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	 Controls	for	each	assay	consisted	of	LB	only	wells	containing	no	bacteria.	

There	was	a	visible	decrease	in	turbidity	between	the	control	and	experimental	

wells.		Optical	density	readings	were	consistent	over	the	three	independent	trials	

and	showed	a	62%	decrease	for	CF	biofilms	treated	with	the	KP	molecule	and	a	68%	

decrease	in	ECL-treated	biofilms	(Figure	2A/2B).	However,	thanks	to	our	additional	

row	of	wells	containing	nothing	but	LB	broth,	we	were	able	to	determine	that	there	

was	bacterial	biofilm	development	in	all	wells.		This	indicates	that,	at	the	point	of	

biofilm	attachment,	the	uncharacterized	product	from	KP	is	inhibitory	to	

attachment	and	eventual	production	but	is	unable	to	fully	prevent	attachment	of	
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bacteria.		It	is	important	to	note	that	we	have	thus	far	not	been	able	to	isolate	and	

purify	the	molecule	of	interest	and	so	the	cell	free	spent	media	contains	very	dilute	

amounts	of	the	molecule.	It	is	possible	that	upon	isolation	and	purification	of	the	

molecule	that	a	completely	inhibitory	effect,	in	regards	to	attachment,	could	be	

possible.		Figure	1A	shows	the	microtiter	assay	plate	at	the	conclusion	of	all	

performed	assays.		Dilution	plates	for	CF	(Figure	1B)	and	ECL	(Figure	1C)	were	also	

compared	to	further	illustrate	the	inhibition	of	both	bacteria.	
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For	assessment	of	biofilm	mass,	CV	was	used	to	stain	attached	

cells	on	the	96	well	plates.	Cells	that	take	up	the	CV	stain	are	lysed,	releasing	the	

dye,	and	mass	can	be	calculated	as	a	proportion	by	absorbance	at	OD595.	When	CF	

was	treated	with	the	KP	molecule	there	was	a	73%	reduction	in	biofilm	mass	in	

comparison	to	the	CF	untreated	control	(Figure	3A/3B).	The	KP	molecule	appears	to	

have	had	an	even	more	prominent	reduction	of	85%	on	ECL	biofilm	mass	during	

attachment	phases	(Figure	3A/3B).		We	believe	this	to	be	indicative	of	a	major	

reduction	in	biofilm	mass	due	to	the	inhibitory	actions	of	the	uncharacterized	

molecule.	

1B	 1C	
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The	OD	and	CV	assays	only	express	cells	in	terms	of	amount	of	cells,	but	are	

unable	to	indicate	whether	those	cells	are,	in	fact,	alive	or	dead.	To	determine	if	

there	was	a	reduction	in	cell	viability	we	implemented	an	MTT	assay.		In	this	assay	

the	yellow	MTT	is	reduced	to	a	purple	formazan	product	by	actively	metabolizing	

bacterial	cells.	Thus,	the	amount	of	reduced	product	can	be	determined	by	

spectrophotometer	readings	(OD570)	and	the	proportion	of	cells	that	are	viable	can	

be	calculated.		There	was	a	reduction	in	both	CF	and	ECL	cell	viability,	though	this	

reduction	was	not	as	drastic,	as	compared	to	the	other	OD	and	CV	reductions.		CF	

exhibited	a	52%	reduction	in	viable	cells	between	control	and	experimental	wells	

while	ECL	revealed	a	substantially	greater	71%	reduction	between	its	two	

conditions	(Figure	4A/4B).		As	such,	for	both	CF	and	ECL	at	the	attachment	stage	of	
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biofilm	formation,	there	is	a	quantifiable	decrease	in	viable	cells	present	in	the	

cultures.			

Inhibition	of	CF	and	ECL	Biofilm	Maturation	

	
	 We	then	tested	the	ability	of	this	molecule	to	inhibit	early-stages	of	

maturation,	when	the	biofilms	are	forming,	but	not	fully	mature	yet.	Similarly	to	

attachment,	biofilm	maturation	was	assessed	for	cell	density	(optical	density),	

biofilm	mass	(crystal	violet	staining),	and	biofilm	cell	viability	(MTT	and	CFU	

enumeration).	The	96	well	microtiter	plates	were	uniformly	inoculated	with	the	

same	amount	of	CF	or	ECL	(~1x106	cells/mL)	and	half	the	amount	in	each	well	of	LB	

alone	(100	𝜇𝐿).		This	plate	was	placed	in	the	37℃	incubator	for	a	total	of	4	hours.		

After	this	span	of	time,	the	remaining	amounts	of	LB	broth	or	KP	product	were	

added	to	their	respective	wells.	Each	of	the	plates	were	assessed	for	the	four	

different	assays	at	once,	shown	in	Figure	5A.		

Controls	for	each	assay	were	comprised	of	wells	filled	with	only	LB	and	no	

bacteria.	There	was	a	visible	decrease	in	turbidity	between	the	control	and	

experimental	wells.		Optical	density	readings	were	consistent	over	the	three	

independent	trials	and	showed	a	56%	decrease	for	CF	biofilms	treated	with	the	KP	

molecule	and	a	65%	decrease	in	ECL	treated	biofilms	(Figure	6A/6B).		Both	of	these	

values	were	only	slightly	(<~7%)	less	than	what	we	found	for	the	attachment	series,	

indicating	a	slight	lessening	in	effectiveness	of	the	molecule	at	inhibiting	biofilm	

formation	at	the	maturation	stage.	
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Due	to	this	experimental	series	focusing	on	the	biofilm	phase	of	maturation,	

it	was	expected	that	we	would	see	biofilm	growth	in	all	wells	except	our	LB	only	

wells.		This	fact	reinforces	that,	at	the	dilutions	used	for	this	experiment,	the	KP	

product	in	question	possesses	bacteriostatic	rather	than	bactericidal	effects	due	to	

pre-formed	biofilms	still	being	present,	yet	inhibited	from	the	point	of	KP	product	

addition	onward.		Figure	5A	shows	the	microtiter	assay	plate	at	the	conclusion	of	all	

performed	assays.		Dilution	plates	for	CF	(Figure	5B)	and	ECL	(Figure	5C)	were	also	

compared	to	further	illustrate	the	inhibition	of	both	bacteria.	

	



25	

	
	The	same	method	of	using	CV	to	stain	attached	cells	on	the	96	well	plates	

that	was	used	for	the	attachment	phase	was	used	in	the	maturation	trials.	The	mass	

can	be	calculated	as	a	proportion	by	absorbance	at	OD595,	as	before.	For	this	series,	

when	CF	was	treated	with	the	KP	molecule	there	was	a	89%	reduction	in	biofilm	

mass	in	comparison	to	the	CF	untreated	control,	demonstrating	what	appears	to	be	

superior	action	of	the	KP	molecule	when	compared	with	the	attachment	data	

(Figure	7A/7B).	Contrarily,	ECL	only	exhibited	an	average	reduction	of	71%	in	

biofilm	mass	when	added	4	hours	after	incubation	began,	which	is	>10%	less	

effective	than	when	the	filtrate	was	introduced	immediately	(Figure	7A/7B).	
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To	determine	if	the	cells	present	were	alive	or	dead,	an	MTT	assay	was	

utilized.		The	amount	of	reduced	product	was	determined	by	spectrophotometer	

readings	(OD570)	and	the	proportion	of	cells	that	are	viable	was	then	calculated.		

61%	average	viable	cell	reduction	was	found	between	the	control	and	experimental	

categories	for	CF,	which	is	~8%	greater	efficacy	than	when	the	KP	molecule	was	

added	to	inhibit	the	attachment	phase	of	biofilm	formation	(Figure	8A/8B).		

Inversely,	the	ECL	averages	indicated	a	60%	reduction	of	viable	cells	due	to	the	

filtrate’s	addition	at	the	maturation	stage	which	is	>10%	less	efficacy	than	when	it	

was	added	for	attachment	(Figure	8A/8B).		For	both	CF	and	ECL	at	the	maturation	
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stage	of	biofilm	formation,	we	can	conclude	that	there	is	a	similar	quantifiable	

decrease	in	viable	cells	present	in	the	cultures	read	by	the	spectrophotometer	

(𝑂𝐷!"#)	as	compared	to	the	attachment	stage	trails.			

	 	

Determination	of	KP	molecule	Zones	of	Inhibition	(ZOI)	 	

Lastly,	it	was	determined	from	the	data	that	the	unknown	molecule	secreted	

from	KP	has	the	capability	to	create	a	ZOI	that	closely	resembles	the	same	action	

enacted	by	lower	concentrations	of	the	antibiotic	Ampicillin	on	lawns	of	CF	and	ECL.			

In	too	low	dilutions,	the	antibiotic	won’t	create	any	ZOI	of	CF	lawns	(Figure	9A/9B).		
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However,	the	filtrate	is	capable	of	creating	a	ZOI	very	similar	to	what	would	be	

produced	if	the	KP	cells	were	placed	on	the	lawn.		With	ECL,	which	appears	to	be	

more	susceptible	to	Ampicillin	than	CF,	the	KP	filtrate	proved	to	be	slightly	less	

effective	than	the	lowest	antibiotic	dilution	we	tested,	but	more	effective	than	the	

KP	cell	trial.	
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Conclusions	

	 The	results	of	this	study	are	indicative	of	the	uncharacterized	KP	molecule	

possessing	inhibitory	effects	on	CF	and	ECL	biofilm	formation	at	both	stages	of	

attachment	and	maturation	at	the	dilutions	used.		For	each	condition	tested,	there	

was	substantial	reduction	by	more	than	50%	between	control	groups	and	those	

exposed	to	the	uncharacterized	product.		This	shows	that	the	molecule	in	question	

has	inhibitory	effects	on	the	bacteria’s	biofilm	cell	density,	mass,	and	cell	viability,	

ultimately	weakening	these	bacteria’s	biofilms.	

	 The	mechanism	of	how	exactly	this	molecule	does	this,	as	well	as	what	

exactly	this	product	from	KP	is	categorized	as,	is	still	in	question.		We	are	not	certain	

if	this	product	exhibits	strictly	bacteriostatic	effects	or	if	there	is	possibility	for	more	

dramatic,	bactericidal	action	upon	purification.		Again,	only	the	liquid,	dilute	form	of	

this	product	was	used	for	this	study,	and	the	behavior	of	the	KP	product	in	higher	

concentrations	with	higher	concentrations	of	bacteria	remains	to	be	tested.			

	 The	future	goals	of	this	series	of	experiments	would	include	the	isolation,	

identification,	and	successful	purification	of	this	unknown	product	secreted	by	KP	

so	that	the	full	extent	of	its	antimicrobial	effects	could	then	be	analyzed.		At	present,	

the	results	of	this	study	are	highly	optimistic	for	multiple	practical	applications	of	

the	product	in	question.		There	is	the	possibility	of	alternative	solutions	to	CF	and	

ECL	infections	rather	than	traditional,	high-dose	antibiotics.		Should	an	infection	

develop	biofilms	and	run	the	risk	of	becoming	a	chronic	illness	in	a	patient,	we	now	

have	an	antimicrobial	agent	that	may	be	capable	of	treating	MDR	CF	and	ECL,	giving	

medicine	a	new	weapon	in	microbial	warfare.	
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