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analyze the electrophoretic protein profiles to identify an 
unknown sample.

See page 3 for storage instructions.

Version 252.190731

252
Edvo-Kit #

SAMPLE LITERATURE 

Plea
se

 re
fer

 to
 in

clu
ded

 

web
lin

k f
or c

orre
ct 

ve
rsi

on.

mailto:info%40edvotek.com?subject=
https://www.edvotek.com


     Page

Experiment Component 3
Experiment Requirements 3
Background Information 4

Experiment Procedures 
 Experiment Overview 7
 Module I: Preparation of Bacterial Lysates 8
 Module II-A: Preparing Precast Polyacrylamide Gels For Electrophoresis 11
 Module II-B: Performing SDS-PAGE with Protein Samples 13
 Module III: Staining the Gel with FlashBlue™ Protein Stain 15
 Study Questions 17

Instructor’s Guidelines 
 Notes to the Instructor 18
 Pre-Lab Preparations 19
 Experiment Results & Analysis 22
 Answers to Study Questions 23

Appendix A - Troubleshooting Guide 24 

Safety Data Sheets can be found on our website: www.edvotek.com/safety-data-sheets

Table of Contents

EDVOTEK and The Biotechnology Education Company are registered trademarks of EDVOTEK, Inc. FlashBlue, ReadyPour, and BactoBead are trademarks of EDVOTEK, Inc.

1.800.EDVOTEK •  Fax 202.370.1501  •  info@edvotek.com  •  www.edvotek.com

2
Duplication of any part of this document is permitted for non-profit educational purposes only. Copyright © 2022 EDVOTEK, Inc., 
all rights reserved. 252.190731

BACTERIAL PROTEIN FINGERPRINTING EDVO-Kit #252

https://www.edvotek.com/safety-data-sheets
mailto:info%40edvotek.com?subject=
https://www.edvotek.com
https://www.edvotek.com
https://www.edvotek.com
mailto:info%40edvotek.com?subject=


Experiment Components

This kit is designed for 
six (6) groups sharing 
three polyacrylamide 

gels. 

All experiment components are intended for educational research only. They are not to be used for diagnostic or drug purposes, nor administered to or con-
sumed by humans or animals. None of the experiment components are derived from human sources.

1.800.EDVOTEK •  Fax 202.370.1501  •  info@edvotek.com  •  www.edvotek.com

3
Duplication of any part of this document is permitted for non-profit educational purposes only. Copyright © 2022 EDVOTEK, Inc., 
all rights reserved. 252.190731

BACTERIAL PROTEIN FINGERPRINTINGEDVO-Kit #252

Component   Storage    Check √

A Escherichia coli BactoBeads™ 4°C (with desiccant) q
B Serratia marcescens BactoBeads™ 4°C (with desiccant) q
C Bacillus subtilis BactoBeads™ 4°C (with desiccant) q
D	 Tris-EDTA-Glucose	(TEG)	buffer	 Freezer	 q
E	 Lysozyme	 	 Freezer	 q
F	 Protein	sample	buffer	 Freezer	 q
G	 Unknown	(ready	for	electrophoresis)	 Freezer	 q

All remaining components can be stored at room temperature.
•	 Tris-glycine-SDS	electrophoresis	buffer	(10x)	 	 q
• FlashBlue™ Protein Stain Powder  q
• Practice gel loading solution  q
• ReadyPour™ agar  q
• Nutrient Broth  q
• Screw cap tubes  q
• Sterile inoculating loops  q
• Sterile 1 mL pipets  q
•	 Sterile	petri	plates,	100	x	15	mm	 	 q

Experiment Requirements (NOT included with this experiment)

• Vertical electrophoresis apparatus (EDVOTEK® Cat. #581 highly recommended) 
• D.C. Power Supply
• Three 12% precast SDS polyacrylamide gels (Cat. #651 or #652) 
• Micropipet and tips 
 (Cat. #638, Fine Tip Micropipet Tips recommended)
• Microcentrifuge
• Incubation oven (37°C)
• Microcentrifuge tubes
• Hot plate, Microwave oven or Bunsen burner
• Sterile Water or Nutrient Broth (optional) 
• Staining trays
• Distilled water
• White vinegar 
• Ethanol (95% or higher)
• Plastic Wrap
•	 750	mL	or	1	L	flask	or	beaker
•  White light box (recommended) 
•  Rocking platform (recommended) 
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BACTERIAL PROTEIN FINGERPRINTING

Bacteria	have	been	historically	identified	and	classified	according	to	morphological	traits	such	as	shape,	size,	motility,	gram	
stain, and macroscopic growth characteristics. However, similar morphological characteristics are shared by many bacteria. 
Biochemical,	nutritional	and	physiological	traits	are	very	important	in	bacterial	identification	and	classification.	These	traits	
include oxygen requirements, glucose fermentation, pH response, ability to grow on selective media, ability to cause hemo-
lysis,	and	response	to	antibiotics.	Bacterial	evolutionary	descent	and	phylogenetic	classification	are	tractable	by	the	study	of	
bacterial DNA, RNA, and proteins. The approach to bacterial relationships by using molecular phylogenetic data is relatively 
new.	The	use	of	molecular	signatures	such	as	ribosomal	RNA	is	useful	in	the	identification	of	different	bacterial	species.	
Bacterial cells, such as E. coli,	contains	approximately	2000	different	kinds	of	proteins.	The	amount	and	types	of	proteins	
within the cell can vary depending on the environmental and physiological conditions. While many proteins are physico-
chemically	and	functionally	similar	between	different	bacteria	it	is	unlikely	that	all	of	them	will	share	the	same	distribution	
of molecular weights, shapes, charge and immunogenicity. Furthermore, the relative concentrations of proteins that are 
otherwise	similar	in	other	characteristics	can	vary	between	two	different	types	of	cells	and	can	be	used	as	a	fingerprint	pat-
tern. 

POLYACRYLAMIDE GEL ELECTROPHORESIS

Sodium	dodecylsulfate	(SDS)	polyacrylamide	gel	electrophoresis	is	particularly	useful	to	analyzing	the	complex	profile	cre-
ated by a total soluble protein lysate. Total bacterial protein lysates analysis by SDS electrophoresis is frequently done to 
check for the over expression of protein. Sodium dodecylsulfate 
(SDS) is a detergent which consists of a hydrocarbon chain bonded 
to a highly negatively charged sulfate group (Figure 1). 

SDS binds strongly to most proteins and causes them to unfold 
to a random, rod-like chain. No covalent bonds are broken in this 
process. Therefore, the amino acid composition and sequence 
remains	the	same.	Since	its	specific	three-dimensional	shape	is	
abolished, the protein no longer possesses biological activity. Pro-
teins	that	have	lost	their	specific	folding	patterns	and	biological	ac-
tivity but have their polypeptide chains remaining intact are called 
denatured. Proteins which contain several polypeptide chains that 
are associated only by non-covalent forces will be dissociated by SDS into separate, denatured polypeptide chains. Proteins 
may	contain	covalent	cross-links	known	as	disulfide	bonds.	These	bonds	are	formed	between	two	cysteine	amino	acid	
residues	that	can	be	located	in	the	same	or	different	polypeptide	chains.	High	concentrations	of	reducing	agents,	such	as	
2-mercaptoethanol,	will	break	disulfide	bonds.	This	allows	SDS	to	completely	dissociate	and	denature	the	protein.	Proteins	
that	retain	their	disulfide	links	bind	less	SDS,	causing	anomalous	electrophoretic	migration.	

In most cases, SDS binds to proteins in a constant ratio of 1.4 grams of SDS per gram of protein. On average, the bound 
SDS	molecules	is	half	the	number	of	amino	acid	residues	in	the	polypeptide.	The	large	quantity	of	bound	SDS	efficiently	
masks the intrinsic charges in the protein. Consequently SDS denatured proteins are net negative and the binding of the 
detergent is proportional to the mass of the protein. The charge to mass ratio in denatured proteins is constant and the 

Background Information

Figure 1: The chemical structure of
sodium dodecylsulfate (SDS). 
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shapes of SDS denatured proteins are all rod-like. The 
larger the molecular weight of the protein the longer 
the rod-like chain. During SDS electrophoresis, proteins 
migrate through the gel towards the positive electrode 
at a rate that is inversely proportional to their molecular 
weight.	The	pores	in	the	gel	distinguish	these	size	differ-
ences, the smaller the protein, the faster it migrates. The 
molecular weights of unknown proteins are obtained by 
comparison of the relative positions after electrophore-
sis to the positions of standard SDS denatured proteins 
electrophoresed in parallel.

The electrophoretic mobility of the proteins is also af-
fected by the gel concentration. Higher percentage gels 
are more suitable for the separation of smaller proteins 
and	of	peptides.	The	pore	size	in	polyacrylamide	gels	is	
controlled by the gel concentration and the degree of 
polymer cross linking. The polyacrylamide gel is formed 
by mixing the monomer, acrylamide, the cross-linking 
agent, methylenebis-acrylamide, and a free radical gen-
erator	ammonium	persulfate,	in	aqueous	buffer	(Figure	2).	Free	radical	polymerization	of	the	acrylamide	occurs.	At	various	
points the acrylamide polymers are bridged to each other.

It	should	be	noted	that	acrylamide	is	a	neurotoxin	and	can	be	absorbed	through	the	skin.	However,	in	the	polymerized	
polyacrylamide	form	it	is	non-toxic.	The	polymerization	process	is	inhibited	by	oxygen.	Consequently,	polyacrylamide	
gels are usually prepared between two glass plates separated by strips called spacers. As the liquid acrylamide mixture is 
poured	between	the	plates,	air	is	displaced	and	polymerization	proceeds.	

SURVEY OF BACTERIAL SAMPLES

Escherichia coli and Serratia marcescens are gram negative rods of the Enterobacteriaceae family. Members of this family 
generally can ferment glucose and other sugars, and require minimal media containing salts and small amounts of glucose. 
These bacteria are facultative anaerobes and do not form spores. Several members such as E. coli are found in the intes-
tinal tracts of animals. S. marcescens is found in the soil or water. S. marcescens produces the red, pyrrole pigment prodigi-
osin at 25°C in starchy media.

Bacillus subtilis is a gram positive, rod shaped member of the family Bacillaceae. Members of this family are endospore 
formers. B. subtilis is found in dust and hay. It is a strict aerobe. This bacteria produces the antibiotic subtilin and a closely 
related strain produces the antibiotic bacitracin. These antibiotics are peptides that interfere with the cell wall synthesis of 
mostly gram positive bacteria. 

The cell walls of gram negative bacteria consist of an outer lipid membrane containing glycolipids and lipopolysaccharides 
that project into the external environment. Beneath the outer membrane is the rigid meshwork of peptidoglycan. Beneath 
this peptidoglycan layer is the periplasmic space which contains proteins. The other side of the space is bounded by the 
cytoplasmic membrane. The peptidoglycan comprises 5-15% of the cell wall components by weight. The cell walls of gram 
positive bacteria tend to be much thicker. They do not possess an outer membrane and are structurally simpler. The pepti-
doglycan	can	be	20-80%	of	the	cell	wall	components.	The	many	layers	of	peptidoglycan	in	the	gram	positive	bacteria	form	a	
relatively homogenous network.

Figure 2: Polymerization	of	polyacrylamide.
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Due to the outer membrane and its molecular projections the gram negative bacteria are much less susceptible to the 
activity	of	lysozyme	than	the	gram	positive	bacteria.	Lysozyme	hydrolyzes	the	glycosidic	bonds	between	the	N-acetylglu-
cosamine and N-acetylmuramic acid residues in the peptidoglycan. The viscosity increase is due to the release of high 
molecular	weight	DNA	and	other	cell	biomolecules.	These	effects	are	not	readily	observed	after	lysozyme	treatment	of	gram	
negatives. Conversely, the addition of a detergent such as SDS to a suspension of gram negative cells results in cell lysis as 
evidenced	by	increased	viscosity.	Exposure	of	gram	positive	cells	with	intact	peptidoglycan	to	SDS	does	not	result	in	signifi-
cant amounts of lysis as judged by viscosity.
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EXPERIMENT OBJECTIVE 

The objective of this experiment is for students to prepare soluble protein lysates from several species of bacteria and ana-
lyze	the	electrophoretic	protein	profiles	to	identify	an	unknown	sample.

EXPERIMENT OVERVIEW

In	this	experiment,	different	species	of	bacteria	will	be	grown	on	nutrient	agar	plates.	The	cells	will	be	harvested	and	
disrupted under denaturing conditions to obtain a total, crude protein lysate. SDS polyacrylamide gel electrophoresis is 
capable	of	resolving	hundreds	of	denaturing	protein	components	on	the	basis	of	their	size.	The	bacteria	used	in	this	labora-
tory	have	characteristic	protein	electrophoretic	profiles.	Protein	patterns	of	an	unknown	protein	lysate	will	be	compared	in	
parallel with known samples prepared by the procedures outlined below. After electrophoresis the proteins will be visual-
ized	with	stain	and	you	will	determine	whether	or	not	the	unknown	corresponds	to	one	of	the	samples	you	have	prepared.

LABORATORY SAFETY

Gloves and goggles should be worn routinely as good laboratory practice. 

Although the bacteria in this experiment are not pathogenic many bacteria are capable of caus-
ing infection in certain individuals. Gloves and goggles should be worn. Never mouth pipet. At the 
completion	of	the	experiment,	all	bacterial	lysates	and	plasticware	should	be	sterilized	for	20	minutes	
before	disposal.	Alternatively,	the	plates	and	other	materials	can	be	soaked	in	10%	bleach	overnight	
and then discarded. Wear gloves and goggles when working with bleach. 

Acrylamide is a known neurotoxin and carcinogen and should be handled with extreme caution. Liquid acrylamide, 
used in the manufacture of SDS-PAGE gels, should only be handled in a chemical fume hood while wearing gloves 
and goggles. Polymerized acrylamide, including precast acrylamide gels, is safe but should still be handled with 
caution at all times. 

LABORATORY NOTEBOOKS
Address and record the following in your laboratory notebook or on a separate worksheet.

Before starting the Experiment:
•		 Write	a	hypothesis	that	reflects	the	experiment.	
•  Predict experimental outcomes.

During the Experiment: 
•  Record (draw) your observations, or photograph the results.

After the Experiment:
•  Formulate an explanation from the results. 
•  Determine what could be changed in the experiment if the experiment were repeated. 
•		 Write	a	hypothesis	that	would	reflect	this	change.

Experiment Overview

Wear gloves 
and safety goggles
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Module I: Preparation of Bacterial Lysates

FIRST DAY: GROWTH OF BACTERIAL CULTURES

1.  OBTAIN	two	agar	plates	with	different	letter	designations	written	on	the	bottom.	(Your	instruc-
tor	will	determine	which	plates	your	group	will	get.)	Each	letter	identifies	a	different	bacteria	
species: 

  A - Escherichia coli
  B - Serratia marcescens
  C - Bacillus subtilis
2.  Using a new sterile loop, REMOVE a single Bacto-

Bead™ from the appropriate vial and TRANSFER it to 
the	edge	of	your	first	agar	plate.	The	bead	should	be-
gin to dissolve when it is on the agar. This process can 
be facilitated by adding a small drop of sterile water or 
sterile nutrient broth. 

3.  Using a sterile loop thoroughly SPREAD the liquid evenly 
over the entire surface of the agar plate. ROTATE the 
plate and STREAK back and forth to obtain complete 
coverage. Do not apply too much pressure otherwise 
the agar may be damaged. COVER the plate after spreading.

4.  REPEAT steps 2 and 3 for your second plate.
5. STACK your group’s of plates on top of one another and TAPE them together. NOTE: The plates 

should be left in the upright position to allow the cell suspension to be absorbed by the agar. 
6. PLACE the set of plates in a safe place designated by your instructor.
7. After the cell suspension is absorbed by the agar, you or your instructor will PLACE the plates in the inverted position 

(agar	side	on	top)	in	a	37°C	bacterial	incubation	oven	for	overnight	incubation	(15-20	hours).	NOTE: If the cells have not 
been absorbed into the medium, it is best to incubate the plates upright. The plates are inverted to prevent condensation 
on the lid, which could drip onto the culture and may interfere with experimental results. 

NOTE: Ensure the entire plate has been completely streaked over 
with the inoculating loop.

Wear gloves 
and safety goggles
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Module I: Preparation of Bacterial Lysates, continued

SECOND DAY - PREPARATION OF BACTERIAL LYSATES

All	the	plates	should	have	a	confluent	mass	(lawn)	of	cells,	not	colonies.	Bacterial	lawns	may	have	clumps	and	aggregates	
while	others	may	have	clearer	zones	surrounded	by	heavier	growth.	Extend	the	incubation	period	if	sufficient	growth	is	not	
evident.

1. LABEL	two	10	mL	test	tubes	with	the	letters	corresponding	to	your	plates	and	your	group	num-
ber. LABEL two screw cap microcentrifuge tubes with the letters corresponding to your plates 
and group number. DETERMINE	their	empty	weight	to	the	nearest	milligram	(0.001	g).

2. ADD 4 mL of tris-EDTA-glucose (TEG) to each plate.
3.  Using a sterile loop for each plate, SCRAPE the cells from the agar surface by streaking back 

and forth.
4.  TILT the plate slightly. Using a 5 mL pipet with a suction device, PIPET the cells up and down 

to break up larger clumps. EJECT the liquid against the tilted agar surface to wash down residual cells. Use	a	different	
pipet for each plate.

5.  TRANSFER	all	the	resuspended	cells	(2.5	to	3.5	mL)	from	each	of	the	plates	to	the	corresponding	10	mL	test	tube.	MIX 
the tube by vortexing or by other agitation to break up most of the remaining cell aggregates.

6.  MIX the cells to obtain an even suspension. Using fresh pipets with a suction device, TRANSFER 1 mL of the cells to the 
corresponding screw cap microcentrifuge tubes. CAP each of the tubes.

7.  PLACE your microcentrifuge tubes in the microfuge, counter-balanced and CENTRIFUGE for 5 minute at full speed. 
8.  REMOVE all of the supernatant from the tubes with a pipet. DISCARD the supernatant in a waste beaker.
9.  INVERT the tubes and BLOT residual liquid with a wipe or paper towel.
10.		DETERMINE the wet mass of the cell pellets. NOTE: The wet mass of cell pellets may vary among the bacteria. Variations 

in weight will be corrected for in steps 11 through 13. These steps are easiest when each pellet's weight is between 0.005 
and 0.05 grams.

11.  RESUSPEND	the	cell	pellets	with	Tris-EDTA-Glucose	(TEG)	buffer	(Component	D)	to	approximately	100	mg	cells	per	mL.	
The	volume	of	buffer	to	add	is	given	by	the	cell	mass	in	grams	multiplied	by	10.	For	example,	if	the	cell	pellet	had	a	
mass	of	0.025	gm	(25	mg),	then	0.25	mL	of	buffer	should	be	added	to	the	tube.	Vigorously	VORTEX or AGITATE with a 
pipet.	Mechanically	dislodge	the	pellet	under	the	buffer	with	a	pipet	tip	if	necessary.

12.  ADD	one-tenth	the	volume	of	lysozyme	solution	to	the	cell	resuspensions	(e.g.	25	µL	to	0.25	mL).	MIX. 
13.  INCUBATE	in	a	37°C	water	bath	for	30	minutes.	
14.  ADD	three	times	the	volume	of	protein	sample	buffer	(contains	SDS	and	2	mercaptoethanol)	to	the	cell	suspensions	

(e.g.	0.75	mL	of	buffer	to	0.25	mL	of	cells,	volume	of	lysozyme	need	not	be	considered).
15.  TIGHTEN the screw caps on the tubes. SUSPEND	your	sample	tubes	in	a	boiling	water	bath	for	10	minutes.
16.  ALLOW the tubes to cool. CENTRIFUGE at full speed, 5 minutes in a microfuge.
17.  TRANSFER most of the supernatants to fresh screw cap tubes for storage. These are your protein lysates. Pellets may 

not be clearly visible in the tubes that were centrifuged. Set these tubes aside. NOTE: In Module II protein lysate samples 
will be boiled. Samples must be boiled in screw top microcentrifuge tubes.

Wear gloves 
and safety goggles

OPTIONAL STOPPING POINT

The crude protein samples may be kept refrigerated for a week. For longer storage, samples should 
be frozen but must be boiled again after thawing.
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Module I: Preparation of Bacterial Lysates, continued

OPTIONAL: DILUTION OF PROTEIN LYSATES

The yield of the protein lysates can vary among student groups and greatly depends on how well the preparation of the 
bacterial lysates is performed.

Prior	to	the	protein	denaturing	procedure	(page	13),	teachers	may	wish	to	compare	the	final	results	by	assigning	various	
student	groups	to	set	up	different	dilutions	of	the	protein	lysates	using	the	Protein	Sample	Buffer	(Component	F).

Suggested	dilution	range	is	25%	to	50%	dilution	of	the	protein	supernatant	collected	in	step	17	(page	9).	For	example,	if	a	
25% dilution is required for a protein lysate, 3 parts of protein supernatant should be added to the one part of the Protein 
Sample	Buffer.
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Module II-A: Preparing Precast Polyacrylamide Gels For Electrophoresis 

A polyacrylamide gel cassette in the EDVOTEK® 
Vertical	Electrophoresis	Apparatus,	Model	#MV10.

Negative Electrode
Black Dot (-)

Buffer
Level

Sample Well

Long Cassette 
Plate Polyacrylamide 

Gel

Viewing Level
(cut out area on 

front support 
panel)

Platinum 
wire

Short Cassette 
Plate

Gel Cassette
Clip

Micropipette 
with
Fine tip

PREPARING THE POLYACRYLAMIDE GEL AND CHAMBER

NOTE: Although precast polyacrylamide gels and protein chambers will vary slightly in
design, the procedure for their use will be similar.

1.  OPEN the pouch containing the gel cassette. Remove the cassette and place on 
bench with the shorter front plate facing up.

2.  Gels may feature a sticker or tape at the bottom of the front plate. 
REMOVE the tape (if present) to expose the bottom of the gel.

3.  Carefully REMOVE the comb by gently pulling upwards. Pull the comb 
straight up to prevent damage to the wells of the gel. 

4.  INSERT the gel into the electrophoresis chamber. Orient the gel ac-
cording to the manufacturer’s instructions. NOTE: For EDVOTEK® verti-
cal electrophoresis chambers, the short plate should face the middle of 
the apparatus.

5.  ADD	diluted	electrophoresis	buffer	to	the	chamber.	The	buffer	should	
cover the top of the shorter plate. 

6.  RINSE	each	well	by	squirting	electrophoresis	buffer	into	the	wells	us-
ing a transfer pipet. Using the transfer pipet, carefully straighten any 
wells which may have been distorted during comb removal or rinsing.

The gel is now ready for practice gel loading or sample loading.

1. 4. 5. 6.2. 3.OPEN pouch.

REMOVE tape. REMOVE comb.

INSERT gel.

ADD buffer.

RINSE wells.

Wear gloves 
and safety goggles

Two	student	groups	can	share	one	gel.	Depending	on	your	gel,	the	first	group	will	load	samples	into	wells	1	-	4	and	the	
other group will load samples into wells 6 - 9. Both groups should work together to set up the gel and then take turns prac-
tice gel loading.
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PRACTICE GEL LOADING (OPTIONAL)

NOTE: EDVOTEK® Cat. #638, Fine Tip Micropipet Tips are recommended for loading samples into 
polyacrylamide gels. A regular microtip may damage the cassette and result in the loss of protein 
samples.

1. PLACE a fresh tip on the micropipet. REMOVE	20	µL	of	practice	gel	loading	solution.

2. PLACE	the	lower	portion	of	the	pipet	tip	below	the	surface	of	the	electrode	buffer,	directly	over	a	sample	well.	The	tip	
should be at an angle pointed towards the well. The tip should be partially against the back plate of the gel cassette, but 
the tip opening should be over the sample well. Do not try to jam the pipet tip in between the plates of the gel cas-
sette.

3. EJECT all the sample by steadily pressing down on the plunger of the automatic pipet. 
	 Do	not	release	the	plunger	before	all	the	sample	is	ejected.	Premature	release	of	the	plunger	will	cause	buffer	to	mix	

with sample in the micropipet tip. Release the pipet plunger after the sample has been delivered and the pipet tip is out 
of	the	buffer.

4. REMOVE the practice gel loading solution from the sample wells. FILL	a	transfer	pipet	with	buffer	and	SQUIRT a stream 
into	the	sample	wells.	This	will	displace	the	practice	gel	loading	solution,	which	will	be	diluted	into	the	buffer	and	will	
not interfere with the experiment. NOTE: Practice gel loading solution must be removed from the sample wells prior to 
sample loading.

  

2
 0

.0

1. 2.

2 0.0

3. 4.

Module II-A: Preparing Precast Polyacrylamide Gels For Electrophoresis, continued

Wear gloves 
and safety goggles
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PROTEIN DENATURATION

NOTE: Check if your lab instructor has already heated the Unknown (Component G). If the Unknown 
has already been heated, proceed to denaturing the protein lysates as instructed in steps 1-5 below. 
If the Unknown has NOT been heated, proceed to denaturing the Unknown AND the protein lysates as 
instructed in steps 1-5 below.

1.  Using a hot plate or microwave, HEAT a beaker of water until it boils. 

2.  COVER with aluminum foil and carefully remove from heat. 

3.  Tightly CAP sample tubes. PUSH tubes through foil to suspend in the boiling water. 

4.  INCUBATE the samples for 5 minutes. 

5.  Immediately PROCEED to loading the gel.

Module II-B: Performing SDS-PAGE with Protein Samples 

FREEZING PROTEINS:
Unused portions of the 
protein samples can be 
frozen for later use. When 
needed, repeat steps 1-4 
and proceed to gel loading.

Wear gloves 
and safety goggles

Samples must be boiled in 
screw top microcentrifuge 

tubes!
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Module II-B: Performing SDS-PAGE with Protein Samples, continued

LOADING THE PROTEIN SAMPLES 

Two student groups can share one gel. The first group should load samples into wells 1 - 4. The other group sharing the gel 
should load samples into wells 6 - 9 (see Table 1). 

1.		 Using	a	fresh	fine	tip	micropipette	tip,	MEASURE	the	first	sample	as	indicated	in	
Table 1. 

2.  PLACE	the	pipet	tip	under	the	buffer	and	directly	above	the	sample	well,	resting	gen-
tly against the back plate of the gel cassette.

3.  Slowly DISPENSE the sample by depressing the plunger.

4.  REPEAT steps 1-3 for remaining samples in Table 1, changing the tip between each 
new sample. NOTE: Be sure to change pipette tips between loading each sample! 

RUNNING THE GEL

5.  Once all samples have been loaded, carefully PLACE the cover onto the electrode 
terminals. 

6.  CONNECT the electrical leads to the power supply. 

7.  SET the voltage of the power supply and PERFORM electrophoresis (See Table 
A for time and voltage guidelines). Allow the proteins to separate on the gel for 
the recommended length of time, or until the tracking dye reaches the bottom 
of the gel. NOTE: When the current is flowing, you should see bubbles forming 
on the electrodes. 

8.		 After	the	electrophoresis	is	finished,	TURN OFF the power supply, disconnect 
the leads, and carefully REMOVE the cover. 

9.  REMOVE the gel cassette from the electrophoresis apparatus and immediately PROCEED to staining instructions on 
page 15.

Time and Voltage Guidelines

MinimumVolts

 100

 125

  150

80 min.

60 min.

 50 min.

Table

A
Recommended Time

Optimal

95 min.

 75 min.

 60 min.

1

2

3

4

5

6

7

8

9

10

20 µL Unknown (G) (Group 1)

15 µL E. coli (A) (Group 1)

15 µL S. marcescens (B) (Group 1)

15 µL B. subtilus (C) (Group 1)

--- ---

20 µL Unknown (G) (Group 2)

15 µL E. coli (A) (Group 2)

15 µL S. marcescens (B) (Group 2)

15 µL B. subtilus (C) (Group 2)

--- ---

  

2
 0

.0
1. 2.

2 0.0

3. 4. Repeat steps 1-3
for remaining

samples.

6. 7.

5.

8. 9.
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Module III: Staining the Gel with FlashBlue™ Protein Stain

STAINING THE GEL 

1. After electrophoresis, LAY the cassette down and REMOVE the front plate by placing a thin 
spatula or screwdriver at the side edge and gently lift it away from the larger back plate. In 
most cases, the gel will stay on the back plate. If it partially pulls away with the front plate, let 
it fall onto the back plate. Handle very carefully as the thin gels are extremely fragile.

2. TRANSFER the gel on the back plate to a clean tray.

3. ADD	a	sufficient	volume	(approximately	50-75	mL)	of	the	staining/destaining	solution	into	
the tray to COVER the gel and back plate. 

4. Carefully REMOVE the back plate from the tray, leaving just the gel in the tray containing the 
staining/destaining	solution.	NOTE: If the gel sticks to the plate, gently nudge the gel off the 
plate using two gloved fingers. 

5.  DISCARD	the	staining/destaining	solution.	Pour slowly to keep the gel in the container.

6.  ADD	30	mL	of	prepared	FlashBlue™	Protein	Stain.

7.  (OPTIONAL) COVER the container with plastic wrap and MICROWAVE	for	10	seconds	to	gently	heat	the	solution.

8.  INCUBATE for 15 minutes at room temperature, SHAKING occasionally.

9.  DISCARD the FlashBlue™ Protein Stain solution. Pour slowly to keep the gel in the container.

10.		WASH	the	gel	by	partially	filling	container	with	water	and	gently	rocking	back	and	forth	several	times.	DISCARD the 
used water and REPEAT with fresh water.

continued

WEAR GLOVES AND 
SAFETY GOGGLES

Gloves must be worn 
during this procedure. 
Avoid touching the gel 

without gloves.

Polyacrylamide gels are 
very thin and fragile. 

Use care in handling to 
avoid tearing the gel.

1.

FlashBlue™
Protein Stain

Staining/
Destaining

Solution

Staining/
Destaining

Solution

0:10

SLOWLY
POUR

SLOWLY
POUR

Water

Discard Water
& Repeat
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Module II: Staining the Gel with FlashBlue™ Protein Stain, continued

STORING THE GEL

•	 Gel	may	be	left	in	deionized	water	for	several	hours	with	no	loss	in	sensitivity	and	band	intensity.	This	step	should	be	
performed	once	a	desired	background	and	stained	protein	bands	are	obtained.	Pour	off	the	destaining	solution	from	
Step	12	(or	13)	and	add	a	sufficient	amount	of	deionized	water	to	cover	the	gel.	

• For permanent storage, the gel can be dried between two sheets of cellophane (saran wrap) stretched in an embroi-
dery hoop. Air dry the gel for several days until the gel is paper thin. Cut the “extra” saran wrap surrounding the dried 
gel. Place the dried gel overnight between two heavy books to avoid curling. Tape it into a laboratory book.

1.

FlashBlue™
Protein Stain

Staining/
Destaining

Solution

Staining/
Destaining

Solution

0:10

SLOWLY
POUR

SLOWLY
POUR

Water

Discard Water
& Repeat

11.  ADD	30	mL	of	staining/destaining	solution	to	the	gel.	

12. INCUBATE for 15 minutes at room temperature and EXAMINE the gel.

13.  (OPTIONAL) DISCARD	the	used	staining/destaining	solution	and	ADD an	additional	30	mL	of	staining/destaining	
solution. INCUBATE	for	15-60	minutes	at	room	temperature	until	the	appearance	and	contrast	of	the	protein	bands	
against the background improves.

14.  After staining, protein bands will appear medium to dark blue against a light background. A white light box can be used 
to	better	visualize	the	protein	bands.	EXAMINE	the	gel	and	the	electrophoretic	protein	profile	of	each	sample.	IDEN-
TIFY the unknown sample. 
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Study Questions

1.	 Can	similar	SDS	polyacrylamide	electrophoretic	profiles	be	definitive	criteria	for	establishing	genetic	relationships?

2. Are there technical problems you can think of that may cause an incorrect match or a missed match between knowns 
and	unknowns	using	SDS	polyacrylamide	gel	electrophoresis?	

3.	 Do	you	know	of	any	electrophoretic	methods	that	could	make	identification	of	unknown	protein	lysates	more	accurate?	
(Information is not included in the introduction.)
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Instructor's Guide

1.800.EDVOTEK •  Fax 202.370.1501  •  info@edvotek.com  •  www.edvotek.com

18
Duplication of any part of this document is permitted for non-profit educational purposes only. Copyright © 2022 EDVOTEK, Inc., 
all rights reserved. 252.190731

INSTRUCTOR'S GUIDE BACTERIAL PROTEIN FINGERPRINTING          EDVO-Kit #252

HOW THIS EXPERIMENT IS ORGANIZED

This experiment module contains biologicals and reagents for six (6) groups sharing three (3) polyacrylamide gels (2 groups 
per	gel).	Enough	buffer	is	included	for	three	(3)	vertical	electrophoresis	units	(Model	MV10 or equivalent). Additional electro-
phoresis	buffer	is	required	for	more	than	three	units.

Note: Polyacrylamide gels are not included. You may choose to purchase precast gels (Cat. #651 or #652).

The experimental procedures consist of four major parts: 

1.  Growth of bacteria cultures. 
2.  Preparation of bacterial lysates. 
3.  Separation of proteins on polyacrylamide gels. 
4.  Staining of protein bands. 

Each student group will prepare two species of bacterial lysates during Module I. They will need lysate from all three spe-
cies to correctly identify the unknown in Modules II and III. To make sure students have easy access to all samples, pair 
groups so that those sharing a polyacrylamide gel have all three species between them.

There is an optional stopping point between Modules I and II. However, students must proceed immediately from Module II 
to	Module	III	to	ensure	that	protein	bands	do	not	diffuse.

APPROXIMATE TIME REQUIREMENTS FOR PRE-LAB AND EXPERIMENTAL PROCEDURES

1.	 Pre-lab	preparations	will	require	15-30	minutes	on	the	first	day	of	the	lab	and	20	minutes	on	the	second	day.	

2.		 On	the	first	day	of	the	lab,	students	will	need	30	minutes	to	prepare	their	cultures.	If	they	are	also	preparing	their	own	
plates they will need an additional 15 minutes for pouring plus at least one hour to allow the plates to fully solidify.

3.	 On	the	second	day,	students	will	require	approximately	1	hour	to	prepare	the	lysate	and	20	minutes	to	prepare	the	cham-
ber, heat samples and load the gel. Practice gel loading may require an additional 15 minutes if performed the same day 
of	the	lab.	Some	teachers	choose	to	prepare	the	vertical	chambers	and/or	practicing	gel	loading	during	the	30	minute	
incubation (page 9, step 13) of the lysate. 

4. Electrophoresis will require approximately 1 to 1.5 hours, depending on the voltage.

5.  Staining and analysis will require 45 minutes. If necessary the optional second destaining step can happen overnight. 

PRACTICE GEL LOADING

This experiment kit contains practice gel loading solution. If your students are unfamiliar with vertical gel electrophoresis, it 
is suggested that they practice loading the sample wells before performing the actual experiment. 

https://www.edvotek.com
mailto:info%40edvotek.com?subject=
https://www.edvotek.com/581
https://www.edvotek.com/651
https://www.edvotek.com/652


Pre-Lab Preparations - Module I

PREPARATION OF AGAR PLATES
Within one week of lab

Student participation is suggested if possible. Students can prepare agar 
plates	on	the	first	day	of	the	lab.	However,	plates	should	be	allowed	to	so-
lidify for an hour before streaking. 

1.  Loosen, but do not remove, the cap on the ReadyPour™ medium bottle. 
This will allow for the venting of steam during heating.

2.		 Place	the	bottle	in	a	boiling	(100°C)	water	bath	or	oven	to	completely	
melt	the	ReadyPour	medium.	Using	a	hot	glove,	occasionally	VERY	GEN-
TLY	swirl	to	expedite	melting.

 Alternatively, you may microwave at medium	setting	to	heat	the	bottle.	Using	a	hot	glove,	occasionally	VERY	GENTLY	
swirl the bottle. The ReadyPour medium will boil out of the bottle if left unattended. 

3.  Allow the ReadyPour medium to cool to approximately 55°C (warm to the touch but not burning hot).

4.  While the ReadyPour medium is cooling, label a total of 12 petri plates on their bottom halves:

  4 Plates for A - Escherichia coli
  4 Plates for B - Serratia marcescens
  4 Plates for C - Bacillus subtilis

5.  When the Ready Pour has cooled to approximately 55°C transfer approximately 12 mL of the medium to each of the 12 
plates	using	a	sterile	10	mL	pipet.	Rock	the	plate	back	and	forth	while	adding	the	medium	to	obtain	complete	coverage.	

6.  Re-cover the plates and allow the medium to solidify. 

7.  Tape the plates and store them, inverted in the refrigerator. The plates should be used within 1 week.

Wear gloves 
and safety 

goggles

Especially during steps involving 
boiling or heating with microwave 

ovens or hot plates.
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PREPARATION FOR GROWTH OF BACTERIAL CULTURES
First day, within 1 hour of the lab.

Equilibrate a 37°C incubation oven. Each group will need two agar plates (or materials to make two agar plates), two inocu-
lating	loops,	lab	tape,	and	access	to	the	BactoBead™	vials	as	well	as	to	an	incubation	oven.	You	may	also	wish	to	provide	
transfer pipettes and a small vial of sterile water or sterile nutrient broth to help students quickly dissolve the BactoBeads™. 

Peal	off	the	protective	foil	wrap	from	each	vial.	Vials	will	be	passed	between	student	groups.	Remind	groups	to	recap	the	
vials after they use them to avoid contamination. 
  
If the students prepare the agar plates, make sure to assign species beforehand so that four cultures of each species are 
available for the preparation of bacterial lysates. If the students do not prepare the agar plates, day 1 of the lab will be rela-
tively	short	(approximately	30	minutes).	Plan	accordingly.	

PREPARATION OF PROTEIN SAMPLE BUFFER (COMPONENT F)
Second day

Thaw	the	Protein	Sample	Buffer	(F)	at	room	temperature.

1.	 Using	a	permanent	marker,	label	six	(6)	microcentrifuge	tubes	"buffer".
2.	 Aliquot	3	mL	of	Protein	Sample	Buffer	(F)	to	each	tube.
3.	 Distribute	one	"buffer"	tube	per	student	group.

LYSOZYME 
Second day, within 1 hour of lab.

1.		 Transfer	10	mL	of	cold	TEG	buffer	(D)	to	a	clean	beaker,	flask	or	test	tube.	
2.		 Add	all	the	contents	of	Tube	E	(lysozyme)	to	the	buffer.	Mix.
3.		 Store	the	enzyme	solution	on	ice.
4.  Aliquot 1.5 mL for each group.
5. Equilibrate a 37°C water bath. Have extra centrifuge tubes on hand for counter balances.

Notes Regarding Day Two Activities:

• Sterility is not required for preparing the lysate. 
• The volume of samples generated by the students will probably be much greater than the volumes needed for electro-

phoresis. 
•	 Extra	solution	can	be	stored	long	term	in	the	freezer.	Additional	gels,	buffer,	and	stain	can	be	purchased	or	prepared	

and several electrophoresis labs demonstrating protein lysates can be performed.

Pre-Lab Preparations - Module I 
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NOTE: Remember to pair groups so that those sharing a polyacrylamide gel have all three species between them.

PREPARATION OF UNKNOWN SAMPLE (COMPONENT G)

1.  (OPTIONAL) Bring a beaker of water, covered with aluminum foil, to a boil. Remove from heat. Make sure the sample 
tube is tightly capped and well labeled. The bottom of the tube should be pushed through the foil and immersed in 
the boiling water for 5 minutes. The tube should be kept suspended by the foil. NOTE: This step must be performed 
immediately before students load their samples. Alternatively, each group can be responsible for heating their unknown 
sample at the same time that they heat their other samples.

2.		 Aliquot	20	μL	of	sample	per	student	group.	Have	students	load	the	sample	onto	the	polyacrylamide	gel	while	sample	
is still warm to avoid aggregation.

3.		 Store	any	unused	portion	of	reconstituted	sample	at	-20°C	and	repeat	steps	1	and	2	when	using	samples	at	a	later	
time.

PREPARING ELECTROPHORESIS BUFFER

Prepare	the	electrophoresis	buffer	by	adding	and	mixing	1	
part	Tris-Glycine-SDS	10x	buffer	concentrate	to	9	parts	dis-
tilled water. 

The	approximate	volume	of	1x	electrophoresis	buffer	re-
quired for EDVOTEK Protein Vertical Electrophoresis units are 
listed	in	Table	B.	The	buffer	should	just	cover	the	back	plate	of	
the gel cassette.

ELECTROPHORESIS TIME AND VOLTAGE

Your	time	requirements	will	dictate	the	voltage	and	the	length	of	time	it	will	take	
for your samples to separate by electrophoresis. Approximate recommended 
times are listed in Table A. Run the gel until the bromophenol blue tracking dye is 
near the bottom edge of the gel. 

Pre-Lab Preparations - Module III

PREPARATION FOR STAINING GELS

1.		 Prepare	a	stock	solution	of	white	vinegar	and	ethanol*	by	combining	400	mL	white	vinegar	with	200	mL	ethanol.	Gen-
tly	mix.	Label	as	“Staining/Destaining	Solution”.

2.		 Add	130	mL	of	the	Staining/Destaining	Solution	to	the	bottle	of	FlashBlue™	Protein	Stain.	Shake	briefly	to	mix.
3.  Store both solutions at room temperature until needed.
4.		 TWO	student	groups	will	share:	30	mL	FlashBlue™	Protein	Stain,	140	mL	Staining/Destaining	Solution,	water,	a	staining	

tray, and plastic wrap.

*White vinegar, sometimes called distilled or spirit vinegar, is an easy to find cooking and cleaning vinegar with an acetic acid 
concentration between 5-8% and a pH ~2.6. Ethanol is a common lab supply which is available at various concentrations. Our 
FlashBlue™ Protein Stain has been designed to work with a wide range of white vinegars. However, we do recommend using 95% 
Ethanol or higher.

Pre-Lab Preparations - Module II 

Time and Voltage Guidelines

MinimumVolts

 100

 125

  150

80 min.

60 min.

 50 min.

Table

A
Recommended Time

Optimal

95 min.

 75 min.

 60 min.

MV10 580 mL 58 mL 522 mL

MV20 950 mL 95 mL 855 mL
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Expected Results and Analysis

All protein lysates will contain many closely spaced bands. The molecular weight range of the lysate proteins extend from 
over	95,000	to	below	14,000.	Unknown	(Component	H)	is	a	protein	lysate	from E. coli.

The	gel	below	is	an	example	of	the	different	dilutions	of	the	extracted	protein	lysates.	A	25%	dilution	of	the	protein	lysates	
is	shown	in	lanes	2-4,	and	a	50%	dilution	of	the	protein	lysates	is	shown	in	lanes	7-9.
  
Lanes Sample 
1 Unknown (Component G)  
2 E. coli
3 S. marcescens
4 B. subtilis

Lanes Sample 
6 Unknown (Component G)  
7 E. coli
8 S. marcescens
9 B. subtilis

1       2      3       4       5      6      7       8      9      10
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Please refer to the kit 
insert for the Answers to 

Study Questions
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Appendix A
Troubleshooting Guide

PROBLEM: CAUSE: ANSWER:

Gel is not running 
properly.

Poor band resolution
or separation.

Smiling or frowning
of bands.

No bands on gel/
smallest bands missing
from gel.

Running buffer was not properly prepared. Check buffer protocol, make fresh buffer.

Wrong buffer used. Check gel recipe, buffer must be compatible with the gel.

Buffer volume is too low. Buffer must fully cover the sample wells throughout the entire 
experiment.

Gel is inserted in the wrong orientation. Check with manufacturer for proper setup of the 
electrophoresis chamber.

Malfunctioning electrophoresis chamber 
or power supply.

Consult with manufacturer of electrophoresis chamber or 
power supply.

Tape at bottom of precast gel not removed. Carefully remove tape before running the gel.

Electrodes not connected or polarity 
reversed. Check electrode connections at the gel box and power supply.

Diffusion of samples before power was 
turned on.

Minimize time between loading samples and the start of 
electrophoresis.

The gel is old or expired. Make fresh gels or order new pre-cast gels.

Wrong concentration of polyacrylamide gel.  The kit is designed for 12% polyacrylamide gels, other 
concentrations will affect results.

Proteins have been overloaded. EDVOTEK® has optimized this kit to avoid overloading.  
Be sure to load the amount recommended by the protocol.

Wrong buffer was used. Check gel recipe, the buffer must be compatible with the gel.

Bands are faint.

Proteins have diffused or faded. Follow protocol for staining to increase the contrast of protein 
bands. 

Too little protein was loaded.
EDVOTEK® has optimized this kit to avoid underloading.  
Be sure to load the amount recommended by the protocol.

Incorrect voltage supplied to the gel. Check the protocol for the recommended voltage.

Proteins ran off gel.

Use the appropriate length of time for the chosen voltage.  
Be sure to monitor the tracking dye while the gel is running.  
For best results, the tracking dye should run 8-9 cm and should 
not be allowed to run off the gel. 

Proteins have 
accumulated in the wells 
of the gel.

Proteins have aggregated.  Ensure proteins have fully denatured; boil proteins for 5 min.
and load while still warm.

Bands are smeary and 
distorted.

The gel has overheated.    Reduce voltage, check buffer concentration and dilute if 
necessary.

SDS-GEL ELECTROPHORESIS TROUBLESHOOTING GUIDE
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