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Applied genomic microbiology 

Forensic biofilms 
Entomology in forensics



Almost in the fashion of the legendary phoenix, 
microbial life springs from decaying matter such as  
the carcass of an animal. The decomposition process  
is driven by bacteria, and these microbes not only 
spread across the carrion, but gather together  
forming biofilms. In both cases, cell signalling between 
bacteria plays an important role as does interkingdom  
signalling between bacteria and insects. By 
understanding the temporal events related to the 
decomposition of an animal resource, the time of  
death may be approximated. 
 
Cell signalling
Many bacteria communicate by constantly secreting 
small molecules, as the number of bacteria increases, 
the concentration of these compounds increases until  
a threshold concentration is reached. The signal is then 
internalized or activates a membrane receptor that 
leads to changes in gene expression and increased 
production of the original signal. This method of 
communication is known as quorum sensing (QS) and 
using QS, bacteria sense their numbers and begin to act 
in concert. This leads to a change from single cell 

behaviour to group behaviour and the cells resemble 
primitive tissues. QS is particularly important for the 
expression of virulence traits for many pathogens, and  
it is important for the rapid movement across surfaces 
known as swarming. Other traits such as competence, 
conjugation, antibiotic production, sporulation and 
biofilm formation are also influenced by QS. 
Interestingly, often the ability of the bacterium to 
respond to environmental stress is also linked to the QS 
ability of the cells. In addition to bacterial cell signalling, 
bacteria also communicate with their surroundings 
across kingdoms using chemicals cues, influencing 
animals such as insects during their utilization of an 
animal resource. 
 
Swarming
One manifestation of group behaviour based on cell 
signalling is the spreading of bacteria over the animal 
resource via swarming; the cells move to take complete 
advantage of the resources presented by the decaying 
animal. In swarming, cells become hyper-flagellated and 
walk on the surface of the carrion in pulsed rounds of 
rapid movement that depend on bacterial signalling 

The decomposition process  
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connecting channels. Eventually, cells may build 
architectural marvels that allow nutrients to enter and 
waste to be removed. 

The key internal switch that converts motile bacteria to 
sessile ones (and back to motile ones) is cyclic 
diguanylate (c-di-GMP): in all bacteria examined to 
date, biofilm formation increases as c-di-GMP levels 
increase. In an elegant regulatory balance, often 
involving many forms of each of these types of enzymes, 
cells use diguanylate cyclases to form c-di-GMP and 
phosphodiesterases to reduce c-di-GMP levels. Overall, 
c-di-GMP levels are first low to increase surface motility, 
high to form biofilms and reduce motility, then low 
again to allow cells to become motile again. In effect, a 
form of guanosine, the building block of RNA, is 
converted into an internal signal that is used by the cells 
to control biofilm formation (another example of cells 
using nucleotides in a role not directly related to genes).

Forensics through

(Figure 1). To facilitate swarming, cells frequently 
secrete glycolipid or lipopeptide biosurfactants as 
wetting agents to reduce surface tension. In this way, 
bacteria like Proteus mirabilis rapidly cover the surface 
of the decaying animal. 
 
Biofilm formation and dispersal
Not all the cells choose to travel. As the bacteria spread, 
they also form biofilms, vibrant communities of cells 
(Figure 2) where cells are cemented together by protein 
and sugar polymers and even by DNA (a fine example of 
nucleotides serving a structural rather than a genetic 
role). By living in biofilms, cells are protected from 
changes in the environment and they can devour the 
decaying animal.  

To commence biofilm formation, bacteria attach to 
surfaces via their appendages, such as fimbriae and 
flagella, and microcolonies begin to form as cells 
cement themselves together in what has been termed 
the biofilm matrix. For some strains, pioneering cells 
leave trails of matrix sugar polymers and DNA which 
attract other cells to the growing biofilm and create 

Figure 1  The bacteria Proteus mirabilis swarming using 
peritrichous flagella on:  
A  tryptic soy agar (TSA),  
B  TSA + 5% sheep’s blood and  
C  swarming impeded by growth on charcoal agar.  
(Courtesy Dr Tawni Crippen & Robert Droleskey.)
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Figure 2  Acinetobacter baumannii, E. coli, Proteus 
mirabilis and Pseudomonas aeruginosa growth as  
a biofilm on glass.  
(Courtesy Dr Cynthia Sheffield & Robert Droleskey.)
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As with us, cells in biofilms often leave their homes, this 
behaviour is termed biofilm dispersal. Dispersal allows 
cells to leave in search of more nutrients as well as to 
colonize more locations when nutrients are plentiful. 
For example, the opportunistic pathogen Pseudomonas 
aeruginosa will disperse in response to both a sudden 
decrease and a sudden increase in nutrients. Dispersal 
requires cells to remove the cement that tethers them 
together and often to become motile. Internally, the 
signal for biofilm dispersal is a reduction in c-di-GMP 
levels brought on by the activation of 
phosphodiesterases.
 
Interkingdom signalling on carcasses
Cell signalling, swarming and biofilm formation/
dispersal are all utilized to allow bacteria to recycle 
carrion. Some of the volatile signals of decay that are 
produced by the bacteria are perceived by animals  
such as blow flies. These signals are derived from the 
non-odorous proteins, fats and oils of the animal 
resource. Ammonia is the most common nitrogenous 
product and is formed as a secondary product of urea 
decomposition. Skatole, indole, mercaptans and sulfides 
make the most penetrating odours of putrefaction. 
Another large group of attractants are fatty acids, 
which are usually bacterial fermentation products and 
decomposition components. 

A connection has been found between the signals used 
by bacteria for swarming over the animal resource and 
for attracting flies that help transport the bacteria to 
new resources; hence, signalling between bacterial cells 
and between bacteria and flies are interrelated. By 
using a bacterium, Proteus mirabilis, derived from the 
salivary glands of a blow fly, Lucilla sericata, transposon 
knockouts were created and the mutants were screened 
for reduced swarming. It was found that fly attractants 
such as putrescine, lactic acid, phenol, NaOH, KOH and 
ammonia also restore swarming for cells with the 
swarming mutations. In addition, cells deficient in 
swarming attracted fewer blow flies and reduced their 
egg laying. Hence, well-known fly attractants also 
facilitate bacterial swarming. Therefore, as the bacteria 
swarm they attract flies, with their volatile swarming 
signals, which then transport them to new resources, 
and they alert flies to lay eggs to help the decay process. 

Indole plays a prominent role in interkingdom signalling 
between bacteria and insects that facilitate carrion 
decay. Indole is a QS compound for E. coli (this 
bacterium secretes mM quantities of this compound), 
and in the gastrointestinal tract, indole from E. coli both 
tightens the host epithelial cell junctions as well as 

FURTHER READING
Garcia-Contreras, R., Nunez-Lopez, L.,  
Jasso-Chavez, R., Kwan, B. W., Belmont, J. A., 
Rangel-Vega, A. et al. (2015). Quorum sensing 
enhancement of the stress response promotes 
resistance to quorum quenching and prevents 
social cheating. ISME J, Vol. 9, pp115−125.

Kostakioti, M., Hadjifrangiskou, M., and 
Hultgren, S. J. (2013). Bacterial biofilms: 
development, dispersal, and therapeutic 
strategies in the dawn of the postantibiotic era. 
Cold Spring Harbor Perspectives in Medicine,  
Vol. 3, a010306.

Ma, Q., Fonseca, A., Liu, W., Fields, A. T.,  
Pimsler, M. L., Spindola, A. F. et al. (2012). Proteus 
mirabilis interkingdom swarming signals attract 
blow flies. ISME J, Vol. 6, pp1356−1366.

Rather, P. N. (2005). Swarmer cell differentiation 
in Proteus mirabilis. Environmental Microbiology, 
Vol. 7, pp1065−1073.

Thomas K. Wood 

Department of Chemical Engineering and  
Department of Biochemistry and Molecular Biology 

The Pennsylvania State University, University Park, Pennsylvania 

reduces the virulence of pathogens such as 
enterohaemorrhagic E. coli and Ps. aeruginosa. For 
insects, indole has been isolated from human skin as a 
bacterial metabolite that elicits a strong response by 
mosquitoes, it also attracts blow flies. 

Biofilm forensics
Since bacteria initiate the decay of the animal resource 
and their volatile degradation products attract insects, 
the timing of death should be related to the extent of 
bacterial swarming, the extent of biofilm formation, 
and the extent and type of fly egg laying. Since 
different flies have different olfactory preferences, it 
should be possible to relate the timing of the death to 
the volatiles produced as well as to the type of insect 
that is attracted. Therefore, understanding the 
progression of carrion decay in terms of the degree of 
bacterial swarming, the volatile signals produced by the 
bacteria, and the extent and type of insect colonization 
should lead to more accurate predictions of the demise 
of the animal. 
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	Francisella tularensis
	 were investigated 
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	The Darwinian hypothesis 
	The Darwinian hypothesis 
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	Microbial pathogens are thought to have 
	Microbial pathogens are thought to have 
	impact on insect populations. Honey bees
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	possibly because of a variety of emergen
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	Despite the obvious 
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	understand how environmental changes lik
	acidification might affect epiphytic ass
	microbial community composition of the e
	of 
	Enhalus acroides
	 was investigated at a natural CO
	2
	 vent 
	in Papua New Guinea using molecular fing
	next-generation sequencing of 16S and 18
	Both bacterial and eukaryotic epiphytes 
	communities at the CO
	2
	-impacted site compared with the 
	control site. This site-related CO
	2
	 effect was also visible in 
	the succession pattern of microbial epip
	found an increased relative sequence abu
	bacterial types associated with coral di
	CO
	2
	-impacted site (
	Fusobacteria
	, 
	Thalassomonas
	), whereas 
	eukaryotes such as certain crustose cora
	commonly related to healthy reefs were l
	 
	These trends in the epiphytic community 
	E. acroides
	 
	suggest a potential role of seagrasses a
	pathogens and may support previous predi
	decrease in reef health and prevalence o
	future ocean acidification scenarios.

	http://onlinelibrary.wiley.com/doi/10.11
	http://onlinelibrary.wiley.com/doi/10.11
	http://onlinelibrary.wiley.com/doi/10.11

	-2229.12282/
	abstract


	This journal is available online at Wile
	This journal is available online at Wile
	Figure
	Figure
	47
	47
	47


	micro
	micro
	micro
	biologist
	     |     September 2015


	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk



	PUBLICATIONS
	PUBLICATIONS
	PUBLICATIONS


	Figure
	Figure
	Melissa McCulloch
	Melissa McCulloch
	 

	Wiley-Blackwell
	Wiley-Blackwell


	micro
	micro
	micro
	biologist
	     |    September 2015


	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk



	48
	48
	48


	COMMERCIAL
	COMMERCIAL
	COMMERCIAL


	NRS II Transwab®Prewetted, self-containe
	Figure
	The complete specialist microbiological 
	Tel:01292 525 625 • Web: www.neogeneurop
	49
	49
	49


	micro
	micro
	micro
	biologist
	     |     September 2015


	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk



	Figure
	FEATURES
	FEATURES
	FEATURES


	The
	The
	The


	INFLUENZA PANDEMIC
	INFLUENZA PANDEMIC
	INFLUENZA PANDEMIC


	1918-1919
	1918-1919
	1918-1919


	of
	of
	of


	Introduction
	Introduction
	One of the more startling statistics of 
	 

	Morbidity and mortality
	Estimations of influenza pandemic morbid
	Sir Frank Macfarlane Burnet was a physic
	 
	 

	Strikingly, the severity of the influenz
	 
	 
	 
	 
	 
	 
	 
	 
	 

	‘Sweate’ or English sweating sickness (L
	However, this was not the first describe
	 
	 
	 
	 
	 
	 
	 

	The great diversity of influenza A virus
	 

	Influenza A virus H1N1Influenza A virus 
	 
	 
	α

	It may be that widespread exposure to a 
	α
	α
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Though these syndromes were not unique t
	 
	sp
	sp
	sp
	 
	sp
	 
	 

	As one half of the 1918−1919 pandemic de
	 
	 

	Host versus EnvironmentHowever, it may b
	 
	 
	 

	Nevertheless, there were documented outb
	A host-specific molecular clock method h
	 

	Global ThreatThe unprecedented morbidity
	 

	Final Thoughts It is interesting to cons
	 
	 
	 
	 


	HISTORICAL PERSPECTIVES
	HISTORICAL PERSPECTIVES
	HISTORICAL PERSPECTIVES


	50
	50
	50


	micro
	micro
	micro
	biologist
	     |     September 2015


	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk



	Figure
	A negative stained transmission electron
	A negative stained transmission electron
	 
	 
	(Photo: Cynthia Goldsmith. Content: CDC/


	micro
	micro
	micro
	biologist
	     |     September 2015


	51
	51
	51


	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk



	FEATURES
	FEATURES
	FEATURES


	The resulting influenza 
	The resulting influenza 
	The resulting influenza 
	 
	viruses that were produced were 
	significantly more virulent in 
	 
	mice than the wild-type strain


	Inﬂuenza virusABCInﬂuenza virus containi
	Haemagglutinin as a Driver of Influenza 
	Haemagglutinin as a Driver of Influenza 
	(Reproduced from Hoft and 
	Belshe, 2004)


	micro
	micro
	micro
	biologist
	     | 
	    
	September 2015


	52
	52
	52


	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk



	Figure
	The British Army Hospital, Etaples, with
	The British Army Hospital, Etaples, with
	(Imperial War Museum (Q27492).)


	FURTHER READING
	FURTHER READING
	FURTHER READING


	Hoft, D. F., and Belshe, R. B. (2004). T
	Hoft, D. F., and Belshe, R. B. (2004). T
	 
	 

	Morens, D. M., and Fauci, A. S. (2007). 
	Oxford, J. S., Sefton, A., Jackson, R., 
	Tumpey, T. M., Basler, C. F., Aguilar, P
	 

	Worobey, M. W., Han, G., and Rambaut, A.
	 


	Stephen Winchester
	Stephen Winchester
	Surrey Pathology Services
	Surrey Pathology Services


	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk
	www.sfam.org.uk



	53
	53
	53


	micro
	micro
	micro
	biologist
	     |     September 2015


	COMMERCIAL
	COMMERCIAL
	COMMERCIAL


	Corporate 
	Corporate 
	Corporate 
	NEWS


	The latest news, view and microbiologica
	The latest news, view and microbiologica
	The latest news, view and microbiologica
	from our Corporate Members


	Real-time qPCR with BioConnections 
	Real-time qPCR with BioConnections 
	Real-time qPCR with BioConnections 

	BioConnections and Primerdesign, two Bri
	The genesig q16 is a 16 well real-time q
	An affordable price (£3995) opens up the
	With over 400 detection kits the genesig
	To find out more about these new product
	Further Information
	Visit:  Tel: +44(0)1782 516010Email: 
	www.bioconnections.co.uk
	 
	 
	welcome@bioconnections.co.uk

	 
	 
	 
	 

	Bruker Daltonics 
	Bruker Daltonics 

	Bruker Daltonics is dedicated to next ge
	 

	Further Information
	Visit:  Email: 
	www.bruker.co.uk
	 
	Erika.tranfield@bruker.co.uk  Tel: +44(0
	 
	 
	 
	 
	 
	Cherwell Laboratories - Experts in 
	Environmental Monitoring, 
	 
	Process Validation & Cleanroom 
	 
	Bio-Decontamination
	®
	®


	 Tel: +44(0)1869 355 500Email: sales@
	 
	 
	cherwell-labs.co.uk
	 

	 
	 
	 
	 

	How you can afford automated 
	How you can afford automated 
	 
	colony counting

	With efficiency and cost saving on every
	Step 1. Whitley Automated Spiral PlaterE
	 

	A single keystroke loads the sample, ino
	 

	Step 2. Protos 3Colonies on your spiral 
	 
	 
	 

	For long term cost-savings, efficiency a
	Automated colony counting has never been
	 

	Further Information
	Visit:  Tel: +44(0)1274 595728Email: 
	www.dwscientific.co.uk
	 
	 
	sales@dwscientific.co.uk

	 
	 
	 
	 

	Mast Group Ltd 
	Mast Group Ltd 

	Product descriptionmastassure™  Bacteria
	 
	 
	 

	Mast Antisera products are used globally
	The mastassure™ product range promises h
	Presented in 2ml dropper bottles, mastas
	Further Information
	Visit:    Email:  
	www.mastgrp.com
	 
	sales@mastgrp.com

	 
	 
	 
	 

	Microbiologics Expands Helix Elite™ 
	Microbiologics Expands Helix Elite™ 
	Molecular Standards Line with New 
	Formats and Strains

	Microbiologics, Inc., the leading global
	 

	Inactivated Helix Elite Molecular Standa
	In-Vitro Diagnostic (IVD) Medical Device
	Genomic Extract Helix Elite Molecular St
	microbiologics.com/Products/Helix

	Further Information
	Visit:  Tel: +44(0)1320 253 1640Email: 
	www.microbiologics.com
	 
	 
	info@microbiologics.com

	 
	 
	 
	 

	NRS II Transwab
	NRS II Transwab
	®
	 for effective sampling 
	after cleaning   

	NRS II Transwab is Medical Wire’s name f
	®
	 

	All NRS II Transwab devices feature Medi
	®
	 
	 

	NRS™ Medium is a universal neutralising 
	 

	Further Information
	Visit:  Tel: +44(0)1225 810361 Email: 
	www.mwe.co.uk
	 
	 
	sales@mwe.co.uk

	 
	 
	 
	 

	NCIMB launches new same-day 
	NCIMB launches new same-day 
	identification service 

	NCIMB has strengthened its microbial ide
	ID services manager Vikki Mitchell is de
	NCIMB has an extensive track record in b
	 

	The new equipment includes micro centrif
	Vikki added: “Our new state-of-the-art t
	 
	 

	“Using our services couldn’t be easier, 
	 

	Further Information
	Visit:  Tel: +44(0)1224 711 100 Email: 
	www.ncimb.com
	 
	 
	enquiries@ncimb.com

	 
	 
	 
	 

	Pro-Lab Diagnostics
	Pro-Lab Diagnostics

	AST SIRscan Automation. Pro-Lab Diagnost
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	pro-lab.com
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	®
	®
	pro-lab.com

	Further Information
	Visit:  Email: uksupport@
	www.pro-lab.com
	 
	pro-lab.com

	 
	 
	 
	 

	TCS Biosciences Ltd
	TCS Biosciences Ltd

	Here at TCS Biosciences Ltd, we have 50 
	 

	Our commitment to continuous improvement
	 
	 
	 

	TCS is focused on developing our presenc
	Further Information
	Visit:  Tel: +44(0)1296 714222
	www.tcsbiosciences.co.uk
	 


	COMMERCIAL
	COMMERCIAL
	COMMERCIAL


	Figure
	Figure
	S
	S
	S
	f
	AM Meetings Secretary
	 

	The Society is looking for a new Meeting
	lucy@sfam.org.uk

	The MS leads the creation of scientific 
	•  Any candidate(s) normally should have
	•  The candidate should be well respecte
	•  The candidate should have suitable sk
	Nominees will be put forward for electio
	 

	For more details of the roles and respon
	 
	 
	lucy@sfam.org.uk


	COMMERCIAL
	COMMERCIAL
	COMMERCIAL


	Convenienceyou can trust...t.01536 40381
	www.pro-lab.comMicrobankMicrobank ™Trust
	•  Bringing together the best in food sa
	Figure
	Figure
	www.mwe.co.ukwww.mwe.co.ukTelephone: +44






