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 Asia-Pacific Biofilms 2021 
On behalf of the Organizing Committee, you are cordially invited to attend the 
virtual conference of the 3rd International Conference on Biofilms (Asia-Pacific 
Biofilms 2021), held on May 11-16 of 2021, in Guangzhou, China. 

Asia-Pacific Biofilms 2021 will cover subjects including characteristics of biofilms, 
quorum sensing in biofilms, industrially- and clinically- relevant biofilms and 
emerging technologies on biofilms. In the relevant fields, distinguished scholars are 
invited for keynote or invited presentations, and young scientists with latest 
research findings from various disciplines are also invited for oral presentations. 
This is undoubtedly the best opportunity for participants to present the recent 
progress and foster new collaboration. Asia-Pacific Biofilms 2021 also builds a 
bridge between Chinese and international universities or enterprises. 

Highlighted topics include: 

1. Bioinformatics analysis in biofilms 
2. Biofilms development and control 
3. Biofilms antimicrobial resistance 
4. Communication and signaling factors in biofilms 
5. Rapid detection and application to biofilms bacteria 
6. Virulence and toxins on clinical biofilms 
7. Evolution and stress tolerance in Biofilms 
8. Industrial and applied biofilms research 

The Organizing Committee are making every effort to make this a memorable and 
valuable biofilm conference. 

Sincerely yours, 
 
Birthe Kjellerup 
Liang Yang 
Zhenbo Xu 
Organizing Committee 
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Founder and Honorable President 
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Founder and Honorable President 

 
Mark Shirtliff 

(1969-2018) 

Dr. Mark Shirtliff was a professor at University of Maryland-Baltimore, where he held a primary 
appointment in the Department of Microbial Pathogenesis in the University of Maryland School of 
Dentistry and a secondary appointment in the Department of Microbiology and Immunology in the 
University of Maryland School of Medicine. Mark was also the lead inventor and co-founder of the 
vaccine company Serenta Biotechnology, LLC that was established in 2017. The license is based on a 
multivalent vaccine strategy against infections caused by Staphylococcus aureus. Further development 
of the vaccine is continued by Dr. Jan Harro in the Shirtliff-Harro Lab at UMSOD and by Birthe 
Kjellerup-Shirtliff as Chief Scientific Officer in Serenta LLC. 

Mark Shirtliff was a leading expert in the field of biofilm in the US and internationally. His 
childhood in the foothills of the Canadian Rocky Mountains lead him to University of Alberta, where 
he graduated with a bachelor in Geo-microbiology. After this, he moved to Texas, US to continue his 
education. Originally Mark wanted to pursue medical school to become a medical doctor, but he 
quickly learned that he over time would be able to help more people by performing research thus his 
goal became to develop diagnostics and vaccines to prevent biofilm infections. Mark graduated with 
his Ph.D. in 2001 from University of Texas Medical Branch, Galvaston TX in the Department of 
Microbiology and Immunology. His thesis was titled “Staphylococcus aureus: Roles in Osteomyelitis.” 

During graduate school Mark was introduced to a fellow Canadian biofilm researcher Dr. Bill 
Costerton, who at that time was the Director of Center for Biofilm Engineering (CBE) at Montana 
State University in Bozeman, Montana. This was the beginning of an inspirational work relationship 
and friendship between Mark and Bill and a very prolific career in Staphylococcus aureus biofilm 
research for Mark - but it was way too short! 
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Bill convinced Mark that she should move to Bozeman, Montana and the CBE in 2001 to continue 
working on biofilms and was initially funded to work on drinking water biofilms in Dr. Anne Camper’s 
lab. He quickly obtained his own funding and returned to S. aureus research that was so important for 
him. The years at the CBE were instrumental in developing molecular tools, having important biofilm 
centered discussions and to get out in the wilderness to get great ideas. In 2003, Mark moved to 
Maryland and entered a tenure track position at UMB- Baltimore. 

Mark was actively involved in leading the biofilm field forward. His engaging and very energetic 
way of behaving made him easy to talk to both about biofilms, science and completely other topics. 
He was very interested in listening to the junior scientists and to connect with the next generation in 
science. Therefore, mentoring and training of the next generation of biofilm scientists was a mission 
that he took seriously. Over the years, Mark trained many scientists in his lab - both graduate students, 
post docs and visiting scientists from around the world. He also initiated many collaborations globally 
and many of these excellent scientists are present at ChinaBiofilms 2019. He also organized numerous 
biofilm workshops at international conferences such as ASM Biofilms (American Society of 
Microbiology), ECCMID (European Congress of Clinical Microbiology & Infectious Diseases), 
EuroBiofilms and of course ChinaBiofilms 2017. Over the years, Mark was the author of more than 
120 peer-reviewed scientific papers and book chapters on pathogenic microorganisms. He explored 
the biofilm mode of growth and the chronic diseases they cause. 

Mark never forgot his Canadian roots and was a proud and energetic hockey (i.e. ice hockey) fan, 
who would travel far distances to cheer on his favorite team Edmonton Oilers. He also loved to take 
his family back to the Canadian Rockies to climb on glaciers and to tell great stories from his childhood 
and about interesting tree-ring counting studies and field trips as a geology major in college. He also 
kept in touch with colleagues at the CBE, which allowed him (and his family) to spend time in Montana 
during the summers. This would recharge his batteries with lots of fly fishing, floats on majestic rivers 
and good times with friends and family. 

In Mark’s honor, we have started the “Mark Shirtliff Memorial Biofilm Foundation” 
(https://markshirtliffbiofilmfoundation.org/). Donations can be made via the website. The goal of the 
foundation is to support and encourage junior biofilm researchers to travel and initiate collaborations 
with other biofilm groups on a global scale. 

The Board of Trustees include several members, who are present at ChinaBiofilms 2019: Birthe 
V. Kjellerup, Chair (Mark’s wife), Garth D. Ehrlich, Secretary and Treasurer, Kendra Rumbaugh, Vice 
President, James Kaper, Zhenbo Xu and Annette Moter. Please feel free to contact any of us if you 
have any questions or would like to share a good story or memory about Mark. 

We hope that you will participate in making Asia-Pacific Biofilms 2021 a successful follow-up 
to the ChinaBiofilms series conferences that Mark was an important founder for. 
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South China University of Technology 
South China University of Technology (SCUT) is a leading educational institution in China, a public 

research-intensive university directly governed by the Chinese Ministry of Education. Located in 

Guangzhou, the center of southern China, it covers a total area of 405 hectares, consisting of three 

campuses: Wushan Campus, University Town Campus, and Guangzhou International Campus. 

 

 

 

 

 

 

 

 

SCUT was first founded in 1952 by merging the engineering schools and departments of a number of 

major universities and polytechnic universities from five provinces in central and southern China. In 

2016, SCUT was ranked the world ’ s top 300 universities by the Academic Ranking of World 

Universities, with its Engineering at 22nd. According to Thomson Reuters ’  Essential Science 

Indicators, SCUT has chemistry, materials science, engineering, agricultural science, physics, biology 

and biochemistry, computer science, and environment and ecology ranked in the global top 1%. School 

of Food Science and Engineering (SFSE) was established newly in November 2015 through the 

reorganization of the School of Light Industry and Food Science, however, its history can be dated 

back to 1952, the beginning of the University. A national evaluation of key discipline carried out in 

2012 showed that the Food Science and Engineering in the School were ranking No.3 among Chinese 

universities. 

Overseas Chinese Society for Microbiology 
Sino-Micro is a registered non-for-profit organization formed by overseas Chinese researchers who 

study microbiology. Our goal is to establish a social network that will facilitate the advancement of 

our research programs and the development of our careers. In addition, we wish to work as a group to 

create a platform for enhancing scientific interactions with our colleagues in China. Current Sino-

Micro members are primarily principal investigators in the USA. However, our organization is open 

to all overseas Chinese microbiologists. 
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Southern University of Science and Technology 
Southern University of Science and Technology (SUSTech) is a research-oriented public university 

founded in Shenzhen, China’s innovation center. From their inception, SUSTech has attached 

enormous importance to attracting high-quality talents to its faculty. Through continuing efforts to 

introduce world-class educators, SUSTech is proud to have over 800 faculty members on staff, and 

they continue to expand its faculty with amazing talent from all over the world. Many of their faculty 

have been honored with selection into national or regional talent programs, and SUSTech is keen to 

nurture and cultivate its talented staff. 

AEIC Academic Exchange Information Center 
AEIC Academic Exchange Information Center, also known as AEIC, is a well-developed international 

exchange platform co-founded by colleges, scientific research institutions and enterprises. We 

concentrate on global professional academic forces and devotes to the academic exchange activities 

such as scientific and technological information dissemination, scholars scientific research exchanges 

and social hotspots analysis. Now we have received big support from many colleges and research 

institutes. Adhering to the spirit of Professional, Focus and Concentrate, we provide an international 

professional exchange platform for scientific and technological academic communication to realize 

the transformation of academic achievements. 

AEIC cooperates with many international press including Springer, Elsevier, IEEE, Taylor & Francis 

Group ， IOP, EDP, ASME, SPIE, Academic Press, American Scientific Publishing, DEStech 

Publications, TTP and Atlantis Press. AEIC calls for papers from academic conferences and publishs 

papers for EI or CPCI index. Outstanding papers will be recommended for publication in well-known 

international journals such as the ones indexed by SCI, EI, etc.   
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Agenda 
Time and date shows here refers to China Standard Time (GMT+8).  
Asia: GMT+9 for JST, GMT+7 for WIT, GMT+5:30 for IST 
Oceania: GMT+10 for AEST, GMT+12 for NEST 
U.S. and Canada: GMT-4 for EDT, GMT-5 for CDT, GMT-6 for MDT, GMT-7 for PDT 

Europe and U.K.: GMT+2 for CEST, GMT+1 for BST 

May 11th Registration 

16:00-18:00 Registration and Meeting platform test 

May 12th Workshop 

9:00-10:30 
Animal models for biofilm infections 

Modeling biofilm-associated wound infections. Kendra Rumbaugh 

Orthopedic models of biofilm infection. Janette Harro 

10:30-11:00 Meet the speakers 

11:00-12:30 

Standard methods for biofilms 
Standardized laboratory bench top flow through and batch reactors 
for growing a reproducible biofilm. Darla Goeres 

Laboratory reactors for real time imaging of biofilm bacteria. Paul 
Stoodley 

12:30-13:00 Meet the speakers 

14:30-16:00 
Getting your article published in Biofilm 

Tom Coenye, Birthe Kjellerup 

16:00-16:30 Meet the speakers 

16:30-17:30 
Standardized development and detection of bacterial biofilms 

Yulong Tan, Su Ma, Zhenbo Xu 

17:30-18:00 Meet the speakers 
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May 13th Medical Microbiology 
Session 1 

Chairs: Birthe Kjellerup & Zhenbo Xu 

9:00-9:25 Meeting platform test 

9:25-9:35 Opening ceremony 
Birthe Kjellerup, Zhenbo Xu 

9:35-10:00 
Experimental evolution as a tool to study biofilm biology 
Tom Coenye, Ghent University, Ghent 

10:00-10:25 
Medical devices and infection control - current challenges and opportunities 
Helmut Thissen, Monash University, Melbourne 

10:25-10:40 
Bacterial chemical signal regulation of biofilm development 
Lianhui Zhang, South China Agricultural University, Guangzhou 

10:40-10:55 Meet the speakers 

Session 2 

Chairs:Matthew Parsek & Yue Qu 

10:55-11:20 
Pseudomonas aeruginosa uses a versatile repertoire of exopolysaccharides and 
proteins to build biofilms 
Matthew Parsek, University of Washington, Seattle 

11:20-11:45 
Mechanical circulatory support - a major advance but with the price of serious 
infection risk 
David McGiffin, Monash University, Melbourne 

11:45-12:00 
A nuclear-dbf2 related (NDR) kinase exerts isoform-specific control over Aspergillus 
fumigatus pathogenic fitness  
Jarrod Fortwendel, University of Tennessee Health Science Center, Memphis 

12:00-12:15 
Intracellular glycosyl hydrolase shapes bacterial cell fate, signaling, and the biofilm 
development of Pseudomonas aeruginosa 
Luyan Ma, Institute of Microbiology of the Chinese Academy of Sciences, Beijing 

12:15-12:30 
Mouse and human cell models of Bordetella pertussis biofilm development 
Rajendar Deora, The Ohio State University, Columbus 

12:30-14:00 Meet the speakers 12:30-12:45 / Networking 12:45-14:00 
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Session 3 

Chair: Kimberly Kline 

14:00-14:25 
Identification of small molecules that interfere with c-di-GMP signaling and induce 
dispersal of Pseudomonas aeruginosa biofilms 
Tim Tolker-Nielsen, University of Copenhagen, Copenhagen 

14:25-14:40 
Dissecting the mechanisms of Entercocccus faecalis biofilm-associated infection 
Kimberly Kline, Nanyang Technological University, Singapore 

14:40-14:55 
Application of nucleic acid-based methods to study and modulate multispecies 
biofilms 
Nuno Azevedo, University of Porto, Porto 

14:55-15:10 
War and Peace: Polymicrobial interactions during cystic fibrosis airway infection 
Dominique Limoli, University of Iowa, Iowa City 

15:10-15:25 
Proteogenomic determinants of biofilm-associated antimicrobial resistance in 
Pseudomonas aeruginosa 
Jeremy Webb, University of Southampton, Southampton 

15:25-15:40 
Memory and cooperativity during reversible and irreversible attachment in young 
biofilms 
Calvin Lee, University of California, Los Angeles 

15:40-15:55 Meet the speakers 

Session 4 Student Presentations 

Chair: Zhao Cai 

15:55-17:05 

Application of transposon inserted mutant sequencing analysis in identifying genetic 
determinants of bacterial biofilms 
Jing Wang, Southern University of Science and Technology, Shenzhen 
Low concentrate of antibiotics enhance biofilm formation in Staphylococcus aureus  
Ziqi Liu, South China University of Technology, Guangzhou 
Molecular epidemiology analysis of Pseudomonas aeruginosa infections carrying 
qnrVC genes from Guangzhou, China 
Jinqiong Lin, First Affiliated Hospital of Guangzhou Medical Univ., Guangzhou 
Antibacterial self-assembled nanodrugs composed of berberine derivatives and 
rhamnolipids against Helicobacter pylori biofilms 
Xiaonan Chen, Sun Yat-Sen University, Guangzhou 
Mucus penetration enhanced lipid polymer nanoparticles improve the eradication 
rate of Helicobacter pylori biofilm 
Pengyu Li, Sun Yat-Sen University, Guangzhou 
Polymicrobial interaction between Lactobacillus and Saccharomyces cerevisiae 
Xin Lin, South China University of Technology, Guangzhou 
C. albicans augments S. aureus quorum sensing during polymicrobial infections 
Olivia Todd, University of Tennessee Health Science Center, Memphis 

17:05-18:00 Networking 



3rd International Conference on Biofilms 
Asia-Pacific Biofilms 2021 

May 11-16, 2021                                                  Guangzhou, China 65 

May 14th Medical Microbiology 
Session 5 

Chair: Paul Stoodley 

9:00-9:25 
Synovial fluid induced Staphylococcus aureus aggregation and biofilm formation in 
periprosthetic joint infection (PJI) 
Paul Stoodley, The Ohio State University, Columbus 

9:25-9:50 
The role of in vivo biofilm migration in ventricular assist device (VAD) infections 
Anton Peleg, Monash University, Melbourne 

9:50-10:05 
To be determined 
Janette Harro, University of Maryland, Baltimore 

10:05-10:20 
The role of TNF in host immunity to Staphylococcus aureus 
Nathan Archer, Johns Hopkins University, Baltimore 

10:20-10:35 
Co-expression of ECE1 and ALS3 in C. albicans independent of hyphal formation is 
capable of damaging vaginal epithelial cells 
Zhenbo Xu, South China University of Technology, Guangzhou 

10:35-10:50 Meet the speakers 

Session 6 

Chair: Liang Yang 

10:50-11:15 
Biofilm degradation in wound infections 
Kendra Rumbaugh, Texas Tech University Health Sciences Center, Lubbock 

11:15-11:40 
Bacterial interspecies interactions and evolution in multispecies biofilms 
Mette Burmolle, University of Copenhagen, Copenhagen 

11:40-11:55 
Impact of clinical lipid formulations on Candida biofilm formation and incidence of 
candidiasis 
Brian Peters, University of Tennessee Health Science Center, Memphis 

11:55-12:10 

Nosocomial P. aeruginosa regulates alginate biosynthesis and T6SS during 
adaptive and convergent evolution for coinfection in critically ill COVID-19 
patients 
Liang Yang, Southern University of Science and Technology, Shenzhen 

12:10-12:25 
Cyclic di-GMP diverges to control antibiotic synthesis in Lysobacter  
Guoliang Qian, Nanjing Agricultural University, Nanjing 

12:25-14:00 Meet the speakers 12:25-12:40 / Networking 12:40-14:00   
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Session 7 

Chair: Yue Qu 

14:00-14:25 
To know and not just to believe regarding biofilms and the infectious 
microenvironment 
Thomas Bjarnsholt, University of Copenhagen, Copenhagen 

14:25-14:40 
A critical role of biomaterial surface chemistry and environmental cues on biofilm 
formation of Staphylococcus capitis 
Yue Qu, Monash University, Melbourne 

14:40-14:55 
Non-attached biofilm aggregates in chronic infections - and how to model them in 
vitro 
Kasper Kragh, University of Copenhagen, Copenhagen 

14:55-15:10 
Sticking it to bacterial resistance using honey-inspired antimicrobial materials 
Lewis Blackman, CSIRO, Canberra 

15:10-15:25 
Prevention of oral diseases by anti-biofilm dental materials 
Lei Cheng, Sichuan University, Chengdu 

15:25-15:40 
Pleural empyema-related pathogens and biofilms 
Ke Wang, The First Affiliated Hospital of Guangxi Medical University, Nanning 

15:40-15:55 Meet the speakers 

Session 8 

Chair: Qingbin Guo 

15:55-16:10 
Interactions between bacteria and their dead siblings 
Xiangjun Gong, South China University of Technology, Guangzhou 

16:10-16:25 
Mixed-species biofilm formation of L. monocytogenes in food processing plants and 
its inactivation by low-energy X-ray irradiation.  
Xinyi Pang, National University of Singapore, Singapore 

16:25-16:40 
Strategies for structural characterization of EPS from biofilm 
Qingbin Guo, Tianjin University of Science and Technology, Tianjin 

16:40-16:55 
Novel drug delivery system against biofilms infections 
Haiyan Hu, Sun Yat-Sen University, Guangzhou 

16:55-17:10 
Application of photodynamic inactivation for eradicating planktonic and sessile 
bacteria 
Jingjing Wang, Shanghai Ocean University, Shanghai 

17:10-18:00 Meet the speakers 17:10-17:25 / Networking 17:25-18:00 
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May 15th Basic and Foodborne Microbiology 
Session 9 

Chair: Chuanwu Xi 

9:00-9:25 
Environmental survelliene of SARS-CoV-2 to inform exposure risks  
Chuanwu Xi, University of Michigan, Ann Arbor 

9:25-9:50 
Biofilm Standard Methods: Enabling for innovation in the marketplace 
Darla Goeres, Montana State University, Bozeman 

9:50-10:05 
Bacterial sensing by histidine kinases: chemical and gas 
Wei Qian, Institute of Microbiology of the Chinese Academy of Sciences, Beijing 

10:05-10:20 
Study on the regulation of multi-factor interactions during the Vibrio 
parahaemolyticus biofilm formation 
Yong Zhao, Shanghai Ocean University, Shanghai 

10:20-10:35 
Naftifine derivatives inhibit biofilm formation of multidrug-resistant 
Staphylococcus aureus and potentiate antimicrobials 
Chunlei Shi, Shanghai Jiaotong University, Shanghai 

10:35-10:50 Meet the speakers 

Session 10 

Chair: Liang Yang 

10:50-11:15 
YdiV--- An ongoing story begins with the biofilm 
Lichuan Gu, Shandong University, Jinan 

11:15-11:40 
Opportunities and challenges of surface plasmon resonance (SPR) on biofilms 
Chii-Wann Lin, National Taiwan University, Taipei 

11:40-11:55 
The removal mechanism of Listeria monocytogenes biofilm by combined effect of 
acidic electrolyzed water and alkaline electrolyzed water 
Jianxiong Hao, Hebei University of Science and Technology, Shijiazhuang 

11:55-12:10 
Biofilm: What can we learn from Bacillus cereus 
Yu Ding, Jinan University, Guangzhou 

12:10-12:25 
Mechanism of natural clays against single biofilm formation of Staphylococcus 
aureus on stainless steel surface 
Nor Ainy Mahyudin, Universiti Putra Malaysia, Serdang 

12:25-14:00 Meet the speakers 12:25-12:40 / Networking 12:40-14:00   
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Session 11 

Chair: Lei Yuan 

14:00-14:25 
Biofilm formation and control in the dairy industry 
Steve Flint, Massey University, Palmerston North 

14:25-14:40 
Molecular mechanism of membrane disintegration and dysfunction in foodborne 
pathogens with ultrasonic treatment 
Mingming Guo, Zhejiang University, Hangzhou 

14:40-14:55 
Cronobacter biofilm formation and control strategies in the food industry  
Yingwang Ye, Hefei University of Technology, Hefei 

14:55-15:10 
Influence of quorum sensing on formation of viable but nonculturable (VBNC) cells 
of beer-spoilage lactic acid bacteria growing in biofilms  
Yang Deng, Qingdao Agricultural University, Qingdao 

15:10-15:25 
Discovery of anti-biofilm terpenoid compounds: (+)-nootkatone as an example 
Renyou Gan, Institute of Urban Agriculture, Chengdu 

15:25-15:40 
Inhibitory effect of Lactobacillus plantarum metabolites against biofilm formation 
by Bacillus licheniformis isolated from milk powder products 
Lei Yuan, Yangzhou University, Yangzhou 

15:40-15:55 
Research on the role of quorum sensing in biofilm of Leuconostoc citreum and its 
application in dairy fermentation 
Rihua Xu, Inner Mongolia University, Hohhot 

15:55-16:10 Meet the speakers 

Session 12 Student Presentation 

Chair: Yingdan Zhang 

16:10-17:15 

Monitoring the 3D morphology of growing biofilms 
Weixiong Zhang, South China University of Technology, Guangzhou 
Molecular epidemiology characteristics of 146 CRE infections in Guangzhou, China 
Chen Peng, First Affiliated Hospital of Guangzhou Medical University, Guangzhou  
Molecular epidemiology and antibiotics resistance analysis of non-typing H. 
influenzae after the introduction of the Hib vaccine in Guangzhou, China 
Shuxian Wen, First Affiliated Hospital of Guangzhou Medical Univ., Guangzhou 
SPR on biofilms: with biofilm associated genes screening in S. aureus as an example 
Yuting Luo, South China University of Technology, Guangzhou 
Delineating the Upc2A regulon in Candida glabrata 
Yu Li, St. Jude Children’s Research Hospital, Memphis 
Control and impact of glycogen utilization & synthesis in C. albicans mediated VVC 
Jian Miao, University of Tennessee Health Science Center, Memphis 
In vitro evaluation of biofilm formation by LAB into different stress conditions 
Fedrick Mgomi, Yangzhou University, Yangzhou 

17:15-18:00 Networking 
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May 16th Applied and Environmental Microbiology 
Session 13 

Chair: Junyan Liu 

9:00-9:25 
Biofilms in intermittent and continuous flow drinking water distribution systems 
Stefan Wuertz, Nanyang Technological University, Singapore 

9:25-9:50 
Biofilm-mineral interactions, insights from engineered biomineralization 
applications and the urinary tract 
Robin Gerlach, Montana State University, Bozeman 

9:50-10:05 
Synergistic metabolism and community structure in algal-bacterial counter-
diffusion biofilms for treating biogas slurry 
Rongchang Wang, Tongji University, Shanghai 

10:05-10:20 
Biofilms lifestyle of Comamonas in the environmental context 
Bin Cao, Nanyang Technological University, Singapore 

10:20-10:35 
Electroanalysis of Candida albicans biofilms: a suitable real-time tool for antifungal 
testing 
Enrico Marsili, Nazarbayev University, Astana 

10:35-10:50 Meet the speakers 

Session 14 

Chair: Birthe Kjellerup 

10:50-11:15 
The Biofilm way of thinking in bioremediation 
Birthe Kjellerup, University of Maryland, College Park 

11:15-11:40 
Industrial characterization system for biofilms on materials 
Hideyuki Kanematsu, National Institute of Technology, Tokyo 

11:40-11:55 
Motility selection contributes to collective antibiotic tolerance in bacterial swarms 
Yilin Wu, Chinese University of Hong Kong, Hong Kong 

11:55-12:10 
Conditional Privatization Stabilize Bacterial Cooperation 
Fan Jin, Shenzhen Institute of Advanced Technology, Shenzhen 

12:10-12:25 
A variant ECE1 allele contributes to reduced pathogenicity of Candida albicans 
during vulvovaginal candidiasis 
Junyan Liu, University of Maryland, College Park 

12:25-14:00 Meet the speakers 12:25-12:40 / Networking 12:40-14:00 
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Session 15 Antimicrobial and Anti-Biofilms 

Chair: Yulong Tan 

14:00-14:25 
Antimicrobial resistance and antibiotic therapy in biofilm-related infection 
Po-Ren Hsueh, National Taiwan University Hospital, Taipei 

14:25-14:40 
New antibiofilm strategy against fungal/bacterial polymicrobial biofilms 
Yulong Tan, Qingdao Agricultural University, Qingdao 

14:40-14:55 
Study on construction of bacterially anti-adhesive surface, its mechanism and 
application 
Jing Lin, Guangzhou University, Guangzhou 

14:55-15:10 
New uses for old drugs-Diclazuril inhibits biofilm formation of Staphylococcus 
aureus 
Jinxin Zheng, Shenzhen Nanshan Hospital, Shenzhen 

15:10-15:25 
pH and light-responsive polycaprolactone/curcumin@ZIF-8 composite films with 
enhanced antibacterial activity 
Jianyu Su, South China University of Technology, Guangzhou 

15:25-15:40 
QSIs from Some TCMs and Some Non-natural QSIs 
Aiqun Jia, Hainan University, Haikou 

15:40-15:55 Meet the speakers 

Session 16 Biofilm for application 

Chair: Gamini Seneviratne 

15:55-16:10 
Biofilm vs microbial inoculation in biofertilization 
Gamini Seneviratne, National Institute of Fundamental Studies, Sri Lanka 

16:10-16:25 
Agriculturally beneficial biofilms as inoculants for sustainable and integrated 
nutrient and disease management: from lab to land 
Radha Prasanna, ICAR-Indian Agricultural Research Institute, New Delhi 

16:25-16:40 
The application of biofilm biofertilizer to increase crop yield and soil fertility status 
Sudadi Sudadi, Universitas Sebelas Maret, Surakarta 

16:40-16:55 
Enhanced recovery of biophotosensitizer from microalgal biofilm by photosyn thetic 
electrons extraction towards photolytic removal of antibiotic in wastewater 
Jian Sun, Guangdong University of Technology, Guangzhou 

16:55-17:10 
Application of the kombucha biofilm for the development of functional beverages 
Viduranga Waisundara, Australian College of Business & Technology, Kandy 

17:10-17:25 
Fouling microorganisms in the reservoirs of the groundwater treatment system 
Litvinenko Zoia, Institute of the Water and Ecology Problems, Far Eastern Branch, 
Russian Academy of Sciences, Khabarovsk 

17:10-18:00 Closing ceremony / Award announcement 
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1.Speeches 
 

Experimental evolution as a tool to study biofilm biology 
Tom Coenye 

Ghent University, Ghent 

 

Abstract：An important factor contributing to failure of antimicrobial therapy is that in vivo bacteria form 

biofilms, i.e. aggregated and structured communities of cells belonging to one or more species, embedded in a 

self-produced polymeric matrix. Biofilm cells are phenotypically very different from planktonic cells and the 

microenvironment in these biofilm aggregates (e.g. reduced O2 levels due to aerobic respiration, increased pH 

due to accumulation of waste products, lower levels of nutrients, …) leads to an altered metabolism linked to 

reduced susceptibility. In addition, bacteria adapt to changing conditions during chronic (biofilm-related) 

infections and rapidly evolve new phenotypes.  

To predict what will happen when biofilms are exposed to conventional and/or experimental therapies, 

researchers have started to turn to experimental evolution. In these studies, bacteria are repeatedly exposed to 

an antibiotic and/or other compounds under controlled conditions, and their adaptation is closely monitored. 

This approach allows to study adaptation of microbial biofilms in real time, allows to predict the outcome of 

treatments and allows to predict the likeliness of resistance development.  

In my presentation I will discuss the potential of experimental evolution for biofilm biology, using recent results 

obtained in my research group at Ghent University with Burkholderia cenocepacia and Pseudomonas 

aeruginosa biofilms.  
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Medical devices and infection control – current challenges and 
opportunities 

Helmut Thissen 

Monash University, Melbourne 

 

Abstract：The infection risk associated with medical devices has become an exceptionally important research 

topic over the last few years due mainly to two reasons: Firstly, all medical devices have an associated infection 

rate over the lifetime of the device, with some remaining at an unacceptably high level. Secondly, with medical 

devices being the leading source of e.g. nosocomial infections, they also play an important part in the fight 

against antimicrobial resistance (AMR). Here we have developed highly effective coating platforms that reduce 

non-specific biointerfacial interactions while also allowing the display or release of antimicrobial agents in 

controlled densities and ratios. Specifically, we have employed crosslinked poly(ethylene glycol) and poly(2-

hydroxypropyl acrylamide) polymer coatings that can be deposited in a single step to achieve effective control 

over non-specific biointerfacial interactions, including protein fouling, pathogen colonisation and biofilm 

formation. Moreover, we have incorporated antimicrobial compounds in these coatings ranging from peptides 

to quorum sensing inhibitors. Finally we have also used nanotopography features to create bactericidal surfaces. 

Our surface analytical results combined with our detailed analysis of the biological response in vitro and in vivo 

provide evidence that the infection risk associated with medical devices can be reduced significantly. It is 

expected that our concept of robust, one-step coatings offering multiple layers of defence against infections will 

find applications in a broad range of medical devices. 
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Pseudomonas aeruginosa uses a versatile repertoire of 
exopolysaccharides and proteins to build biofilms 

Matthew Parsek 

University of Washington, Seattle 

 

Abstract: The P. aeruginosa biofilm matrix is a complex, multi-component mesh encasing cells in a variety of 

exopolysaccharides (EPS; Psl, Pel, and alginate) in addition to matrix proteins (CdrA and ecotin), and 

extracellular DNA (eDNA). Psl is a neutral, mannose-rich, branched polysaccharide important for the initial 

attachment of cells to a surface. In a mature biofilms, Psl localizes primarily to the periphery of aggregates 

where it interacts with matrix adhesin protein CdrA. CdrA is present in the matrix as both call-associated and 

released versions, with both forms playing roles in the stabilization and integrity of the biofilm through its 

interactions with Psl and Pel. Pel is a positively charged polysaccharide comprised of N-acetylglucosamine and 

N-acetylgalactosamine which localizes to the biofilm stalk and surface interface between biofilm and surface, 

where it also interacts with eDNA. While biofilm communities of P. aeruginosa are linked with a number of 

chronic human infections, mucoid P. aeruginosa infections exclusively arise as a result of colonizing the unique 

niche of the CF lung. We found that mucoid P. aeruginosa can form biofilms without the use of Psl and CdrA, 

if grown in a high calcium environment. This represents a novel finding, as previous reports have indicated that 

the majority of non-mucoid and mucoid P. aeruginosa strains rely upon Psl for attachment to surfaces, and 

CdrA for structural robustness. It has previously been reported that P. aeruginosa EPS rely on shared sugar 

precursors, with the enzyme AlgC serving as a critical check point for the synthesis of alginate, Psl, and LPS. 

While CdrA has been shown to interact with Psl, Pel, and itself within the biofilm matrix, our study demonstrates 

that CdrA does not interact with alginate, nor is CdrA required for the formation of a crosslinked calcium-

alginate biofilm. Instead, the calcium-gelled alginate matrix appears to rely solely on calcium-alginate 

crosslinking for support, though it may still be possible that different structural matrix proteins contribute to the 

maintenance of the mucoid biofilm. Indeed, due to the disperse arrangement of cells within the alginate hydrogel 

matrix, we believe that unidentified matrix-associated proteins are very likely interacting with and being 

retained by the alginate polymer strands. 
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Mechanical circulatory support–a major advance but with the price of 
serious infection risk 

Professor David McGiffin, 

Department of cardiothoracic surgery and transplantation 

The Alfred Hospital, Melbourne, Australia 

 

Abstract: The development of mechanical circulatory support was a huge advance in the management of 

patients with end-stage heart disease. Third-generation continuous flow pumps (Heartware and Heartmate 3 

ventricular assist devices) provide support for patients as a bridge to cardiac transplantation, for destination 

therapy (for patients who are ineligible for cardiac transplantation), a bridge to decision (where eligibility for 

cardiac transplantation is uncertain) and rarely, as a bridge to myocardial recovery. However, ventricular assist 

devices are at risk for infection which can substantially contribute to morbidity and even mortality. The 

classification of infections in patients with ventricular assist devices ( VAD) is 

• VAD-specific infection – driveline infection, pump pocket infection, pump or cannula infection 

• VAD-related infection – endocarditis, mediastinitis, bloodstream infection 

• Non-VAD infection – (unrelated to the presence of a VAD) such as urinary tract infection, respiratory 

tract infection 

 

The VAD driveline is the major site of VAD-specific infection. 10 to 20% of driveline is develop an infection. 

Bacteria are the dominant cause of both early and late infection and the most common pathogen is Gram-positive 

bacteria, Staphylococcus aureus and epidermidis (accounting for 50% of VAD infections) and Gram-negative 

bacteria such as Pseudomonas and Klebsiella. Fungal infection is uncommon. The microbial basis of infection 

is biofilm formation because of microbial adherence to the external driveline surface with migration along the 

driveline in its tissue tunnel. 

Prevention of driveline infection is important with strategies that reduce infection such as peri-implant 

antimicrobial prophylaxis, specific surgical techniques, anchoring of the driveline to prevent traction injury to 

the tissue tunnel and thorough driveline exit site care by the patient. 

Systemic manifestations such as fever, elevated white cell count and systemic inflammation occur in only half 

the patients with VAD infection. Imaging such as ultrasound of the driveline tunnel, PET imaging and white 

cell SPECT-CT may be required to confirm the diagnosis. 
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Driveline and pump infections can be hard to eradicate and may require surgical procedures such as debridement 

of infected tissue around the driveline, repositioning of the driveline and antibiotic impregnated beads. 

Explantation of the VAD and cardiac transplantation may be the only way of eradicating the infection. 

Elimination of VAD drivelines and replacement with transcutaneous energy transfer systems will be a major 

step forward in preventing VAD infection.   
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Intracellular glycosyl hydrolase shapes bacterial cell fate, 
signaling, and the biofilm development of Pseudomonas aeruginosa 

Jingchao Zhanga, Huijun Wub,c, Di Wangb, Chenxi Zhanga, Kun Zhaoa#, Luyan Z. Mab,c# 

 
aFrontier Science Center for Synthetic Biology and Key Laboratory of Systems Bioengineering (Ministry of 
Education), School of Chemical Engineering and Technology, Tianjin University, Tianjin, China  
bState Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, 
Beijing, China  
cUniversity of Chinese Academy of Sciences, Beijing, China 
 
Abstract: Biofilm formation is one of most important factors that leading to persistent infections. Exopolysaccharide 

Psl (ePsl) synthesized from psl operon, is a critical biofilm matrix polysaccharide in Pseudomonas aeruginosa, an 

opportunistic pathogen that can cause life-threatening chronic infections in cystic fibrosis patients and 

immunocompromised individuals. PslG, a glycosyl hydrolase encoded by pslG (a gene within psl operon), can 

degrade ePsl to disrupt P. aeruginosa biofilms when supplied exogenously or released to extracellular. However, it 

remains elusive about the functions of intracellular PslG and why a polysaccharide synthesis genes cluster requires 

a glycosyl hydrolase. Here, we systematically studied the pslG knock-out mutants (∆pslG) at both a single cell and 

community level. Even though ∆pslG reduces ePsl production, swimming motility, and bacterial attachment on 

surface, unexpectedly, loss of pslG does not significantly affect the total biofilm biomass or the formation of ePsl 

fiber and trails, which has been shown to guide bacterial exploration and microcolony formation. Strikingly, ∆pslG 

shapes the localization of ePsl on bacterial periphery, resulting in long chains of bacterial cells. Moreover, lacking of 

PslG alters the signaling function and structure of ePsl and changes the relative level of cyclic-di-GMP molecule 

within mother cell and daughter cell during cell division. Consequently, ∆pslG shows faster microcolony formation 

in a flow-cell and more uneven bacterial distribution in an air-liquid interface biofilm than that of PAO1. Our results 

revealed the important role of an intracellular glycosyl hydrolase on cell fate and the biofilm development of P. 

aeruginosa.  
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Identification of small molecules that interfere with c-di-GMP signaling 
and induce dispersal of Pseudomonas aeruginosa biofilms 

Jens Bo Andersen1, Louise Dahl Hultqvist1, Charlotte Uldahl Jansen2, Tim Holm Jakobsen1, Martin Nilsson1,  

Morten Rybtke1, Jesper Uhd2, Blaine Gabriel Fritz1, Roland Seifert3, Jens Berthelsen1, Thomas Eiland 

Nielsen1,4, Katrine Qvortrup2, Michael Givskov1,4, Tim Tolker-Nielsen1*  

 
1Costerton Biofilm Center. Department of Immunology and Microbiology, Faculty of Health and Medical 

Sciences, University of Copenhagen, DK-2200 Copenhagen, Denmark. 
2Department of Chemistry, Technical University of Denmark, DK-2800 Lyngby, Denmark. 
3Institute of Pharmacology and Research Core Unit Metabolomics, Hannover Medical School Carl-Neuberg-

Straße 1, D-30625 Hannover, Germany. 
4Singapore Centre for Environmental Life Sciences Engineering, Nanyang Technological University, Singapore.  

 

Abstract: Microbial biofilms are involved in a number of infections that cannot be resolved, as microbes in 

biofilms resist host immune defenses and current antibiotic therapies. With no strict biofilm-antibiotic in the 

current pipelines, there is an unmet need for drug candidates that enable the current antibiotics to efficiently 

deal with biofilm bacteria. We employed a high throughput screening approach to identify chemical compounds 

that reduce the intracellular c-di-GMP content in Pseudomonas aeruginosa. This led to the identification of a 

small molecule that efficiently depletes P. aeruginosa for c-di-GMP, inhibits biofilm formation and disperses 

established biofilm. A combination of the anti-biofilm compound with standard of care antibiotics resulted in 

improved eradication of biofilms in vitro, as well as in a murine biofilm infection model. Genetic analyses 

provided evidence that the anti-biofilm compound specifically stimulates the activity of the c-di-GMP 

phosphodiesterase BifA in P. aeruginosa. Our work constitutes a proof of concept for c-di-GMP 

phosphodiesterase-activating drugs administered in combination with antibiotics as a viable treatment strategy 

for otherwise recalcitrant infections.   
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Application of nucleic acid-based methods to study and modulate 
multispecies biofilms 

Nuno Filipe Azevedo, Assistant Professor 

Laboratory of Process Engineering, Environment, Biotechnology and Energy (LEPABE), Department of 

Chemical Engineering, Faculty of Engineering, University of Porto, Portugal 

 

Abstract: It is now widely-accepted that most naturally-occurring biofilms are constituted by more than one 

species of microorganisms. These multispecies biofilms might exhibit a different behavior from the single-

species biofilms that are studied in the lab, and hence affect the conclusions being drawn from a study. For 

instance, it is well-known that clinical multispecies biofilms may exhibit increased tolerance to antimicrobial 

agents. One of the most important parameters to evaluate in multispecies biofilms is the prevalence of the 

different species. Traditionally, this is accomplished by standard plate counts on nutrient-rich or selective agars. 

However, in a recent study, it has been shown that 3 different methods (plate counting, q-PCR and FISH) provide 

very different values for the prevalence of each biofilm population, even when these methods have been 

previously optimized and provide similar results on planktonic populations [1]. Another important aspect is the 

modulation of the population structure of a biofilm. Employing nucleic acid mimics (NAMs) coupled with 

delivery vectors, we are working on strategies to achieve selective depletion of an undesirable species in a 

multispecies biofilms [2]. This talk will address these two works and also briefly discuss an initiative (MIABiE) 

that aims to promote the reproducibility between biofilm experiments [3]. 

 

References: 

[1] Lopes, S. et al.: Scientific Reports. 2018; [2] Santos, R. et al.: Adv. Drug Del. Rev. 2018; [3] Allkja J. et al.: 

Biofilm. 2020. 
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War and Peace: Polymicrobial interactions during cystic fibrosis 
airway infection 

Dominique Limoli 

University of Iowa, Iowa City 

 

Abstract: Microbes often live in communities composed of multiple species; where interactions among 

community members impact both the individual constituents and the surrounding environment. Identifying 

strategies to harness these interactions will open avenues for new antimicrobial strategies. Here we developed 

a system to visualize interspecies behaviors at initial encounters, on a single cell level. By live imaging two 

prevalent pathogens known to be coisolated from chronic illnesses, Pseudomonas aeruginosa and 

Staphylococcus aureus, we observed P. aeruginosa can sense S. aureus secreted factors from a distance and 

move towards S. aureus colonies by type IV pili (TFP) mediated motility. The ability of P. aeruginosa to sense 

other bacterial species requires the coordination of multiple P. aeruginosa regulatory systems, including the Pil-

Chp chemosensory system and second messenger signaling by both cAMP and c-di-GMP. These studies lend 

insight into how P. aeruginosa senses and responds to other bacterial species and how P. aeruginosa controls 

the direction of TFP motility on surfaces. 
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Proteogenomic determinants of biofilm-associated antimicrobial 
resistance in Pseudomonas aeruginosa 

Jeremy Webb 

University of Southampton, Southampton 

 

Abstract: Here, we validate a model system to identify genes involved in biofilm growth and biofilm-associated 

antibiotic resistance. We firstly use a genomics-driven workflow to fully assemble and complete the 

Pseudomonas aeruginosa strain MPAO1 genome (the parental strain of the widely utilized P. aeruginosa 

transposon mutant collection). Unique and conserved MPAO1 genes were identified by comparative genomics 

with the PAO1 reference strain and genes missed within existing assemblies by proteogenomics. Among over 

200 unique MPAO1 genes, we identified six general essential genes that were overlooked when mapping public 

Tn-seq data sets against PAO1. Genomic data were integrated with phenotypic data from an experimental 

workflow using a user-friendly, soft lithography-based microfluidic flow chamber for biofilm growth and a 

screen with the Tn-mutant library in microtiter plates. The screen identified hitherto unknown genes involved 

in biofilm growth and antibiotic resistance and provides new mechanistic insights into biofilm-associated 

antimicrobial resistance.  

1Research Group Molecular Diagnostics Genomics & Bioinformatics, Agroscope and SIB Swiss Institute of 

Bioinformatics, Wädenswil, Switzerland. 2School of Biological Sciences and Institute for Life Sciences, 

University of Southampton, Southampton SO17 1BJ, UK. 3National Biofilms Innovation Centre, University of 

Southampton, Southampton SO17 1BJ, UK. 4School of Pharmacy, Faculty of Health and Life Sciences, De 

Montfort University, Leicester LE1 9BH, UK. 5Laboratory for Biointerfaces, Empa, Swiss Federal Laboratories 

for Materials Science and Technology, St. Gallen, Switzerland. 6Department of BioMedical Engineering, 

University of Groningen and University Medical Center Groningen, Groningen, Netherlands. 7Division of 

Biodeterioration and Reference Organisms, Federal Institute for Materials Research and Testing (BAM), Berlin, 

Germany. 8Faculty of Medicine, University of Southampton, Southampton SO17 1BJ, UK. 9Centre for Hybrid 

Biodevices, University of Southampton, Southampton SO17 1BJ, UK. 10Centre for Proteomics Research, 

University of Southampton, Southampton SO17 1BJ, UK. 11These authors contributed equally: Adithi R. 

Varadarajan, Raymond N. Allan, Jules D. P. Valentin.  
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Memory and cooperativity during reversible and irreversible 
attachment in young biofilms 

Calvin Lee  

University of California, Los Angeles 

 

Abstract: What are bacteria doing during “reversible attachment,” the period of transient surface attachment 

when they initially engage a surface, besides attaching themselves to the surface? Can an attaching cell help 

any other cell attach? If so, does it help all cells or employ a more selective strategy to help either nearby cells 

(spatial neighbors) or its progeny (temporal neighbors)? Using community tracking methods at the single-cell 

resolution, we suggest answers to these questions based on how reversible attachment progresses during surface 

sensing for Pseudomonas aeruginosa strains PAO1 and PA14. Although PAO1 and PA14 exhibit similar trends 

of surface cell population increase, they show unanticipated differences when cells are considered at the lineage 

level and interpreted using the quantitative framework of an exactly solvable stochastic model. Reversible 

attachment comprises two regimes of behavior, processive and nonprocessive, corresponding to whether cells 

of the lineage stay on the surface long enough to divide, or not, before detaching. Stark differences between 

PAO1 and PA14 in the processive regime of reversible attachment suggest the existence of two surface 

colonization strategies. PAO1 lineages commit quickly to a surface compared to PA14 lineages, with early c-

di-GMP-mediated exopolysaccharide (EPS) production that can facilitate the attachment of neighbors. PA14 

lineages modulate their motility via cyclic AMP (cAMP) and retain memory of the surface so that their progeny 

are primed for improved subsequent surface attachment. Based on the findings of previous studies, we propose 

that the differences between PAO1 and PA14 are potentially rooted in downstream differences between Wsp-

based and Pil-Chp-based surface-sensing systems, respectively. 
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Synovial fluid induced Staphylococcus aureus aggregation and biofilm 
formation in periprosthetic joint infection (PJI) 

Paul Stoodley  

The Ohio State University, Columbus 

 

Abstract: Bacterial biofilm formation is an important virulence factor in chronic periprosthetic joint infection 

(PJI) and other foreign body involved surgical site infections. Biofilm formation protects bacteria from 

antibiotics and host immunity. Most in vitro and in vivo experiments studying PJI initiate biofilm formation on 

implant material and other surfaces by inoculating with homogeneously mixed planktonic cultures. However, it 

seems unlikely that such high concentration of bacteria would enter the surgical site during the primary surgery, 

and thus the question arises how can cells survive IV antibiotics, antimicrobial irrigants and host-defenses before 

they develop into mature biofilms? A number of recent studies have shown that S. aureus forms aggregates in 

synovial fluid and these aggregates confer protection against antibiotics - leading to the hypothesis that synovial 

fluid induced aggregation (SFIA) may provide initial protection prior to attachment and the subsequent 

development of biofilms. Using time lapse imaging and flow cytometry we characterize the kinetics, the degree 

and the role of host components of SFIA  in S. aureus strains and other PJI Enterobacteriaceae. We find that 

SFIA occurs within seconds and is a common among species and strains, but to highly variable degrees. These 

findings and the consequences for PJI will be discussed. 
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The role of TNF in host immunity to Staphylococcus aureus 
Nathan Archer  

Johns Hopkins University, Baltimore 

 

Abstract: Staphylococcus aureus is the leading cause of skin and soft tissue infections and has become a major 

health burden due to the emergence of antibiotic-resistant strains. To develop alternative therapies to antibiotics, 

we sought to understand the protective immune mechanisms against S. aureus skin infections mediated by tumor 

necrosis factor (TNF). TNF is a proinflammatory cytokine that is rapidly induced upon S. aureus exposure and 

whose inhibition is associated with increased risk of S. aureus infections in humans. However, the contribution 

of TNF or the cognate receptors, TNFR1 and TNFR2, to host defense against S. aureus skin infections is unclear. 

Therefore, to determine the host defense role of TNF, we used an in vivo mouse model of S. aureus skin infection 

whereby TNF, TNFR1, or TNFR2 deficient mice and wildtype (wt) mice were intradermally injected with 

bioluminescent S. aureus and monitored for 14 days. TNF, TNFR1, and TNFR2 deficient mice exhibited 

increased lesion sizes and bacterial burden compared to wt mice. Interestingly, TNFR1 deficient mice had a 

significant defect in neutrophil recruitment and abscess formation but not NETosis, whereas the TNFR2 

deficient mice had normal neutrophil recruitment and abscess formation but a marked defect in NETosis. 

Furthermore, we discovered that the promotion of TNF expression via pan-caspase inhibition induced 

significant reductions in bacterial burden and lesion sizes compared to control mice. Taken together, these 

findings indicated that TNF signaling via TNFR1 and TNFR2 directs differential neutrophil responses for 

protection against S. aureus skin infections, which has implications in the development of novel immune-based 

therapies as alternatives to antibiotic treatment against S. aureus and potentially other bacterial infections. 
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Biofilm degradation in wound infections 
Kendra Rumbaugh 

Texas Tech University Health Sciences Center, Lubbock 

 

Abstract：Wound infections are a major source of morbidity and mortality worldwide and exert a tremendous 

economic burden. These infections are typically comprised of complex, polymicrobial, biofilm-associated 

communities, which are exceedingly tolerant to antibiotic treatment and often result in amputation. Here I will 

discuss how the biofilm lifestyle of bacteria in wounds poses challenges to treatment and whether biofilm-

degrading enzymes can be used to improve existing therapies. 
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Interspecies bacterial interactions impact selection for and gene 
expression in biofilm-optimised variants 

Mette Burmolle 

University of Copenhagen, Copenhagen 

 

Abstract: Most bacteria in natural environments live in multispecies biofilms, featuring high diversity and 

chemical heterogeneity. The high cell-to-cell proximity found in these biofilms results in biotic interactions and 

niche-partitioning, facilitating co-existence of species that may otherwise out-compete each other. Additionally, 

due to fast generation rates of microbes and ceaseless biotic interactions, biofilms accelerate adaptation through 

the emergence of more fit genetic variants, most probably in response to niche-partitioning and local constraints.  

 

Here I will present our ongoing work related to the characterization of a biofilm-optimised (wrinkled) variants 

of X. retroflexus. This variant emerged in biofilm co-cultures with P. amylolyticus and reinforced the original 

interspecific mutualistic interaction, due to altered c-di-GMP regulation and spatial organisation. When 

introduced to a four-species community, the variant dominated the more favourable biofilm top layers compared 

to the ancestral strain, indicating improved competitiveness. Interestingly, reduced abundance of the biofilm-

optimised variant was detected in a three-species biofilm compared to a four-species one, which suggests that 

interspecies interactions impact selection for such variants.  

 

To better understand dynamics between variants, ancestral strains and other community members, we also 

examined the impact on gene expression profiles (by mRNA sequencing) of either co-cultivation of the ancestor 

or the wrinkled variant X. retroflexus with P. amylolyticus or its supernatant. Unexpectedly, we found that the 

most marked difference in gene expression was observed when comparing mono-cultures of the ancestor and 

the wrinkled X. retroflexus, as approximately 500 genes were differentially expressed in these biofilms. Of 

these, 30 genes were predicted to encode biofilm-associated functions. When exposed to either live P. 

amylolyticus or its supernatant, expression profiles of the ancestor and the wrinkled variant were more similar, 

with the living partner P. amylolyticus being the key factor of this stabilization. Specifically, the stabilisation 

was caused by opposite regulation of specific genes in the wrinkled variant compared to the WT in mono- vs. 

co-culture conditions. 
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Nosocomial P. aeruginosa regulates alginate biosynthesis and T6SS 
during adaptive and convergent evolution for coinfection in critically 

ill COVID-19 patients 
Liang Yang 

Southern University of Science and Technology, Shenzhen 

 

Abstract: COVID-19 pandemic has caused millions of death globally and caused huge impact on the health of 

infected patients. Recent studies have indicated that bacterial coinfection is an unignorable factor contributing 

to the aggravation of COVID-19 and posing great challenge to clinical treatments. However, there is still a lack 

of in-depth investigation on the coinfecting bacteria in COVID-19 patients for better treatment of bacterial 

coinfection. We sequenced and compared the genomes and transcriptomes of P. aeruginosa isolates 

longitudinally and parallelly for its evolutionary traits. P. aeruginosa overexpressed alginate and attenuated 

Type VI secretion system (T6SS) during coinfection for excessive biofilm formation and suppressed virulence. 

Results of bacterial competition assay and macrophage cytotoxicity test indicated that P. aeruginosa reduced its 

virulence towards both prokaryotic competitors and eukaryotic host through inhibiting its T6SS during 

evolution. P. aeuginosa T6SS is thus one of the reasons for its advantage to cause coinfection in COVID-19 

patients while the attenuation of T6SS could cause a shift in the microecological composition in the lung. Our 

study will contribute to the development of therapeutic measures and the discovery of novel drug target to 

eliminate P. aeruginosa coinfection in COVID-19 patient.



3rd International Conference on Biofilms 
Asia-Pacific Biofilms 2021 

May 11-16, 2021                                                  Guangzhou, China 87 

Cyclic di-GMP diverges to control antibiotic synthesis in Lysobacter 
Guoliang Qian  

Nanjing Agricultural University, Nanjing 
 
 
Abstract: Lysobacter enzymogenes is an environmental bacterium that secrets a heat-stable antifungal factor, 

HSAF, an antibiotic against crop fungal pathogens. Elevated levels of c-di-GMP inhibit HSAF synthesis. The 

transcription factor cAMP receptor-like protein Clp binds to two sites upstream of the promoter of the HSAF 

biosynthesis operon and activates gene expression. At elevated c-di-GMP levels, c-di-GMP binding to Clp 

compromises binding to DNA, particularly at the low-affinity binding site, which results in lower expression of 

the HSAF biosynthesis operon. Two c-di-GMP phosphodiesterases contribute the most to c-di-GMP-dependent 

regulation of HSAF production. One of them, the GGDEF-EAL protein, LchP, forms a protein complex with 

Clp. Such specificity of targeted action allows LchP that has relatively weak phosphodiesterase activity, to play 

an oversized role in Clp-dependent HSAF biosynthesis. The HD-GYP phosphodiesterase RpfG is another major 

phosphodiesterase, whose activity is increased at higher cell density via a quorum-sensing mechanism. Further, 

a common regulator of type IV pilus synthesis, PilR, modulates HSAF biosynthesis via an LchD-Clp complex, 

in which LchD acts as a c-di-GMP synthase and its gene transcript is inhibited by PilR phosphorylation. These 

findings represent novel insights into c-di-GMP-dependent antibiotic biosynthesis regulation in an 

agriculturally important bacterium. 
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To know and not just to believe regarding biofilms and the 
infectious microenvironment 

Thomas Bjarnsholt Professor 
 
Professor at the Costerton biofilm Centre, (SUND-UCPH), the head of Molecular Diagnostic Laboratory at 
Copenhagen University Hospital, Department of Clinical Microbiology (RH-KMA) and the founder of the 
“Biofilm Test Facility”. His research output includes 215 scientific publications (published or In Press) from 
2005 to present in peer reviewed international journals and books. Bjarnsholt is interested as to how bacteria 
initiate biofilms in the human body and why the immune defense seems to fail both in the initial infection and 
later in the chronic infection. 
 
 
Abstract: Biofilms are increasingly associated with many chronic infections across the health field. The main 

problem with chronic infections is that biofilms are difficult to treat as bacteria in biofilms are tolerant to 

antimicrobials and the immune system. 

 

In this presentation, I will highlight the challenge that biofilms pose in chronic, both in relation to treatment but 

also to the immune system. Furthermore, I will discuss the problems and pitfalls regarding diagnosis of these 

infections. However, what is a biofilm, do we all know what we talk about in vitro vs in vivo? Also, what is the 

infectious microenvironment of infections, and why do you need to know about this? 
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A critical role of biomaterial surface chemistry and environmental 
cues on biofilm formation of Staphylococcus capitis 

Yue Qu 
 
1. Department of Microbiology, Monash University, Clayton, VIC 3168, Australia 
2. Department of Infectious Diseases, Monash University and The Alfred Hospital, Melbourne, 3004, Australia 
 
 
Abstract: Staphylococcus capitis has recently emerged as an important opportunistic pathogen implicated in 

hospital acquired infections associated with the usage of indwelling medical devices. A distinguishing 

pathogenesis attribute is its ability to form biofilms on medical implants. Prevention of biofilm formation on 

medical implants has become a great interest of many material engineers and microbiologists. This can only be 

achieved through a good understanding of the developmental pathway of microbial biofilms on biomaterial 

surfaces. How S. capitis forms biofilms on biomedical plastics and its regulation remains poorly understood. 

 

We assessed different environmental conditions that might affect biofilm formation of S. capitis. High salinity 

was found to be essential for S. capitis to form biofilms in vitro. Transcriptional analysis and real time PCR 

suggested that high salinity stimulated the expression of icaADBC, genes encoding biofilm matrix 

polysaccharide intracellular adhesion (PIA) by 10-100 times. We also examined the impact of surface 

characteristics of biomaterials, by comparing biofilm formation on different commercially available surfaces. 

Regression analysis revealed that high percentage surface oxygen was required by S. capitis to form biofilm. 

Biomaterial surfaces with complimented oxygen element further confirmed our findings. Mechanistic studies 

showed oxygen function facilitated the “anchoring” of biofilm extracellular polymeric substances to the 

biomaterial surface and subsequent assembly of macrocolonies. This study offers a potential to control S. capitis 

biofilm infections by engineering biofilm-unfavourable biomaterial surface properties and environmental 

conditions.  
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Non-attached biofilm aggregates in chronic infections – and how 
to model them in vitro 

Kasper Kragh 
University of Copenhagen, Copenhagen 
 
 
Abstract: It has become evident that the primary phenotype of biofilms in most chronic infections is not 

attached to any surface. Instead of the several hundred µm thick biofilms often found in many predominate in 

vitro biofilm model systems, biofilms found in infection, such as chronic wounds or cystic fibrosis-related 

pneumonia, are small non-attached aggregates. These aggregates are often seen as “floating” in a sea of 

inflammatory cells and mucus. The microenvironment and structure of these biofilm aggregates may differ 

significantly from the one found in a microtiter biofilm. This reality challenges us to incorporate the small non-

attached biofilm aggregates phenotype into our in vitro biofilm models to further bridge the gap between our in 

vivo observation and our in vitro biofilm systems. 
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Sticking it to bacterial resistance using honey-inspired antimicrobial 
materials 

Lewis D. Blackman,a Tiffany Zhang,a,b Zay Y. Oo,a,c Yue Qu,d Pathiraja A. Gunatillake,a Peter Cass,a and 
Katherine E. S. Lococka 
 
aCSIRO Manufacturing, Bayview Avenue, Clayton, Australia 
bChimie ParisTech, Rue Pierre et Marie Curie, Paris, France 
bSwinburne University of Technology, John St, Hawthorn, Australia 
cDepartment of Infectious Diseases, The Alfred Hospital and Monash University, Clayton, Australia 

 
 

Abstract: The rise of antimicrobial resistance is at the forefront of global healthcare challenges, with 

antimicrobial infections on track to overtake cancer as a leading cause of death by 2050. Moving away from 

small molecule antibiotics, research attention has turned towards non-conventional approaches to fight drug-

resistant bacteria, such as the use of antimicrobial polymers, carbon nanomaterials and metal nanoparticles. One 

relatively underexplored avenue is the use of antimicrobial enzymes, which when used in combination with the 

protective nature of inert polymer materials, represents a highly novel approach towards tackling microbial 

infections. Inspired by the antimicrobial properties of honey, herein we have developed a range of biohybrid 

enzyme-loaded materials and demonstrate their ability to “switch on” their antimicrobial activity in response to 

glucose, a ubiquitous environmental stimulus. Using polymerization-induced self-assembly, antimicrobial 

nanoreactors were prepared, which facilitated up to a seven-log reduction in bacterial viability at high glucose 

concentrations against a range of Gram-negative and Gram-positive bacterial pathogens, including drug 

resistant isolates and biofilms. Enzyme-loaded hydrogel materials were also prepared, which combined 

antimicrobial and low-fouling properties. It is envisaged that such biohybrid materials will become an important 

new class of antimicrobial biomaterials for overcoming antimicrobial resistance.  
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Prevention of oral diseases by anti-biofilm dental materials 
Lei Cheng 
State Key Laboratory of Oral Diseases, West China School of Stomatology, Sichuan University 
 

Abstract: Oral bacteria are one of the main key factors of oral diseases, like dental caries, periodontitis, Peri-

implantitis. Therefore, it is necessary to develop novel anti-biofilm dental materials to prevent the biofilm-

related oral diseases. Different dental materials were synthesized according to the specific features of different 

oral diseases. Herein, we reported tertiary amine (TA)–modified resin adhesives (TA@RAs) with pH-responsive 

antibacterial effect to reduce the occurrence of secondary caries. Besides, we also developed novel two-staged 

time-dependent materials for the prevention of implant-related infections. So more smart bioactive dental 

materials are widely needed to combat biofilm-related oral diseases.  
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Pleural empyema-related pathogens and biofilms 
Ke Wang 

The First Affiliated Hospital of Guangxi Medical University, Nanning 
 
 
Abstract: Pleural empyema is defined as frank pus in the pleural space, requiring immediate drainage. It is a 

serious illness and associated with high morbidity and mortality. The key factor leading to the lack of treatment 

progress may be that the pathogenesis that we do not fully understand, such as the causative microbiota, and 

the role of biofilm formation. 

 

Firstly, we used next-generation sequencing based metagenomic method to detect microbiome in 45 patients 

with empyema. We found that Staphylococcus aureus is the most abundant species, and all empyema samples 

were mixed infection. Secondly, we used S. aureus and P. aeruginosa to construct two different rabbit pleural 

empyema models. We found that both S. aureus and P. aeruginosa can form biofilms on the surfaces of 

indwelling catheter, and in the fibrinous depositions of purulent exudate. Thirdly, we used PAO1, PAO1△wspF, 

and PAO1/plac-yhjH to investigate the effect of C-di-GMP on the biofilm formation in this pleural empyema 

model, and we found that C-di-GMP played an important role in biofilm formation in empyema. 
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Interactions between bacteria and their dead siblings 
Xiangjun Gong 

Faculty of Materials Science and Engineering, South China University of Technology, Guangzhou 

 
Abstract: Biocides can effffectively kill bacteria; however, whether the dead bacterial cells left on the surface 

inflfluence the later growth of biofifilm is unknown. Utilizing a digital holographic microscopy (DHM) and a 

microrheometer based on magnetic force modulated atomic force microscopy (MF-AFM), the interactions 

between Pseudomonas aeruginosa (PAO1) and their dead siblings were examined. Firstly, we have cultured 

Pseudomonas aeruginosa (PAO1) biofifilm on their dead siblings and have investigated their evolution by using 

MF-AFM. The biofifilm growing on dead bacteria layers is softer in comparison with those upon alive siblings. 

The smaller population instead of the variation of extracellular polymeric substances (EPS) within the biofifilm 

upon the dead siblings is responsible for the softer biofifilm. On the other hand, the 3D motion behaviors and 

the underlying adaptation mechanism of planktonic PAO1 in response to the deposited dead siblings nearby 

were explored. The results showed planktonic cells near the surface covered with dead siblings have a lower 

density and a reduced 3D velocity compared with those upon viable ones. As a sign of chemosensory responses, 

bacteria swimming near the dead siblings exhibit increase in frequency of the ‘flick’ motion. RNA–seq reveals 

an upregulated expression of dgcM and dgcE inhibited the movement of PAO1, accompanied by increased 

transcriptional levels of the virulence factor related genes. Moreover, the decrease in L-glutamate and the 

increase in succinic acid in the metabolites of the dead bacteria layer promote the dispersion of planktonic 

bacteria. As a result, the dead siblings on a surface can inhibit the bacterial accumulation and colonization, by 

activating the adaptive defensive responses of PAO1 in the vicinity.
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Mixed-species biofilm formation of L. monocytogenes in food processing 

plants and its inactivation by low-energy X-ray irradiation 

Xinyi Pang 

National University of Singapore, Singapore 
 
 
Abstract: Listeria monocytogenes cells readily attach to food contact surfaces and form biofilms, posing great 

risk for human health. The present study evaluates cell response of dual-species biofilms formed by L. 

monocytogenes and Pseudomonas fluorescens to food-related stress (desiccation or disinfection), transferability 

to salmon products as well as the inactivation kinetics by low-energy X-ray. Our results indicated that survival 

of L. monocytogenes under desiccation and disinfection could be enhanced in dual-species biofilms with P. 

fluorescens. Preformed P. fluorescens biofilms could enhance the survival of L. monocytogenes and reduce its 

transferability to food products, compared to other colonization sequences. In addition, low-energy X-ray could 

provide effective inactivation on mono-/dual-species L. monocytogenes and P. fluorescens biofilm cells on 

polyethylene, stainless steel, and acrylic acid surfaces. Co-culture enhanced the resistance of biofilm cells to 

low-energy X-ray irradiation, which also contributed to EPS removal. Besides, low-energy X-ray induce 

damages in glucose uptake system and changes in membrane potential and integrity in irradiated P. fluorescens 

cells. In conclusion, this study highlights the risk of L. monocytogenes contamination in pre-formed 

Pseudomonas biofilms and the efficacy of low-energy X-ray against biofilm cells in food processing facilities. 
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Strategies for structural characterization of EPS from biofilm 
Qingbin Guo 

Tianjin University of Science and Technology 
 
 
Abstract: Polysaccharide molecules are constructed by long chains of monosaccharide units bound together 

via glycosidic linkages. Naturally occurring polysaccharides can be simply classified into four categories 

according to the source differences: plant polysaccharides, seaweed polysaccharides, animal polysaccharides 

and microbial polysaccharides. Each category has its own specific structural features. 

 

The molecular structure offers the most fundamental knowledge for understanding the functional, 

conformational and physiological properties of polysaccharides. However, structural characterization of 

polysaccharides is a fairly challenging task due to the molecular complexity in terms of monosaccharide 

composition, glycosidic bonds (linkage patterns), degree of branching/branching position, α- or β- 

configurations, functional groups, molecular weight and molecular weight distribution. 

 

Acquiring pure and narrow molecular weight dispersed polysaccharides samples are the prerequisites for their 

structural characterization; The controlled molecular chain degradation such as enzymatical hydrolysis or partial 

acid hydrolysis is normally required to convert large molecular weight polysaccharides into small fragments 

such as oligosaccharides; Monosaccharide composition analysis provides the first clue to the molecular 

structure; Methylation analysis combined with GC-MS uncovers the linkage patterns and molar ratios of the 

monomers while FT-IR can monitor and quantify the functional groups in the polysaccharide molecules; 1D 

&2D NMR spectroscopy, reveals structural features including linkage pattern, configuration, sequences as well 

as conformational properties of various sugar residues. 
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Novel drug delivery system against biofilms infections 
Haiyan Hu  

Yat-Sen University, Guangzhou 
 
 
Abstract: The prevalence of infections with Helicobacter pylori (H. pylori) has progressively increased 

worldwide, which demonstrated to be closely correlated to its biofilm formation. H. pylori biofilms protect the 

bacteria by significantly decreasing their sensitivity to antibiotics. Moreover, H. pylori colonizes on the 

gastrointestinal tract epithelium which is covered by mucus layer, acting as another barrier to prevent 

antibacterial agents from reaching the colonization sites. Herein, we developed a classical four step-strategy to 

eradicate H. pylori biofilm including penetrating through mucus layer, destroying their extracellular polymeric 

substances (EPS) of biofilm, killing the exposed bacteria and inhibiting the re-adherence of H. pylori. In 

conclusion, the four-step strategy can eradicate H. pylori biofilms in vitro and in vivo, providing a novel strategy 

for clinical treatment of biofilm-related infections. 
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Biofilm Standard Methods: Enabling for innovation in the 
marketplace 

Darla Goeres 

Montana State University, Bozeman 
 
 
Abstract: Regulatory science is the development and standardization of laboratory tools to enable for informed 

decision making. These tools take the form of equipment, standard test methods, and guidance on pathways for 

registering products with regulatory bodies. Most current regulations base efficacy label claims on methods 

developed for suspended or dried surface bacteria. These methods are not appropriate for the determining the 

efficacy of biocides against biofilm bacteria and therefore provide a roadblock for getting anti-biofilm products 

into the marketplace. An exception in the lack of biofilm regulatory pathways is the US EPA guidance for 

products labeled with a “kills biofilm” claim for use on hard, nonporous surfaces. This presentation will identify 

new trends and technology aimed towards reshaping biofilm research in the context of regulatory science that 

will promote the advancement of innovation in the marketplace. An overview of the current biofilm standard 

test methods and the US EPA guidance for biofilm efficacy claims will be presented. A list of critical parameters 

to consider when drafting biofilm guidance documents will also be discussed. 
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Study on the regulation of multi-factor interactions during the Vibrio 
parahaemolyticus biofilm formation 

Yong Zhao 1,2,3 

 

1 College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China, 
2 Shanghai Engineering Research Center of Aquatic-Product Processing & Preservation, Shanghai 201306, 
China, 
3 Laboratory of Quality & Safety Risk Assessment for Aquatic Products on Storage and Preservation (Shanghai), 
Ministry of Agriculture, Shanghai 201306, China, 

* E-mail: yzhao@shou.edu.cn 

 
Abstract: Our work explored the regulation of Vibrio parahaemolyticus biofilm under abiotic and biotic factors. 

The result shows: The biofilms formation of V. parahaemolyticus on the three abiotic contact surfaces is 

glass>polystyrene>stainless steel. Based on proteomics, the mechanism of the difference in biofilm formation 

on different contact surfaces is revealed. In addition, we also found that under the influence of biotic factors, V. 

parahaemolyticus and Listeria monocytogenes have a competitive interaction when co-cultured with L. 

monocytogenes, and a synergistic interaction when co-cultured with Shewanella putrefaciens. The reasons for 

the different interactions are the heterogeneity between different strains, the specific spatial arrangement of 

biofilms, the differential expression of EPS and biofilm-related genes, and the differences in cell activity and 

metabolic activity. Our research is of great significance for the prevention and control of the hazards of V. 

parahaemolyticus biofilms and food safety.  

mailto:yzhao@shou.edu.cn
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Naftifine derivatives inhibit biofilm formation of multidrug-resistant 
Staphylococcus aureus and potentiate antimicrobials 

Chunlei Shi 

MOST-USDA Joint Research Center for Food Safety, School of Agriculture and Biology, and State Key 
Laboratory of Microbial Metabolism, Shanghai Jiao Tong University, Shanghai 200240, P. R. China 
 

Abstract: The pathogenicity of Staphylococcus aureus biofilm coupled with an escalated antimicrobial 

resistance give prominence to the urgency for novel anti-pathogenic, and anti-biofilm compounds. Naftifine as 

a novel inhibitor effectively obstructs staphyloxanthin synthesis by hindering the expression of CrtN. In this 

study, 25 naftifine derivatives were synthesized and characterized, and their anti-biofilm activity against S. 

aureus were evaluated in vitro in order to identify the potential biofilm inhibitor. It was found that 11 of 25 

naftifine derivatives (50 μM) could remarkably inhibit biofilm formation of S. aureus SJTUF21143, and the 

strongest naftifine derivative was JX08806 with the inhibition rate at 76.30%. A further assay revealed that the 

most notable inhibitory concentration of JX08806 on biofilm formation was 100 μM. Moreover, JX08806 at 

this concentration had no obvious impact on the growth of S. aureus. In addition, the combination therapy 

between JX08806 and antimicrobials on multidrug-resistant S. aureus was performed to evaluate the ability of 

JX08806 to increase the susceptibility of S. aureus to antimicrobials. The S. aureus strain SJTUF21143 showed 

resistance to 3 antimicrobials namely penicillin, linezolid, and chloramphenicol. Addition of JX08806 (100 μM), 

the MIC value of penicillin (2048 to 1024 μg/mL) to S. aureus SJTUF21143 exhibited a 2-fold decrease. 

However, the MIC value of other 2 antimicrobials had no significant changes. Thus, the present study 

exemplifies the potential use of naftifine derivatives, especially JX08806, against the biofilm mediated infection 

of multidrug-resistant S. aureus. 
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The removal mechanism of Listeria monocytogenes biofilm by 
combined effect of acidic electrolyzed water and alkaline electrolyzed 

water 
Jianxiong Hao 

Hebei University of Science and Technology, Shijiazhuang 

 
Abstract: The control against biofilm is a research focus in the field of food safety. The efficient and broad-

spectrum abilities of electrolyzed water (EW) to kill the pathogens have been recognized, and the synergies 

with other processing methods to enhance its disinfection effect have also been demonstrated. Our previous 

studies found that the combination of acid electrolyzed water (AcEW) and alkaline electrolyzed water (AlEW) 

could result in the enhancement of disinfection effect and eliminate the biofilm effectively on the fruits and 

vegetables, but its mechanism needed further research. The current study will select Listeria monocytogenes 

（LM）biofilm as the research object. Combined with the process conditions, the influencing factors of the 

combination of AcEW and AlEW on the elimination of LM biofilm would be evaluated. Based on the research 

methods of molecular biology, the study on the elimination mechanisms against LM bilfilm by the combination 

of AcEW and AlEW would be performed as follows: 1.the removal mechanisms would be clarified from two 

aspects including elution-sterilization and resistance change-sterilization. 2.the effect of the combination of 

AcEW and AlEW on the changes of signal molecules in LM biofilm would be evaluated in view of the quorum 

sensing (QS). As a result, the implementation of this project will provide the theoretical and technical support 

to solve the problem of microbial pollution in the food processing.  
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Biofilm: What can we learn from Bacillus cereus 
Yu Ding 

Department of Food Science & Technology, Jinan University, Guangzhou, China 
 
 
Abstract: Bacillus cereus is a well-known foodborne pathogen around the world and can be found in a variety 

of foods. It is very difficult to eliminate B. cereus contamination in foods due to its spore-forming ability. 

Bacillus cereus can lead to gastrointestinal and non-gastrointestinal diseases, even result in death. In this study, 

over 4300 food samples in China were collected, and the residual B. cereus strains were isolated. The 

contamination rates of B. cereus were high in different kinds of food, which may be caused by the strong biofilm 

formation ability of this bacterium. Using phenotypic screening, we identified strains with different biofilm 

formation ability. Either by multi-omics analysis and genetic manipulation or by random mutagenesis, the 

mechanism of biofilm formation in B. cereus was further investigated.  
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Mechanism of natural clays against single biofilm formation of 
Staphylococcus aureus on stainless steel surface 
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Roslan Ismail4 
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Abstract: In this study, natural clay (Clay A) samples were assessed for their efficacy against Staphylococcus 

aureus biofilm on stainless steel surface at different concentrations (12.5%, 25% and 50%) and exposure times 

(2, 4 and 6 hours). The mechanism on action of the samples was determined by scanning electron microscopy 

(SEM) and confocal laser electron microscopy (CLSM) visualization. The clay-suspension samples were more 

effective than the clay-leachate in removing the biofilm cells, with > 4 log reduction when exposed for 6 hours 

at 12.5, 25 and 50% concentrations. All clay samples were ineffective when exposed for 2 and 4 hours (< 3 log 

reduction). Scanning electron microscope images showed biofilm degradation, while the live/dead cells were 

revealed in the confocal laser scanning microscopy images after the exposure to the clay-suspension samples. 

These findings could provide an insight towards the potential application of natural clays as biofilm removal 

agent on food contact surfaces.  

 

Keywords: Biofilm; stainless steel surface; natural clay, Staphylococcus aureus 
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Biofilm formation and control in the dairy industry 
Steve Flint 
Massey University, Palmerston North, New Zealand 

 
Abstract: Microbiological contamination is the main constraint in the manufacture of dairy products. This 

contamination originates from biofilms that grow on the internal surfaces of manufacturing plant, releasing 

bacteria, spores and enzymes into milk resulting in poor product quality. Blockage and loss of efficiency in heat 

transfer are also attributed to biofilm development. Biofilms can develop many stages of dairy manufacture 

stainless steel surfaces where raw milk is handled through to the waste treatment plant.  The type of biofilm 

varies depending on the stage of dairy product manufacture. Psycrotrophic bacteria dominate in the raw milk 

handling zones while thermophilic bacteria dominate in the zones such as plate heat exchanges and evaporators 

where milk is heat treated. We now have evidence from comparative genomic sequencing that some of these 

bacteria, such as G. stearothermophilus have become adapted to the dairy environment, acquiring the ability to 

use lactose as a carbon source while others, including Bacillus licheniformis appear to thrive without this 

capability. Factors contributing to biofilm development include the need for ions, especially calcium ions. Clean 

in place systems are used to maintain the hygiene of dairy manufacturing plant but they are often not completely 

successful in eliminating the biofilm, allowing rapid re-colonisation of the manufacturing plant. Smart 

engineering solutions to disrupt the conditions that favour microbial growth or reducing the surface area 

available for biofilm growth, have helped in controlling biofilm development. In products where the ions are 

removed some thermophilic bacteria will not grow and manufacturing run lengths can be increased. Attempts 

to develop surfaces that prevent microbial colonisation have had limited success. Research is now focussed on 

understanding the composition of the biofilm matrix in a dairy system with an aim to improve the cleaning 

systems used in dairy manufacture.  



3rd International Conference on Biofilms 
Asia-Pacific Biofilms 2021 

May 11-16, 2021                                                  Guangzhou, China 105 

Molecular mechanism of membrane disintegration and dysfunction in 
foodborne pathogens with ultrasonic treatment 

Mingming Guo, PhD., 

ZJU100 Young Professor 

College of Biosystems Engineering and Food Science 

Zhejiang University 

 
Abstract: We aimed at providing new insights on the response of bacterial cell membranes to ultrasound 

exposure. Escherichia coli (E. coli) O157:H7 cells were exposed to different ultrasound treatments and the 

dynamic changes in cell viability were assessed over time. Significant increase in outer and inner membrane 

permeability, along with the membrane depolarization, membrane fluidity reduction, and membrane 

composition changes were investigated. Moreover, the alterations in the sensitivity of ultrasound-treated cells 

to antimicrobial compounds were evaluated by exposure to thyme essential oil nanoemulsion (TEON), 

indicating the effects of ultrasonic field on facilitating the antibacterial efficacy of TEON. In this perspective, 

the synergistic mechanisms of ultrasound with TEON against bacterial cells were investigated. Further, an 

integrated transcriptomic and proteomic analyses were conducted and a set of 59 genes or proteins that was 

differentially expressed in ultrasound-treated cells was uncovered, providing an overview of the cellular 

responses to ultrasonic field. From the obtained data, it was proposed that the metabolism disorder of cellular 

membrane lipids (lipopolysaccharide, phospholipid, and fatty acid included) was one of the main challenges for 

the bacteria upon ultrasonic stress. Collectively, we proposed a novel mechanism regarding the ultrasound-

induced membrane disintegration from a multi-omics perspective, which may present an important step toward 

deciphering the molecular inactivation mechanism of ultrasonic field and provide a theoretical foundation for 

the application of ultrasound technology for the control of foodborne pathogens. 
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Cronobacter biofilm formation and control strategies in the food 
industry 

Yingwang Ye 

Hefei University of Technology 

School of Food and Biological Engineering 

 

Abstract: Cronobacter is a group of foodborne opportunistic pathogens that can cause life-threatening invasive 

diseases, such as necrotizing enterocolitis, meningitis, and sepsis in infants. The potential risk of Cronobacter 

contamination of powdered infant formula (PIF) is an issue that has attracted considerable attention from 

manufacturers, regulators, and consumers. Cronbacter biofilms on the surfaces of equipment and in diverse 

food-production environments constitute a mode of cell growth that protects the pathogen from hostile 

environments, and are an important source of persistent contamination of food products. Bacterial biofilms are 

difficult to remove due to their resistant properties. Conventional cleaning and sterilizing procedures may be 

insufficient for biofilm control, and may lead to further biofilm development and dispersal. Consequently, novel 

control strategies are being developed, such as nanotechnology-based delivery systems, interspecies interactions, 

antimicrobial molecules of microbial origin, natural extracts, and phages. This report focuses on describing the 

mechanisms underlying the biofilm formation and behavior of Cronobacter and discussing potential control 

strategies.  
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Influence of quorum sensing on formation of viable but nonculturable 
(VBNC) cells of beer-spoilage lactic acid bacteria growing in biofilms 

Yang Deng 

Qingdao Agricultural University, Qingdao 
 
 
Abstract: Lactic acid bacteria (LAB) are the most common beer-spoilage bacteria, regardless of beer type, and 

therefore pose significant problems for the brewing industry. Biofilm and planktonic cells of many beer-spoilage 

LAB can enter into a viable but nonculturable (VBNC) state when they were incubated at 4°C in commercial 

Chinese lager beer. VBNC cells can resuscitate when suitable condition arise, yet the molecular mechanisms 

facilitating resuscitation in most bacteria are not well understood. We discovered that bacterial cell-free 

supernatants (CFS) can awaken pre-existing VBNC cells, while CFS from a quorum sensing mutant was unable 

to produce the same resuscitative effect. Furthermore, the quorum sensing autoinducer, AI-2, could induce 

resuscitation of VBNC LAB cells, and VBNC cells of a mutant unable to produce AI-2 were unable to 

resuscitate unless the cultures were supplemented with exogenous AI-2. The quorum sensing inhibitor 

cinnamaldehyde delayed the resuscitation of wild-type VBNC cells, confirming the importance of quorum 

sensing in resuscitation. By monitoring AI-2 production by VBNC cultures over time, we found quorum sensing 

signaling to be critical for natural resuscitation process. This study provides new insights into the molecular 

mechanisms stimulating VBNC exit from dormancy, which has significant implications on microbial control in 

beer industry.  



3rd International Conference on Biofilms 
Asia-Pacific Biofilms 2021 

May 11-16, 2021                                                  Guangzhou, China 108 

Discovery of anti-biofilm terpenoid compounds: (+)-nootkatone as an 
example 

Ren-You Gan 

Chief Scientist, Research Center for Plants and Human Health, Institute of Urban Agriculture, Chinese Academy 
of Agricultural Sciences, Chengdu, China. 
 
 
Abstract: Natural products are widely used as anti-biofilm agents. Our study screened the anti-biofilm effect 

of 40 terpenoid compounds, and found that (+)-nootkatone, a sesquiterpene ketone mainly existing in the 

essential oils of grapefruits, exhibited good anti-biofilm efficacy against multidrug-resistant S. aureus. Crystal 

violet staining found that (+)-nootkatone inhibited S. aureus biofilm formation at a sub-MIC (50 μg/mL), but 

it did not affect the bacterial growth of planktonic cells. In addition, it reduced bacterial exopolysaccharide 

production, and significantly reduced the thickness of biofilms, supported by light microscopy and confocal 

laser scanning microscopy. Besides, it was found to influence the sliding motility of S. aureus. On the other 

hand, (+)-nootkatone at 200 μg/mL could reduce the preformed biofilm mass by 50% and bacterial cell death 

of 79%, accompanied with a reduction of exopolysaccharide. The anti-biofilm effects of (+)-nootkatone should 

be associated with the suppression of biofilm-related genes, including sarA, icaA, agrA, RNAIII, and spa. 

Finally, the cell toxicity experiment suggested that there was no evident toxicity of (+)-nootkatone to human 

normal cells. Therefore, (+)-nootkatone is a promising natural product against S. aureus biofilms, and has the 

potential to be used in the food industry to fight against S. aureus-induced safety issues.  
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Research on the role of quorum sensing in biofilm of Leuconostoc 
citreum and its application in dairy fermentation 

Rihua Xu, Qinglan Yang, Juan Gui, Wenli Zhang 

State Key Laboratory of Reproductive Regulation & Breeding of Grassland Livestock, School of Life Science, 
Inner Mongolia University, Hohhot, China 
 
 
Abstract: Leuconostoc citreum, a type of food-grade probiotic bacteria, plays an important role in the food 

fermentation of milk, vegetable, meat, and wine. Recently, there has been growing research interest in the 

biofilm formation and quorum sensing (QS) system of probiotics. Biofilms help bacteria survive under adverse 

conditions. L. citreum 37 was a biofilm-forming strain isolated from dairy products in Inner Mongolia. The 

aim of this study was to clarify that luxS/AI-2 involved in the regulation of L. citrem 37 biofilm formation, to 

analyze the integrity of the luxS/AI-2 system based on whole-genome sequencing and indicated the key genes 

through homologous overexpression. Genome assembly yielded two contigs (one chromosome and one 

plasmid), and the complete genome contained 1,946,279 bps. The genome sequence analysis showed that there 

were several pathways such as the two-component system, QS, and seven other signal pathways, and 26 genes 

(including luxS, pfs, and 24 other genes) may participate in QS related to biofilm formation, showing that the 

LuxS/AI-2 system is complete in the genome of L. citreum 37. The qPCR of pfs, luxS genes, AI-2 production 

of L. citreum 37 in planktonic state and biofilm state, and expression of pfs, luxS genes in E. coli BL21 showed 

that the expression of luxS genes was consistent with the production of AI-2 and was positively correlated with 

biofilm formation. Therefore, luxS may regulate the biofilm formation of L. citreum 37 by participating in AI-

2 synthesis. Then, luxS homologous overexpression strain was constructed. Although the growth of 

overexpression strains lags behind that of wild-type strains, AI-2 synthesis and biofilm are significantly higher 

than those of wild-type strains (P<0.05). therefore, LuxS/AI-2-dependent QS plays an important role in the 

regulation of biofilm-forming activities in L. citrem 37. Finally, L. citrem 37 was fixed on the nanofiber 

membrane to be a starter for milk fermentation. The survival rate of immobilized luxS-overexpressed L. citrem 

37 in simulated gastrointestinal fluid was higher than that of wild-type strains. Moreover, the immobilized L. 

citrem 37 and luxS-overexpressed L. citrem 37 can ferment skim milk for 5 times, showing a good application 

prospect. The stress-tolerant biofilm-forming L. citreum 37 can be a food-grade microbial cell factory. 
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Biofilms in intermittent and continuous flow drinking water 
distribution systems 

Stefan Wuertz 

Nanyang Technological University, Singapore 

Abstract: The presence of biofilms in drinking water distribution systems (DWDS) can affect both water 

quality and system integrity; yet these systems remain poorly studied due to a lack of accessibility of buried 

pipes. To learn about long-term effects of biofilms growing in systems under continuous operation (CWS) we 

have been operating two independent full-scale DWDS testbeds (A and B) equipped with online sensors that 

supply water to campuses situated in Singapore since 2018. In addition to such continuous operation, an 

estimated 309 million people worldwide are supplied annually with water via piped distribution networks that 

are operated intermittently. To study intermittent (IWS) alongside continuous (CWS) operation and their effects 

on water quality we constructed an additional DWDS testbed (C) situated above ground and amenable to 

experimental manipulation. Both low and high flow rates were used to investigate the formation of biofilms on 

pipe walls and their subsequent detachment and entry into the bulk water. We followed microbial community 

dynamics using the Phenoflow approach, which generates phenotypic fingerprints based on flow cytometry data 

that characterize microbial communities associated with routine operational conditions. Periods of intermittent 

and extended stagnation showed increased microbial loads derived from detached biofilms when compared to 

continuous flow conditions. We simulated daily flushing conditions associated with intermittent water supply 

(biofilm growth in partially filled pipes), compared with continuous supply (pressured water pipes). Finally, we 

observed effects of extended stagnation (filled pipes, no flow) after a nine-week lockdown. In each scenario, 

we collected biofilms on pipe-wall coupons and water samples. We used flow cytometry measurements to 

interpret microbial loads (at inlet and outlet conditions) and an array of physicochemical tests to monitor water 

quality. Flushing the system caused turbulent flow conditions inside the pipe and resulted in a transient release 

of bacteria (compared to inlet conditions) over a period of 60 seconds, characterized by a much higher 

proportion of live cells (60% vs 15% at the inlet), before reverting to previous conditions. Similar transient 

effects were observed for total dissolved solids and conductivity. These trends were not found in the continuous 

flow system (at similar flow rates). The results show that significant biofilm growth can occur between water 

supply periods in IWS systems (i.e., no flow in partially filled pipes), and will cause increased biomass 

production when the water supply is reconnected (initial flushing/re-filling). Similar transient conditions can 

occur in pressured water pipes after extended stagnation periods of low/no flow. While extended pipe flushing 

can restore residual disinfectant levels in CWS systems, IWS consumers often collect the first available water 

and risk becoming exposed to harmful pathogens.  
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Synergistic metabolism and community structure in algal-bacterial 
counter-diffusion biofilms for treating biogas slurry 

Wang,Rongchang*, Ying, Luyao*, Ren,Yuli*, and Lewandowski, Zbigniew** 

 

*Institute of Biofilm Technology, Key Laboratory of Yangtze Aquatic Environment (MOE), State Key 

Laboratory of Pollution Control and Resource Reuse, College of Environmental Science and Engineering, 

Tongji University, Shanghai, 200092, China (Email: wangrongchang@tongji.edu.cn)  

**Center for Biofilm Engineering, Montana State University, Bozeman, MT 59717, USA 

 

Keywords: algal-bacterial consortia; membrane-aerated biofilm; counter-diffusion;synergistic nitrogen  

metabolism; microbial community structure 

 

Summary: Nutrient removal and microbial community structure in an algal-bacterial membrane-aerated 

biofilm reactor wereinvestigated for treating piggery biogas slurry. The NH4+-N removal load was 2.22 ±0.15 

gN/(m2∙d) at 54.1 ±3.2 mg/L of influent NH4+-N. NH4+-N removal unstabilized and effluent water quality 

significantly fluctuated at 113.4 ±5.0 mg/L of influent NH4+-N. NH4+-N removal efficiency and removal load 

recovered to 65.7% and 1.72 ±0.31 gN/(m2∙d), respectively, after the influent NH4+-N concentration switched 

back to 60.5±7.3 mg/L. COD was negatively correlated with Nitrosomonasand Nitrobacterand positively 

correlated with Nitrospira, and Nitrosomonasand Nitrobacterwere negatively correlated with effluent nitrite and 

nitrate. Effluent nitrite, nitrate, chemical oxygen demand,  and extracellular polymeric substances significantly 

affect microbial community structure of the algal-bacterial membrane-aerated biofilm, andmicroalgae 

inoculation improves the survival and activity of nitrite-oxidizing bacteriain membrane-aerated biofilms. 
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Electroanalysis of Candida albicans biofilms: a suitable real-time tool 
for antifungal testing 

Kayode Olaifaa, Jasmina Nikodinovic-Runicb, Biljana Glišićc, Francesco Boschettod, Elia Marind, Francesco 

Segretoe, Enrico Marsilia, * 

 
a Biofilm Laboratory, School of Engineering and Digital Sciences, Nazarbayev University, 53 Kabanbay Batyr 

Avenue, Nur-Sultan 010000, Kazakhstan 
b Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Vojvode Stepe 444a 11000 

Belgrade, Serbia 
c Department of Chemistry, University of Kragujevac, Radoja Domanovića 12, 34000 Kragujevac, Serbia 
d Kyoto Institute of Technology, Matsugasaki, Kyoto, 606-8585,  
e Department of Plastic, Reconstructive and Aesthetic Surgery, Biomedical Campus, Via A. Del Portillo 200, 

00128, Rome, Italy 

*corresponding author: enrico.marsili@nu.edu.kz 

 

Abstract: Candida albicans is a fungal pathogen that accounts for more than a million death annually. Analysis 

of Candida biofilms and rapid assessment of antifungal therapy is a critical challenge in clinical practice. 

Current biochemical methods are time-consuming and expensive or require expert interpretation of the results. 

Hence, there is the need for a cheap and rapid approach for antifungal drugs testing. While electroanalysis has 

been previously adopted to determine antibiotic susceptibility in bacterial biofilms, there are no previous studies 

on yeast and fungi. In this work, electroanalysis of C. albicans biofilm and evaluation of anti-biofilm activity 

of clinically relevant antifungal compounds using commercial screen-printed carbon electrodes (SPEs) is 

reported. Results are compared with standard biochemical and microscopic methods. The electrochemical 

output decreases by 47.5%, 73.4%, and 88.5% in biofilms treated with the antifungals fluconazole (Flz), 

amphotericin B (AmB), and complex Ag3, respectively.  This study further reiterates the stance on the rapid 

development of resistance of C. albicans biofilm to existing drugs. Overall, chronoamperometry allows 

measuring Candida biofilm respiration rate as early as 10 h after inoculation, which show promises for the 

development of bioelectrochemical sensors for antimicrobial testing in clinical settings. 

mailto:enrico.marsili@nu.edu.kz
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Keywords: Electroanalysis, Candida albicans, Fluconazole, Amphotericin B, Complex Ag3, Biofilm 

  

Figure 1: Planktonic and biofilm growth of 

C. albicans biofilm at different times, 

compared to the current output over 48 h. 

Planktonic cell count and biofilm crystal 

violet assays were performed in four 
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The Biofilm way of thinking in bioremediation 
Birthe Veno Kjellerup 

University of Maryland, College Park 

 

Abstract: The biofilm way of thinking was used as a basis for planning, design and implementation of remedies 

at a contaminated landfill in Maryland, USA. More than fifty years ago, mixed contaminants were deposited at 

an unlined landfill resulting in TCE (trichloroethylene) contaminating a nearby creek and surrounding 

groundwater sources. To prevent TCE from reaching the creek, a biowall was installed downstream from the 

landfill to remediate groundwater containing up to 600 ppb TCE. Breakthrough of TCE degradation products 

subsequently required a trench to be installed upgradient from the biowall to enhance microbial activity by 

increasing groundwater residence time, pH, and available organic carbon. The design of both biowall and the 

trench was performed while considering how biofilm formation and contaminant degradation activity can be 

promoted thus preventing the transport of TCE to the creek. Several bioremediation and bioaugmentation 

approaches involving biofilms such as biosolids addition and bioaugmentation with biofilm covered activated 

carbon particles will be discussed. 
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Industrial characterization system for biofilms on materials 
Hideyuki Kanematsu 

PhD. FIMF. Specially Appointed Professor, National Institute of Technology(KOSEN), Suzuka College 

 

Abstract：Biofilms form on materials’ surfaces and affect materials characteristic and performances in various 

ways, even though it might be positive or negative. The effect covers diversified areas in daily lives, industrial 

fields, medical fronts etc. The capability of biofilm formation and growth on materials can be understood as 

materials’ infectious capability and surface characteristics of materials. It means how bacteria could survive in 

biofilms formed on materials. The information would lead to the new developments of anti-corrosive materials 

in marine and other humid environments, anti-infectious biomaterials and medical equipment/facilities used in 

hospitals, food industrial materials, various liquid pipes, air conditioners, wash machines, walls, floors, kitchen 

and washrooms, etc. However, the suitable evaluation methods for the materials’ characteristics are still lacking. 

In Japan, SIAA, a big non-commercial organization composed of several hundred companies, is going to 

establish the evaluation standard for materials’ anti-biofilm characteristics. In this presentation, I will mention 

some conventional research tools to visualize and evaluate biofilms qualitatively and also the SIAA proposal. 

And I will compare all of them and discuss on the efficiency, merits and demerits of new standards, looking for 

the future movement and its direction.  
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Motility selection contributes to collective antibiotic tolerance in 
bacterial swarms 

Yilin Wu 

Department of Physics and Shenzhen Research Institute, The Chinese University of Hong Kong, Shatin, New 

Territories, Hong Kong, People’s Republic of China 

 

Abstract: Bacterial populations such as biofilms and swarming bacterial colonies often survive antibiotic 

treatment at concentrations lethal to individual cells. This phenomenon is known as non-heritable collective 

antibiotic tolerance. Understanding the mechanisms of collective antibiotic tolerance may help design novel 

antibacterial treatment strategies that could alleviate the effect of multidrug tolerance and prevent the selection 

of antibiotic resistant mutants. In our recent work we found that, when bacterial swarms encounter inhibitory 

concentrations of aminoglycoside antibiotics, the colony advancing edge is enriched with cells having transient 

and non-heritable drug tolerance. These less-susceptible cells sustain colony expansion into territories with 

lethal drug concentrations, thereby conferring antibiotic tolerance to the entire swarm. We used quantitative 

fluorescence imaging and single cell tracking to reveal that the enrichment of these drug-tolerant cells is not 

due to their growth advantage but results from a unique motion pattern of swarm cells, namely dynamic motility 

selection.  As the dynamic motility selection is an inherent property of bacterial swarms, it may serve as a 

general means of adaptive stress-response for bacterial swarms to cope with environmental stresses that cause 

collateral effect on flagellar motility. 

  



3rd International Conference on Biofilms 
Asia-Pacific Biofilms 2021 

May 11-16, 2021                                                  Guangzhou, China 117 

A variant ECE1 allele contributes to reduced pathogenicity of Candida 
albicans during vulvovaginal candidiasis 

Junyan Liu 

University of Maryland, College Park 

 

Abstract: Vulvovaginal candidiasis (VVC), caused primarily by the human fungal pathogen Candida albicans, 

results in significant quality-of-life issues for women worldwide. Candidalysin, a 31 amino acid peptide toxin 

derived from a 271 amino acid polypeptide (Ece1p) encoded by the ECE1 gene, plays a crucial role in driving 

immunopathology at vaginal mucosa, including neutrophil recruitment, pro-inflammatory cytokine production, 

and tissue damage. The objective of this study was to determine whether expression and/or processing of Ece1p 

differs across C. albicans isolates and whether this partly underlies differential pathogenicity observed clinically. 

Using whole genome and targeted sequencing approaches, we determined that a number of clinical isolates, 

including strain 529L, harbor a similarly expressed, yet distinct Ece1p isoform variant that encodes for a 

predicted functional candidalysin. Transformation of the entire ECE1 open reading frame (ORF) from 529L 

into an SC5314-derived ece1Δ/Δ strain results in significantly reduced vaginopathogenicity as compared to an 

isogenic control transformed with that derived from the reference isolate SC5314. However, in vitro challenge 

of vaginal epithelial cells with synthetic candidalysin demonstrated similar toxigenic activity amongst SC5314 

and 529L isoforms. Creation of an isogenic panel of chimeric strains harboring swapped Ece1p peptides or 

HiBiT tags revealed a secretion defect encoded by the 529L ORF that was associated with reduced virulence. A 

genetic survey of over 100 clinical isolates showed a conserved linkage between Ece1p P2 and P3 sequences, 

suggesting that substrate specificity around Kex2p-mediated KR cleavage sites involved in protein secretion 

may contribute to differential pathogenicity amongst clinical isolates. Therefore, we present a novel mechanism 

for attenuation of C. albicans virulence at the ECE1 locus. 
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New antibiofilm strategy against fungal/bacterial polymicrobial 
biofilms 

Yulong Tan 

Qingdao Agricultural University, Qingdao 

 

Abstract：In the past, biofilm-related research has focused mainly on axenic biofilms. However, in nature, 

biofilms are often composed of multiple species, and the resulting polymicrobial interactions influence 

industrially and clinically relevant outcomes such as performance and drug resistance. Especially, polymicrobial 

biofilm related infections have been a major threat in health care because of the increased resistance to 

antimicrobials and the critical biological differences between fungi and bacteria. In this report, we show that 

drug tolerance of bacteria is significantly increased in a fungal/bacterial polymicrobial biofilms compared to its 

tolerance in an axenic bacterial biofilm. And then, drug loaded chitosan nanoparticles were prepared and 

exhibited excellent antibiofilm activity against planktonic bacteria or fungi, mono- and polymicrobial biofilm 

formations and preformed biofilms. Finally, we report the co-immobilization of cellobiose dehydrogenase and 

deoxyribonuclease I on positively charged nanoparticles resulted in a bi-functional nanoparticle (CSNP-DNase-

CDH) targeting both biofilm matrix and microorganisms. The CSNP-DNase-CDH could disrupt the biofilm 

formation through degradation of eDNA, reduce biofilm thickness, and kill microbial cells. 
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pH and light-responsive polycaprolactone/curcumin@ZIF-8 composite 
films with enhanced antibacterial activity 

Jianyu Su 

South China University of Technology, Guangzhou 

 

Abstract: Food packaging materials, especially biodegradable polymer composites incorporated with natural 

antimicrobial agents with excellent antibacterial activities, are highly demanded and attracted immense attention. 

Herein, a polycaprolactone/curcumin@zeolitic imidazolate framework-8 (PCL/Cur@ZIF-8) composite film 

with enhanced antibacterial activity was developed. Curcumin, a natural photosensitizer, was loaded in the 

highly porous nanocrystals ZIF-8 to improve its poor water solubility and stability. The integral structure of 

Cur@ZIF-8 was maintained well in the PCL matrix even at the highest loading of 35% (w/w), and all composite 

films had good light transmittance at 420-430 nm. The PCL/Cur@ZIF-8 composite films responded to the acidic 

growth environment of bacteria by releasing zinc ions and curcumin molecules. Furthermore, upon blue light 

irradiation (420-430 nm, 2.2 mW/cm2), curcumin molecules generated singlet oxygen. With the synergistic 

effects of zinc ions and singlet oxygen, the composite films exhibited a 99.9% reduction of Escherichia coli and 

Staphylococcus aureus strains when the amount of Cur@ZIF-8 loading was more than 5% (w/w), as well as a 

strong anti-adhesion effect on bacteria. Moreover, Bacterial resuscitation tests indicated that the composite films 

exhibited 100% reduction in the adhered bacteria population by treating with photodynamic sterilization. This 

is the first study presenting that the incorporated-curcumin ZIF-8 nanoparticles in the matrix of polymer are pH 

and light responsive for anti-adhesion of bacteria, which is of great potential application as anti-bacterial 

packaging material for food industry. 

 

Keywords: photodynamic therapy; polycaprolactone; bioactive compound; controlled release; antimicrobial.
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Biofilm vs microbial inoculation in biofertilization 
Gamini Seneviratne 

National Institute of Fundamental Studies, Hantana Road, Kandy, Sri Lanka.  

E-mail: gamini.se@nifs.ac.lk 

 

Abstract: More than a century ago, scientists identified that inoculation of effective microbes, rhizobia in 

particular improved plant growth and yield. Based on the subsequent research, they developed biofertilizers for 

legumes and then for non-legumes. The theory behind this practice is that the inoculated microbes colonize the 

root system and provide nutrients and plant growth promoting substances via a range of mechanisms like 

biological nitrogen fixation, nutrient solubilization etc. However in the recent past, it has been proven that 

developed, beneficial microbial communities in biofilm mode can exert a better effect than the microbial 

inoculation on plant growth and yield, and also soil condition. Therefore, biofilms have now been formulated 

as biofertilizers which are known as Biofilm biofertilizers (BFBFs). Once applied to the soil with crop plants, 

the BFBFs release a wider range of biologically important biochemicals which are generally depleted under 

conventional agricultural practices. The most important process that takes place with the biochemicals is the 

breaking of dormancy of microbial seed bank that is developed to bypass the stresses of the agricultural practices 

like tillage, chemical inputs etc. This increases biodiversity and abundance of soil microbes and their 

communities. This is well-supported by root exudates of the growing crop plants, leading to a symbiotic 

interaction which is beneficial to both the microbes and the plant. Also that improves soil organic matter, and 

hence soil health, which has implications in crop production and the environment. In this manner, the BFBFs 

application increases functioning and sustainability of agroecosystems. The BFBFs are now being researched 

in several countries with promising results. In Sri Lanka, they are being used in thousands of hectares of paddy 

cultivation by cutting down farmers’ chemical fertilizer use up to 50%, while increasing crop yields by ca. 20% 

on average. 

  



3rd International Conference on Biofilms 
Asia-Pacific Biofilms 2021 

May 11-16, 2021                                                  Guangzhou, China 121 

Agriculturally beneficial biofilms as inoculants for sustainable and 
integrated nutrient and disease management: from lab to land 

Radha Prasanna 

Division of Microbiology, ICAR- Indian Agricultural Research Institute (IARI), New Delhi -110012, India. 

Email: radhapr@gmail.com 

 

Abstract: Microbial inoculants represent promising supplements to inorganic fertilizers and plant protection 

chemicals in agriculture, across crops and ecosystems, as they play a significant role in maintaining long-term 

soil productivity, ecological sustainability, and safer produce. In the last few decades, inoculants preparations 

have progressed from single culture, to uni-to multifunctional consortia, as a means of providing nutrients, plant 

growth enhancers, disease control and other useful attributes for the overall health of the plant. Naturally 

occurring biofilms represent microbial communities embedded in a matrix of polymer and attached to biotic or 

abiotic surfaces, which proliferate in a diverse range of environments; however, their utility as inoculants is less 

studied. Our investigations were aimed towards optimization of in vitro development of biofilms using two 

agriculturally important organisms- fungal mycelium of Trichoderma viride and a filamentous cyanobacterium 

(Anabaena torulosa) as matrices, with partners as beneficial bacteria/fungi endowed with biocontrol or nutrient 

mobilizing potential. Optimization of the medium, inoculation rate, sequence of addition and population counts 

of partners, PGP traits, including antifungal activity, Indole Acetic Acid (IAA) production were evaluated for 

efficient biofilm formation. Light, confocal and electron microscopic observations aided in analyzing the 

progress of biofilm development. Evaluation of biofilm formulations as inoculants in diverse crops-cereals, 

vegetables, legumes and flowers, under field and protected cultivation environments, revealed significant 

enhancement in growth, yields, and nutrient availability in soil, besides reduced disease severity. Such biofilms 

exhibited synergism in terms of the PGP traits and the capacity to maintain the metabolic activity, upto harvest 

stage and exhibit increased survival in the rhizosphere. Transcriptome analyses provided important clues 

regarding the regulation of genes involved in biofilm formation, while molecular tools illustrated the beneficial 

modulation of the rhizosphere microbiome. Our investigations reveal the promise of these biofilms as novel 

organic options for agriculture. 
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The application of biofilm biofertilizer to increase crop yield and soil 
fertility status 

Sudadi and Suryono 

Soil Science Study Program, Faculty of Agriculture, Sebelas Maret University.  

Surakarta, Central Java, Indonesia. Ir. Sutami Street No,36 A, Surakarta, Post code 57126.  

Phone/Fax : +62271637457, HP. +6281393620982.  

Contact author : sudadi_uns@yahoo.com 

 

Abstract: Biofilm biofertilizer was a biotechnology as an effort to  increase the effectivity and consistency of 

biofertilizer in supporting plants growth so increase their yields. Although it has been developed for several 

decades in the world, but biofilm biofertilizer is relatively new and not develope yet in Indonesia. This 

presentation is written based on some reasearches to evaluate if the liquid biofilm biofertilizer inoculant formula  

(BiO2) we have developed is effective in increasing growth and yield of some plant crop as well as soil fertility 

status. Research experimentals were conducted seperately both in time (2015 – 2020) and location (in Surakarta 

region), with plant indicators of rice paddy on Entisols, soybean on Alfisols, shallot on Alfisols and Vertisols, 

egg plant on Vertisols, and mustard, kale  and spinach  on Lithosols.  Liquid biofilm biofertilizer (BiO2) 

was sprayed to the palnt and soil with various doses of application. The application of this biofilm biofertilizer 

inoculant  increase plant growth and yield with various enhancement but it ability to increase available soil 

nutrients was lower than chemical fertilizer. It may need to develope more formula with high capasity to increase 

both plant growth and yield as well as soil nutrients availability in various soil condition.  

 

Keywords : biofilm, biofertilizer, plant growth, plant yield, soil nutrients  
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Enhanced recovery of biophotosensitizer from microalgal biofilm by 
photosyn thetic electrons extraction towards photolytic removal of 

antibiotic in wastewater 
Wanyi Liang, Xiaoyan Bai, Sun Jian* 

School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou 

510006, China 

 
Abstract: A novel approach by extraction of photosynthetic electrons from microalgae was used to enhance 

production of microalgae-originated photosensitizer for photolytic removal of antibiotic residues in effluents 

from conventional bio-treated wastewaters. Results showed that the accumulation of photoactive substances in 

extracellular polymeric substance (EPS) of chlorella vulgaris was positively related to the amounts of 

photosynthetic electrons extraction which is a potential-dependent process. The protein and humic acid which 

are considered two main photoactive substances in EPS produced at 0.6V accumulated to a high level of 320 

and 24 μg/cm3 which were 4.7 and 6.4-folds higher than that produced at potential free. The EPS produced at 

0.6 and 0.8V led to 1.34 and 1.53-fold acceleration in photosensitized degradation of TC compared to that of 

EPS free. The complex heterocyclic ring structure of TC was broken down into simple monocyclic aromatic 

compounds, indicating a marked reduction in biotoxicity and recalcitrance. This technology provides a new 

alternative to conventional physicochemical treatment as complementary treatment processes for biological 

wastewater treatment in terms of antibiotics removal. 

 

Keywords: Microalgae; biophotosensitizer; photosynthetic electron extraction; antibiotic; photosensitive 

degradation 
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Application of the kombucha biofilm for the development of functional 
beverages 

Viduranga Y. Waisundara 

Australian College of Business & Technology – Kandy Campus Peradeniya Road, Kandy, Sri Lanka 

 

Abstract: Owing to increased awareness on the maintenance of health and wellness, the functional beverage 

sector is one of the fastest growing segments in the beverage industry. These drinks are popular because it is 

easy for a person to drink a beverage which contains purported health benefits, than consume an equivalent food 

product. Also, consumption of beverages is a habit which is applicable to many age groups and demographics 

than food products. As a result of these consumer behaviours, Kombucha tea has gained immense popularity 

with demonstrated health benefits such as anti-cancer, antioxidant, detoxification, anti-microbial and 

Angiotensin-Converting Enzyme (ACE) inhibitory activities. These effects have even been observed at clinical 

trials (Malbaˇsa, et al., 2011). This beverage has a history of several thousands of years in the East, while it 

soon became popular in the West as well owing to the palatability of flavour and taste (Mohammadshirazi and 

Kalhor, 2016).  

 

The Kombucha beverage is produced by the fermentation of tea and sugar by a symbiotic association of bacteria 

and yeasts – primarily acetic acid bacteria and osmophilic yeast. These microbes collectively form a ‘tea fungus’, 

which is a name given because of the mushroom-like biofilm appearing in the fermented broth. The yeasts 

convert sugar added to tea into organic acids and ethanol. The enzymes, bacterial acids, and other secondary 

metabolites produced by the microbes impart the functional properties to the beverage. There are other kinds of 

bioactive metabolites produced as a result of the fermentation, especially through the biotransformation of 

polyphenols (Mohammadshirazi and Kalhor, 2016). Typically, black or green tea can be used as the medium of 

fermentation and the period of incubation may vary from a few days up to 2 weeks, albeit several unwanted 

metabolites might be produced in the broth if the fermentation is carried out for more than 2 weeks 

(Amarasinghe et al., 2018). The type of sweetening agent used for the preparation of the tea can be varied, and 

when subjected to the fermentation process, the metabolites formed from the breakdown of the sweetener can 

impart various functional properties (Watawana et al, 2016). 

 

The Kombucha broth can be bottled for commercialization once the fermentation process is complete. The 

beverage can be easily prepared in households as well, given that the ingredients required for the production are 

simply tea, sugar and water. Once the biofilm is formed, it can be extracted / removed and applied into other 

types of liquid media as well. It has been used to ferment coffee (Watawana et al, 2015) and coconut water 
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(Cocos nucifera var. aurantiaca) [Watwana et al, 2016] resulting in two novel functional beverages of different 

flavor and taste. Recent studies have applied the biofilm to ferment fruit extracts as well and the substrates 

which have been used in the Kombucha biofilm-based fermentation process gets innovative every day. 

 

Overall, the Kombucha beverage has demonstrated versatility and flexibility to be applied in various conditions 

and fermentation media, which has resulted in the development of novel beverages of varied disease preventive 

effects. Many of these can be seen in the current product market and consumers in several countries and regions 

have identified Kombucha as a go-to functional beverage for obtaining the necessary bioactives for health and 

wellness purposes. 
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Fouling microorganisms in the reservoirs of the groundwater 
treatment system 

Litvinenko Zoia 

Researcher 

Institute of the Water and Ecology Problems, Far Eastern Branch, Russia Academy of Science, Khabarovsk 

 

Abstract：The work discusses the features of the structure of fouling (biofilms) formed in the water treatment 

system of the iron-bearing groundwater of the Tungusskii deposit (Far East, Russia). The main factors affecting 

the composition of biofilms are trace amounts of organic substances, oxygen, different phylogenetic 

composition of microbial communities and their ability to form a polysaccharide matrix. The formation of 

structured communities in biofouling of the water treatment system can have a negative impact on the 

organoleptic characteristics of drinking water due to the formation of complex trophic connections.  
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2.Student Presentation 

 
Application of transposon inserted mutant sequencing analysis in 

identifying genetic determinants of bacterial biofilms 
Jing Wang 

Southern University of Science and Technology, Shenzhen 

 
Abstract：As the ubiquitous mode of bacterial growth in nature,biofilm niches bacteria to survive in hostile 

environments; thereby, biofilm-associated infections are the leading cause of refractory chronic infections. It is 

considerably significant to investigate the molecular mechanism of biofilm formation, maintenance and 

virulence for a better insight in biofilm control strategies. Although several key factors such as extracellular 

polymeric substance synthesis, quorum sensing, and c-di-GMP signaling have been well documented, there is 

still a huge gap between the biofilm genotype and phenotype. In this work, we present a protocol for high-

throughput screening of biofilm genetic determinants via transposon insertion sequencing (Tn-seq) approach in 

tubing biofilm cultivation systems. Pseudomonas aeruginosa transposon random insertion library were 

generated as a model input library. The genetic determinants of biofilm formation can be rapidly screened out 

by comparative Tn-seq analysis of input and output samples of P.aeruginosa Tn-library tubing biofilms. By 

employing transposon insertion sequencing, we discovered extensive potential biofilm determinators with 

unknown functions in PAO1 besides the well-known biofilm regulators. Overall, the integrated methods provide 

a novel perspective to study the correspondence between biofilm genotype and phenotype via one batch of 

experiment with strong reproducibility.  
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Low concentrate of antibiotics enhance biofilm formation in Staphylococcus 
aureus 

Ziqi Liu 

South China University of Technology, Guangzhou 

 

Abstract: Background:In food system, foodborne microbes exist as complex polymicrobial community 

instead of single species. Their interaction will change the gene expression, metabolic mode and level of the 

microorganisms in the food system, and pressure response. Thus, understanding microbial behavior and 

polymicrobial interaction are of importance. Materials/methods:Saccharomyces cerevisiae were co-cultured 

with Lactobacillus plantarum in different proportions. The phenotypic changes of growth and morphology 

during the co-cultivation of L. plantarum and S. cerevisiae were detected by CFU method using selective 

medium and electron microscope. Both individually cultured and co-cultured samples are subjected to 

transcriptome sequencing using RNA-seq to obtain transcription profiles, perform gene expression differential 

analysis and functional enrichment analysis. Results:The interaction model between S. cerevisiae and L. 

plantarum with different growth patterns is similar. During co-cultivation, L. plantarum inhibits S. cerevisiae 

growth possibly through cell-cell aggregation and the inhibition rate is about 80%. L. plantarum inhibits S. 

cerevisiae with its own growth unaffected. L. plantarum activates lamBDCA QS system to enhance adhesion 

and adhere to yeast. Signal molecules are secreted to stimulate yeast activating stress response genes. However, 

the down regulating of basic DNA-RNA-protein process, cell cycle, meiosis, and mating MAPK signaling 

pathways lead to the lowered growth rate. The down-regulation of starvation adjustment, high-osmolality 

survival, cell wall remodeling pathways and cell integrity genes WSC1/2/3 lead to the death of some cells. The 

lowered growth rate and cell death cause the inhibited growth of S. cerevisiae. Conclusions:L. plantarum 

inhibits S. cerevisiae growth possibly through cell-cell aggregation and the inhibition rate is about 80%. L. 

plantarum might activate QS system to enhance adhesive ability. The down-regulation of yeast MAPK signaling 

pathway might result in the reduced growth rate.  
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Antibacterial self-assembled nanodrugs composed of berberine derivatives 
and rhamnolipids against Helicobacter pylori biofilms 

Xiaonan Chen1, Yuanna Shen, Yiqing Zou, Pengyu Li, Yiqin Rao, XuanYang, Yingying Sun, Haiyan Hu (Lab of 

Pharmaceutics, School of Pharmaceutical Sciences, Sun Yat-Sen University, Guangzhou 510006, PR China) 

 

Abstract: Despite decades of efforts including the conventional triple therapy, Helicobacter pylori(H. pylori) 

infections remain drastically high recrudescence or reinfection. The prevalence of infections with H. pyloristay 

high worldwide, which was demonstrated to be closely correlated to its biofilm formation.H. pylori biofilms 

protect the internal bacteria by significantly decreasing their sensitivity to antibiotics. Moreover,H. pylori 

colonizes on the gastrointestinal tract epithelium which is covered by mucus layer, acting as another barrier to 

prevent antibacterial agents from reaching the colonization sites.Some attempted to disturb biofilms integrity 

and improve antibiotic diffusion by near-infrared photodynamic or photothermal therapy, the majority of which 

were restricted to superficial biofilm infections, thus were unacceptable in H. pylorirelated non-superficial 

infections.Herein,four kinds of lipophili calkyl berberine derivatives (BDs)were combined with rhamnolipids 

(RHL)to fabricate self-assembled nanodrugs (BD/RHLNDs)in one step to overcome the dual obstructions of 

both mucus layer and biofilms. Molecular dynamics simulations estimated that the driving forces for self-

assembly of BD/RHLNDs were electrostatic and hydrophobic interactions. BD/RHLNDs, characterized by 

appropriate size(<200nm), negative charge and enhanced hydrophilicity, successfully penetrated through mucus 

layer without interacting with mucins. Subsequently, nanodrugs anchored in the H. pylori colonization sites and 

disrupted biofilms structure by destroying EPS components, followed by the eradication of the 

H.pylori.Moreover,BD/RHLNDs inhibited residual H. pylorire-adhesion, which was of great significance for 

preventing persistent infections caused by the re-formation of biofilms. In an H. pylori-infected mice model, 

C10-BD/RHLNDs group showed 40 folds less remnant H. pyloriand greater mucosal protection compared with 

the conventional clinical triple therapy. In conclusion, BD/RHLNDs could penetrate through mucus layer and 

effectively eradicate H. pylori biofilms in vitro and in vivo, providing a novel strategy for clinical treatment of 

biofilm-related infections. 
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Mucus penetration enhanced lipid polymer nanoparticles improve the 
eradication rate of Helicobacter pylori biofilm 

Pengyu Li, Xiaonan Chen, Yuanna Shen, Yiqing Zou , Gang Yuan, Haiyan Hu* 

Sun Yat-Sen University, Guangzhou 

 

Abstract: The resistance of Helicobacter pylori (H. pylori) to conventional antibiotic treatments becomes 

prevalent and was found to be highly correlated with biofilm formation. Moreover, H. pylori colonizes on the 

digestive tract epithelium located under the mucus layers, which further reduces therapeutic efficacy as mucus 

layers trap and remove exogenous substances including drugs. Herein, we reported a novel lipid polymer 

nanoparticles (LPNs) to overcome both biofilm and mucus layers obstruction. LPNs employed chitosan 

nanoparticle (CS NPs) as the core, mixed lipid layer containing rhamnolipids (RHL) as the shell and the surface 

of LPNs was further modified with DSPE-PEG2000 to improve hydrophilicity. Clarithromycin (CLR), a first-

line drug for H. pylori infection, was encapsulated in LPNs. LPNs, especially the formulation utilizing 100% 

of RHL as the lipid shell, exhibited excellent eradicating ability to H. pylori biofilm, which was mainly reflected 

in the significant reduction of biofilm biomass and viability, destruction of biofilm architecture and elimination 

of extracellular polymeric substances (EPS). The anti-biofilm activities of LPNs are related to: 1) the disrupting 

effect of RHL on biofilm matrix; 2) antibacterial effects of CLR and CS NPs on biofilm bacteria and 3) 

inhibitory effects of CS NPs and RHL on bacteria adhesion and biofilm formation. Furthermore, PEGylated 

LPNs could rapidly penetrate through mucus without interacting with mucins and effectively eradicate H. pylori 

biofilm under mucus layer. In conclusion, a novel approach of drug-containing LPNs that could penetrate 

through mucus layers and effectively eradicate H. pylori biofilm provides new ways to treat persistent H. pylori 

infections. 

 

Schematic illustration of the structure of LPNs and the process of eradicating bacterial biofilm by LPNs. The 

numbers around LPNs represent the percentage of RHL contents. 
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Polymicrobial interaction between Lactobacillus plantarum and 
Saccharomyces cerevisiae 

Xin Lin 

South China University of Technology, Guangzhou 

 

Abstract: Background:In food system, foodborne microbes exist as complex polymicrobial community 

instead of single species. Their interaction will change the gene expression, metabolic mode and level of the 

microorganisms in the food system, and pressure response. Thus, understanding microbial behavior and 

polymicrobial interaction are of importance. Materials/methods:Saccharomyces cerevisiae were co-cultured 

with Lactobacillus plantarum in different proportions. The phenotypic changes of growth and morphology 

during the co-cultivation of L. plantarum and S. cerevisiae were detected by CFU method using selective 

medium and electron microscope. Both individually cultured and co-cultured samples are subjected to 

transcriptome sequencing using RNA-seq to obtain transcription profiles, perform gene expression differential 

analysis and functional enrichment analysis. Results:The interaction model between S. cerevisiae and L. 

plantarum with different growth patterns is similar. During co-cultivation, L. plantarum inhibits S. cerevisiae 

growth possibly through cell-cell aggregation and the inhibition rate is about 80%. L. plantarum inhibits S. 

cerevisiae with its own growth unaffected. L. plantarum activates lamBDCA QS system to enhance adhesion 

and adhere to yeast. Signal molecules are secreted to stimulate yeast activating stress response genes. However, 

the down regulating of basic DNA-RNA-protein process, cell cycle, meiosis, and mating MAPK signaling 

pathways lead to the lowered growth rate. The down-regulation of starvation adjustment, high-osmolality 

survival, cell wall remodeling pathways and cell integrity genes WSC1/2/3 lead to the death of some cells. The 

lowered growth rate and cell death cause the inhibited growth of S. cerevisiae. Conclusions:L. plantarum 

inhibits S. cerevisiae growth possibly through cell-cell aggregation and the inhibition rate is about 80%. L. 

plantarum might activate QS system to enhance adhesive ability. The down-regulation of yeast MAPK signaling 

pathway might result in the reduced growth rate.  
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C. albicans augments S. aureus quorum sensing during polymicrobial 
infections 

Olivia Todd 

University of Tennessee Health Science Center, Memphis 

 

Abstract:Candida albicans, an opportunistic fungal pathogen, and Staphylococcus aureus, a ubiquitous 

pathogenic bacterium, are among the most prevalent causes of nosocomial infections and cause severe morbidity 

and mortality. Moreover, they are frequently coisolated from central venous catheters and deep-seated infections, 

including intra-abdominal sepsis. Relatively little is known about the complex interactions and signaling events 

that occur between microbes and even less so how microbial “cross-talk” shapes human health and disease.  

 

Using a murine model of polymicrobial intra-abdominal infection (IAI), we have previously shown that 

coinfection with C. albicans and S. aureus leads to synergistic lethality whereas monomicrobial infection is 

nonlethal. Therefore, we aimed to identify staphylococcal virulence determinants that drive lethal synergism in 

polymicrobial IAI. Using the toxigenic S. aureus strain JE2, we observed that co-infection with C. albicans led 

to a striking 80-100% mortality rate within 20 h p.i while monomicrobial infections were non-lethal. Use of a 

GFP-P3 promoter S. aureus reporter strain revealed enhanced activation of the staphylococcal agr quorum 

sensing system during in vitro polymicrobial versus monomicrobial growth. C. albicans-mediated elevated 

toxin production and hemolytic activity was determined to be agrA-dependent and genetic knockout and 

complementation of hla identified ⍺-toxin as the key staphylococcal virulence factor driving lethal synergism. 

we correlated ⍺-toxin production with significant increases in biomarkers of liver and kidney damage during 

coinfection and determined that functional toxin was required for morbidity and mortality.  

 

We next sought to determine the candidal effector(s) mediating this enhanced virulence by employing an 

unbiased screening approach. C. albicans transcription factor mutants were evaluated for their ability to induce 

S. aureus agr activation in polymicrobial culture. Incredibly, we identified several mutants that displayed defects 

in augmenting S. aureus agr activity in vitro. Two of the mutants failed to completely synergize with S. aureus 

in vivo and further analysis revealed the necessity of the uncharacterized C. albicans transcription factor, ZCF13, 

in driving enhanced toxin production both in vitro and in vivo. Collectively, we identified a novel effector by 

which C. albicans augments S. aureus virulence and identified a potential mechanism of fungal-bacterial lethal 

synergism.  



3rd International Conference on Biofilms 
Asia-Pacific Biofilms 2021 

May 11-16, 2021                                                  Guangzhou, China 133 

Monitoring the 3D morphology of growing biofilms 

Weixiong Zhang, Bingen He, Xiangjun Gong* 

Faculty of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, P. 

R. China 

 

Abstract: The formation of biofilms facilitate the adherence of single cell and provide defence to harmful 

factors from outside environments. Herein, we set up an off-axis digital holographic microscopy (DHM) in 

reflection mode to monitor the 3D morphology of growing biofilms. Using off-axis DHM, the holograms of 

surface adhered bacteria are captured during colonization which can be reconstructed to obtain the phase 

differences among image pixels. The phase differences reflect the refractive index and morphology difference 

between the biofilms and the surrounding medium. As a result, the growth of Lactobacillus rhamnosus GG in 

MRS broth were monitored. After 8 h of cultivation, the biofilms grown on the substrate occupied about 25.4 % 

of view area and closely distributed. The thickest part of the biofilms was 2 μm, which equals to the thickness 

of two layers of bacterial cells. DHM was proved to be highly sensitive to the tiny variation in the biofilm 

morphology without any destruction to the sample in real time. 
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Molecular epidemiology characteristics of 146 CRE infections in 
Guangzhou, China 

Chen Peng1, Ding-Qiang Chen2, Ling Yang1* 

1 Department of Laboratory Medicine, The First Affiliated Hospital of Guangzhou Medical University, 

Guangzhou, Guangdong, 510120, China 

2 Division of Laboratory Medicine, Zhujiang Hospital, Southern Medical University, Guangzhou, Guangdong, 

510282, China. 

Corresponding author: Ling Yang, e-mail: jyksys@126.com 

 

Objectives: Infection by carbapenem-resistant Enterobacteriaceae (CRE) is a global public health problem. We 

aimed to investigate the molecular epidemiological characteristics of CRE in china and provide the evidence 

for the clinical rational use of antibiotics. 

 

Methods: In this study, we performed whole-genome sequencing to investigate the genetic basis of the CRE-

mediated nosocomial infections in China. Analysis of MLST, antibiotics resistance genes, plasmid replicons, 

virulence genes, and genetic environment was also performed.  

Results: Klebsiella pneumoniae (89, 61.48%) was the most common CRE species, primarily prevalent in the 

ICU(36, 39.56). A total of 146 CRE strains showed high resistance rate to multiple antibiotics, especially 

cephalosporins and carbapenems. However, most of these isolates were susceptible to tigecycline (81.7%) and 

colistin (75.0%). The predominant sequence type (ST) of carbapenem-resistant K. pneumoniae (CRKP) isolates 

was ST11 (79.12%, 72 / 89). ST410 (21.4%, 6/28) was predominant in Escherichia coli isolates, and half of 

them carried blaNDM-5. In addition, 3 cases of ST88 Enterobacter cloacae isolates carried blaNDM-1 gene 

were also found. We identified Co-carring of NDM-5, KPC-2 in CRECO isolates with ST167. In addition, 

NDM-1 and KPC-2 co-carried by CREL with ST 594 were also found. Notably, the proportions of KPC-ST11 

K. pneumoniae in CRKP isolates was 93.05%. In addition, we found three novel ST, which are ST5386 - 5388.  

Conclusions: Overall, we have described CRE isolates' molecular epidemiological characterization over five 

years in a hospital from southern China. KPC-ST11 CRKP remains a significant threat in China. Strengthen 

further the precaution and monitoring of this kind of strains is necessary. 

 

Keywords: carbapenem-resistant; Enterobacteriaceae; Molecular epidemiology; ST11 
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Molecular epidemiology and antibiotics resistance analysis of non-
typing H. influenzae after the introduction of the Hib vaccine in 

Guangzhou, China 
Shuxian Wen 

First Affiliated Hospital of Guangzhou Medical Univ., Guangzhou 

 

Abstract: Aim: To investigate the molecular epidemiology and antibiotic resistance of H. influenzae after the 

introduction of the Hib vaccine in Guangzhou, China. Method: A total of 93 Haemophilus influenzae were 

collected from the first affiliated hospital of Guangzhou Medical University from June 2019 to June 2020. 

Species identification, susceptibility, molecular capsular typing, multilocus sequence typing and the clinical 

characteristics analysis of patients were performed. Results:The Haemophilus influenzae enrolled in our study 

were all confirmed as non-typable Haemophilus influenzae with a high ampicillin resistance rate (more than 

70%). Most of the Haemophilus influenzae were isolated from children and elder patients with respiratory 

symptom. A total of thirty-six different NTHi sequence types (STs) were identified in our study, ST12 was the 

most popular sequence type in our study. Conclusion: Non-typable Haemophilus influenzae with diverse 

sequence types seems has become the prevalent capsular type in Guangzhou, China. It should rise our concern 

in preventing the transmission of non-typable Haemophilus influenzae with molecular diversity. 

 

Keywords: Non-typing Haemophilus influenzae, molecular epidemiology, antibiotics resistance   
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SPR on biofilms: with biofilm associated genes screening in S. aureus as an 
example 

Yuting Luo 

South China University of Technology, Guangzhou 

 
Abstract:The biofilm is a natural protection state formed during the growth of bacteria, and more than 

90% of the microorganisms grow in the form of biofilm. The traditional culturing can only identify the 

species, not the biofilm formation. Thus, researchers detect biofilms at the genetic level. Polymerase 

Spiral Reaction (PSR) is a novel isothermal amplification method to detect biofilm at genetic level 

with easy operation, low cost and high throughput. This DNA amplification method also can combine 

with SPR biosensor. The PSR-SPR technology is able to convert the refractive index signal into 

reflective intensity for detecting the reaction. For now, we have detected the biofilm formation related 

genes of S.aureus by isothermal amplification methods with Nucleic acid dye. We conducted PSR 

assays with total 524 strains to recognize related genes for biofilm formation of S.aureus. 96.0% strains 

were positive to be carrying atl gene, which existed in high conserved sequence of S. aureus genetics. 

36.0% strains were positive in carrying sasG gene, contributing to the regulation of biofilm formation. 

80.0% strains were positive in agr gene, regulating the detachment and sloughing of biofilm. As for 

ica operon, 73% strains were positive in carrying icaA, icaD and icaBC. 

 

As we can see, the isothermal amplification methods with color change are helpful to recognize the 

biofilm related genes achieving high-throughput rapid detection for biofilm related genes. And next, 

we will detect this biofilm related genes on SPR biosensor and explore its detection limit.  
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Control and impact of glycogen utilization and synthesis in C. albicans 
mediated vulvovaginal candidiasis 

Jian Miao 

University of Tennessee Health Science Center, Memphis 

 

Abstract: Vulvovaginal candidiasis (VVC) is a common disease of the lower reproductive tract of 

immunocompetent and otherwise healthy women and is most frequently caused by the opportunistic 

fungal pathogen Candida albicans (C. albicans). It’s been well demonstrated that high level of 

reproductive hormones stimulates thick vaginal epithelium that increases glycogen availability, an 

excellent carbon source, for multiple vaginal organisms to thrive in this specific asymptomatic 

infection. However, it’s still unknown whether C. albicans is able to utilize vaginal glycogen to 

promote its colonization and infection during VVC. Given above consideration, our results indicates 

that the ability of extracellular glycogen utilization is limited in C. albicans as well as other six Candida 

species that commonly mediate VVC. To verify potential intracellular glycogen metabolism genes 

listed on Candida Genome Database, use of a conventional auxotrophic strain validated that gph1, 

gsy1 and glc3 are fundamental genes on C. albicans glycogen metabolism pathway, which encode 

glycogen phosphorylase, synthase and branching enzyme accordingly. The increase and decrease 

survival rate of glc3Δ/Δ and gsy1Δ/Δ were confirmed with GFPy and dTomato tagged strains in a 

nutrient limited environment in vitro. Moreover, treatment of THP-1 monocytic cells with glycogen 

synthesis defect strain gsy1Δ/Δ induced significantly higher proinflammatory cytokine IL-1β response 

from both yeast and germ-tube cells in a dose-dependent manner. Our findings demonstrate that 

glycogen facilitates C. albicans long-term survival in vitro, and defect in intracellular glycogen 

synthesis promotes host immune response potentially due to cell wall exposure/unmasking and/or 

structural chang
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