tools have made the genome based approach of secondary 
metabolism (SM) gene cluster discovery a method of choice. 
We sequenced the whole genome of Aspergillus westerdijkiae 
CBS112803 which is known to produce a variety of interesting 
secondary metabolites including Ochratoxin A (OTA). The genome 
data revealed the presence of a putative OTA synthesis cluster and 
we further validated the function of this putative cluster with a series 
of gene knockout experiments.

Regulation of secondary metabolism is another aspect that is complex 
and less understood. A number of SM gene clusters remain cryptic 
under laboratory conditions. While, few of these clusters involve 
one or more transcription factors and other regulatory genes, some 
function under the influence of a universal regulator. Here, we report 
the role of a bZIP transcription factor associated to the OTA cluster, 
acting as an activator of OTA synthesis in Aspergillus westerdijkiae 
CBS112803. Our studies have confirmed that the deletion of this 
gene not only eliminates OTA synthesis but is also found to affect 
other phenotypes such as pigmentation and spore formation, which 
may provide insight for rational drug / inhibitor design.
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Poster P23
Novel roles for antibiotic metabolites localized 
at the cell surface during inter-species bacterial 
competition 
C. Hoefler* and P. Straight 
Texas A&M University, College Station, TX 
hoeflerb@tamu.edu

The predominant descriptions of natural products during microbial 
competition are as growth-inhibiting antibiotics. However, while 
many natural products are known to possess antibiotic activity, 
they localize in patterns that suggest they are functional for the 
producing organism in ways that extend past growth-inhibition 
of neighboring organisms. Using newly available tools such as 
imaging mass spectrometry (IMS), we are able to monitor metabolite 
localization during competition between two genetically tractable 
organisms, Bacillus subtilis and Streptomyces sp. Mg1. The linear 
polyene metabolite Mg1-pk1, when purified and applied in vitro, is 
bactericidal toward B. subtilis, an activity not commonly associated 
with polyenes. In IMS experiments, Mg1-pk1 is found associated with 
the cell surface of S. Mg1. This localization pattern, in stark contrast 
to the more diffuse localization patterns of metabolites such as 
chalcomycin A, suggests Mg1-pk1 may have additional non-antibiotic 
roles in S. Mg1. When we delete the biosynthetic genes of Mg1-
pk1, S. Mg1 becomes more susceptible to the antibiotic bacillaene 
produced by competing B. subtilis. This observed hypersensitivity 
suggests a defensive role for Mg1-pk1 during bacterial competition, 
the mechanism of which we are currently investigating. Localization 
of antibiotics at the cell surface of their producing organisms is 
commonly observed, for example in the antifungal metabolites 
amphotericin B and ECO-02301. By considering critical information 
such as localization in the producing organisms, we aim to uncover 
previously undescribed functions for antibiotics during bacterial 
competition, which may lead to the identification of new targets for 
therapeutic discovery. 

Poster P24
Harnessing the promiscuity of natural product 
biosynthesis: a platform for engineering new 
pathways with orthogonal specificities 
G.J. Williams* 
North Carolina State University, Raleigh, NC 
gavin_williams@ncsu.edu

Many natural products are biosynthesized in a modular fashion by 
the selection and condensation of small molecule building blocks. 
Chimeric biosynthetic apparatus can be constructed in an attempt 
to produce analogues for drug discovery. Yet, the scope and utility 
of such approaches is limited by the inherent substrate specificity 
and poor functional modularity of most biosynthetic components. 
Here, we show that several types of biosynthetic machinery is more 
tolerant towards non-natural building blocks than has been previously 
recognized. Such promiscuity forms a platform for constructing new 
biosynthetic parts with substrate specificities orthogonal to those 
found in Nature. Accordingly, we describe a comprehensive program 
of enzyme engineering, directed evolution, and synthetic biology 

aimed at constructing artificial bacterial strains capable of producing 
complex natural products that are regioselectively modified with 
non-natural chemical functionality. Our synthetic biology approach 
expands the synthetic capabilities of natural product diversification 
strategies, and provides an improved understanding of the molecular 
basis for specificity in complex molecular assemblies.

Poster P25
Novel Antimicrobial Cyclic Depsipeptides from a 
Terrestrial Streptomyces sp. 13F003 
S. Son*1, S.K. Ko2, Y.S. Hong3, J.H. Jang2 and J.S. Ahn4 
(1)University of Science and Technology, Daejeon; 
(2)Korea Research Institute of Bioscience and 
Biotechnology, Cheongju; (3)Korea Research Institute 
of Bioscience and Biotechnology, Chungbuk, South 
Korea; (4)Korea Research Institute of Bioscience and 
Biotechnology, Cheongju, South Korea 
sonski@kribb.re.kr

Although the need for novel antibiotics is increasing to treat 
multidrug-resistant pathogens, it is getting increasingly difficult to 
discover novel antimicrobial compounds possessing new structural 
entities. Investigation of unexplored sites is one of the effective ways 
to find novel secondary metabolites. Even though microbiological 
studies revealed Ulleung island, a small volcanic island in the 
Korean East Sea, contains richly diverse microorganisms, there 
are few reports on investigation of secondary metabolites from 
microorganisms in Ulleung island. Therefore, we isolated more 
than two hundred actinomycete strains from soil samples collected 
from Ulleung island and cultured them on a small scale. One strain 
Streptomyces sp. 13F003 whose EA extract exhibited the presence 
of the peptide molecules on LC/MS screening was chosen for further 
investigation. An extract of culture broth was fractionated by vacuum 
liquid chromatography and HPLC to yield two pure compounds. 
The structures of two compounds were assigned as novel cyclic 
depsipeptides on the basis of spectroscopic data. The absolute 
configurations were determined by NOESY, modified Mosher’s 
method, Marfey’s analysis, GITC, PGME derivatizations and 
Snatzke’s method. Two novel compounds exhibited antimicrobial 
activities against several pathogens on preliminary tests using disc 
diffusion assays.

Keywords: Actinomycetes, Streptomyces, Ulleung island, 
depsipeptides
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Poster P26
Conservation and divergence between enzymes 
involved in the biosynthesis of antibiotics 
mupirocin and thiomarinol 
M. Yadav*1, J. Hothersall1, Z. Song2, T. Simpson2 and 
C. Thomas1 
(1)University of Birmingham, Birmingham UK; (2)
University of Bristol, Bristol UK 
mukulyadava@gmail.com

Biosynthetic steps in the mupirocin (pseudomonic acids) biosynthetic 
pathway of Pseudomonas fluorescens NCIMB 10586 have already 
been deduced. Putative functions of most of the genes of mup 
cluster have been assigned although the exact sequence of tailoring 
steps and their timings is not yet known. Thiomarinols are a group 
of antibacterials produced by Pseudoalteromonas SANK 73390 
that share striking structural similarity to pseudomonic acids in their 
polyketide and fatty acid moieties, which differ only in the length of 
the hydroxy fatty acid and the 4-hydroxylation and epoxidation of 
monic acid component. This striking similarity is also reflected at 
the genetic level in terms of open reading frames as bioinformatic 
analysis reveals significant amino acid identity between products 
of 27 open reading frames in the two systems. This project aims to 
learn more of biosynthetic steps in the biosynthesis of mupirocin 
and thiomarinol antibiotics by testing for cross-complementation 
between pairs of genes or groups of genes whose products show 
significant homology. It involves creating and studying knock outs 
of these genes in the tml cluster and by inserting/swapping specific 
gene functions between two antibiotic systems. Surprisingly only 
four genes tmlJ, tmlS, tmlW and tmlT out of 11 studied so far have 
shown complementation in mup system suggesting protein-protein 
interactions limit interchangeability. By expressing genes as groups 
for complementation studies it should be possible to confirm 
specificities of such interactions.

Poster P27
New oxazoline-containing tetrapeptides from a 
marine-derived Streptomyces sp., strain CNX-225 
M. Scopel*, V. Nair and W. Fenical 
Scripps Institution of Oceanography, La Jolla, CA 
mscopel@ucsd.edu

Marine actinomycetes are emerging as a significant resource for the 
discovery of novel bioactive metabolites. Members of the complex 
genus Streptomyces have been recognized to be adapted to growth 
in marine systems and to produce compounds with diverse structures 
and important biological activities. In our continued investigations of 
marine-derived Streptomyces strains, we investigated strain CNX-
225 and isolated three new oxazoline-containing tetrapeptides, 
chloroxazoic acids A, B and C (CHL A-C). Although these peptides 
were found to be exceedingly rare, two related structures (JBIR-34, 
JBIR-35) have been recently reported [1]. Marine strain CNX-225 
was cultured in saltwater-based media at 27 °C on a rotary shaker. 
After 6 days, XAD-7 resin was added and metabolites were extracted 
from the resin with acetone. The crude extract was partitioned into 
ethyl acetate, followed by purification using RP C18 flash column 

chromatography and RP C18 semi-preparative HPLC, resulting 
in the isolation of three new compounds, CHL A (13 mg) and two 
minor acids CHL B (3 mg) and CHL C (1.5 mg) from 10 L of culture 
broth. Interpretation of 1H-, 13C- and 2D-NMR data, coupled with 
HR-LCMS and X-ray crystallographic data, supported the presence 
of 4-methyloxazoline and chloroindole moieties in all isolated 
compounds, and allowed the assignment of the full amino acid 
residues. In initial testing these tetrapeptides showed no cytotoxic 
activity against HCT-116 colon cancer cells, thus we are examining 
these compounds in a diversity of additional targeted and whole cell 
bioassays.

[1] Motohashi, K.; Takagi, M.; Shin-ya, K. J. Nat. Prod. 2010, 73, 226-
228

Poster P28
A Multitasking Vanadium-Dependent 
Chloroperoxidase as an Inspiration for the 
Chemical Synthesis of the Merochlorins 
S. Diethelm* 
Scripps Institution of Oceanography, University of 
California San Diego, La Jolla, CA and B . Moore; 
University of California, San Diego, La Jolla, CA 
sdiethelm@ucsd.edu

The vanadium-dependent chloroperoxidase Mcl24 was found to 
mediate a complex series of transformations in the biosynthesis 
of the merochlorin natural products. This unprecedented enzyme 
catalyzes a site-selective naphthol chlorination followed by an 
oxidative dearomatization/cyclization cascade to generate the 
stereochemically complex carbon framework of the merochlorins. We 
have developed a parallel chemical chlorination protocol inspired by 
the enzyme activity, which enabled a concise total synthesis of the 
merochlorins. Furthermore, the chemical transformation sheds light 
on the mechanistic details of the enzyme. Ongoing structural and 
biochemical investigations of Mcl24 suggest a significantly different 
mode of action compared to other known vanadium-dependent 
haloperoxidases.
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Poster P29 
A Novel Glycosylated Macrolide from a Rare 
Actinomycete, Catenulispora sp. 13F217 
G.S. Kim*1, S. Son2, S.K. Ko2, J.H. Jang2 and J.S. Ahn3 
(1)University of Science and Technology, Daejeon; 
(2)Korea Research Institute of Bioscience and 
Biotechnology, Cheongju; (3)Korea Research Institute 
of Bioscience and Biotechnology, Cheongju, South 
Korea  
sssktu@kribb.re.kr

Structurally diverse microbial metabolites, especially previously 
unknown compounds, have significant implications for medical 
applications and subjects of various researches such as microbial 
physiology, chemical ecology and chemical biology. Although many 
compounds have been reported from soil microorganisms and 
sometimes they tend to be regarded as exhausted resources for 
novel classes of metabolites, they are still abundant resources in 
that only a small portion of them have been cultured and chemically 
investigated. In this respect we isolated more than two hundred 
actinomycete strains from soil samples collected from Ulleung 
island, Korea, by various isolation techniques and cultured them 
on a small scale. On LC/MS screening, one strain named 13F217 
arouse our interests because its extract exhibited the relatively large 
molecular ion peak and the characteristic UV absorbance pattern. 
The organism was identified as a rare actinomycete, Catenulispora 
sp. on the basis of 16S rRNA sequence. The pure compound was 
isolated from culture broth by HPLC and the chemical structure was 
determined by means of spectroscopic analyses including 1D and 2D 
NMR experiments and HRESIMS. As a result, it was identified as the 
novel 26-membered glycosylated macrolide. Further experiments 
are currently underway to test the biological activities and elucidate 
the stereochemistry of the new glycosylated macrolide.

Keywords: Secondary metabolites, Catenulispora, macrolide

Poster P30
Proteomic analysis of glycoside hydrolases 
involved in the ginsenoside biotransformation by 
Leifsonia sp. GAL45 isolated in ginseng soil 
D.W. Kim and C.J. Cha* 
Chung-Ang University, Anseong, South Korea 
cjcha@cau.ac.kr

We isolated a bacterial strain from a soil of ginseng field which was 
capable of metabolizing ginsenosides. The strain was designated 
as Leifsonia sp. GAL45 based on its 16S rRNA gene sequences. 
The whole genome was sequenced and found to consist of about 
4.3 Mbp with 4256 CDS. The genome contained a relatively high 
proportion of carbohydrate transport and metabolism-related genes 
(COG G), which included 65 glycoside hydrolases (GH)-coding 
genes. Proteomes obtained from cells induced with saponin mixture 
were analyzed by using LC-MS/MS. After both intracellular and 
extracellular proteomes were analyzed, a total of 1783 proteins were 
detected, covering 41.9% of the total number of CDS in the genome. 
427 extracellular and 142 intracellular proteins were found to be 

induced with saponin. Proteins of COG V (defense mechanisms), 
COG L (replication, recombination and repair), COG J (translation, 
ribosomal structure and biogenesis), COG F (nucleotide transport 
and metabolism) and COG C (energy production and conversion) 
were up-regulated and those of COG P (inorganic ion transport and 
metabolism) and COG N (cell motility) were down-regulated. Among 
the 65 GHs identified in the genome of strain GAL45, 33 enzymes were 
detected by proteomic approach. Enzymes which were expressed in 
the presence of saponin were identified and are currently examined 
for the activities of ginsenoside biotransformation.

Poster P31
Geumsanols, Highly Oxygenated Azaphilones 
Produced by Penicillium sp. 11A109 from a Ginseng 
Field 
J.H. Jang*1, S. Son1, J.W. Kim1, Y.S. Hong2 and 
J.S. Ahn3 
(1)Korea Research Institute of Bioscience and 
Biotechnology, Cheongju; (2)Korea Research Institute 
of Bioscience and Biotechnology, Chungbuk, South 
Korea; (3)Korea Research Institute of Bioscience and 
Biotechnology, Cheongju, South Korea 
jangjh@kribb.re.kr

Structurally diverse fungal metabolites have played important roles 
as chemical probes that help to understand biology. Chemical 
biology using diverse fungal metabolites has been developed with 
explosive developments of biological methodology and it is required 
to access a variety of fungal strains and their secondary metabolites 
for in depth research. In this respect we have investigated fungi from 
ecologically diverse environments in Korea and their secondary 
metabolites by fraction library and analysis of HPLC-PDA profiles. 
In the course of our successive efforts to isolate structurally diverse 
fungal metabolites, chemical investigation of one fungal strain 
Penicillium sp. 11A109 from soil samples of Geumsan in Korea 
aroused our interest because it produced a number of derivatives 
showing the characteristic UV absorbance spectra. As a result, seven 
new azaphilones geumsanol A-G and the six known analogues, 
WB, isochromophilone VI, sclerotioramine, 2,4-Dihydroxy-6-
(5,7-dimethyl-2-oxo-3,5-nonadienyl)-3-methylbenzaldehyde, 
acetyldechloroisochromophilone III, and sclerotiorin were isolated. 
The structures of thirteen azaphilones were assigned on the basis of 
spectroscopic data and ESIMS analysis. New azaphilones possess 
acyclic 1,2-diol moiety as a common structural feature. The relative 
and absolute configurations of new compounds were determined 
by interpretation of NOESY, HETLOC, CD spectra and chemical 
derivatization methods including Mosher’s analysis and acetonide 
formation. New azaphilones were tested for cytotoxic activities 
against Hep3B, MDA-MB-231, K562, HL-60, Jurkat and P388 cell 
lines. Only geumsanol A showed weak cytotoxic activity against the 
murine P388 lymphocytic leukemia cell line.

Keywords: Secondary metabolites, Azaphilones
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Poster P32
Studies on serum enzymological changes in 
rabbits exposed to Moringa oleifera Lam. leaves 
C.C. Isitua, Universidad Tecnica de Machala, Ecuador 
and I.N. Ibeh*; University of Benin, Nigeria, Benin City 
ibehin@yahoo .com

Phytochemicals and natural plant based products had primarily 
served from time immemorial as the most important and 
indispensable source of food, drugs and therapeutic agents. The 
aqueous extract from the leaves of Moringa oleifera was evaluated 
for its long term dietary exposure on serum enzymes and histological 
parameters in rabbits. In this study, twelve age-matched healthy 
adult Chinchilla rabbits (2.0 + 0.5 kg BW) were divided into three 
equal groups (two treatment and one control groups). The treatment 
groups were given 430 and 860 mg/kg dose of M. oleifera leaves 
extract by oral intubation, while the control group received 5.0 ml/
kg of sterile distilled water and examined for 90 days. Following the 
determination of acid phosphatase(ACP), alkaline phosphatase(ALP), 
alanine transaminase (ALT) and aspartate transaminase (AST) 
with photoelectric colorimeter; the results obtained showed varied 
significant changes in ALT and AST enzymes level (p<0.05) of test 
rabbits, and these changes were concentration-and-time dependent 
of the plant suspension dose administered. There was no significant 
changes noticed in all the organs examined in the course of this 
study. The study concluded that the plant may have the capacity to 
enhance the proper functioning of the liver and may not cause any 
alteration in the proper functioning of other mammalian organs.

Poster P33
Isolation and Structural Determination of New 
Pyridone Alkaloids from a fungus Chaunopycnis 
sp. 13ETF032 
J.W. Kim*1, S.K. Ko1, J.H. Jang1 and J.S. Ahn2 
(1)Korea Research Institute of Bioscience and 
Biotechnology, Cheongju; (2)Korea Research Institute 
of Bioscience and Biotechnology, Cheongju, South 
Korea 
jwkim@kribb.re.kr

Fungi are eukaryotic organism that is ability to produce an important 
source of structurally unique and biologically active secondary 
metabolites. During our efforts to isolate diverse secondary 
metabolites from soil fungi, we discovered two new pyridone-type 
compounds (1 and 2) using various column chromatographies from 
the cultured extract of a fungus Chaunopycnis sp. 13ETF032 isolated 
from a soil sample collected in Wi-island, Korea. The chemical 
structure of new compounds was elucidated by 1D-, 2D-NMR and 
HR-MS experiments. The relative configuration of new compounds 
was assigned by ROESY, 1D-NOE experiments and coupling 
constants. Compound 1 and 2 shows structural similarities with 
fusaricide, leporin A, cordypyridone C, epipyridone, and N-deoxy-
PF1140. Compound 2 had the similar relative configuration to PF1140 
and N-deoxy-PF1140. But, compound 1 had the different relative 

configuration to fusaricide, cordypyridone C, and epipyridone. The 
stereochemical assignments and biological activities of compound 1 
and 2 are still in progress.

Poster P34
Production of rubusoside from stevioside by using 
a thermostable lactase from Thermus thermophilus 
and solubility enhancement of liquiritin and 
teniposide 
T.T.H. Nguyen1, Y.M. Kim2, Y.H. Moon3 and D. Kim*1 
(1)Seoul National University, Pyeongchang-gun, South 
Korea; (2)Chonnam National University, Gwangju, 
South Korea; (3)Louisiana State University, Saint 
Gabriel, LA 
kimdm@snu.ac.kr

Solubility is an important factor for achieving the desired plasma 
level of drug for pharmacological response. About 40% of drugs are 
not soluble in water in practice and therefore are slowly absorbed, 
which results in insufficient and uneven bioavailability and GI toxicity. 
Rubusoside (Ru) is a sweetener component in herbal tea and was 
discovered to enhance the solubility of a number of pharmaceutically 
and medicinally important compounds, including anticancer 
compounds. In this study, thirty-one hydrolyzing enzymes were 
screened for the conversion of stevioside (Ste) to Ru. Recombinant 
lactase from Thermus thermophiles which was expressed in E. coli 
converted stevioside to rubusoside as a main product. Immobilized 
lactase was prepared and used for the production of rubusoside; 
twelve reaction cycles were repeated with 95.4% of Ste hydrolysis 
and 49 g.L-1 of Ru was produced. The optimum rubusoside synthesis 
yield was 86% at 200 g.L-1, 1200 U lactase. The purified 10% 
rubusoside solution showed increased water solubility of liquiritin 
from 0.98 mg.mL-1 to 4.70 ± 0.12 mg.mL-1 and 0 mg.mL-1 to 3.42 ± 0.11 
mg.mL-1 in the case of teniposide. 
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Poster P35
Mapping the molecular universe of marine 
cyanobacterial natural products 
T. Luzzatto Knaan*1, N. Garg1, Y. Peng1, T. Alexandrov1, 
E. Glukhov2, L.G. Gerwick3, W.H. Gerwick3 and 
P.C. Dorrestein4 
(1)Skaggs School of Pharmacy & Pharmaceutical 
Sciences, University of California, San Diego, La Jolla, 
CA; (2)Scripps Institution of Oceanography, University 
of California, San Diego, La Jolla, CA; (3)University 
of California, San Diego, La Jolla, CA; (4)University of 
California San Diego, La Jolla, CA 
tluzzattoknaan@ucsd.edu

For the past several decades, the marine environment had proven 
to be an extraordinarily rich source of natural products. As such, 
it holds fascinating, yet unanswered questions on where and 
what compounds are produced, if they are specific to a certain 
niche or are more widely distributed? Here, we have employed 
mass spectrometry tools to produce a large-scale dataset from a 
worldwide collection of marine cyanobacteria, aiming to capture a 
more global view of the chemical universe and dispersal patterns 
of their metabolites. To achieve this, thousands of standardized 
chromatography fractions from a library of extracts were analyzed 
by Q-TOF LC/MS/MS. Molecular networking was utilized to cluster 
molecular families based on fragmentation similarities which allowed 
for the dereplication of known compounds and the identification of 
new derivatives. This molecular information was also subjected to 
2D global mapping based on metadata and the origin of the samples, 
revealing the chemical distribution of these natural products as well 
as highlighting chemodiversity “hotspots” and the potential for super-
producers. 

Poster P36
Two dioxygenases generate the complex 
framework of a fungal meroterpenoid anditomin 
Y. Matsuda*1, T. Wakimoto2, T. Mori1, T. Awakawa1 and 
I. Abe1 
(1)Graduate School of Pharmaceutical Sciences, The 
University of Tokyo, Tokyo, Japan; (2)The University of 
Tokyo, Tokyo, Japan 
ymatsuda@mol.f.u-tokyo.ac.jp

Anditomin and its precursors, andilesins, are fungal meroterpenoids 
isolated from Aspergillus variecolor, and have unique chemical 
structures with a complex bridged-ring system. Previous isotope-
feeding studies revealed their origins as 3,5-dimethylorsellinic acid 
and farnesyl pyrophosphate and suggested the possible involvement 
of a Diels-Alder reaction to afford the congested bicyclo[2.2.2]
octane core structure of andilesins. Despite the intriguing structures, 
however, no molecular basis for the biosynthesis of anditomin has 
been reported to date. In this study, we elucidated the complete 
biosynthetic pathway of anditomin and identified key enzymes 
responsible for the unique framework of anditomin.

First, we performed the whole genome sequencing of an anditomin-
producing strain and discovered the putative biosynthetic gene 
cluster of anditomin. The function of each gene was investigated by 
in vivo reconstitution of the biosynthesis in a heterologous fungus, 
Aspergillus oryzae, and by in vitro reactions with purified enzymes, 
which allowed the determination of the complete pathway leading to 
anditomin.

Interestingly, the anditomin pathway actually does not employ a 
Diels-Alder reaction, but involves the non-heme iron-dependent 
dioxygenase AndA to synthesize the bridged-ring by an 
unprecedented skeletal reconstruction. Another dioxygenase, AndF, 
is also responsible for the structural complexification, generating the 
end product anditomin by an oxidative rearrangement.

In conclusion, we have established the molecular basis for the 
anditomin biosynthesis and characterized two dioxygenases with 
exciting activities. As the molecular bases for several DMOA-derived 
meroterpenoids are now well-understood, in future studies, novel 
molecules with useful activities could be obtained by rationally or 
randomly combining the enzymes derived from different pathways. 

Poster P37
Search for circumventors of arbekacin resistance 
in MRSA 
T. Suga*, M. Shiina, M. Iwatsuki, T. Yamamoto, K. 
Nonaka, R. Masuma, H. Matsui, H. Hanaki, S. Ōmura 
and K. Shiomi 
Kitasato University, Tokyo 
di13003@st.kitasato-u.ac.jp

An aminoglycoside antibiotic, arbekacin (ABK), is very useful for 
treating MRSA, but ABK-resistant MRSA are being found. ABK 
resistance is mainly caused by bacterial bifunctional aminoglycoside-
modifying enzyme (AAC(6’)-Ie/APH(2”)-Ia), which phosphorylates 
and acetylates ABK. Therefore, any inhibitor of this enzyme may 
circumvent ABK resistance, and could be used as a combination 
drug, together with ABK, against ABK-resistant MRSA. We devised 
a simple method to screen for inhibitors. Using a clinically isolated 
ABK-resistant MRSA strain, harboring genes of AAC(6’)-Ie/APH(2”)-
Ia, anti-MRSA activities of test samples were measured by the paper 
disc method, with or without ABK (8 µg/ml – a concentration which 
has no effect on the growth of MRSA). We screened culture broths 
of microorganisms to discover those that possessed anti-MRSA 
activity only in the presence of ABK.

 We isolated aranorosin as a circumvention compound of ABK 
resistance from the culture broth of Gymnascella aurantiaca FKI-
6588. Aranorosin (2 µg/ml) enhanced ABK activity against ABK-
resistant MRSA 64-fold, decreasing the MIC values of ABK from 
16 µg/ml to 0.25 µg/ml. Aranorosin inhibited phosphorylation of 
recombinant AAC(6’)-Ie/APH(2”)-Ia at 3 µg/ml, but did not inhibit 
the enzyme acetylation at 100 µg/ml. This result suggests that 
phosphorylation may be much more critical than acetylation for the 
inactivation of ABK by the bifunctional modifying enzyme. 
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of Calyxamide A from the Sponge Symbiotic 
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(1)University of Tokyo, Tokyo, Japan; (2)The University 
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The Japanese marine sponge Discodermia calyx contains a 
cytotoxic cyclic peptide, calyxamide A, which possesses N-formyl, 
α-ketoamide, thiazole, and trans-olefin functionalities. Since 
α-ketoamide group is widely occurring in microbial metabolites, 
calyxamide was considered to be produced by an unknown 
bacterium associated with D. calyx. In this study, in order to identify 
the true producer of calyxamide, we tried to isolate the biosynthetic 
gene cluster of calyxamide A from the sponge-bacterial symbiont 
metagenome. To clone the biosynthetic gene cluster, we searched for 
type I polyketide synthetase (PKS), since the trans-olefin apparently 
originates from the polyketide pathway. As a result, we found the 
putative biosynthetic gene cluster of calyxamide A, containing 
non-ribosomal peptide synthetase (NRPS) and PKS modules. 
Moreover, the homology-based analysis of the biosynthetic gene 
cluster suggested that -ketoamide was generated from α-ketoamide 
precursor through a chain shortening process catalyzed by a flavin-
utilizing monooxygenase. In addition, this gene cluster contained 
other unique enzymes, such as a sulfotransferase and a sulfatase. 
Taking into account that calyxamide A has no sulfonyl group in 
its structure, we proposed that these enzymes are involved in the 
protection-deprotection mechanism via sulfonyl group, as is the 
case of organic synthesis. Although some natural compounds 
biosynthesized from PKS-NRPS gene cluster have been reported 
to use natural protection-deprotection mechanisms, the mechanism 
using a sulfonamide functionality has never been reported. 
Therefore, we are now trying to examine the functions of these 
enzymes. Finally, single cell analysis revealed that calyxamide PKS-
NRPS was encoded by an uncultivated bacterium Entotheonella sp. 

Poster P39
Simplifungin, a new antifungal antibiotic produced 
by Simplicillium minatense FKI-4981 
R. Uchida*, H. Ishijima, A. Kondo, M. Ohtawa, K. Nagai, 
K. Nonaka, R. Masuma, T. Nagamitsu and H. Tomoda 
Kitasato University, Tokyo 
uchidar@pharm.kitasato-u.ac.jp

Antifungal agents in clinical use are extremely-limited compared to 
the number of agents available for bacterial infections. Therefore, 
new antifungal antibiotics with different mechanisms are desired. In 
the course of our screening for antifungal agents of microbial origin, 
a fungal strain FKI-4981 was found to produce a new myriocin-like 
compound, designated simplifungin (1). The fungus FKI-4981 was 
isolated from soil collected in Tokyo, Japan. Extensive taxonomic 
study of this fungus was carried out to establish a new genus 

Simplicillium.1 From the activity-guided purification, 1 was isolated 
from culture broth of day-6 by solvent extraction and HPLC using 
an ODS column with an ELSD for detection of 1. The structure of 
1 was elucidated by spectroscopic analyses including NMR and 
high-energy collision-induced dissociation-MS/MS experiments 
to be 2-amino-3,13-dihydroxyoctadecanoic acid. Furthermore, 
1 was converted to an oxazolizinone derivative to elucidate the 
relative stereochemistry to be 2S* and 3R* by NOE correlations 
and 1H-1H coupling constants. Compound 1 showed antifungal 
activity against yeast-like fungi with MICs of 4.0 to 8.0 µg/mL for 
Candida and Cryptococcus spp. by the microdilution method. 
Several antifungal data suggested that the target molecule of 1 
is serine palmitoyltransferase (SPT). A new assay system of SPT 
from Saccharomyces cerevisiae was conducted by quantifying the 
reaction product ketodihydrosphingosine by MS. As a result, 1 was 
found to does-dependently inhibit SPT activity with an IC50 of 0.23 
µM. In this study, the fermentation, isolation, structure elucidation 
and biological properties of 1 are presented.

1. Nonaka et al. Mycoscience, 54, 42-53, 2013

Poster P40
N-Carbamoylation of 2,4-diaminobutyrate reroutes 
the outcome in padanamide biosynthesis 
Y.L. Du and K. Ryan* 
University of British Columbia, Vancouver, BC 
ksryan@chem.ubc.ca

Padanamides are linear tetrapeptides notable for the absence 
of proteinogenic amino acids in their structures. In particular, two 
unusual heterocycles, (S)-3-amino-2-oxopyrrolidine-1-carboxamide 
(S-Aopc) and (S)-3-aminopiperidine-2,6-dione (S-Apd), are found 
at the C-termini of padanamides A and B, respectively. Here we 
show that padanamides are synthesized by highly dissociated hybrid 
nonribosomal peptide synthetase/polyketide synthase machinery. 
We furthermore demonstrate that carbamoyltransferase gene 
padQ is critical to the formation of padanamide A but dispensable 
for biosynthesis of padanamide B. Biochemical investigations 
show that PadQ carbamoylates the rare biosynthetic precursor 
L-2,4-diaminobutyrate, generating L-2-amino-4-ureidobutyrate, the 
presumed precursor to the C-terminal residue of padanamide A.
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Poster P41
Bacterial heme synthetic pathway: determination of 
the bottleneck steps 
P. Kim* 
the Catholic University of Korea, Bucheon, Gyeonggi 
kimp@catholic.ac.kr

Heme is essential for living organisms for its function involved in 
oxygen transfers and redox reactions in electron transfer systems, 
and bacteria synthesized heme is compatible for the heme in mice. 
Intracellular aminolevurinic acid (ALA) concentration, the precursor 
of heme, is a critical regulation signal in the heme synthetic pathway 
in bacteria. Rhodobacter sphaeroides-derived ALA synthase 
(hemA+flanking region, catalyzing ALA formation from succinyl-
CoA and glycine as substrate through C4-pathway) and self-derived 
pantothenate kinase (coaA, the first enzyme of the pantothenic acid 
synthetic pathway) were expressed in Escherichia coli to overproduce 
bacterial heme. Though the expressions of hemA and coaA enabled 
the recombinant E. coli to increase ALA and CoA pool leading 
heme production, the amount of heme was only few microgram per 
biomass and low for industrial application. To decide the potential 
bottleneck step in the heme biosynthetic pathway, intermediates 
from the steady state cells were analyzed by LC-MS. Accumulations 
of coproporphyrinogen I and protoporphyrin IX indicated that heme 
production could be further enhanced by overcome the bottleneck 
steps of the spontaneous conversion of HMB to coproporphyrinogen 
I and ferrous ion incorporation of protoporphyrin IX to heme. 
Succeeding pathway engineering of E. coli is on the way. 

Poster P42
Mechanistic insights and stucture engineering of a 
reductive cyclase in ikarugamycin biosynthesis 
C. Zhang*1, G. Zhang2 and W. Zhang2 
(1)South China Sea Institute of Oceanology,Chinese 
Academy of Sciences, China, Guangzhou; (2)South 
China Sea Institute of Oceanology, Guangzhou 
czhang@scsio.ac.cn

Polycyclic tetramate macrolactams (PTMs), a widely encountered 
family of natural products with diverse bioactivites, feature a 
macrocyclic lactam with an embedded tetramic acid ring. PTMs 
display further structural diversity by fusing the macrolactam ring 
with a different set of carbocyclic rings. Although a number of PTM 
biosynthetic gene clusters have been characterized or implicated in 
diverse bacteria, the biochemical mechanisms for the construction 
of polycyclic ring systems in PTMs remain enigmatic. Ikarugamycin 
is a PTM family member and has attracted extensive attentions as a 
promising lead in anticancer therapeutics since its discovery in early 
1970s. Recently, we have reisolated ikarugamycin from a marine 
Streptomyces sp. ZJ306 derived from the Pearl River estuary. 
Isotope labeling studies confirmed that ikarugamycin biosynthesis 
was originated from an unusual hybrid polyketide synthase/
nonribosomal peptide synthetase (PKS/NRPS), consistent with other 
PTMs. Subsequently, dissection and reconstitution of ikarugamycin 
biosynthesis by in vivo gene disruption and heterologous expression 
studies not only identified a minimal three-gene cassette ikaABC 

capable of conferring the heterologous production of ikarugamycin, 
but also established the function and reaction timing of IkaABC. 
Next, the biochemical mechanism of the construction of an inner 
five-membered ring in ikarugamycin, catalyzed by the NAD(P)
H-dehydrogenase IkaC, was unveiled by labelling studies using 
stereospecifically deuterated NADPH cofactor and/or deuterium 
oxide, which led to a mechanistic proposal involving an unusual [1 + 
6] Michael addition reaction. Finally, crystal structure-based protein 
engineering of the cyclase IkaC afforded several variants that are 
able to produce new ikarugamycin analogues. 

Poster P43
Elucidation of specific interaction between 
the model organism Aspergillus nidulans and 
Streptomycetes 
T. Netzker*1, V. Schroeckh1 and A.A. Brakhage2 
(1)Leibniz Institute for Natural Product Research and 
Infection Biology - Hans-Knoell-Institute (HKI), Jena; 
(2)Leibniz Institute for Natural Product Research and 
Infection Biology – Hans Knöll Institute, Jena, Germany 
Tina.Netzker@hki-jena.de

Streptomycetes are soil-dwelling gram-positive bacteria. They are 
well-known producers of a multitude of secondary metabolites. Two 
species, Streptomyces rapamycinicus (NRRL 5491) and S. iranensis 
HM35 (DSM 41954) which exhibit a high similarity at the genomic 
level (1) are of special interest. Both strains are not only rapamycin 
producers (2) but also specifically induce the formation of secondary 
metabolites in filamentous fungi, e.g. in the important model fungus 
A. nidulans (3) and in the pathogenic fungus A. fumigatus (4). These 
interactions provide an excellent model system to elucidate the  
underlying molecular mechanisms how a silent fungal secondary 
metabolism gene cluster can be activated by a bacterium. To 
identify the primary bacterial signal we generated a random Tnp(a) 
transposon insertion mutant library of S. iranensis. For this purpose, 
a modified pTNM transposon vector was used. In vivo expression of 
the codon usage optimized transposase gene tnp(a) and its random 
insertion into the S. coelicolor genome have been shown previously. 
Both the successful conjugation of pTNM_kan into S. iranensis as 
well as the generation of a S. iranensis mutant library was achieved. 
Currently, we verify the selective induction of the transposase gene 
expression by analyzing random transposon insertion mutants. First 
results of the mutant library screening directed to identify genes 
involved in the specific fungus-streptomycete interaction will be 
presented.

1. Hamedi et al. (2010). Int. J. Syst. Evol. Microbiol. 60:1504-1509

2. Horn et al., (2014). Genome Announc. 2(4):e00616-14.

3. Schroeckh et al. (2009). PNAS 106:14558-14563

4. König et al., (2013). ChemBioChem 14:938-942.
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Poster P44
Biosynthesis of JBIR-76 and -77, aromatic 
polyketides with isofuranonaphthoquinone 
scaffold 
Y. Katsuyama*1, K. Sone1, R. Satou1, M. Izumikawa2, 
M. Takagi2, K. Shin-ya3 and Y. Ohnishi1 
(1)Department of Biotechnology, Graduate School of 
Agricultural and Life Sciences, The University of Tokyo, 
Tokyo; (2)Japan Biological Informatics Consortium 
(JBIC); (3)National Institute of Advanced Industrial 
Science and Technology (AIST) 
aykatsu@mail.ecc.u-tokyo.ac.jp

JBIR-76 and -77 are aromatic polyketides isolated from 
Streptomyces sp. RI-77. These compounds are derivatives of 
isofuranonaphthoquinone (IFNQ). IFNQ derivatives have been 
isolated from various organisms including microorganisms and 
plants. However, the biosynthetic pathways responsible for the 
construction of these compounds have not yet been elucidated. 
By draft genome sequencing, we discovered a type II polyketide 
synthase (PKS) gene cluster (ifn cluster) which might be responsible 
for the biosynthesis of JBIR-76 and -77. Gene inactivation analysis 
confiirmed the involvement of the ifn gene cluster in the biosynthesis 
of JBIR-76 and -77. The core structures of JBIR-76 and -77 are 
composed of 13 carbons, although the minimal PKS (IfnANO) was 
predicted to synthesize an octaketide intermediate composed of 16 
carbons. Therefore, we assumed that a C-C bond cleavage reaction 
should be involved in the biosynthesis of JBIR-76 and -77. We focused 
on a Baeyer-Villiger monooxygenase homolog (IfnQ) encoded by the 
ifn gene cluster. An ifnQ disruption mutant did not produce JBIR-76 
or -77 and accumulated some shunt products whose core structures 
were composed of 15 carbons. To further elucidate the role of IfnQ, 
in vitro IfnQ reaction was examined using recombinant IfnQ and 
putative intermediate analogs. According to the obtained results, we 
proposed that the Baeyer-Villiger oxidation of a bicyclic octaketide 
intermediate catalyzed by IfnQ is a key step for the formation of the 
IFNQ scaffold of JBIR-76 and -77.

Poster P45
The production of antibiotics by Streptomyces 
after actinomycete-actinomycete interaction with 
Pseudonocardia sp. PIP161 characterized by 
increased sporulation 
R. Risandiansyah*, M.V. Perkins and C.M.M. Franco 
Flinders University, Adelaide 
risa0001@flinders.edu.au

Current discovery of novel antibiotics from actinomycetes is hindered 
by replication of compounds from common Streptomyces and the 
finding that a large portion of potentially active compounds is locked 
behind unexpressed genes. Interaction with other microorganisms, 
such as fungi and bacteria, has previously shown to produce novel 
compounds which are not produced when grown in axenic conditions. 
However, only little progress have been made in the research 
and screening of interactions which may exist among the more 
uncommon actinomycetes, in particular with producer Streptomyces. 

This research focuses on screening the interaction between 24 
non-Streptomyces from the genus Pseudonocardia, Kribbella, 
Amycolatopsis and Micromonospora and ten Streptomyces for activity 
against Staphylococcus aureus. Triplicate screening has discovered 
30 (both one-way and two-way) interactions in form of increased 
or decreased growth and sporulation rate, increased or decreased 
pigmentation or production of diffusible pigments, and the increased 
production of antibiotics compared to the individual microorganisms 
alone. Further investigations into the production of antibiotics are 
warranted due to cell-to-cell interactions between Pseudonocardia 
sp. PIP 161 and Streptomyces sp. EUM 76, Streptomyces sp. EUM 
244, and Streptomyces sp. PIP 146, after 10 days incubation on ISP-
2 medium. In all interactions, the antibiotic compounds are produced 
by Streptomyces and characterized by a noticeable increase of 
sporulation. However, sporulation alone cannot indicate production 
of antibiotics as interaction between Streptomyces sp. EUM 76 with 
Nocardia and Micromonospora did not result in antibiotic activity 
despite increased sporulation. This study attempts to pinpoint the 
mode of interaction between Pseudonocardia and Streptomyces.

Poster P46
Effect of metal ions on the enzymatic activity of 
Lactobacillus reuteri ATCC 55730 grown in a sweet 
potato base medium 
S. Ibrahim* S. Hayek 
North Carolina A & T State University, Greensboro 
ibrah001@ncat.edu

Lactobacillus reuteri ATCC 55730 is a probiotic strain used in 
commercial products providing several health benefits. Metal ions 
play an important role in the functionality of probiotic bacteria. Sweet 
potato is abundant agricultural community in North Carolina. The 
objective of this study was to determine the effect of metal ions on the 
enzymatic activity of L. reuteri ATCC 55730 grown in a sweet potato 
base medium (SPM). SPM was previously developed in our laboratory 
to serve the growth of Lactobacillus sp. The growth and enzymatic 
activity of L. reuteri ATCC 55730 grown in SPM was compared to 
that in the standard lactobacilli MRS. Enzymatic activity including 
α–glucosidase, β-glucosidase, acid phosphatase, and phytase were 
determined spectrophotometrically using a corresponding substrate 
after16 h of incubation at 37ºC. L. reuteri ATCC 55730 grown in SPM 
showed a 103.5, 74.5, and 43.6 % increase in β-glucosidase, acid 
phosphatase, and phytase respectively compared to MRS. Final 
bacterial populations reached 8.59±0.21 and 8.55±0.31 log CFU/mL 
in SPM and MRS respectively. The addition of metal ions to SPM 
caused an additional increase in the tested enzymes. The increase 
in β-glucosidase due to the addition of Mn2+, Na+, Mg2+ and Ca2+ 
ranged between 167 and 208%. Phytase was increased by 69 and 
62% in the presence of Mn2+ and Ca2+ respectively. These findings 
indicated that the addition of selected metal ions to the growth 
media of L. reuteri ATCC 55730 could produce an enhanced level 
of enzymes.
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Poster P47 
Amphotericin B as part of a chemical complex 
behind two endophytic microorganisms interaction 
A. Caraballo*1, M. Pupo1 and P.C. Dorrestein2 
(1)University of Sao Paulo, Ribeirao Preto; (2)University 
of California San Diego, La Jolla, CA 
acr003@ucsd.edu

Introduction

During our work on endophytic microorganisms from the Brazilian 
medicinal plant, Lychnophora ericoides, we found that the 
antifungal compound amphotericin B, produced by endophytic 
Streptomyces albospinus RLe7, is not the only compound involved in 
the inhibition of endophytic Coniochaeta sp. FLe4.

Methods-materials

S. albospinus RLe7 and Coniochaeta sp. FLe4 were cocultured on 
ISP2 at 30 oC until required time for mass spectrometry analysis. 
After grown, the regions of interest were prepared for MALDI-IMS 
as well as for MS/MS analysis. Molecular networking was created 
by submitting the MS data set to the GnPS (http://gnps.ucsd.edu/
ProteoSAFe/static/gnps-splash.jsp) plataform and visualized using 
Cytoscape (http://www.cytoscape.org/ ).

Results and discussion

A red pigmentation was observed for the fungus Coniochaeta sp. 
FLe 4 when coculture with S. albospinus RLe 7. By using several 
tools for the analysis of MS data, it was confirmed the production 
of the amphotericin B as well as other possible related compounds 
accordingly to their MS/MS fragmentation pattern. Timecourse 
MALDI IMS showed that amphotericin B is not the only responsible 
for the antifungal activity of S. albospinus RLe 7, but a group of 
compounds in the region of m/z 800-900 seem to be also involved 
before amphotericin B production begins. Continuous work is 
ongoing in order to completely identify the molecules involved in this 
microbial interaction. The efficiency of MS techniques and related 
tools for identification and hypotheses generation of biological role 
of natural products was demonstrated.

Conclusion

This results revealed the chemical complexity behind an 
actinobacterium-fungus interaction leading to the identification of the 
possible role of microbial metabolites.

Keywords: Amphotericin B, Streptomyces albospinus, Coniochaeta 
sp., endophyte, coculture.

Financial support: Authors are grateful to the Brazilian financial 
institutions FAPESP, CNPq, CEPID-CIBFar and to the UCSD.

Poster P48
A methyltransferase initiates terpene cyclization in 
teleocidin B biosynthesis 
T. Awakawa*1, T. Mori2, L. Zhang2, T. Wakimoto1, 
S. Hoshino2, T. Ito3, J. Ishikawa4, M. Tanner5 and I. Abe2 
(1)The University of Tokyo, Tokyo, Japan; (2)Graduate 
School of Pharmaceutical Sciences, The University 
of Tokyo, Tokyo, Japan; (3)Faculty of Pharmaceutical 
Sciences, Tokushima Bunri University, Tokushima, 
Japan; (4)Department of Bioactive Molecules, National 
Institute of Infectious Diseases, Tokyo, Japan; (5)
Department of Chemistry, University of British 
Columbia,  Vancouver, Canada 
tawakawa@ucsd.edu

Teleocidin B is an indole terpenoid isolated from Streptomyces. Due 
to its unique chemical structure and ability to activate protein kinase 
C, it has attracted interest in the areas of organic chemistry and cell 
biology. Here, we report the identification of genes encoding enzymes 
for teleocidin B biosynthesis, including non-ribosomal peptide 
synthetase (tleA), P-450 monooxygenase (tleB), prenyltransferase 
(tleC), and methyltransferase (tleD). The tleD gene, which is 
located outside of the tleABC cluster on the chromosome, was 
identified by transcriptional analysis and heterologous expression. 
Remarkably, TleD not only installs a methyl group on the geranyl 
moiety of the precursor, but also facilitates the nucleophilic attack 
from the electron-rich indole to the resultant cation, to form the 
indole-fused six-membered ring. This is the first demonstration of a 
cation, generated from methylation, triggering successive terpenoid-
ring closure. In this presentation, rare reverse-prenylation to attach 
geranyl group to indolactam V by TldC will be also discussed in 
detail, based on the enzyme structure.
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Poster P49
Ecology and taxonomy driven discovery of new 
bioactive natural products 
J. Frisvad* 
Technical University of Denmark, Kongens Lyngby 
jcf@bio.dtu.dk

Fungal exometabolites (natural products) are common among the 
large fungal genera Aspergillus, Penicillium and Talaromyces. 
According to a recent revision, these genera contain 344, 349 
and 89 species, respectively and all species produce a large 
number of exometabolites that can be ordered into biosynthetic 
families. A screening of isolates from all these species have shown 
that Penicillium and Aspergillus have many exometabolites in 
common, while Talaromyces produce quite different, often unique 
exometabolites. The isolates in a fungal species produce similar 
profiles of exometabolites, and sequencing of genomes has shown 
that many more exometabolites than the known could be expressed 
under the right conditions. Different methods have been shown to 
allow expression of these exometabolites, but ecological knowledge 
has been shown to help trigger what was formerly regarded as 
unexpressed exometabolites. For example whole raisins in the 
growth medium triggered sclerotium formation in Aspergillus niger, 
and 13 indoloterpenes could be detected from these sclerotia. 
Analytical methods for exometabolites have improved considerably, 
but effective separation from the medium constituents and from other 
fungal exometabolites and identification via spectrometric methods 
are important to secure correct qualification and quantification. The 
analytical chemical methods used are often UHPLC coupled with 
diode array detection (DAD) or high resolution mass spectrometric 
(HR-MS-MS) detection. Examples will be given on how to identify 
important fungi and their exometabolite profiles, with an emphasis 
on Penicillium, Aspergillus and Talaromyces and an overview of all 
exometabolites in those important genera will be given with hints 
also on misidentified fungi and metabolites.

Poster P50 
Overproduction of taxadiene in engineered 
Escherichia coli 
T. Liu, F. Zhu, X. Cao, Y. Zhang, G. Bian, Z. Deng and 
Y. Liu* 
Wuhan University, Wuhan 
liuyihzau@163.com

Paclitaxel (Taxol) is an important antineoplastic drug in clinic with 
excellent activity against a range of cancers. Recent developments 
in metabolic engineering and synthetic biology have allowed 
overproduction of terpenoid based on microbial fermentation rather 
than plant-based production, resulting in remarkable breakthroughs 
in the production of complex natural products such as taxadiene, the 
precursor of taxol.

Here, we constructed a rationally designed recombinant E. coli strain 
that could be engineered for high-level production of taxadiene. As 
approaches using metabolic engineering and synthetic biology to 
overproduce terpenoid in microbial systems have achieved initial 

success, engineering of bacterial taxadiene synthesis based on the 
mevalonate (MVA) pathway was chosen in our study. Our strategy 
partitioned the taxadiene metabolic pathway into two modules: a 
heterologous MVA pathway forming the two universal 5-carbon 
isoprenoid building blocks, isopentenyl pyrophosphate (IPP) and 
dimethylallyl pyrophosphate (DMAPP), along with the heterologous 
taxadiene - forming pathway carrying taxadiene synthetic genes. 
Through targeted engineering, taxadiene production in E. coli was 
significantly increased at the shake-flask scale.

This work could be regarded as a novel platform for engineering of 
other terpenoid synthesis from mevalonate pathway. The successful 
overproduction of taxadiene has encouraged the hope that any 
terpenoid metabolic pathway can be rationally engineered for 
enhanced productivity.

Poster P51
Activation of the silent actinorhodin gene cluster 
of Streptomyces lividans by DNA fragments from 
Saccharopolyspora erythraea 
M. Webers 
Fermalogic, Chicago, IL

Poster P52
Fermentation of red ginseng extract using lactic 
acid bacteria for fortified health functional food 
W.T. Im* and Q. Liu 
Hankyong National Univeristy, Anseong-si 
wandra@hknu.ac.kr

Red ginseng is a very popular health functional food containing over 
30 kinds of ginsenosides such as Rb1, Rc, Rd, Rg3, Re, Rg1, Rg2, 
Rh1 etc. Total red ginseng processed products had 46% market 
share of the total health functional foods market in Korea, which 
was estimated to be worth 566 million US dollars in 2012 (KFDA). 
Several researchers have stated their intention to biotransform 
major ginsenosides using microorganisms and recombinant 
enzymes in order to produce deglycosylated ginsenosides with 
one or two sugar moieties [i.e. Rg3, Rh2, F2, C-K, Rh1, F1] which 
are known as minor ginsenosides owing to its smaller quantity in 
ginseng and would be preferred for better absorption ability and 
enhanced pharmaceutical activities. Thus, this study focuses on 
the fermentation of red ginseng extract to produce customized 
processed products containing fortified minor ginsenosides. After 
screening out four lactobacillus strains capable of converting major 
ginsenosides into minor ginsenosides, fermentation conditions 
were optimized to produce minor ginsenosides Rg3(S), Rh2(S), F2 
and C-K, respectively. Furthermore, the ginsenoside converting 
enzymes of each strains were surveyed from genome sequences 
information and characterized. As a result, production of defined 
deglycosylated ginsenosides [F2, Rh2, and C-K] which were rare 
amount in red ginseng from red ginseng extract were successfully 
developed by fermentation technology using single or combinative 
usage of lactobacillus strains in series. This technology would create 
a new market share for health supplements or pharmaceutical drugs 
because deglycosylated minor ginsenosides [Rg3(S), Rh2(S), F2 and 
C-K] possessed the high activity toward anti-cancer, anti-diabetes, 
immune-modulation.
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Poster P53
Antitermination control of bacterial antibiotic gene 
clusters 
P. Straight* 
Texas A&M University, College Station, TX and W . 
Winkler; University of Maryland 
paul_straight@tamu.edu

Our laboratories are investigating the function of post-transcriptional 
regulation for efficient expression of antibiotic biosynthetic genes. A 
fundamental problem in molecular biology is how the RNA polymerase 
complex sustains transcription of very long RNAs, a characteristic of 
many natural product gene clusters in bacteria. We have uncovered 
a new element that functions in processive antitermination (PA) of a 
polyketide biosynthetic gene cluster in Bacillus subtilis. Production 
of the product, bacillaene, is dependent upon the PA element. A 
second, similar element was found in a long operon associated 
with biofilm matrix production in B. subtilis. Remarkably, we find the 
two elements are interchangeable between pathways. Also, when 
inserted in the ~26 kb operon of a third, unrelated antibiotic pathway, 
the elements forcibly promote expression of the downstream genes. 
These findings suggest that RNA-encoded antitermination elements 
may significantly increase expression of silent gene clusters 
for heterologous expression of antibiotic pathways. Synthetic 
application of these elements would greatly improve access to many 
new candidate antibiotics and other potential natural products.

Poster P54
A novel iron-dependent GH16 β-agarase, AgaH92, 
from Pseudoalteromonas sp. H9 newly isolated 
from the West Sea of South Korea 
Y.S. Youn, , J.S. Park and S.K. Hong* 
Mjyongji University, Yongin, South Korea 
skhong@mju.ac.kr

An agarolytic marine bacterium (H9) was isolated from coastal 
seawater. The cells were gram-negative and rod-shaped with 
smooth surfaces and polar flagella. Cells grew at 20–30°C, between 
pH 5.0 and 9.0, and in media containing 1–5% (w/v) NaCl. The 
G+C content was 41.56 mol%. Based on 16S rRNA sequence and 
biochemical and chemotaxonomic characteristics, we designated it 
as Pseudoalteromonas sp. H9 (=KCTC23887). A putative agarase 
gene (agaH92) encoding a primary translation product (50.1 kDa) of 
445 amino acids with a 19-amino-acid signal peptide and glycoside 
hydrolase 16 and RICIN superfamily domains was identified in H9. 
The heterologously expressed protein rAgaH92 in Escherichia coli 
had an apparent molecular weight of 51 kDa on SDS-PAGE, 
consistent with the calculated molecular weight. Agarase activity of 
rAgaH92 was confirmed by a zymogram assay. rAgaH92 hydrolyzed 
p-nitrophenyl-β-d-galactopyranoside, but not p-nitrophenyl-α-d-
galactopyranoside. The optimum pH and temperature for rAgaH92 
were 6.0 and 45°C, respectively. It was thermo-stable and retained 
more than 85% of its initial activity at 50°C after heat treatment for 1 
h. rAgaH92 required Fe2+ for agarase activity and inhibition by EDTA 
was compensated by Fe2+. A thin-layer chromatography analysis 
of the rAgaH92 hydrolysis products and the kinematic viscosity 

of the agarase revealed that rAgaH92 is an endo-type β-agarase 
belonging to GH16 and hydrolyzes agarose into neoagarotetraose 
and neoagarohexaose. [Supported by Basic Science Research 
Program (NRF-2012R1A1B3002174) through the National Research 
Foundation of Korea]

Poster P55
Application of NMR-based Metabolomics for 
the discovery of novel antibiotics produced by 
actinomycetes 
C.S. Wu*1, Y.H. Choi1 and G. van Wezel2 
(1)Leiden University, Sylviusweg 72; (2)Leiden 
University, Leiden, The Netherlands 
wcs0313@gmail.com

Infections caused by growing multiple drug-resistant (MDR) bacteria 
continue to be an emerging world-wide intractable problem. 
Searching for new antibiotics to combat MDR human pathogens 
is therefore of utmost urgency [1] For this purpose, we have built 
up an actinomycete strain collection from remote areas (more than 
800 strains), in which we sought to activate the production of poorly 
expressed antibiotics using specific eliciting compounds or growth 
conditions [2]

Due to the high rediscovery rate of known antibiotics by conventional 
approaches such as bioassay-guided separation, NMR-based 
metabolomics was developed for application to antibiotic discovery. 
Application of the technology includes determining the media- and 
time-dependent antibiotic production profiles for promising producer 
organisms and identifying the antibiotics that are elicited through 
ecological, chemical or genetic perturbation. The NMR spectral 
data were interrogated statistically using several multivariate 
data analyses to differentiate chemical profiles and correlate 
specific NMR signals to bioactivity. Quantitative metabolomics 
allows efficient identification of candidate molecules and avoid 
chemical redundancy. Proof of concept is presented, including the 
identification of 7-prenylisatin and a highly methoxylated isocoumarin 
by streptomycetes from our strain collection.

References

1. Payne, D.J. et al. (2007) Drugs for bad bugs: confronting the 
challenges of antibacterial discovery. Nat. Rev. Drug Discov. 6, 29–
40

2. Zhu, H. et al. (2014) Eliciting antibiotics active against the ESKAPE 
pathogens in a collection of actinomycetes isolated from mountain 
soils. Microbiology 160, 1714–1725
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Poster P56 
Structure-function analyses of cytochrome 
P450revI involved in reveromycin A biosynthesis 
S. Takahashi*1, M. Kawatani2 and H. Osada1 
(1)RIKEN Center for Sustainable Resource Science, 
Wako-shi, Saitama; (2)RIKEN 
shunjitaka@riken.jp

Numerous cytochrome P450s are involved in secondary metabolite 
biosynthesis. The biosynthetic gene cluster for reveromycin A (RM-
A) also includes a P450 gene, revI. To understand the roles of 
P450revI, we comprehensively characterized the enzyme. The revI 
gene disruptant (ΔrevI) resulted in accumulation of reveromycin T 
(RM-T), and revI gene complementation restored RM-A production, 
indicating that the physiological substrate of P450revI is RM-T. 
Indeed, the purified P450revI catalyzed the C18-hydroxylation of 
RM-T more efficiently than the other RM derivatives tested. Moreover, 
the 1.4-Å resolution co-crystal structure of P450revI with RM-T 
revealed that the substrate binds the enzyme with a folded compact 
conformation for C18-hydroxylation. To address the structure-
enzyme activity relationship, site-directed mutagenesis was 
performed in P450revI. Arg190Ala and Arg81Ala mutations, which 
abolished salt bridge formation with C1 and C24 carboxyl groups 
of RM-T, respectively, resulted in significant loss of enzyme activity. 
Moreover, the accumulation of RM-T in ΔrevI mutants enabled us to 
characterize its biological activity. Our results show that RM-T had 
stronger anticancer activity and isoleucyl-tRNA synthetase inhibition 
than RM-A. However, RM-T showed much less anti-osteoclastic 
activity than RM-A, indicating that hemisuccinate moiety is important 
for the activity.

Poster P57
Activation of the silent actinorhodin gene cluster 
of Streptomyces lividans by DNA fragments from 
Saccharopolyspora erythraea 
M. Weber*, M. Luu, K. Bergsland, P. Hessler, P. Larsen 
and R. Wesley 
Fermalogic, Inc ., Chicago, IL 
mark@fermalogic.com

The discovery of silent antibiotic biosynthetic gene clusters in 
actinomycetes and the development of new methods for their 
activation has renewed interest in natural product drug discovery. 
In this study we transferred genes from the erythromycin-producing 
organism Saccharopolyspora erythraea into Streptomyces lividans 
and looked for genes that would activate the silent actinorhodin 
pathway. A library of 2 - 5 kb DNA fragments were transformed into 
S. lividans on a high copy plasmid and the transformants were visually 
screened for blue pigment production. Of 50,000 transformants that 
were screened, four plasmids were found to strongly activate blue 
pigment production. The strongest activation was obtained by over-
expression of a single gene, SACE_1669, a putative membrane 
peptidase. SACE_1669 encodes a predicted protein of 28.9 kDa. 
The N-terminal sequence has a signal peptide followed by an 81 
amino acid domain similar to lysostaphin and other bacteriocin-like 
peptidases. A 37 amino acid C-terminal domain was 46% identical 

to a domain from sapA, a developmentally regulated spore coat 
protein from Streptomyces coelicolor. Activation of actinorhodin 
production by SACE_1669 was starch dependent. Strong 
activation of actinorhodin was also observed by over expression of 
SACE_0905, 4-hydroxyphenylpyruvate dioxygenase, an enzyme of 
tyrosine catabolism widely found in nature. The other two plasmids 
appeared to activate actinorhodin due to an increased copy number 
of intergenic DNA sequences. The mechanism of activation for 
these genes and DNA fragments has not been elucidated but the 
results indicate that there is a high degree of diversity in the types of 
activation mechanisms that are possible.

Poster P58
Novel nitration reaction in the biosynthesis of 
2-nitroimidazole by Streptomyces eurocidicus 
D. Graham*1, K. Mahan1, C. Gulvik2, R. Giannone3, 
D.M. Klingeman1, R.L. Hettich1, R. Parry4 and J. Spain2 
(1)Oak Ridge National Laboratory, Oak Ridge, TN; (2)
Georgia Institute of Technology; (3)Oak Ridge National 
Laboratory; (4)Rice University 
grahamde@ornl.gov 

Streptomyces eurocidicus bacteria produce the antibiotic azomycin 
(2-nitroimidazole), which is analogous to the 2,4-dinitroimidazole 
family of insensitive explosives that is currently synthesized using 
chemical nitration. A biochemical synthesis of nitroimidazoles would 
reduce the environmental impact from large-scale acidic nitration 
reactions. Previous studies identified L-arginine as the precursor for 
azomycin, but the reaction pathway remains to be confirmed, and no 
enzymes in this pathway have been identified. The S. eurocidicus 
genome was sequenced using Illumina short-read technology as well 
as Pacific Biosciences long-read technology. The hybrid assembly 
produced a draft genome sequence with 8.3 Mbp, containing nearly 
7000 coding DNA sequences. In order to identify proteins whose 
abundance correlated to azomycin biosynthesis during late growth 
stages, the cells were grown in bioreactors using both complex and 
minimal media, and samples were removed at different times for 
functional genomic characterization. Semi-quantitative proteomic 
analysis identified 3,627 proteins, including 293 that were significantly 
more abundant in late growth-phase cells that produced azomycin 
compared to early growth phase cells. Bioinformatic analysis 
identified candidate proteins that may be involved in the separate 
production of eurocidin and tertiomycin, as well as candidate 
proteins for azomycin biosynthesis. Enzymological studies using 
whole cells, cell-free lysate and heterologously expressed proteins 
are investigating the mechanism of the final reaction: the oxidation of 
2-aminoimidazole to form 2-nitroimidazole.
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Poster P59 
Secondary metabolite induction by mycolic acid-
containing bacteria in Streptomyces 
S. Asamizu*1, T. Ozaki2 and H. Onaka2 
(1)Graduate School of Agricultural and Life Sciences, 
The University of Tokyo, Tokyo; (2)Graduate School of 
Agricultural and Life Sciences, The University of Tokyo, 
Tokyo, Japan 
asamizu@mail.ecc.u-tokyo.ac.jp

Genome analyses are suggesting that single Streptomyces 
genome contains 20-40 cryptic secondary metabolite coding gene 
clusters. We are interested in development of methods to activate 
expression of those cryptic genes for efficient discovery of natural 
products. We have focused on the co-culture method, which may 
in part mimic the natural environment, for induction of antibiotic 
productions in Streptomyces, and found that bacteria within the 
suborder Corynebacterineae (e.g. Tsukamurella, Rhodococcus, 
Mycobacterium, Corynebacterium) can efficiently trigger the 
secondary metabolites production in Streptomyces.1),2),3) Along with 
using this combined-culture method for discovery of new antibiotics, 
we are now investigating the activation mechanism of silent or 
poorly-expressed gene clusters of Streptomyces where in presence 
of the Corynebacterineae strains. Interesting phenomenon in this 
combined-culture is that, physical interaction between two strains 
seems to be required for activation of secondary metabolites induction 
in Streptomyces. When using the “small molecules diffusible” & “two 
culture separating” flask, we could not observe specific secondary 
metabolites production, eliminating the involvement of relatively 
understood diffusible small molecules (e.g.; second messengers, 
hormone-like substances, specific metabolites, or medium 
component changes) in their activation. Using microscopic strategy, 
we observed the physical adhesion of mycolic acid containing 
bacteria to the Streptomyces mycelia, supporting our prediction 
that physical contact may be an important trigger for the secondary 
metabolism activation in Streptomyces.

1. Onaka H. et al. Appl Environ Microbiol. 77(2), 2011

2. Igarashi Y. et al. Org Lett. 12(15), 2010

3. Hoshino S. et al. J Antibiot. 2014 

Poster P60
Synthesis of the Ubiquitous Pseudomonas 
Hydrocarbon Semi-Volatile by an Unprecedented 
Non-Heme Iron Oxidase 
Z. Rui* 
University of California - Berkeley, Berkeley, CA 
ruizhebio@gmail.com

Aliphatic medium-chain 1-alkenes (MCAEs, ~10 carbons) are “drop-
in” compatible next-generation fuels and valuable precursors to 
commodity chemicals. Mass production of MCAEs from renewable 
resources holds promise for mitigating dependence on fossil 
hydrocarbons. MCAE, such as 1-undecene, is naturally produced 
by Pseudomonas as a semi-volatile metabolite through an unknown 

biosynthetic pathway. We describe here the discovery of a single 
gene conserved in Pseudomonas responsible for 1-undecene 
biosynthesis. The encoded enzyme is able to convert medium-
chain fatty acids (C10-C14) into their corresponding terminal olefins 
using an oxygen-activating, non-heme iron dependent mechanism. 
Biochemical analysis suggests an unprecedented mechanism of 
β-hydrogen abstraction during fatty acid substrate activation. Our 
discovery unveils new chemistry in the non-heme Fe(II) enzyme 
family, provides an opportunity to explore the biology of 1-undecene 
in Pseudomonas, and paves the way for tailored bioconversion of 
renewable raw materials to MCAE-based biofuels and chemical 
commodities.

Poster P61
Characterization of the mechanism for the 
goadsporin self-resistance 
T. Ozaki*1, S. Asamizu2 and H. Onaka1 
(1)Graduate School of Agricultural and Life Sciences, 
The University of Tokyo, Tokyo, Japan; (2)Graduate 
School of Agricultural and Life Sciences, The University 
of Tokyo, Tokyo 
autoza@mail.ecc.u-tokyo.ac.jp

Goadsporin is one of ribosomally synthesized and post-translationally 
modified peptides (RiPPs) produced by Streptomyces sp. TP-A0584. 
This compound induces morphogenesis and secondary metabolism 
in actinomycetes at the concentration of less than 1 mM, while it 
also exhibited antibacterial activity at higher concentration. As 
goadsporin is effective against various actinomycetes including 
Streptomyces lividans TK23 and Streptomyces coelicolor A3(2), this 
molecule would potentially be used to activate the cryptic secondary 
metabolism in actinomycetes. However, the mode of action for 
this compound is still unknown because the molecular target of 
goadsporin had not been identified yet.

In the goadsporin biosynthetic gene cluster, we have identified godI 
as a gene for self-resistance (1). godI encodes a protein homologous 
to Ffh, a bacterial version of signal recognition particle (SRP) protein. 
In addition, draft genome sequencing of TP-A0584 strain revealed 
the presence of another ffh gene, which also encoded SRP protein 
highly homologous to GodI. This observation suggested that the 
target of goadsporin was Ffh and producing strain had evolved 
godI from canonical ffh for the defense against goadsporin. To 
examine our hypothesis, we performed surface plasmon resonance 
based Biacore analysis to detect the interaction between Ffh and 
goadsporin.

1. Onaka, H. et al. Microbiology 151, 3923-3933 (2005)
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Poster P62
High-throughput mass-spectrometric enzyme 
activity determination with PECAN 
T. de Rond*, University of California, Berkeley, 
Emeryville, CA and J. Keasling; Joint BioEnergy 
Institute, Emeryville, CA 
tristan.de.rond@berkeley.edu

Assaying for enzymatic activity is a persistent bottleneck in the 
discovery and engineering of natural product biosynthesis enzymes, 
and the screening of natural products for desired inhibitory 
activities. Testing thousands of enzyme mutants (e.g. in directed 
evolution campaigns) or fractions (e.g. in “grind-and-find” discovery 
projects) calls for high-throughput enzyme activity assays, but 
current spectrophotometric assays tend to be applicable only to a 
narrow range of biochemical transformations. On the other hand, 
more universal enzyme characterization methods usually require 
chromatography, greatly diminishing throughput. We have developed 
a novel enzyme activity assay termed “Probing Enzymes with ‘Click’-
Augmented NIMS” (PECAN), which allows for the high-throughput 
mass-spectrometric detection of enzyme activity in crude cell lysate 
or whole cell culture, without the need for a chromatographic step. 
We demonstrate the applicability of this technology to the rapid 
determination of acetyltransferase and cytochrome P450 activity in 
both lysate and whole cells.

Poster P63
First characterisation of a type III PKS gene cluster 
from cyanobacteria 
R. Mazmouz*1, R. Chau1 and B.A. Neilan2 
(1)University of New South Wales, Sydney; (2)University 
of New South Wales, Sydney, Australia 
r.mazmouz@unsw.edu.au

Polyketide synthases (PKS) constitute a family of exceptional 
enzymes that biosynthesise secondary metabolites across many 
eukaryotic and prokaryotic phyla, including cyanobacteria. Mostly, 
researchers have focused on cyanobacterial type I PKS (PKSI) 
enzymes because of their involvement in toxin biosynthesis and 
their interesting multidomain structure. In contrast, research on type 
III PKS (PKSIII) enzymes, also a source of secondary metabolites 
and initially described for the biosynthesis of flavonoids, have been 
largely explored in plants.

To deepen our knowledge of PKSIII from cyanobacteria, several 
genomes were mined for putative type III PKS gene clusters. We 
identified a gene cluster encoding four genes, including a PKSIII 
in the genome of the cyanobacterium Raphidiopsis mediterranea, 
a filamentous marine and freshwater strain known also to produce 
the cytotoxin cylindrospermopsin. Using E. coli as a host, we 
have cloned and heterologously expressed both the complete 
gene cluster (RmTSC) and the single PKSIII enzyme (RmTS) from 
this cyanobacterium. Using several approaches (bioinformatics, 
calorimetry, circular dichroism, HPLC and NMR), we have 
characterised the product of RmTSC as well as the PKSIII enzyme.

We present a description of the PKSIII gene cluster, its product 
and the general characterisation of the PKSIII enzyme, its novel 
secondary structure, and the reactions catalysed by this pathway. To 
our knowledge, this is the first description of a cyanobacterial PKSIII. 
Due to their simple biochemistry and enzymology, compared to PKSI 
enzymes, the use of PKSIII to biosynthesise compounds opens a 
new avenue for the search and production of bioactive molecules 
from cyanobacteria. 

Poster P64
Cloning of the gene encoding for monapinone 
dimerizing enzyme involved in atropisomers, 
dinapinone A1 and A2 produced by 
Talaromyces pinophilus FKI-3864 
J. Inokoshi*1, M. Kawaguchi2, I. Fujii2 and H. Tomoda1 
(1)Kitasato University, Tokyo; (2)Iwate Medical 
University 
inokoshij@pharm.kitasato-u.ac.jp

Dinapinone A (DPA), produced by Talaromyces pinophilus FKI-3864 
is a potent inhibitor of triacylglycerol (TG) accumulation in mammalian 
cells. The compound is the dimer of monapinone A (MPA) with a biaryl 
dihydronaphthopyranone skeleton. Furthermore, DPA was found 
to be a mixture of atropisomers, DPA1 and A2. Interestingly, MPA 
was exclusively produced by the fungus in the seawater-containing 
medium. DPA1 and A2 were found to be converted from MPA with 
the cell free extract of T. pinophilus FKI-3864. MPA dimerizing 
enzyme (MDE) was purified by three steps, acetone precipitation, 
TOYOPEARL Phenyl-650M column chromatography and Sephacryl 
S-200 column chromatography. The molecular mass of MDE was 
estimated about 60 kDa in native state. The optimum temperature 
and pH were 50°C and 4.0, respectively, and the enzyme was stable 
in a pH range of 3.0 to 5.0. The enzyme had no apparent requirement 
of cofactors, and its activity was strongly inhibited by chloride ion. 
The sequences of the genomic DNA and cDNA encoding MDE 
predicted that the MDE polypeptide consists of 603 amino acids. The 
MDE gene was introduced in Aspergillus oryzae to express under 
the starch-inducible Taka-amylase A promoter. The MDE activity 
was confirmed in the cytoplasmic fraction. The recombinant MDE 
produced a mixture of atropisomers DPA1 and DPA2 from MPA.
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Poster P65
Artificial biosynthesis of resveratrol derivatives in 
a tyrosine overproducing Escherichia coli strain 
Y.S. Hong*1, S.Y. Kang1, J.K. Lee2 and O. Choi1 
(1)Korea Research Institute of Bioscience and 
Biotechnology, Chungbuk, South Korea; (2)Chemical 
Biology Research Center, Chungbuk 
hongsoo@kribb.re.kr

Resveratrol, which is a polyphenolic antioxidant, is dose-dependent 
when used to provide health benefits, to enhance stress resistance, 
and to extend lifespans. However, even though resveratrol has 
therapeutic benefits, its clinical therapeutic effect is limited owing to 
its low oral bioavailability. An Escherichia coli system was developed 
that contains an artificial biosynthetic pathway that produces 
resveratrol and resveratrol derivatives, such as resveratrol glucoside 
derivatives (piceid and resveratroloside) and methylated resveratrol 
derivatives (pinostilbene, 3,5-dihydroxy-4’-methoxystilbene, 
3,4’-dimethoxy-5-hydroxystilbene, and 3,5,4’-trimethoxystilbene), 
from simple carbon sources. This artificial biosynthetic pathway 
contains a glycosyltransferase (from Bacillus) or codon-optimized 
O-methyltransferase genes addition (from sorghum) with resveratrol 
biosynthetic genes. The produced resveratrol derivatives were 
verified through the presence of a product peak(s) and also through 
LC/MS analyses. In addition, these heterologous pathways extended 
in E. coli that had biosynthesis machinery overproducing tyrosine. 
The strategy used in this research demonstrates the first harnessing 
of E. coli for de novo synthesis of resveratrol derivatives from a 
simple sugar medium. [This work was supported in part by a grant 
from the KRIBB Research Initiative Program and by the GRDC 
Program (NRF-2010-00719)]

Poster P66
Characterization of α-ketoglutarate-dependent 
dioxygenase FtmF catalyzing endoperoxide bond 
formation in fumitremorgin pathway 
N. Kato*1, H. Okumura2, S. Takahashi1 and H. Osada1 
(1)RIKEN Center for Sustainable Resource Science, 
Wako-shi, Saitama; (2)JASRI SPring-8, Sayo-cho, 
Hyogo 
naoki-kato@riken.jp

Highly complex structure is one of the characteristics of natural 
products, and often related to their potent and specific biological 
activities. The discovery of enzymes that decorate the structures 
of natural products is important to expand their structural diversity. 
Verruculogen possessing an endoperoxide bond in its structure is 
one of the end products of the fumitremorgin biosynthetic pathway 
in a human pathogen, Aspergillus fumigatus (Kato N., et al. 2009 
ChemBioChem, 10: 920-928). The biosynthesis of verruculogen 
involves multiple oxidation processes, and the last one is the 
formation of an endoperoxide bond between two isoprene moieties of 
verruculogen. Our genetic and biochemical analyses demonstrated 
that α-ketoglutarate (KG)-dependent dioxygenase FtmF is 
responsible for the endoperoxide bond formation of verruculogen 
in A. fumigatus (Kato N., et al. 2011 ChemBioChem, 12: 711-714). 

Despite growing interest in the chemistry of endoperoxide bond 
formation, only 2 enzymes, FtmF and cyclooxygenase involved 
in the prostaglandin biosynthesis, have been reported as an 
endoperoxidation catalyst. To understand the molecular basis of the 
FtmF-mediated endoperoxidation, we performed structural analysis 
of FtmF. Crystal structure of FtmF was determined at 1.8 Å resolution. 
FtmF forms a dimeric structure in the crystal and adopts a double-
stranded β-helix fold, which is common to all the non-heme FeII/α-
KG-dependent oxygenases. The result of docking simulation of FtmF 
and its substrate fumitremorgin B and possible reaction mechanism 
of FtmF will be presented.

Poster P67
Complex secondary metabolite potential of the 
group V cyanobacteria revealed through whole 
genome sequencing 
M.L. Micallef*1, P.M. D’Agostino2, D. Sharma3, 
R. Viswanathan3 and M.C. Moffitt1 
(1)University of Western Sydney, Penrith; (2)University of 
New South Wales; (3)Case Western Reserve University 
m.micallef@uws.edu.au

Cyanobacteria are known to produce a large number of bioactive 
natural products, known as secondary metabolites, many of 
which have potential pharmaceutical interest. There are currently 
five groups of cyanobacteria that are classified based on their 
morphology; of these, the group V cyanobacteria are considered 
to be the most advanced. Recent genome sequencing projects 
have led to an increase in the number of publically available group 
V cyanobacterial genomes, however, the secondary metabolite 
potential of the majority of these organisms remains elusive. In order 
to investigate this lapse in knowledge, we sequenced the genomes 
of two group V cyanobacteria, Hapalosiphon welwitschii UH strain 
IC-52-3 and Westiella intricata UH strain HT-29-1, and performed 
genome mining of all 11 publically available group V cyanobacterial 
genomes. In total, 18 complete orphan NRPS/PKS gene clusters 
were identified from the group V cyanobacteria. Additionally, 
hapalosin, a cyclic depsipeptide known to reverse P-glycoprotein 
multiple drug resistance, has previously only been identified within 
the cyanobacterium H. welwitschii UH strain IC-52-3. However, 
the hapalosin biosynthetic gene cluster was identified within 
three group V cyanobacterial genomes. A number of ribosomally 
synthesised gene clusters (including cyanobactin, microviridin and 
bacteriocin gene clusters) were also identified. Furthermore, gene 
clusters encoding the biosynthesis of mycosporine-like amino 
acids, scytonemin, hydrocarbons, terpenes and the hapalindole and 
welwitindolinone alkaloids were also identified. Genome mining has 
revealed the diversity, abundance and complex nature of secondary 
metabolite potential of this advanced group of cyanobacteria. 

Poster P68
Codon-optimized Synthetic Gene Expression for 
cis,cis-Muconic Acid Synthesis in Escherichia coli
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Poster P69
Genomes to Natural Products and Back 
N.A. Magarvey* 
The Michael G . DeGroote Institute for Infectious 
Disease Research, McMaster University, Hamilton, ON, 
Canada 
magarv@mcmaster.ca

Microbial life has evolved a vast number of pharmaceutically relevant 
natural products, and sequencing efforts indicate that nearly 90% 
remain undiscovered. Prediction of these chemical structures from 
genetic material facilitates their discovery, albeit in a tedious and 
inherently inaccurate manner that prevents the automated detection 
of desired compounds in complex culture extracts. Here, we present 
a genome-guided natural products discovery tool to automatically 
predict, combinatorialize, and identify these genetically-encoded 
natural products in LC-MS/MS data of crude extracts at a rate in-
keeping with high-throughput sequencing and screening. We detail 
the directed identification and isolation of five genetically-predicted 
natural products using our Genome-to-Natural products Platform 
(GNP), including three novel scaffolds and a cryptic lipopeptide. By 
rapidly identifying targeted molecules, this integrated and automated 
platform provides a means for realizing the potential of genetically-
encoded natural products in a post-genomic era. Just like a genomes 
to natural products is needed so to is a natural products to genomes 
platform needed and this talk will communicate our work toward this 
methodology to link ‘cryptic’ clusters to known products.

Poster P70
Structural and Biochemical Characterization of the 
ATP-Binding YcaO Domain 
J.R. Chekan*, K. Dunbar, C. Cox, B. Burkhart, 
D. Mitchell and S. Nair 
University of Illinois Urbana Champaign, Urbana, IL 
chekan2@illinois.edu

Thiazole/oxazole-modified microcins (TOMMs) are a family of RiPP 
natural products that contain a heterocycle formed between the 
peptide backbone and an amino acid side chain. Despite intensive 
research, the cyclodehydratase responsible for azoline biogenesis 
in TOMMs remains enigmatic. The collaboration of two proteins, C 
and D, is required for cyclodehydration. The C protein is homologous 
to E1 enzymes, while the D protein is within the YcaO superfamily. 
Recent studies have demonstrated that TOMM YcaOs phosphorylate 
amide carbonyl oxygens to facilitate azoline formation. Here we 
report the X-ray crystal structure of an uncharacterized YcaO from 
Escherichia coli (Ec-YcaO). Ec-YcaO harbors an unprecedented fold 
and ATP-binding motif that is conserved among TOMM YcaOs and is 
required for cyclodehydration. This study identifies the YcaO active 
site and paves the way for the characterization of the numerous 
YcaO domains not associated with TOMM biosynthesis.

Poster P71
Characterization of an aryl polyene biosynthetic 
gene cluster superfamily widespread among Gram-
negative bacteria 
J. Claesen* and M. Fischbach 
University of California, San Francisco, San Francisco, 
CA 
jclaesen@gmail.com

The ClusterFinder algorithm was developed in our group to scan 
sequenced bacterial genomes for biosynthetic gene clusters (BGCs), 
irrespective of the compound class they are predicted to produce. 
Among the multitude of BGCs of unknown function identified by 
ClusterFinder, we focused on two large families containing hundreds 
of ~20kb BGCs that contain genes encoding unusual ketosynthase 
and adenylation domains.

We took a genetic approach to characterize the clusters from the 
uropathogenic Escherichia coli CFT073 and the squid symbiont 
Vibrio fischeri ES114 as representatives for each family. Heterologous 
expression and deletion analyses showed that both clusters encode 
for the production of cell-wall-associated yellow pigmentation and 
that compound production is under specific regulatory control.

Purification and structural analysis identified the products of these 
two gene clusters as aryl polyenes (APEs). Their structure is similar 
to the pigments flexirubin and xanthomonadin, members of a distantly 
related third family. Together, the APE superfamily constitutes the 
largest family of BGCs in the sequence database (containing >1000 
members). The widespread phylogenetic distribution of APEs in 
human (Escherichia, Bacteroides, Campylobacter …), animal (Vibrio, 
Flexibacter) or plant (Xanthomonas, Pseudomonas) symbionts and/
or pathogens suggests an important function for APEs in a host-
associated bacterial lifestyle.
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Poster P72
Mutasiynthesis of a FK506 analogue combining 
non-natural starter unit 
H.L. Shin*1, Y.J. Yoon2, J. Shi Yinh1, Z. Xu1 and 
J.A. Jung1 
(1)Ewha Womans University, Seoul; (2)Ewha Womans 
University, Seoul, South Korea 
god5healuyng@gmail.com

FK506 possesses antifugal and immunosuppressive activities and 
has a lot in common with FK520 and rapamycin in many structural 
aspects. The core macrolide rings of these compounds are formed 
by a hybrid polyketide synthase-nonribosomal peptide synthetase 
system.

4,5-dihydroxycyclohex-1-enecarboxylic acid (DHCHC) is 
incorporated into the process of their biosynthesis for FK506, FK520 
and rapamycin as a starter unit. fkbO (in FK506/FK520 biosynthesis 
pathway) and rapK (in rapamycin biosynthesis pathway) are 
known to encode chorismatase which plays an important role 
in the conversion of chorismate to 4,5-dihydroxycyclohexa-1,5-
dienecarboxylic acid (DCDC). Then DCDC turns to DHCHC, which 
is enlongated by a series of condensation steps. The biosynthesis 
of these immunosuppressive agents can be completed by lysine-
derived pipecolate attachment, cyclization, and post-PKS reactions. 
We conducted mutational biosynthesis of a new FK506 analogue by 
feeding non-natural starter units to fkbO deletion mutant strain of 
Streptomyces sp. KCTC 11604BP. The new synthesized compound, 
32-dehydroxy-FK506 showed reduced immunosuppressive activity 
compared to FK506 while maintaining similar neurite outgrowth 
activity to the parent compound FK506. These results provide the 
potential of 32-dehydroxy-FK506 as a novel neuroregenerative agent 
and demonstrate the effectiveness of this mutational biosynthetic 
approach.

Poster P73
Natural products discovery, genome mining and 
the NPDI collection 
J. Ondeyka*, J. Sigmund, T. Gill, J. Clement and M. 
Goetz 
Blumberg Institute, Doylestown 
john.ondeyka@npdi-us.org

The non-profit research organization NPDI (Natural Products 
Discovery Institute) houses the former Merck natural products 
collection, which is available to all researchers in the scientific 
community, to screen for pharmaceutical, agricultural, cosmeceutical 
and nutritional agents. In close collaboration with Fundación 
MEDINA, the combined collection comprises over 200K extracts 
from plants and microbial fermentation samples. These extracts 
are backed up with reserve materials and the producing cultures. 
Recent screening of the NPDI collection for a number of uses has 
yielded hits from extracts, which, in 80% of the cases, have not 
been previously identified as biologically active. In addition, we have 
begun accumulating purified DNA preparations from our diverse 
actinomycete collection, and over 15,000 DNA samples are now 

available for genome mining. This poster will describe the collections, 
as well as terms under which researchers can access this productive 
resource through collaborations or fee-for-service arrangements.

Poster P74
Characterization of the post-PKS modification 
steps of FK506 biosynthesis 
H. Cui*1, Y.J. Yoo2, E.J. Kim2, E. Kim2 and Y.J. Yoon2 
(1)Combinatorial biosynthesis national research lab, 
Korea; (2)Ewha Womans University, Seoul, South Korea 
cuiheqing810@hotmail.com

FK506 is a macrocyclic polyketide produced by Streptomyces and 
widely used to prevent the rejection of organ transplants. The hybrid 
polyketide synthase/nonribosomal peptide synthetase system 
biosynthesizes FK506. Although it has been known that the post-
PKS tailoring steps of FK506 included C9-oxidation catalyzed by 
cytochrome P450 hydroxylase (FkbD) and 31-O-methylation by 
S-adenosylmethionine (SAM)-dependent methyltransferase (FkbM), 
the detailed biosynthetic intermediate has remained unresolved. In 
this study, we report a comprehensive characterization of all the 
FK506 biosynthetic intermediates involved in post-PKS modification 
based on in-depth NMR, HPLC−ESI-MS/MS, and high-resolution 
MS (HR-MS) data. Also we have discovered the parallel pathways 
responsible for the post-modification step in the biosynthesis 
of FK506. Our results clearly demonstrate that there are two 
independent biosynthetic routes to FK506, and it has been shown 
that 9-deoxoFK506 derivatives, 9-deoxo-31-O-demethylFK506 
and 9-deoxoFK506, can be used as substrates for FkbD, whereas 
FkbM can utilize 31-O-demethyl derivatives, 31-O-demethylFK506 
and 9-deoxo-31-O-demethylFK506, as substrates. These substrate-
flexible post-PKS modification enzymes, FkbD and FkbM, can 
provide a potential tool for the combinatorial biosynthesis of novel 
macrolide derivatives.
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Poster P75
A promising chassis derived from Streptomyces 
sp. FR-008 and its development for polyketide 
derived natural products heterologous 
overproduction system 
Q. Liu*, Y. Zhou, T. Liu and Z. Deng 
Wuhan University, Wuhan 
maomaoliu84@126.com

Polyketide nature products are one of the richest resources for both 
pharmacy industry and academic study. These well-known products 
play attractive bioactivities, such as antibiotic, antifungal, antitumor, 
immunosuppressant. Due to the long growth time and difficulty in 
genetic manipulation of the producer strain varies case by case, 
it’s worthy to construct an general host with sufficient precursor 
supply, no competition pathways, an easy cultivation and efficient 
conjugation system, as a general platform for polyketide efficient 
production.

In a large number of Streptomyces strains studied in our lab, 
Streptomyces sp. FR-008 shows great potential as a super host. 
Its excellent superiority exhibits mainly on fast growing and efficient 
conjugation system. Besides, it can naturally harbor a 130 kb PKS 
gene cluster and produce candicindin as final product in a relative 
high level. This implies its capability to hold, translate and modify 
large size of PKS proteins, then serve abundant precursors to be 
taken into PKS biosynthesis.

In our study, we tried to engineer this strain from two aspects, 
knockout all the PKS pathways and introducing crucial pathway or 
genes, in the hopes of finally developing a kit-like PKS heterologous 
overproduction system. The PacBio platform was applied for the 
genome sequencing project to get a complete genome. The genome 
size is only 7.1 Mb, which is one of the smallest among current 
sequenced Streptomyces genomes. in addition, malonyl-CoA and 
methylmalonyl-CoA biosynthesis genes were intergrated on the host 
chromosome.

Poster P76
Mechanistic Studies and Catalytic Engineering of 
the Pseudoglycosyltransferase VldE 
H. Abuelizz* and T. Mahmud 
Oregon State University, corvallis, OR 
abuelizh@onid.orst.edu

Many bioactive natural products contain sugar moieties in their 
structures. These sugars may play an important role in their 
biological activities. The attachment of the sugars to the core natural 
product structures is catalyzed by the glycosyltransferases (GTs). 
Currently, there are more than 140,000 putative GTs listed in the 
CAZY database. However, only a portion of them has been carefully 
characterized. During our study on the biosynthesis of the antifungal 
antibiotic validamycin A, we discovered a glycosyltransferase-like 
protein (VldE) that is similar to trehalose 6-phosphate synthase 
(OtsA). However, in contrast to OtsA, which catalyzes a coupling 
reaction between UDP-glucose and glucose 6-phosphate, VldE 
catalyzes a coupling reaction between two non-sugar substrates, 

GDP-valienol and validamine 7’-phosphate, to give validoxylamine A 
7’-phosphate as product. It was unclear how a glycosyltransferase-
like enzyme could catalyze a coupling reaction between two non-
sugar molecules. To understand the catalytic mechanism of this 
unusual enzyme we performed a comparative study and protein 
engineering by swapping the N- and C-terminal domains of VldE 
with those of OtsA from Streptomyces coelicolor. The resulting 
chimeric proteins were tested using a variety of substrates. The 
results provide insights into the unique catalytic mechanism of 
pseudoglycosyltransferases. The knowledge may also be used to 
develop new tools for generating novel glycosylated natural products 
and redesigning glycoconjugates. 

Poster P77
Metagenomic tools to assess the diversity of 
polyketide synthases in the underground river of 
the Yucatan peninsula 
A. Prieto-Davo*1, M. Marfil-Santana2, K. Lopez-Aguiar1, 
C. delosSantos-Briones2 and A. O’Connor-Sánchez2 
(1)Universidad Nacional Autónoma de México, Sisal; 
(2)Centro de Investigación Científica y Tecnológica de 
Yucatán, A .C ., Mérida 
apdavo@unam.mx

The underground river in Yucatan is the largest of its kind in the 
world, yet its microbial community has been barely studied. As part 
of a collaborative effort to describe the potential of this important 
water resource for biotechnological applications, we explored the 
diversity of keto synthases (KS) present in the microbial community 
from an aquifer water sample. Rapid analysis of the metagenomic 
sequences using MG-RAST showed that Firmicutes, Proteobacteria 
and Actinobacteria are the dominant phyla. Regarding functionality, 
carbohydrate and amino acids were the dominant metabolisms, while 
plant hormones and aromatic amino acid derivatives dominated 
secondary metabolisms. In order to assess the biotechnological 
potential of our metagenome, further bioinformatic analyses were 
performed: 1) the metagenomic sequences were compared to 
the NaPDoS database to match our metagenome to KS domain 
sequences from known natural products, 2) seven sequences of 
known actinomycete KS were used to “probe” the metagenome using 
the platform prfectBlast. A total of 120 sequences were obtained 
with both methods. From these, 23 contigs of 600 – 1200 bp were 
created. Verification of function using the NCBI database resulted 
in 28 sequences with high similarity to KS enzymes. Phylogenetic 
analysis of the sequences confirmed their evolutionary relationship 
with KS enzymes and, a comparison against NaPDoS suggests that 
they may belong to novel KS from polyunsaturated fatty acids and 
polyketides. Further work using an existing metagenomic fosmid 
library will allow to probe for these 28 sequences and continue the 
exploration of PKS pathways in the metagenome.
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Poster P78
Genome Mining and Post-PKS Tailoring Mechanism 
of a Disaccharide-containing Polyene NPP in 
Pseudonocardia autotrophica 
H.J. Kim, M.K. Kim*, M.J. Lee, S.S. Choi and E.S. Kim 
Inha University, Incheon 
eungsoo@inha.ac.kr

A novel polyene compound NPP identified in a rare actinomycestes, 
Pseudonocardia autotrophica KCTC9441, was proved to contain 
an aglycone identical to nystatin but to harbor a unique di-sugar 
moiety, mycosaminyl-(a1-4)-N-acetyl-glucosamine, which led to 
higher solubility and reduced hemolytic activity. Although the nppDI 
was proved to be responsible for the transfer of first polyene sugar, 
mycosamine in NPP biosynthesis, the gene responsible for the 
second sugar extending glycosyltransferase (GT) as well as NPP 
post-PKS mechanism remained unknown. Through P. autotrophica 
genome mining, here we identified a novel NPP-specific second 
sugar extending GT gene named nppY. Targeted nppY gene deletion 
and its complementation proved that nppY is indeed responsible 
for the transfer of second sugar, N-acetyl-glucosamine in NPP 
biosynthesis. Site-directed mutagenesis on nppY also revealed 
some amino acid residues critical for NppY GT function. Moreover, 
a combination of deletions and complementations of two GT genes 
(nppDI and nppY ) and one P450 hydroxylase gene (nppL) involved 
in the NPP post-PKS biosynthesis revealed that NPP aglycone is 
sequentially modified by the two different GTs encoded by nppDI 
and nppY, respectively, followed by the nppL-driven regio-specific 
hydroxylation at the NPP C10 position. These results set the stage 
for the biotechnological application of sugar diversification for the 
biosynthesis of novel polyene compounds in actinomycetes. This 
work is supported by grants PJ009522 from RDA.

Poster P79
Transcriptome analysis of antibiotic-producing 
Bacillus subtilis SC-8 using RNA-seq provoked by 
small peptides from wild type and PapR mutant of 
Bacillus cereus strains 
Y.T. Hahm*1, I.C. Yeo2, C.D. Sumi1 and B.W. Yang1 
(1)Chung-Ang University, Anseong, Republic of 
KOREA; (2)Texas A&M University, College Station TX 
77843, USA 
ythahm@cau.ac.kr

Bacillus subtilis SC-8 is known to show a narrow antimicrobial activity 
against foodborne pathogen Bacillus cereus group, representatively 
including B. cereus and B. anthracis. Peptide-activating PlcR (PapR) 
plays a significant role as a pleiotropic regulator of extracellular 
virulence factor. Previously we reported that PapR is assumed 
to stimulate antibiotic production of B. subtilis SC-8 when co-
cultivated with B. cereus. Therefore, to understand effect of PapR on 
interspecies interactions, we investigated a global transcriptome of 
B. subtilis SC-8 using RNA-seq in response to small peptides from 
wild type (WT) and PapR mutant (MT) of B. cereus strains. Compared 
to MT strain, total 376 genes were significantly regulated in effect 
of small peptides from WT strain. In this case, genes related to 

carbohydrate transport and metabolism (9.6%), transcription (8.6%), 
signal transduction mechanisms (8.6%), and energy production and 
conversion (7.9%) were noticeably down-regulated in WT strain. 
Additionally, the expression of biosynthetic genes encoding several 
antibiotics in B. subtilis SC-8 genome was significantly decreased. 
Furthermore, there were almost the half number of up- or down-
regulated genes (42.9%) involved in glycolysis and the majority of 
genes related to TCA cycle (80%) showed altered expression level 
when compared between in presence of small peptides from WT and 
MT strains. Using expression profiles, the molecular mechanisms 
for changes in antibiotic production and other related factors were 
examined in presence of WT and MT B. cereus strains. This study 
provides a reference for the further study of antibiotic production of 
B. subtilis SC-8 against B. cereus group.

Poster P80
Heterologous or homologous expression of an 
entire tautomycetin biosynthetic gene cluster in 
Streptomyces hosts using E. coli-Streptomyces 
shuttle bacterial artificial chromosome system 
J.H. Nah1, S.S. Choi*2, J.Y. Kim3 and E.S. Kim2 
(1)Inha university, Incheon, South Korea; (2)Inha 
University, Incheon; (3)Inha University, Incheon, South 
Korea  
eungsoo@inha.ac.kr

Developments of next-generation sequencing technologies have 
brought recognition of microbial genomes as a rich source of diverse 
natural products. Functional expression of an entire secondary 
metabolite biosynthetic pathway gene cluster is an attractive 
alternative to facilitate production improvement and biosynthetic 
modification of a potentially-valuable natural product derived from 
various genetically-recalcitrant Streptomyces species. Using a 
versatile Escherichia coli-Streptomyces shuttle Bacterial Artificial 
Chromosomal (BAC) for genome engineering techniques as well 
as PCR-targeted gene manipulation, here we show the both 
homologous and heterologous expressions of an entire biosynthetic 
gene cluster of tautomycetin (TMC), a protein phosphatase PP1/
PP2A inhibitor and T-cell-specific immunosuppressant. Unique 
XbaI restriction sites were first inserted at the both border regions 
of the TMC biosynthetic gene cluster (approximately 100 kb) in the 
chromosome of Streptomyces sp. CK4412, followed by site-specific 
recombination of the modified pSBAC into the flanking region of the 
TMC gene cluster. The entire TMC gene cluster was then recovered 
as a giant single recombinant pSBAC by the XbaI digestion of 
the chromosomal DNA and the subsequent self-ligation. The 
recombinant pSBAC construct containing the entire TMC cluster in 
E. coli was conjugated into the model Streptomyces strains such as 
S. lividans or S. coelicolor, resulting in the fast and enhanced TMC 
production. Moreover, re-introduction of the TMC cluster-containing 
pSBAC into the wild-type Streptomyces sp. CK4412 as well as the 
TMC cluster-containing S. coelicolor resulted in a tandem repeat 
of an entire TMC cluster in the chromosome with increased TMC 
productivities.



58 Natural Product Discovery & Development in the Post Genomic Era

Poster P81
Algorithmic DNA assembly methods for rapidly 
engineering multi-gene systems 
M. Smanski*1, M. Maselko2, D. Hoang2 and S. Heinsch2 
(1)University of Minnesota, St . Paul, MN; (2)University of 
Minnesota 
smanski@umn.edu

Decreasing costs of DNA sequencing have revolutionized the life 
sciences by changing the types of questions we can ask about the 
living world and transforming the scale of investigations. As the cost 
to sequence a microbial genome de novo approaches $100, the 
availability of DNA sequence information in private and publically 
curated databases continues to explode. There are already tens 
of thousands of uncharacterized natural product biosynthetic gene 
clusters (BGCs) readily available in public sequence repositories. 
Synthetic DNA technologies are in the midst of a similar reduction 
in cost that we predict will revolutionize the life sciences once again. 
Our group is leveraging the latest DNA synthesis and assembly 
technologies to discover new natural products and engineer their 
biosynthesis. We have created an algorithmic DNA assembly pipeline 
that allows us to quickly build and screen libraries of several hundred 
permuted gene clusters. This pipeline was applied to optimize 
the genetics of a model refactored gene cluster. We are currently 
applying similar methods to allow the systematic investigation of 
natural product BGCs from soil bacteria.

Poster P82
Peptide macrocyclization catalyzed by prolyl 
oligopeptidase B (POPB) involved in α-amanitin 
biosynthesis 
H. Luo*, S.Y. Hong, R.M. Sgambelluri, E. Angelos and 
J. Walton 
Michigan State University, East Lansing, MI 
hongluo@msu.edu

The cyclic peptide toxins of deadly Amanita mushrooms represent 
a group of natural products with unique structures and potent 
bioactivities. Amatoxins such as α-amanitin and the phallotoxins 
such as phalloidin are bicyclic peptides whose propeptides are 
synthesized on ribosomes (i.e., they are “RiPPs”). In addition to the 
genes for amatoxins and phallotoxins, the genomes of A. bisporigera 
and A. phalloides contain more than 40 related sequences, called the 
“MSDIN” gene family, with the potential to make dozens of previously 
undescribed cyclic peptides. The MSDIN family is characterized by 
conserved N and C terminal sequences flanking a hypervariable region 
from which the mature toxins are derived. The hypervariable region 
is flanked by invariant Pro residues. The 35-amino acid α-amanitin 
propeptide is processed by a specialized prolyl oligopeptidase 
(POPB) in the amanitin-producing mushroom Galerina marginata. 
POPB cuts the propeptide at the two flanking Pro residues and 
cyclizes the resulting octapeptide to cyclo(IWGIGCNP). The two 
reactions catalyzed by POPB (a hydrolysis and a transpeptidation) 
are nonprocessive, the intermediate being the C-terminal 25mer. 
POPB has a Km of 25 μM and a turnover rate of 6 sec-1, comparable in 
efficiency to other known peptide macrocyclases. POPB requires an 

α-helix secondary structure in the C-terminal half of the propeptide. 
It can cyclize many sequence variants of amanitin, and based on the 
cyclic peptides that Amanita mushrooms are known to make, it is 
predicted to cyclize peptides of 6 to 10 amino acids.

Poster P83
Discovery of secondary metabolites from 
Bacillus spp. biocontrol strains using genome 
mining and mass spectroscopy 
C. Dunlap*1, M.J. Bowman2 and D. Schisler1 
(1)Crop Bioprotection Research Unit, Peoria, IL; (2)
United States Department of Agriculture, Agricultural 
Research Service, National Center for Agricultural 
Utilization Research, Peoria, IL 
christopher.dunlap@ars.usda.gov

Genome sequencing, data mining and mass spectrometry were used 
to identify secondary metabolites produced by several Bacillus spp. 
biocontrol strains. These biocontrol strains have shown promise 
in managing Fusarium head blight in wheat. Draft genomes were 
produced and screened in silico using genome mining software. 
Putative synthesis clusters were confirmed to be functional and 
the metabolites were structurally characterized with MS/MS 
techniques. We identified several known antifungal metabolites as 
well as antibiotic compounds which have limited efficacy information 
available. In addition, we documented the presence of several 
different siderophores, which have been associated with biocontrol 
activity. This study highlights the advantages of combining these 
techniques to rapidly characterize new biocontrol strains.
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Poster P84
Production of N-nitroglycine by 
Streptomyces noursei 
K. Mahan*1, T. Fida2, R. Giannone3, R.L. Hettich1, 
D.M. Klingeman1, R. Parry4, J. Spain2 and D. Graham1 
(1)Oak Ridge National Laboratory, Oak Ridge, TN; (2)
Georgia Institute of Technology; (3)Oak Ridge National 
Laboratory; (4)Rice University 
mahankm@ornl.gov

Streptomyces noursei produces N-nitroglycine, a rare nitramine 
natural product synthesized using bionitration. N-nitroglycine is 
structurally similar to the energetic materials nitroguanidine and 
dinitrourea. Identifying new enzymes to produce the nitro groups 
of energetic materials would be using green chemistry to reduce 
the environmental impact from the currently employed chemical 
nitration reactions. However, the substrate and reaction pathway for 
N-nitroglycine were unknown. We optimized the growth conditions 
for maximal N-nitroglycine production and determined that this nitro 
compound is not produced until a late growth-phase. We developed 
HPLC and HR-MS to detect this compound using a chemically 
synthesized standard. We determined that N-nitroglyicne could be 
produced when the cells were grown solely in yeast extract. Additional 
experiments were initiated to determine which component of yeast 
extract was involved in the reaction. N-nitroglycine was produced in 
the presence of 4-aminobenzoic acid. Feeding experiments using 
labeled compounds will be used to determine whether this compound 
is a precursor to N-nitroglycine. S. noursei was sequenced and the 
draft genome is 10.3 Mbp, with 9156 coding DNA sequences. In order 
to identify proteins involved in N-nitroglycine production, cells were 
grown in rich media, and samples were removed at different times for 
differential proteomic characterization in combination with the draft 
genome. Preliminary proteomic analysis indicated that of the 4389 
proteins identified, 779 were found to have increased abundance in 
late growth-phase cells that produced N-nitroglycine. Bioinformatics, 
biotransformations, and inhibitor studies are being used to identify 
protein candidates responsible for this nitration reaction.

Poster P85
Genome mining of Salinispora sp. strains isolated 
from the São Pedro and São Paulo Archipelago in 
Brazil 
K. Pires*, pHD student/Universidade Federal do 
Ceará, Fortaleza; M. Schorn, pHD student/University 
of California - San Diego, M. Crüesemann, Scripps 
Institution of Oceanography, La Jolla, CA, E. Goes 
Ferreira, pHD student/Universidade Federal do Ceará, 
L. Veras Costa-Lotufo; Professor/Universidade Federal 
do Ceará and B.S. Moore, Scripps Institution of 
Oceanography, University of California San Diego, San 
Diego 
pireskarine@yahoo.com.br

Studies on marine microorganisms have benefited from the 
development of DNA sequencing technology combined with 
bioinformatics-based approaches to the discovery of new secondary 
metabolites. The genus Salinispora, with a wide geographical 
distribution, has great potential for the production of secondary 
metabolites. This genus was recently detected on the coast of Brazil, 
in the São Pedro and São Paulo archipelago (SPSPA), located 
on Atlantic Ocean approximately 1,000 km from the continental 
Brazilian coast (N00º 55.1’ W29º 20.7’). The aim of this study was 
to explore four new strains (BRA-172, BRA-190, BRA-258 and BRA-
201) isolated from SPSPA and characterize their potential for the 
production of new compounds using genome mining. The 16S RNA 
sequence identified strain BRA-201 as S. pacifica (e.g. CNS 863), 
while all other strains were identified as S. arenicola (e.g. CNS 205). 
Further, genome sequencing of the strains BRA-201, 172 and 258 
revealed genome sizes ranging from 6.5 to 7.5MB and analysis using 
antiSMASH and NaPDoS identified 21-23 gene clusters in each 
of the strains supporting diverse biosynthetic pathway, including 
specifically salinosporamide, rifamycin, lymphostin and siderophore 
related pathways. Although the strains from Brazil do not contain any 
new gene clusters until now, they have a different subset of clusters 
as compared with characterized Salinispora strains from elsewhere. 
Since only a few Salinispora clusters have been chemically 
characterized to date, we are using molecular network analysis of 
the extracts to improve the characterization of the strains.
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Poster P86 
Production of structurally diverse ketones by 
engineered polyketide synthases 
S. Yuzawa*1, L. Katz2, G. Wang3, E. Baidoo3 and 
J.D. Keasling3 
(1)QB3 Institute, Berkeley, CA; (2)University of 
California, Berkeley, Emeryville, CA; (3)Joint BioEnergy 
Institute, Emeryville, CA 
yuzawa@berkeley.edu

Type I modular polyketide synthases (PKSs) are multi-domain 
megaenzymes that catalyze a programmed, step-wise chain 
extension reactions to produce structurally diverse polyketide 
intermediates attached onto the enzymes. Because different 
chain-release reactions could further diversify product structures, 
understanding the mechanisms are of considerable interest. Although 
type I modular PKSs can release their products in several different 
ways, none has been uncovered that releases its product as a ketone 
in nature. Here, we report engineered biosynthesis of structurally 
diverse b-keto-carboxylic acids by PKSs in vitro, which are then 
decarboxylated to produce the corresponding ketones. Some of the 
compounds are  industrially important solvents that heretofore have 
not been biologically produced. We also report ketone production 
in Escherichia coli. This methodology could allow us to produce a 
variety of ketones in microbes in a sustainable manner.

Poster P87 
Genome-guided natural product discovery from an 
octopus-derived Pseudoalteromonas species 
R. Chau*1, J.A. Kalaitzis1 and B.A. Neilan2 
(1)University of New South Wales, Sydney; (2)University 
of New South Wales, Sydney, Australia 
rocky.chau@unsw.edu.au

Members of the genus Pseudoalteromonas have significant 
ecological importance. They are commonly found in association 
with diverse eukaryotic organisms and are known to produce 
many biologically active natural products. Despite being a widely 
studied genus, many of the biosynthesis pathways that give rise 
to this complement of structurally diverse metabolites produced by 
Pseudoalteromonas spp. are hitherto unknown.

The genetics underpinning natural product structures and their 
biosynthesis pathways are so well understood that “Genome 
Mining” is now a major avenue toward natural products discovery 
and elucidation of biosynthesis pathways. The reduction in cost of 
sequencing microbial genomes resulting from new technologies 
coupled with more powerful bioinformatic tools has expedited the 
discovery of novel natural products and their biosynthesis pathways.

The focus of our investigation, Pseudoalteromonas HM-SA03, 
which was isolated from a blue ringed octopus belonging to the 
Hapalochlaena genus, is rich in natural product biosynthesis 
coding genes indicating unrealised biosynthetic potential. We used 
bioinformatics based approaches to assemble seven NRPS or PKS 
biosynthetic gene clusters from HM-SA03, predict their natural 
product structures, and guide the discovery of these metabolites.

This study identified biosynthesis gene clusters responsible 
for the assembly of the alterochromides, alteramides and a 
pseudoalterobactin-like compound in addition to four gene clusters 
whose similar products have not been reported. Using both molecular 
and analytical methods we have confirmed the production of some 
of these compounds or their analogues. The abundance of NRPS 
and PKS gene clusters in Pseudoalteromonas has confirmed the 
unrealised natural product biosynthetic potential of this genus.

Poster P88 
Engineered biosynthesis of bacterial polyketides in 
Saccharomyces cerevisiae 
A. Lechner*1, N. Koutsoubelis1, A. Löchner1, M. Güell1, 
S. Yuzawa2, L. Katz1, G. Church1 and J. Keasling1 
(1)Joint BioEnergy Institute, Emeryville, CA; (2)QB3 
Institute, Berkeley, CA 
alechner@berkeley.edu

Modular type I PKS carry multiple modules and catalyze the 
condensation reactions in an assembly line manner. Polyketide 
synthases are amendable to engineering efforts, since each PKS 
module has its own substrate-selecting domain (AT), which we can 
exchange with other AT domains to introduce functional groups into 
the carbon backbone. On the other hand, the multi-domain structure 
makes these proteins very large and often hard to express in a 
non-native context. Only three modular PKS pathways have been 
reconstituted in E. coli over the last twenty years while the number 
of new PKS sequences is constantly increasing. The model yeast 
S. cerevisiae could be a better expression and production host 
compared to E. coli, since yeast naturally express larger proteins 
containing multiple domains. We are establishing S. cerevisiae as 
a PKS expression platform by using an in vivo, in vitro as well as 
in silico approach to understand the host-specificity of PKS proteins. 
Furthermore we have implemented two different polyketide precursor 
supply pathways to increase the diversity of polyketides produced by 
yeast.
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Poster P89
Combining Mass Spectrometric Metabolic Profiling 
with Genomic Analysis: A Powerful Tool for 
Revealing New Natural Products in Cyanobacteria 
K. Kleigrewe*1, I.Y. Tian2, R.B. Kinnel3, 
A. Korobeynikov4, P. Pevzner5, D.H. Sherman6, 
P.C. Dorrestein1, L. Gerwick7 and W. Gerwick8 
(1)University of California San Diego, La Jolla, CA; (2)
University of California Berkeley; (3)Hamilton College, 
Clinton, NY; (4)Saint Petersburg State University; (5)
University of California San Diego; (6)University of 
Michigan, Ann Arbor, MI; (7)Scripps Institution of 
Oceanography, San Diego, CA; (8)University of 
California, San Diego, La Jolla, CA 
kkleigrewe@ucsd.edu

Cyanobacteria are exceptionally talented in synthesizing natural 
products that are structurally unique. However, genome sequencing 
has revealed that microbial life, including marine cyanobacteria, 
have much more capacity for natural product biosynthesis than was 
appreciated from isolation studies. To obtain insight into compound 
classes produced by cyanobacteria versus compounds that should 
be present based on their genomes, mass spectrometric (MS) 
metabolic profiles of Moorea producens 3L, Moorea producens 
JHB and Moorea bouillonii PNG were compared to the biosynthetic 
pathways suggested from their sequenced genomes.

The “Global Natural Products Social Molecular Networking” (GNPS) 
tool was used to analyze MS-fragmentation patterns derived from 
Moorea natural product extracts. This provided a rapid overview of 
the compound classes present, and those shared between Moorea 
species. This chemical analysis was followed by a bioinformatics 
investigation of the three Moorea genomes for their potential to 
produce secondary metabolites. We searched for typical polyketide 
synthase (PKS) and nonribosomal peptide synthase (NRPS) genes 
using previously characterized cyanobacterial biosynthetic pathways 
like those for curacin, jamaicamide and hectochlorin. Through 
extensive comparisons between MS-networking and biosynthetic 
pathways, a specific genomic region was identified upstream of 
the pathways which appears to encode for the production of large 
amounts of natural products in M. producens 3L and M. producens 
JHB. The biosynthetic pathway next to this upstream genome region 
in M. bouillonii PNG was undescribed; nevertheless, MS-profiling 
indicated its likely presence in considerable abundance. Isolation 
and subsequent structure elucidation yielded a new class of acyl 
amides whose biosynthetic assembly matches the identified gene 
cluster.

Poster P90
In vitro enzyme analysis guides production of a 
natural product analog 
C. Eng*1, S. Yuzawa2, L. Katz3 and J. Keasling3 
(1)University of California, Berkeley, CA; (2)QB3 
Institute, Berkeley, CA; (3)Joint BioEnergy Institute, 
Emeryville, CA 
cheng@lbl.gov

Polyketides, a structurally diverse class of natural products, are a rich 
source of highly effective pharmaceuticals. As such, the development 
of methods to produce polyketide analogs with potentially improved 
pharmacokinetic or toxicological properties is a research area of 
great interest. We will describe the in vitro analysis of a lipomycin 
synthase subunit, revealing the unexpected broad substrate 
specificity of the enzyme. We will further discuss how modifications 
to the culture medium can be used to modulate intracellular acyl-CoA 
concentrations in vivo, facilitating the production of a novel lipomycin 
analog by the native producer, Streptomyces auereofaciens Tü117 
(2). These results highlight the utility of using in vitro enzyme 
analysis to determine intrinsic substrate specificity and thereby 
inform subsequent efforts to produce natural product analogs.

Poster P91
PRISM: a computational resource for genomic 
natural product discovery 
M.A. Skinnider*1, C. Dejong1, P. Rees1, C.W. Johnston2, 
A.L.H. Webster1 and N. Magarvey3 
(1)McMaster University, Hamilton, ON; (2)The Michael 
G . DeGroote Institute for Infectious Disease Research, 
McMaster University, Hamilton, ON, Canada; (3)
McMaster University, Hamilton, ON, Canada 
michaelskinnider@gmail.com

Microbial life is an invaluable source of pharmaceutically relevant 
small molecules, but while genomic studies indicate nearly 90% 
remain undiscovered, industrial programs are increasingly frustrated 
by high rediscovery rates. Connecting biosynthetic gene clusters 
to new chemical scaffolds is critical to enabling continued natural 
product discovery in a post-genomic era. Elucidation of the modular 
strategies employed by nature in the synthesis of nonribosomal 
peptides and polyketides has defined an opportunity to leverage 
a wealth of genomic data in search of new chemistry. PRISM is 
a resource for rapid genomic prediction of microbial secondary 
metabolomes and informatic identification of unknown natural 
products. PRISM’s algorithm creates a combinatorial library 
of chemical structures representing the organism’s secondary 
metabolome, and leverages databases of all known natural products 
and biosynthetic gene clusters to dereplicate known metabolites, 
thereby identifying unknown natural products within genetic data. As 
a rapid tool to selectively identify novel chemistries by chemo- and 
bioinformatic analysis with a web-based user interface accessible 
to non-specialists, PRISM represents an important new tool for the 
discovery of chemical architectures.
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Poster P92
Understanding the order of methylation and 
condensation in geminal-dimethyl producing 
polyketide synthase domains 
S. Poust*1, R. Phelan2, K. Deng2, C. Petzold2, L. Katz2 
and J. Keasling2 
(1)University of California, Berkeley, Emeryville, CA; (2)
Joint BioEnergy Institute, Emeryville, CA 
poust@berkeley.edu

Methyl transfer in geminal-dimethyl producing type I polyketide 
synthases (PKS) has not been rigorously studied. The methyl 
transfer reaction in type I polyketide synthases is presumed to 
occur after the extension reaction performed by the ketosynthase, 
but the reaction order has not been experimentally determined. 
We sought to understand the order of extension and methylation in 
the yersiniabactin PKS and in module 8 of the epothilone PKS to 
develop a mechanistic understanding of PKS-catalyzed methylation. 
Tandem and high-resolution mass spectrometry techniques allowed 
us to examine acyl intermediates formed during the course of in vitro 
reactions with gem-dimethyl producing PKSs.

Poster P93
Complete Microbial Genomes, Epigenomes, 
and Transcriptomes using Long-Read PacBio 
Sequencing 
T. Clark* 
Pacific Biosciences, Menlo Park, CA 
tclark@pacificbiosciences.com

For comprehensive metabolic reconstructions and a resulting 
understanding of the pathways leading to natural products, it is 
desirable to obtain complete information about the genetic blueprint 
of the organisms used. Traditional Sanger and next-generation, short-
read sequencing technologies have shortcomings with respect to 
read lengths and DNA-sequence context bias, leading to fragmented 
and incomplete genome information. The development of long-read, 
single molecule, real-time (SMRT®) DNA sequencing from Pacific 
Biosciences, with >10,000 bp average read lengths and a lack of 
sequence context bias, now allows for the generation of complete 
genomes in a fully automated workflow. In addition to the genome 
sequence, DNA methylation is characterized in the process of 
sequencing. PacBio® sequencing has also been applied to microbial 
transcriptomes. Long reads enable sequencing of full-length cDNAs 
allowing for identification of complete gene and operon sequences 
without the need for transcript assembly. We will highlight several 
examples where these capabilities have been leveraged in the 
areas of industrial microbiology, including biocommodities, biofuels, 
bioremediation, new bacteria with potential commercial applications, 
antibiotic discovery, and livestock/plant microbiome interactions.

Poster P94
Mechanistic Studies on a non-heme, Fe(II) 
dependent α-ketoglutarate:UMP dioxygenase that 
initiates the biosynthesis of high-carbon sugar 
nucleoside antibiotics 
S. Van Lanen*1, A. Goswami1 and K. Nonaka2 
(1)University of Kentucky, Lexington, KY; (2)Daiichi 
Sankyo, Co . Ltd, Japan 
svanlanen@uky.edu

Several nucleoside antibiotics have been discovered the past 
decade by using an activity-based screen to identify inhibitors 
of bacterial translocase I (UDP-N-acetylmuramic acid-
pentapeptide:undecaprenyl phosphate transferase), an essential 
enzyme involved in the biosynthesis of peptidoglycan cell wall. 
Two of the four structural classes of nucleoside antibiotics, the 
lipopeptidyl nucleosides represented by A-90289s, caprazamycins 
and muraminomicins and the capuramycins share a uracil-
containing nucleoside component that is modified to generate a 
high-carbon riboside (C7 for the lipopeptidyl nucleosides and C6 
for the capuramycins). In both nucleoside classes, a non-heme, 
Fe(II)-dependent a-ketoglutarate:UMP dioxygenase initiates 
the biosynthesis by catalyzing an unprecedented reaction: the 
net dephosphorylation and two electron oxidation of uridine 
monophosphate (UMP) to uridine-5’-aldehyde. We will present 
studies aimed at defining the chemical mechanism of this new group 
of dioxgyenases, including our strategy of perturbing the reaction 
kinetics by using substrate analogues and site-directed mutagenesis. 
Additionally, progress toward delineating the remaining steps in 
transforming the canonical nucleoside into a potent antibiotic will be 
presented.
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BIRD: a comprehensive database for the storage 
and manipulation of genetic information and 
natural products 
P. Rees* and C. Dejong 
McMaster University, Hamilton, ON 
philrees@gmail.com

Translating genomes to natural products requires the manipulation 
and processing of large amounts of information. Decreasing costs 
of sequencing have led to an exponential increase in the amount of 
data available to be processed. In order to leverage this information, 
it is crucial to be able to relate genetic data to the chemical space 
of known natural products. BIRD is a database that stores all known 
natural products to date, and is an extensible framework for the 
storage and processing of genetic information. BIRD implements a 
NoSQL graph based database management system, Neo4j. BIRD 
contains all known microbial natural products (approximately 46,000 
compounds); over 500 known genetic biosynthetic gene clusters, 
each associated with its corresponding natural product; other large 
sets of genetic sequence information, including publicly available 
genomes and ribosomal 16S sequences; and the predictions from 
several software applications that we have developed to facilitate 
the connection of genomes to small molecules, including results 
from both the PRISM and GRAPE software applications. One 
distinguishing aspect of this information and data structure is that it is 
fully extensible to include new information and form new relationships 
between data points that is simply not possible with a SQL database.
The BIRD database is a novel data structure containing an exhaustive 
resource of natural products that will allow for genomic data to be 
leveraged in the discovery of natural products.

Poster P96
Mapping uncharted enzymatic territory: discovery 
of terpenoid biosynthetic pathways in mushrooms 
C.M. Flynn* and C. Schmidt-Dannert 
University of Minnesota, St . Paul, MN 
flynn175@umn.edu

Mushrooms are a rich source of sesquiterpenoid compounds 
with known antifungal, antibacterial, and cytotoxic activities. The 
complex structures of these sesquiterpenoids, the largest group of 
natural products, often prevents their economical production using 
traditional organic syntheses. Moreover, there have been extremely 
few studies into the biosynthesis of these important compounds, 
many of which are produced only in mushroom forming fungi 
(Basidiomycota). The recent explosion of genome sequencing has 
revealed the Basidiomycota to be particularly enriched in terpenoid 
synthase enzymes. However, the overwhelming number of putative 
sesquiterpene synthases requires a means to predict the products 
of sesquiterpene synthases based on primary sequence alone. 
Here I describe the application and refinement of such a predictive 
framework, valid to all Basidiomycota, to selectively identify and 
clone several new sesquiterpene synthases based on their initial 
cyclization mechanism. In addition, the clustering of biosynthetic 
genes in fungi has allowed rapid identification and cloning of related 

enzymes in terpenoid maturation, enabling selective production of 
new, pharmaceutically relevant fungal sesquiterpenoids in model 
organisms.

Poster P97
The potential of Dictyostelium discoideum for 
natural product and antimicrobial discovery 
R. Rosengarten*, C. Dinh, A. Kuspa and G. Shaulsky 
Baylor College of Medicine, Houston, TX 
rosengar@bcm.edu

Dictyostelium discoideum are single-celled amoebae that grow 
vegetatively on bacteria. Starvation triggers thousands of cells to 
aggregate chemotactically and initiate a developmental program 
culminating in multicellular reproductive structures. Genomic 
analyses implicate Dictyostelium as a potential source of natural 
products. Three observations motivate us to explore Dictyostelium’s 
relationship with bacteria in particular. First, amoebae are 
susceptible to infection by human pathogens and share conserved 
genes with humans that mitigate this susceptibility. Second, 
growth on Gram-positive versus Gram-negative bacteria elicits 
distinct genetic responses. And third, amoebae extracts display 
antimicrobial properties. Given the evolutionary distance between 
Dictyostelium and sources of common antibiotics, amoebae may 
produce novel antimicrobial molecules. Resources are needed to 
help interpret Dictyostelium’s responses to environmental cues 
and isolate relevant genetic elements for further investigation. We 
have characterized the transcriptional dynamics of vegetative and 
developing D. discoideum. Future RNA-sequencing with mutants 
compromised in bacterial growth and development will help 
reconstruct gene regulatory networks and biosynthetic pathways. 
One major hurdle in Dictyostelium molecular biology is cloning its 
notoriously AT-rich genomic DNA. This challenge precludes most 
attempts to capture and manipulate interesting genomic loci. We 
report building the first medium-insert D. discoideum genomic 
library in E. coli using a linear phage derived vector. The inserts 
are stable over numerous generations and map to the genome with 
an unbiased distribution. This success dramatically expands our 
genetic engineering toolkit. Ongoing endeavors include random 
mutagenesis screens, candidate gene knock-outs and various mass 
spectroscopy approaches to identify genes and natural products that 
constitute D. discoideum’s antibacterial armory.
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Poster P98
Biological activities of Euptelea pleiosperma 
K.S. Jin*1, J.Y. Lee1, H.J. Kwon2 and B.W. Kim2 
(1)Blue-Bio Industry Regional Innovation Center, 
Dong-Eui University, Busan, Korea; (2)Department of 
Life Science and Biotechnology, College of Natural 
Science, Dong-Eui University, Busan, Korea 
ksjin11@deu.ac.kr

In the present study, anti-oxidative and anti-inflammatory activities 
of Euptelea pleiosperma ethanol extract (EPEE) were evaluated 
by using in vitro assays and cell culture model system. EPEE 
possessed more potent scavenging activity against 1,1-diphenyl-2-
picryl hydrazyl than ascorbic acid used as a positive control. EPEE 
effectively suppressed both lipopolysaccharide (LPS)- and hydrogen 
peroxide-induced reactive oxygen species on RAW 264.7 cells. 
Furthermore, EPEE induced the expression of anti-oxidative enzyme, 
heme oxygenase 1 (HO-1), and their upstream transcription factor, 
nuclear factor-E2-related factor 2 (Nrf2), dose and time dependently. 
The modulation of HO-1 and Nrf2 expression might be regulated by 
mitogen-activated protein kinases and phosphatidyl inositol 3 kinase/
Akt as their upstream signaling pathways. On the other hand, EPEE 
inhibited LPS induced nitric oxide (NO) formation without cytotoxicity. 
Suppression of NO formation was the result of down regulation of 
inducible NO synthase (iNOS) by EPEE. Suppression of NO and 
iNOS by EPEE might be modulated by their upstream transcription 
factor, nuclear factor κB and AP-1 pathways. Taken together, these 
results provide important new insight that E. pleiosperma possesses 
anti-oxidative and anti-inflammatory activities. Therefore, it might be 
utilized as a promising material in the field of nutraceuticals.

Keywords: Euptelea pleiosperma, anti-oxidative activity, anti-
inflammatory activity, upstream transcription factor 

Poster P99
Siderophore Evolution and Functional Pathway 
Swapping in the Marine Actinomycete Genus 
Salinispora 
N. Ziemert*1, M. Crüesemann2, P.R. Jensen2 and 
B. Moore1 
(1)University of California, San Diego, La Jolla, CA; (2)
Scripps Institution of Oceanography, La Jolla, CA 
nziemert@ucsd.edu

The marine actinomycete genus Salinispora is a prolific producer 
of secondary metabolites including the anti-cancer compound 
salinosporamide A. Recent genome mining efforts revealed an 
enormous diversity of cryptic natural product pathways that provide 
not only opportunities to guide natural product discovery and 
engineering, but offer unprecedented access into the evolutionary 
processes that create secondary metabolite structural diversity.

Here we present the evolutionary history of siderophore pathways 
in Salinispora. These compounds are important molecules for the 
sequestration of iron in bacteria and have been shown to play an 
essential role for the survival of an organism under iron-limiting 

conditions. Our example shows the enormous plasticity of secondary 
metabolite gene clusters and introduces the idea of functional 
pathway swapping in bacteria.

Poster P100
Cribrochalina vasculum derived compounds 
demonstrate tumor specific apoptosis activation, 
repression of cell cycle and inhibition of growth 
factor signaling 
A. Zovko*1, D. Kovalerchick2, P. Haag1, M. Ilan2, 
S. Carmeli2, K. Viktorsson1 and R. Lewensohn1 
(1)Karolinska Institute, Stockholm; (2)Tel Aviv University, 
Tel Aviv 
ana.zovko@ki.se

Marine derived compounds have been explored and considered 
as possible antitumor agents (e.g. Eribulin, Trabectedin). In our 
project we screened hundreds of extracts from marine sponges and 
associated microbes for antitumor activity. The compounds from 
Cribrochalina vasculum are highly efficient in non small and small 
cell lung cancer (NSCLC, SCLC) and ovarian cancer cells while non-
malignant cells remained unaffected. Deciphering action mechanism 
of these compounds in tumor cells revealed that induction of apoptotic 
signaling involving Bak/Bax and caspases activation through 
regulation of Ras/Raf/MAP kinase pathway and Akt signaling was 
instrumental (Zovko et al., 2014). Akt and MAPK kinase signaling are 
controlled by growth factor receptors indicating that this could be a 
target of compounds. In order to further study if this was the case 
we applied global genomic profiling of cells treated with compound. 
About 1300 genes were down regulated specifically in tumor cells by 
compound. Analysis of these gene expression alterations suggested 
inhibition of insulin-like growth factor receptor 1 (IGF-1R) signaling 
as one of the targets. Some of the candidate genes involved in this 
pathway have been validated on protein level and our results imply 
that compounds are inhibiting expression of IGF-1R and its signaling 
in NSCLC. Thus, C. vasculum compounds hold great tumor selective 
cytotoxicity and impair tumor cell growth signaling networks resulting 
in prominent apoptotic response. IGF-1R may be a direct or indirect 
target of the compounds. Further studies are aimed to confirm 
mechanism of action in vivo and understand their role in treatment of 
tumor malignancies. 
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Genomic analyses of the three extremely halophilic 
archaea using next-generation sequencing 
J.K. Rhee*1, J. Cho2, J. Kwon3, D. Kim2, J.S. Choi3 and 
S.W. Roh4 
(1)Korea Basic Science Institute, Seoul, Republic of 
Korea; (2)Chonnam National University, Gwangju, 
Republic of Korea; (3)Korea Basic Science Institute, 
Daejeon, Republic of Korea; (4)Korea Basic Science 
Institute, Jeju, Republic of Korea 
jkrhee@kbsi.re.kr

Extremely halophilic microorganisms have potentially valuable 
physiological properties to grow at high salt concentrations; they 
produce enzymes that have potential biotechnological applications. 
The three strains belonging to extremely halophilic archaea: 
Halorubrum halophilum B8T, Halapricum salinum CBA1105T and 
Halococcus sediminicola CBA1101T, had been isolated from saline 
samples and their genomes were sequenced using a next-generation 
sequencing platform. The draft genomes of strain B8T, CBA1105T 
and CBA1101T contain 3,677,984 bp, 3,451,492 bp and 3,764,367 
bp, respectively, with G + C contents of more than 60% and include 
genomic information on various carbohydrate-active enzymes. 
A detailed comparative analysis with the haloarchaeal genome 
data will provide basic information on extremozymes produced by 
haloarchaea and opportunities for biotechnological applications of 
novel halophilic enzymes.

Poster P102
Sophorolipid, a biosurfactant, inhibits biofilm 
formation and interacts synergistically 
with Amphotericin B and Fluconazole on 
Candida albicans 
F. Haque* 
Institute of microbial technology, CHANDIGARH 
faraz@imtech.res.in

Candidiasis is the most common opportunistic infection caused by 
Candida species. Despite the use of antifungal therapies, candidiasis 
is associated with high mortality rate worldwide. An important reason 
for the failure of current antifungal therapies against candidiasis is 
attributed to its ability to biofilm formation and its intrinsic antifungals 
resistance properties. Moreover, only few number of antifungal drugs 
available for the treatment of candidiasis, which are often limited in 
their use because of toxicity and severe side effects. Sophorolipid 
(SL), is a biosurfactant, have antimicrobial and anticancer activity 
and show meagre cytotoxicity to nrmal human cells. However, their 
role in inhibition of biofilm formation has been not reported previously. 
In this study, we tested the in vitro effect of SL on planktonic cells 
of C. albicans, C. glabrata, C. lusitaniae and C. tropicalis by CLSI 
method and found to be susceptible to this compound. Consequently, 
the effect of SL on biofilm formation and on preformed biofilms 
of C. albicans was assessed. SL inhibits the biofilm formation in 
a concentration dependent manner and reduces the viability of 

preformed biofilm. Interaction of SL in with amphotericin B (AmB) 
or fluconazole (FLZ) was also evaluated on biofilm formation 
and preformed biofilms of C. albican by checkerboard assay. SL 
synergistically interacts with AmB or FLZ.

Poster P103
Genome Sequencing and RNA Sequencing 
Analysis of Streptomyces hygroscopicus ATCC 
29253 & Its Rapamycin-Hyperproducing Mutant 
S.H. Moon*1, D.H. Yoon1, S.S. Yu1, Y.J. Yoo2, Y.J. Yoon2, 
B.K. Kim1 and J.W. Suh1 
(1)CKDBiO Corporation, Ansan, South Korea; (2)Ewha 
Womans University, Seoul, South Korea 
moonsh@ckdbio.com

Rapamycin, also known as Sirolimus, is a macrolide produced by the 
bacteria Streptomyces hygroscopicus. It has immunosuppressant 
activity in humans and is used to prevent rejection in organ 
transplantation, especially useful in kidney transplant. Rapamycin 
and its derivatives, such as everolimus, are also used in a coronary 
stent coating. Lots of researches have been conducted about 
biosynthetic gene cluster and revealed genes encoding modular 
polyketide synthase(PKS), non-ribosomal peptide synthetase-like 
protein, and other biosynthetic genes.

In this study, we carried out the whole genome sequencing and 
RNA sequencing in order to compare the genes of the type 
strain, S. hygroscopicus ATCC 29253 with those of rapamycin-
hyperproducing mutant.

From the whole genome sequencing, we found that 165 genes were 
changed in the mutant but only 23 genes among them given rise to 
the change of amino acid sequence because of codon degeneracy.

In other words, whole transcriptome analysis for the hyperproducing 
mutants showed that the genes involved in malonyl CoA-acyl carrier 
protein transacylase, alkyldihydroxyacetonephosphate synthase 
and hypothetical protein were up-regulated, but GCN5-related 
N-acetyltransferase, anti-sigma F factor antagonist(spoIIAA-2); anti 
sigma b factor antagonist RsbV and another hypothetical protein 
were down-regulated.
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Poster P105
Annotation of secondary metabolite biosynthetic 
genes in Bacillus thuringiensis genomes 
D. Hahn*; Dow AgroSciences, Indianapolis, IN; 
P. Gandra, Dow AgroSciences and Y. Sha, Georgia 
Tech 
drhahn@dow.com

Insecticidal proteins from Bacillus thuringiensis (Bt) have been 
an important resource for crop protection. Bt Cry proteins have 
been used directly for insect control and Bt cry genes have been 
cloned into crop plants where they confer insect resistance. 
Hundreds of distinct insecticidal Bt Cry, Cyt and Vip proteins have 
been discovered and evaluated. The existence of these diverse 
insecticidal proteins implies that Bt has adapted to exploit insects 
in the soil and elsewhere. A related species, Bacillus cereus, has 
been shown to produce a wide range of natural products, such 
as peptides, bacteriocins and terpenes, however, only two small 
molecule insect toxins have been described from Bt: thuringiensin 
(b-exotoxin) and zwittermycin (Cry protein potentiating). Because 
of its environmental adaptation to exploit insects and apparent lack 
of small molecules exploitation, we were interested in conducting 
a thorough evaluation of Bt for potential to produce other bioactive 
small molecules. We took a bioinformatic approach using tools such 
as AntiSMASH to query 24 publicly available Bt genome sequences 
for the existence of biosynthetic gene clusters. Most of these strains 
contained 8-12 metabolite gene clusters and many cluster types were 
shared between the strains. Results of this analysis will be presented 
along with speculation of the potential for Bt strains to produce novel 
natural products with importance to agriculture and other fields.

Poster P107
Identifying Salinispora Orphan Biosynthetic 
Pathways by Direct cloning and Heterologous 
Expression 
X. Tang*1, J. Li1, J.J. Zhang1, N. Ziemert1 and B. Moore2 
(1)University of California, San Diego, La Jolla, CA; (2)
University of California, San Diego, La Jolla 
xit009@ucsd.edu

The marine actinomycete genus Salinispora has proven to be a 
remarkably prolific source of structurally diverse and biologically 
active secondary metabolites. These compounds span virtually 
all known biosynthetic classes, including the proteasome inhibitor 
salinosporamide A that is currently in clinical trials for the treatment 
of cancer. Recent genome sequencing efforts have revealed that 
only a small fraction of the natural product biosynthetic potential 
from Salinispora species has been discovered. Here we report 
a platform for the capture of Salinispora gene clusters using a 
Transformation-Associated Recombination (TAR) strategy coupled 
with direct expression in a newly developed marine actinobacterial 
host. A ~25 kb noncanonical polyketide synthase (PKS) and non-
ribosomal peptide synthetase (NRPS) hybrid gene cluster from 
Salinispora pacifica CNS863, for which the products could not be 
predicted, was selected, captured and heterologously expressed in 
the host Salinispora tropica CNB4401. The metabolites produced 

were isolated and structurally elucidated and represent a group 
of previously known bacterial fatty acid inhibitors sharing an 
unusual thiotetronic acid of unknown gene origin. This platform 
represents a streamlined method for the discovery and biosynthetic 
characterization of natural products from marine Salinispora species. 

Poster P109
Genome mining reveals a minimum gene set for 
the biosynthesis of lactazoles, novel 32-membered 
macrocyclic thiopeptides 
S. Hayashi1, T. Ozaki2, S. Asamizu1 and H. Onaka*2 
(1)Graduate School of Agricultural and Life Sciences, 
The University of Tokyo, Tokyo; (2)Graduate School of 
Agricultural and Life Sciences, The University of Tokyo, 
Tokyo, Japan 
aonaka@mail.ecc.u-tokyo.ac.jp

Thiopeptides are produced mainly by actinomycetes and typically 
contain highly modified sulfur-containing peptides, which have a 
characteristic macrocycle knotted with pyridine or piperidine, a six-
membered nitrogen-containing ring. We used genome mining to 
identify a cryptic thiopeptide biosynthetic gene cluster responsible 
for biosynthesis of lactazoles from Streptomyces lactacystinaeus 
OM-6519. Lactazoles originate from the simplest cluster, containing 
only six unidirectional genes (lazA to lazF ). It is the smallest cluster 
among the known thiopeptide biosynthetic gene clusters. The 
structure gene, lazA contains the precursor peptide sequence, and it 
is classified into a phylogenetically distinct clade.

We demonstrate the heterologous expression of lactazole 
biosynthetic gene cluster in Streptomyces lividans, and determined 
the chemical structure of lactazoles. The ring size of macrocyclic 
thiopeptide had been limited to 26, 29, or 35 atoms, while lactazoles 
found to be structurally novel thiopeptides with a 32-membered 
macrocycle. The 2-oxazolyl-6-thiazolylpyridine core with the 
3-position connected to tryptophan through an amide linkage also 
provides a unique structure in thiopeptides.

We also demonstrate overproduction of lactazoles by the promoter 
substitution, and the production of two analogs, S11C and W2S, 
by site-directed mutagenensis of the structure gene, godA. Thus, 
this compact biosynthetic machinery has high potency to lend large 
diversity to the thiopeptide core structures. Our approach facilitates 
the production of a more diverse set of thiopeptide structures, 
increasing the semisynthetic repertoire for use in drug development.

1. Onaka H et al. (2005) Microbiology 151(Pt 12):3923-3933.

2. Hayashi S et al. (2014) Chem Biol 21(5):679-688.
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GRAPE: Matching natural products with gene 
clusters 
C. Dejong*, G. Chen, P. Rees and M. Skinnider 
McMaster University, Hamilton, ON 
dejonc@mcmaster.ca

Nonribosomal peptide (NRP) and polyketide (PK) natural products 
are biosynthesized by large, multi-modular enzymatic assembly 
lines. The biosynthetic gene clusters of many such natural products 
remain unknown. Moreover, exponential growth of available 
sequence information has revealed a large number of biosynthetic 
gene clusters not linked to their corresponding natural products. 
The inherently low fidelity of genomic natural product structure 
predictions often prevents available software from linking genetic 
data to compounds. However, PRISM, a software platform developed 
in the Magarvey Lab, is able to predict individual chemical fragments 
of the final natural product, including amino acids, malonate-derived 
monomers, sugars, and other chemical fragments from genetic 
data with a high level of accuracy. GRAPE is an algorithm that 
takes chemical structures as input from NRPs, NRP-PK hybrids, 
lantipeptides, bacterocins and macrocyclic PKs, and determines 
the chemical fragments that would have been used to construct the 
natural product from its parent cluster. GRAPE is able to reveal amino 
acid and polyketide fragments and their order from final structures, as 
well as other biosynthetically relevant constituents such as halogens, 
lactams, or thiazoles. The constituent fragments of the compound 
are then aligned to chemical fragments predicted by PRISM. GRAPE 
allows mismatches and flexibility in the order to allow for partial 
and incomplete matches. By leveraging a large database, of known 
natural products, GRAPE can match gene clusters to their products, 
and to related compounds. GRAPE will be able to leverage large 
natural product databases with new connections between natural 
products and clusters with unknown products.

Poster P113
Cloning and heterologous expression of six orphan 
gene clusters from Streptomyces sp. CNB091 
S. Moraes Mantovani*1, K. Murata2, N. Ziemert3 and 
B. Moore3 
(1)University of California San Diego, La Jolla, CA; (2)
University of California San diego, la Jolla, CA; (3)
University of California, San Diego, La Jolla, CA 
smoraesmantovani@ucsd.edu

The rise of microbial genome sequences available has revealed 
that their potential for natural product biosynthetic clusters 
is considerably higher than the number of known molecules. 
An example is the marine Streptomyces sp. CNB091 in which 
genome sequence analysis predicted 33 clusters, but only one 
series of compounds, Salinamides, have been detected so far. In 
order to gain a more comprehensive understanding regarding the 
limitations in detecting compounds from predicted clusters as well 
as to investigate the capability of CNB091 to produce new secondary 
metabolites we have embarked on interogating multiple gene clusters 
from CNB091 in heterologous hosts to identifiy the associated 
compounds and regulatory limitations. Our strategy consisted of 
first direct cloning six gene clusters from genomic DNA using yeast 
recombination which was adapted in this work to enable fast capture 
and expression testing of gene clusters. The six clusters included 
two NRPSs, two PKSI-NRPS hybrids, a phenazine-PKSI and an 
aminoglycoside ranging between 25-60 kb. We further selected 
Streptomyces coelicolor M512 as heterologous host for expression 
of each of these clusters since this strain does not encode for any 
homologous clusters. Extracts from cultures of cells harboring the 
clusters were evaluated by LC-MS-MS and analyzed by molecular 
networking which enabled rapid comparison of the metabolic profile 
of each strain and allowed identification of new unique ions for some 
of the expressed clusters. New molecular biology tools are now been 
explored to increase expression of these compounds to facilitate 
their structural investigation.
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Poster P115
Discovery of the biosynthetic pathways for old 
and new Streptomyces small peptide aldehyde 
protease inhibitors using EvoMining 
P. Cruz-Morales, M.A. Morales-Escalante, K. Verdel-
Aranda, H.E. Ramos-Aboites and F. Barona-Gómez* 
Centro de investigación y estudios avanzados del IPN, 
Irapuato 
fbarona@langebio.cinvestav.mx

Small Peptide Aldehyde (SPA) such as antipain, leupeptin and 
chymostatin, are potent protease inhibitors widely used within 
research and industrial settings. However, the genetic basis directing 
the biosynthesis of the most commonly used SPAs remain unknown. 
Before this study, all was known were early biochemical studies 
from the late 1970s, lead by Professor Umezawa [1-4]. And recently, 
the implication of a reductase domain of a Non-Ribosomal Peptide 
Synthetases (NRPS) in the formation of the aldehyde functionality of 
flavopeptin, a novel SPA [5].

Using EvoMining, an evolution-inspired genome mining approach, 
we discovered a novel SPA, termed livipeptin, produced by S. lividans 
strain 66 [6]. Livipeptin biosynthesis involves a hybrid NRPS-Leucyl-
Phenylalanyl-tRNA transferase, and seems to be related to the low 
protease activity of S. lividans 66. We used livipeptin and flavopeptin 
biosynthesis as models to mine for genes that direct the biosynthesis 
of commercially valuable SPAs. These efforts lead to the proposal of 
a biosynthetic gene cluster for Leupeptin in Streptomyces roseus, 
which was experimentally confirmed. Leupeptin seems to be 
synthesized by an NRPS assembly line that involves a divergent 
argininosuccinate lyase. These results suggest that SPAs, are 
synthesized via highly divergent NRPS pathways, opening the door 
for discovering novel enzymology and biosynthetic logics during 
the assembly of small peptides, as well as novel biotechnological 
applications for broadly-used and highly-valuable natural products.
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Poster P117
Discovery and linking of genes to biosynthetic 
pathways in Aspergillus 
T.O. Larsen* 
Technical University of Denmark, Kgs . Lyngby 
tol@bio.dtu.dk

Aspergilli constitute an important group of fungi, including species 
used by the pharma and biotech industries, as well as mycotoxin 
producing contaminants. We are involved in a huge genome 
sequencing project, including all described Aspergillus species, 
paving the way for genomics driven research into fungal secondary 
metabolism. Aspergilli are capable of producing hundreds of 
secondary metabolites (SMs), why rapid and automated identification 
of known compounds (dereplication) using UHPLC-DAD-HRMS/MS 
based methods is crucial for discovery and pathway elucidation.1 Our 
efforts towards linking of genes to their corresponding biosynthetic 
pathways have been focused on non-reduced polyketides such as 
orsellinic acids and 6-methyl-salicylic acid, including characterization 
of the yanuthone D biosynthetic pathway in A. niger.2 This paper 
will highlight our most recent genomics driven efforts towards 
accurate prediction and discovery of novel pathways and bioactive 
compounds.3

1. Klitgaard, A., Nielsen, A., Andersen, M.R., Larsen, T.O., Frisvad, 
J.C., Nielsen, K.F. (2013). Aggressive dereplication using UHPLC-
DAD-QTOF – screening extracts for up to 3000 fungal secondary 
metabolites in 30 seconds. Analytical and Bioanalytical Chemistry, 
406, 1933-1943.

2. Holm, D.K., Petersen, L.M., Klitgaard, A., Knudsen, P.B., 
Jarczynska, S.D., Nielsen, K.F., Gotfredsen, C.H., Larsen, T.O., 
Mortensen, U.H. (2014). Molecular and chemical characterization of 
the biosynthesis of the 6-MSA derived meroterpenoid yanuthone D 
in Aspergillus niger. Chemistry & Biology, 21, 519-529.

3. Andersen, M.R., Nielsen, J.B., Klitgaard, A., Petersen, L.M., 
Zachariasen, M., Hansen, T.J., Blicher, L.H., Gotfredsen, C.H., 
Larsen, T.O., Nielsen, K.F. & Mortensen, U.H. (2013). Accurate 
prediction of secondary metabolite gene clusters in filamentous 
fungi. PNAS, 110, 99-107. 

Poster P119
Developing of Streptomyces as Super Host for 
Natural Product Overproduction 
T. Liu* 
Wuhan University, Wuhan 
liutg@whu.edu.cn

Many natural products or engineered unnatural nature products 
are very low yield, and it is the main reason for investgation of the 
activity for those compounds. In the current drug precusor market, 
many compounds’ titer and productivity are not ideal, we also want 
to improve on this. Recently, we have develop a super streptomyces 
host for natural procuct overproduction.
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