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Introduction

This laboratory exercise, used in the sophomore cedll biology lab a Goucher College, was designed to
give sudents with little or no biochemidry background an understanding of the fundamenta concepts
involved in protein purification. In the firgt of two 3-hour lab periods, a one-gep purification usng afinity
chromatography (Riggs, 1990) is used to isolate maltose-binding protein (MBP) from the periplasmic space
of Escherichia coli. During the second 3-hour lab period, fractions from the purification are visudized by
SDS-polyacrylamide gd dectrophoresis (SDS-PAGE) (Laemmli, 1970). The students observe that the
overdl amount of protein as well as the number of bands on the gel declines as the protein is purified. Using
the method of Bradford (1976), they measure the protein content of various fractions to correlate protein
concentration with the appearance of the samples on the gel, and to get a fed for the type of
“bookkeeping” involved in protein purification. Also, they use molecular weight standards on the gel to
esimate the subunit molecular weight of their purified protein. Students are able to see what it means to
purify a protein without getting bogged down in the minutia of enzyme assays and calculations of specific
activities and yidds. Further, they are exposed to concepts and techniques of biochemica fractionation and
the use of standard curves to analyze properties of an unknown sample,

Because my god was to teach the concepts of protein purification with a minimum of sudent
intimidation, | have intentionally made the procedure somewhat “ cookbook” in nature. The ideaisto make
it as easy as possible for students to collect useful data, so that they can focus on understanding what their
results mean. Many participants at the workshop felt that this was a vauable gpproach, while some fdt it
would be desirable to incorporate an aspect of scientific “inquiry”, as opposed to smply reproducing an
established purification scheme. Further discusson of this issue can be found in the “Notes for the
Instructor” section.
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| find that this exercise is reliable, easy to prepare and carry out, and relatively inexpensive as
biochemigtry labs go. While some of the reagents are expensive if obtained commercidly, they can be
prepared inexpensvely if you are willing to invest the time and effort. 1dedlly, the exercise requires the use of
a high-speed preparaive centrifuge, but an dternate protocol using a table-top dinicd centrifuge is
provided.

Materials
Day One

E. cali cdls 10 ml/pair (see Appendix A for preparation)

05M EDTA - 0.1 ml per pair

pipets, 10-ml - 2 per pair, plus appropriate pipet aids

5mM MgS0O,, ice cold - 10 ml per pair

Laemmli protein sample buffer (2x concentration, to mix with equa volume of sample) (0.125 M TrisCl pH
6.8, 4% SDS, 20% glycerol, 2% [v/v] 2-mercaptoethanol, 0.01% [w/v] bromophenal blue) - 0.5 ml
per pair

IM TrisCl, pH 7.4 - 2 ml per par

Column buffer (20 mM TrisCl, pH 7.4, 0.2 M NaCl, 10 mM 2-mercaptoethanol [optional]) - 50 ml per
pair

Amylose resn (New England Biolabs [NEB] #800-21S, 15 ml, $100 US) - 1 ml suspension per pair. Mix
wel in bottle supplied. Divide suspenson evenly among tubes for 1 tube/pair. Beads can be
resuspended in alittle additiond buffer if necessary to make them “go around” for al students. Beads
can be regenerated (follow manufacturer's indructions), but it may be a nuisance to collect small
amounts from many columns. Alternatively, resn can be prepared inexpengvey according to the
procedure of Kellerman and Ferenci (1982).

Elution buffer (column buffer + 10 mM matose) - 3 ml per pair

Micropipettors (such as Gilson P20, P200, P1000 [optional]) - at least one set per 2 pairs of students, plus
appropriate tips

Microcentrifuge tubes (1.5 ml size) - 9 per pair, plus rack

Sorval RC-5B or comparable preparative centrifuge (standard protocol) or tabletop clinicd centrifuge
(alternate protocol), and tubes (2 per pair) suitable for 10-ml sample volume

Top-loading balances for balancing centrifuge tubes

Ice buckets (1 per pair) and ice

plastic conica screw-cap tubes, 15-ml (or other tubes suitable for sample storage) - 5 per pair

Column setups - 1 per pair (see Appendix A for preparation)

Beakers (for catching column outflow, and for weighing and carrying centrifuge tubes) - 2 per pair

Markersfor labeling tubes

Pasteur pipets - severd per pair, plus bulbs
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Day Two

Student samples from day one

Bailing water bath and floats for holding 4 samples per pair plus markers and controls

E. coli cdl samplefor gels (see Appendix A for preparation)

MBP postive control - from ingtructor's trial run or previous year's class samples. (Note: the wild-type
MBP protein provided in the NEB kit is not the same size as the fusion protein purified in this exercise)

Protein molecular weight markers (Bio-Rad “low range’, catalog #161-0305, enough for 100 gels, $70
US, or any comparable product encompassing the 40-50 kilodaton range)

Protein mini-gel apparatus and power supply (such as Bio-Rad MiniProtean |I; catalog 165-2940, $475
US with power supply; catalog 165-2991, $785 US without power supply)

SDS-polyacrylamide gels and running buffer, saining, and destaining solutions - see Appendix A

Gd loading tips (these are longer and narrower at the tip than standard tips, and are available from most
suppliers of standard tips)

Micropipettors (such as Gilson P20, P200, P1000 [optional]) - at least one set per 2 pairs of students, plus
appropriate tips

Spectrophotometers (such as Sequoia- Turner Mode 340 or Fisher “ SpectroMaster” Modd 415) - at least
one per 2 pairs of students

Disposable glass culture tubes, 13x100 mm - 10 per pair for use in Bradford assay; these dso serve as
cuvettes for the above-mentioned spectrophotometers

Protein Assay Dye Reagent Concentrate (Bio-Rad catalog # 500-0006, $65 US for 450 ml) - 10 ml per
pair (Note: in lieu of purchasing the commercia product, the resgent may be prepared according to the
method of Bradford [1976], but keep in mind that the protocol used in this exercise uses the reagent at
5% concentration relative to the standard assay described by Bradford; the Bio-Rad “concentrated”
product is used undiluted.)

Bovine serum dbumin (BSA) (0.1 mg/ml) - 2 ml per pair, for use as protein sandard in Bradford assays,
make up in water or 10 mM TrisCl, pH 7.4

Vortexers - a least one per 2 pairs of students

Rulers for measuring mobilities of bands on gels

Notes for the I nstructor
General instructional comments,

This exercise is based on the Protein Fuson and Purification System utilizing matose-binding protein
marketed by New England Biolabs (Kit Catalog #800, $400 US; individual components also available
separately). The protein purified is actudly a plasmid-encoded fusion of MBP (product of the E. coli malE
gene) and the a-fragment of b-galactosidase (product of the E. coli lacZa gene), and so has a higher
molecular weight (approximatdy 51 kiloddtons) than that of wild-type MBP (gpproximately 43
kiloddtons). | do not mention this to the students, nor the fact that the protein is encoded on a plasmid
rather than the chromosome, as | fed that this information would unnecessarily complicate their thinking
about the experiment.

Two versons of the plasmid-encoded fusion are available: pMAL-p2, whichincludes the sgnd peptide
region of malE, causing the protein to be secreted to the periplasmic space, and pMAL-c2, which lacks the
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sgnal peptide and therefore produces a cytoplasmic protein. | have employed pMAL-p2 for two reasons.
1) purifying a periplasmic protein teaches the sudents the advantage of having the cell essentialy do some
of the purification work for you; 2) preparation of the whole-cell extract involves a sonication step not
required for preparation of the periplasmic fraction, which is obtained by osmotic shock. At the ABLE
workshop, it was suggested that some ingtructors might want to use the cytoplasmic protein for some
dudents, and chalenge the students to determine whether their particular sample is cytoplasmic or
periplasmic. It should not be overly difficult to adjust the protocol to include this modification. However,
introducing this level of scientific inquiry will undoubtedly sacrifice some of the smplicity that makes this
exercise so vauable for beginning students.

Another way to decrease the “ cookbook” nature of this exercise would be to omit the detailed protocol
provided for the Bradford assay, leaving it to the students to design their own experiment. If your students
are dready familiar with the Bradford assay and are comfortable with the concept of a standard curve, you
may well want to try this. | have found that first semester sophomores a Goucher are till struggling with this
concept, and in theinterest of ensuring thet they collect ussful datawith aminimum of hasse so that they can
focus on interpreting the data, | have opted to spell out the protocol for them in this exercise.

While for this exercise you need only to obtain plasmid pMAL-p2 (or pMAL-c2) and the amylose
resn, other components of the New England Biolabs kit, such as the anti-MBP antissrum and
sequencing/PCR  primers, may be useful for expanding this exercise for other courses involving more
advanced students.

For detailed discussion of the matose-binding protein fusion and purification sysem refer to the origina
journd article by Mana et al. (1988) and a review by Riggs (1995). Preparation of an E. coli periplasmic
fraction by osmotic shock was first described by Neu and Heppel (1965).

Notes on Centrifugation

In our course a Goucher, we typicadly perform the centrifugations in Part | of this exercisein a Sorvall
refrigerated high-speed centrifuge (such as mode RC-5B) cgpable of attaining much higher g-forces (ca
10,000x g) than the clinica centrifuges that were available for this workshop. At the workshop we found
that the presence of unpelleted cdls in the periplasmic fraction clogged the amylose column and caused it to
run excruciatingly dowly. If you do not have access to a high-speed centrifuge, you may wish to subdtitute
the provided dternate procedure for binding MBP to the amylose resin in “baich” style rather than on a
column. This dternate procedure has the students transfer the resin to a column for the eution sep,
providing the dua advantages of exposng the students to the column procedure, and ensuring that the find
eluted sample is not contaminated with resin.

Even with periplasmic fractions prepared by high-speed centrifugetion, the flowrate of the column
typicaly dows down during the course of sample loading. If students become frustrated, they can gently
resuspend the resin with a Pasteur pipet; thiswill usudly redistribute any materia clogging the top surface of
the column, and dlow flow to resume. This gpproach can aso be used during the wash (step B3, standard
procedure), but is not recommended during the eution step (step B4). If you find that flowrate is
consgently a problem, try subdtituting Part Il of the dternate procedure for Part |l of the standard
procedure.

a low speed. It is possible that this problem can be avoided by using freshly grown cdls rather than
ones that have been stored frozen. In carrying out the aternate procedure, | have noticed that there is
usudly alayer of loosely packed materia above the cdl pelet at the first centrifugation step. Removing this
layer seems to give cleaner results in subsequent steps. My guess is that this layer contains cells that have
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been damaged in the freeze-thaw process (cells are prepared in advance and stored at —20° C) and do not
pelet well

Note that centrifugation speeds are given in g-force here. Y ou will need to determine the speed in rpm
that is appropriate for your particular rotor. If using a clinica centrifuge, use the highest possible stting,
which is usualy not more than about 1500x g.

Student Outline

Day One

Introduction

In order to elucidate the role of a particular protein in clular processes, it is often desirable to isolate
the protein and sudy its physical and biochemica properties in vitro. Protein purification is a skill that
encompasses the many techniques involved in extracting molecules from living cdls and separdting a
particular protein of interest from the multitude of other molecules (protein and nonprotein) in the cel.

During the next two lab periods we will be purifying a protein caled matose-binding protein (MBP)
from the bacterium Escherichia coli. MBP resides in the periplasmic space of the bacterid cdl (the space
between the plasma membrane and the outer membrane) and is involved in transport of the disaccharide
matose into the cell. The matose-carrying dte of this protein recognizes the a-1,4 glycosdic linkage of
maltose but is rather nongpecific about the Sze of molecule it can bind to. While its highest affinity is for
maltose, it is capable of binding to a-1,4 linked polysaccharides such as glycogen, amylose and
amylopectin. We will take advantage of this property in our purification scheme.

Our god of purifying this protein is abetted by its periplasmic location: there are many fewer types of
molecules in the periplasm than there are in an entire bacteria cell. Therefore, if we can somehow separate
the periplasmic space from the rest of the cdll, we will have aready achieved a substantia purification of
MBP. We will do this by putting the bacteria in hypotonic buffer; the resulting osmatic shock causes the
outer membrane to burst while the plasma membrane remains intact because it is protected in these bacteria
by the presence of a peptidoglycan cell wal. The contents of the periplasmic space (mostly proteins) are
therefore reeased into the medium and can be separated from the remaining shocked cells by centrifugation.

The remaining task is to separate MBP from the other proteins in the periplasmic fraction. To do this,
we will use a technique known as affinity chromatography. In this technique, the MBP-containing sample
is mixed with beads that are coated with the polysaccharide amylose. MBP can bind to amylose, but few, if
any, of the other molecules in the periplasmic sample can. Therefore, when the beads are subsequently
washed with buffer, MBP remains atached to the beads while virtualy everything ese is flushed away. In
order to retrieve the MBP from the beads, we will immerse them in a buffer containing madtose. The MBP
will rdlease from the amylose coating on the beads, bind to the matose, and diffuse into the buffer
surrounding the beads. MBP is said to have eluted from the beads. The resulting el uate should contain only
buffer, matose and MBP. When a particular protein is the only mecromolecule present in a mixture, it is
said to have been purified to homogeneity.

How will we assess the success of our purification? If we were purifying a protein with enzymatic
activity, we could use an assay to measure the amount of enzyme activity a each stage of purification, and
compare this to the total amount of protein present. The ratio of enzyme activity to total protein, or specific
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activity (unitsmg), increases as the protein is purified away from other proteins that do not have the
enzymatic activity being measured.

Since MBP has no enzymétic activity that we can measure, we need to resort to another strategy to
assess its purification. We will use a technique known as SDS-polyacrylamide gel eectrophoresis (SDS-
PAGE) to visudize the variety of proteins present in our samples a each stage of the purification. In this
technique, proteins are sorted according to their molecular weight and appear as a series of “bands’ after
gaining with a protein-binding dye. When the mixture of proteins in an entire bacterid cdl is andyzed by
SDS-PAGE, thousands of bands, each corresponding to a different protein, are seen. In contrast, our
periplasmic sample will reved a substantially decreased number of bands (one of which corresponds to
MBP), and te duate from the amylose column will likely reved only one prominent band (presumably
corresponding to MBP). Thiswill provide a dramatic, though qualitative, visudization of the success of our
purification.

To help quantify these results, we will save a sample from each stage of the purification and measure the
totd amount of protein. Even though we can't measure a specific activity because there is no enzymatic
activity, we gill expect the amount of totd protein in our sample to decline as we remove dl the cdlular
proteins that are not of interest, leaving only MBP behind. Our measurements will help us determine what
percentage of the tota cdlular protein was eiminated from the MBP sample by the osmotic shock
procedure, what percentage of the periplasmic proteins were removed by the affinity chromatography
procedure, and finaly how much MBP (assuming homogeneity was achieved) remained at the end of the
purification.

This week in lab we will perform the osmotic shock and affinity chromatography techniques to purify
MBP. We will save samples from each stage of our purification to use next week for SDS-PAGE andyss
and measurement of protein.

Prelab Assignment

Today's experiment conssts of many steps and you will be saving samples a many points for later
andysis. To make sure you have a clear picture of the procedure, draw yoursdlf a flowchart showing the
progresson from sarting materid (E. coli cdls) to find sample (column duate), indicating the approximate
total volume of sample expected at each stage, and indicating the amounts saved for later andysis. Make
sure to identify where samples“A”, “B”, “C”, and “D” come from.

Sandard Procedure

I. Osmotic Shock to Isolate Periplasmic Fraction

1. To10ml of E. coli celsin 30 mM TrisCl pH 8.0 + 20% sucrose, add 20 pul 0.5 M EDTA. (EDTA, or
ethylenediaminetetraacetic acid, binds to divaent cations, such as magnesum, that are required for
gability of the bacterid outer membrane.) Cover the tube and shake gently for 5 minutes. Pour the
contents into a centrifuge tube and balance with another group.

2. Centrifuge the cdls for 10 minutes at 10,000xg. Pour off the supernatant fluid, being careful not to
disturb the cdll pellet.

3. Resuspend the cell pellet with vigorous pipetting in 10 ml of ice-cold 5 mM MgSO,4. Keep the tube on

ice for 10 minutes, swirling often.
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Remove 150 ul from the tube into a microfuge (* Eppendorf”) tube labeled with your initials and
the letters “ TP” (for “total protein”). This sample will be used next week for measurement of
protein. Keep this, and all other samplesin the italicized sections below, on ice.

Centrifuge the cells again for 10 minutes a 10,000x g. (Note: During this spin, you can begin preparing
your column, as described in section 11.A below.)

Pour the supernatant fluid to a fresh tube (do not discard!) labeled “periplasm”. Resuspend the cell
pdlletin 10 ml of column buffer and labe the tube “shocked cells’.

Put 20 pl of shocked cells plus 20 ul of sample buffer into a microfuge tube labeled with your
initials and the letter “ A”. Put 150 pl of shocked cells into a microfuge tube labeled with your
initials and the letters“ SC” .

Put 20 ul d periplasm plus 20 pl of sample buffer into a microfuge tube labeled with your
initials and the letter “B”. Put 150 ul of periplasm into a microfuge tube labeled with your
initials and the letter “ P”.

These samples will be used next week for SDS-PAGE and measurement of protein.

Add 0.2ml 1 M TrisCl pH 7.4 to the “periplasm” tube (the 10-ml sample, not the microfuge tube).

[1. Purification of MBP by Affinity Chromatography

A.

B.

Pouring the column

1. Mount the column and close off the outlet at the bottom.

2. Add a Pagteur pipet full of column buffer. Open the column outlet briefly so that the glass wodl is
wetted and the outlet tubing fills with buffer. Reclose the column outlet.

3. Add 1 ml of amylose resin sugpenson. As the beads begin to settle at the bottom of the column,
open the outlet a the bottom of the column to let the buffer flow through. DO NOT LET THE
BUFFER LEVEL GET DOWN TO THE TOP SURFACE OF THE PACKED BEADS. Keep
adding buffer to the top of the column until about 10 ml of buffer have flowed through. Then close
off the bottom outlet until you are ready to load your sample.

Loading, washing and duting sample

1. Open the bottom outlet and alow the buffer to drain through until the leve is just barely above the
top of the packed column resin. Close the outlet.

2. Using a Pagteur pipet, load your “periplasm” sample onto the top of the column. Open the outlet

enough to alow about one drop per second to flow from the column, and collect the flowthrough
into a tube labeled “flowthrough”. Keep adding sample to the top of the column, being careful not
to let the column run dry, until al the sample has been loaded and collected into this same tube.
When the sample fluid level gets down to just barely above the top of the packed resin, close the
outlet.
Put 20 ul flowthrough plus 20 pl sample buffer into a microfuge tube labeled with your
initials and the letter “ C” . Put 150 pl of flowthrough into a microfuge tube labeled with your
initials and the letters “ FT". These samples will be used next week for SDS-PAGE and
protein measurement.

3. Add some column buffer to the top of the column, and open the outlet, collecting into a fresh tube
labeled “wash”. Keegp adding column buffer to the column until at least 10 ml has washed through
the column. Allow the buffer level to come down to just above the column resin, and close the
outlet.

4. Add 2-3 ml of dution buffer (column buffer + 10 mM matose) to the column. Squeeze the liquid
out of the outlet tubing before opening the outlet (this is important so that your uted sample is not
diluted by buffer that was dready in the tubing). Collect 1.5 ml into a graduated microfuge tube
labeled “duate’.

Put 20 pl eluate plus 20 pl sample buffer into a microfuge tube labeled with your initials and
with the letter “ D” . Save all nine microfuge tube samples (including the final “eluate”) to
be frozen for usein next week's experiment.
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Alternate Procedure

I. Osmotic Shock to Isolate Periplasmic Fraction

1

o &

6.

To 10 ml of E. coli cdlsin 30 mM TrisCl pH 8.0 + 20% sucrose, add 20 ul 0.5 M EDTA. (EDTA, or
ethylenediaminetetraacetic acid, binds to divaent cations, such as magnesum, that are required for
gability of the bacterid outer membrane,) Cover the tube and shake gently for 5 minutes. Pour the
contents into a centrifuge tube and balance with another group.

Centrifuge the cdls for 10 minutes at high speed in a table-top clinical centrifuge. Using a Pasteur pipet,
remove the supernatant fluid, being careful not to disturb the cell pellet. (Note: There may be alayer of
loosdly packed, damaged cells above the more tightly packed intact cdll pellet. Remove this layer aong
with the supernatant, and discard.)

Resuspend the cdll pellet with vigorous pipetting in 10 ml of ice-cold 5 mM MgSOy. Keep the tube on

ice for 10 minutes, swirling often.

Remove 150 ul from the tube into a microfuge (* Eppendorf”) tube labeled with your initials and
the letters “TP” (for “total protein”). This sample will be used next week for protein
measurement. Keep this, and all other samples in the italicized sections below, onice.

Centrifuge the cdlls again for 10 minutes at high speed.

Using a Pagteur pipet, remove the supernatant fluid to a fresh tube (do not discard!) labeled
“periplasm”. Resuspend the cdll pellet in 10 ml of column buffer and label the tube “shocked cells’.

Put 20 pl of shocked cells plus 20 ul of sample buffer into a microfuge tube labeled with your
initials and the letter “ A”. Put 150 pl of shocked cells into a microfuge tube labeled with your
initialsand the letters“ SC” .

Put 20 ul of periplasm plus 20 ul of sample buffer into a microfuge tube labeled with your
initials and the letter “B”. Put 150 ul of periplasm into a microfuge tube labeled with your
initials and the letter “ P”.

These samples will be used next week for SDS-PAGE and measurement of protein.

Add 0.2ml 1 M TrisCl pH 7.4 to the “periplasm” tube (the 10-ml sample, not the microfuge tube).

[1. Purification of MBP by Affinity Chromatography
A. “Batch” binding of MBP to amyloseresin

1. Add 1 ml of amylose resin sugpenson to the periplasmic fraction (you will now have approximatey
11 ml). Keep onice for 10 minutes, inverting frequently to keep resin suspended.

2. Allow theresin to settle (this may be aided by alow-speed centrifugetion), and carefully transfer the
supernatant liquid to a fresh tube labeled “flowthrough”.
Put 20 ul flowthrough plus 20 pl sample buffer into a microfuge tube labeled with your
initials and the letter “ C” . Put 150 pl of flowthrough into a microfuge tube labeled with your
initials and the letters “ FT”. These samples will be used next week for SDS-PAGE and
measurement of protein.

3. Resugpend resinin 5 ml column buffer. Kegp onice for 5 minutes, inverting frequently.

4. Allow theresin to sdttle, and carefully remove the supernatant liquid.

5. Resuspend resin in another 5 ml of column buffer.

B. Eluting MBP from the amyloseresn

1. Mount the column and close off the outlet a the bottom.
2. Add a Pesteur pipet full of column buffer. Open the column outlet briefly so thet the glass wooal is
wetted and the outlet tubing fills with buffer. Reclose the column outlet.
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3. Add the resuspended resin. As the beads begin to settle a the bottom of the column, open the
outlet at the bottom of the column to let the buffer flow through. Close off the column outlet when
the buffer level is even with the surface of the packed beads.

4. Add 2-3 ml of dution buffer (column buffer + 10 mM matose) to the column. Squeeze the liquid
out of the outlet tubing before opening the outlet (thisis important so that your euted sample is not
diluted by buffer that was dready in the tubing). Collect 1.5 ml into a graduated microfuge tube
labeled “duate’.

Put 20 ul eluate plus 20 ul sample buffer into a microfuge tube labeled with your initials and
with the letter “ D” . Save all nine microfuge tube samples (including the final “eluate”) to
be frozen for usein next week's experiment.

Day Two

Introduction

In today's lab we will complete the andlyss of our purification of MBP by performing a quditaive
assessment of protein content usng SDS-PAGE (SDS-polyacrylamide gd eectrophoress) and by
quantifying the amount of protein using the Bradford assay.

Electrophoress is the movement of charged molecules under the influence of an eectric field. In the
most common form of eectrophoress, the sample is gpplied to a crosdinked matrix (caled a “gd”) of
agarose or polyacrylamide that is soaked in buffer. When an éectric current is gpplied to the buffer,
charged molecules begin to migrate in the buffer, through the pores in the ge matrix, a arate proportiona
to their charge/mass raio. Smal molecules move through the gd unimpeded, but larger molecules tend to
collide with the gd matrix, and are thus dowed down. This “molecular Seving” property of ges causes
molecules to be sorted according to Size and shape. If al of the molecules in a mixture have the same
charge/mass ratio and the same shape, then gd dectrophoresis will cause them to be sorted soldy
according to their Sze, or molecular weight.

While native proteins come in an assortment of charge/mass ratios and shapes, this variation can be
eliminated by denaturing the proteins with the detergent sodium dodecyl sulfate (SDS). SDS is an anionic
detergent with the following chemicd structure:

CH;—CH,~CH,-CH,—CHy-CHy-CH,~CH,—CH,~CH,~CH,-CH,-O-SO3z-Na*

SDS hinds noncovaently to al proteins, saturating their surfaces to produce protein-SDS complexes
with about one SDS molecule for every two to three amino acid residues. In doing thisit coats the surface
of each protein with many negatively charged sulfate groups, swamping out the charge on the native protein.
The charge repulsion caused by SDS causes denaturation of the protein. As aresult of the detergent binding
and unfolding of the protein, many different SDS-protein complexes can be approximated as rigid rods of
uniform charge dengty, with lengths proportiond to the number of amino acid residues in the polypeptide
chain. They will therefore experience a uniform force in an dectric fidd in a polyacrylamide gd. Since
different Sze protein-SDS complexes will be differentidly retarded by the pores of the gd matrix, the
separation will be based soldly on the Size of the protein. The molecular weight of an unknown protein can
be determined by comparing its mobility in an SDS-PAGE experiment to that of a set of protein standards
of known molecular weight under identical experimenta conditions.

In practice, the protein sample is mixed with a buffer containing SDS, b-mercaptoethanol (to reduce
disulfide bonds, dlowing complete denaturation) and a smal molecule tracking dye, such as bromophenol
blue, which migrates faster than dl of the proteins and dlows us to monitor the progress of the sample
through the gel. After heating the sample in boiling water to promote denaturation, the sample is carefully
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layered into a rectangular shaped indentation (called a sample well) at the top of the gd, and the dectric
current is turned on. The negatively charged SDS-protein complexes (and the tracking dye) move away
from the negative electrode at the top of the gdl toward the positive dectrode at the bottom of the gd. The
current is turned off when the tracking dye approaches the bottom edge of the ge. Following
electophoresis, the protein bands in the gd are typically visudized through the use of a generd protein gain
caled Coomassie Blue (the same dye used in the Bradford assay, described below), and the relative
mobility (Ry) of the band(s) of interest is determined. This refers to the mobility of the protein band relative

to that of the tracking dye:
R. = distance migrated by protein
f = distance migrated by dye

For a given g compostion, there will be a size range of proteins for which the R is inversdy

proportiond to the log of the molecular weight (mw). Protein standards with known molecular weights in
that range are chosen, and a standard curve is generated by plotting Ry vs. log mw. The molecular weights

of the unknown bands are then determined from the standard curve.

Procedure

|. DS-Polyacrylamide Gel Electrophoresis

1. Heat your gel samples (A through D, blue-colored) for 5 minutes in a boiling water bath.

2. When everyone is ready, carefully layer 20 pl of each of your four samples into a sample well on the
assembled polyacrylamide gel apparatus. Also loaded onto the gel will be one sample of protein
molecular weight sandards and one sample of the whole E. coli cdls used in the purification.

3. Once the dectrophoress has sarted, it will take gpproximatdly an hour for the tracking dye to migrate
down the gdl. While this is occurring, perform the protein assays on the remaining samples saved from
the purification (part 11 below).

4. When dectrophoress is complete, the gd apparatus will be disassembled. Measure the distances
migrated by the tracking dye and the protein molecular weight standards. Use these measurements to
caculate the R of each of the proteins. Congtruct a standard curve plotting R vs. log mw for the

protein standards (the mw's of the standards will be provided in class).

5. The ge will be placed in gaining solution. After gaining, the gel will need to soak in destaining solution
overnight to wash away dye from everywhere on the gd that did not contain protein. Only after this
destaining step will the protein bands in our experimental samples be vishle. Sometime during the week
following your lab period, come into lab to view your gd. Write down a rough estimate of the number
of bands in each of your samples. What does this tell you (quditatively) about each stage of the
purification? Measure the distance migrated by your purified MBP band (sample D). Use this
measurement, dong with the distance migrated by the tracking dye, to caculate the R of MBP. Using

the standard curve congtructed in step 4, calculate the molecular weight of MBP. If there is more than
one band in your sample D, cdculate the mw of the two most prominent bands. Can you think of any
explanation for this result? If no bands are visble in your sample D, note this in your notebook and use
someone ése's lane to measure an R and caculate a mw. Can you think of an explanation for this

result?
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I1. Measurement of Protein by the Bradford Assay

How can we quantify the amount of total protein in our samples? Mogt proteins do not have a visble
color, so direct colorimetry is not ussful. To measure the amount of protein, we can mix the protein with a
compound that turns a color when it reacts with protein. There are afew known colorimetric reactions that
dlow measurement of protein. One such assay (the Bradford reaction) uses a dye, Coomassie Blue, that
turns from red to blue upon binding proteins. If a protein solution of known concentretion is used in this
assay, the reationship between protein concentration and blue color can be determined.
Spectrophotometric principles (i.e., Beer's Law) can then be applied to determine the protein concentration
in an unknown sample.

We will use atotd assay volume of 3 ml. The dye reagent solution is 5 times as concentrated as it
should be in the find assay mixture, and is therefore referred to as a “5x” stock. To plan your experiment,
complete Table 3.1 below showing what volumes of reagents to add to each tube. Note that the amount of
5x dye reagent added to each tube will be congtant. (A dash in the table below indicates none of that
reagent is added to that tube). Tables like this are commonly used when many tubes are to be set up
amilarly in an experiment.

Table3.1. Protocol for Bradford Assay.

Tube: 1 2 3 4 5 6 7 8 9 10

BSA (0.1 - 01| 03| 05| 07 - - - - -
mg/ml) mi mi mi mi
total protein - - - - - 0.1 - - - -
“TP) mi
shocked cells — — — — - - 0.1 - - -
(“SC”) mi
periplasm - - - - - - -
(‘P)
flowthrough - - - - - - -
(“FT™) mi
duate - - - — — — — — — 05

o
=
|
|

=k

H,O

5x dye
reagent
Tota 30| 30| 30| 30| 30| 30| 30| 30| 30| 30
volume ml ml ml ml ml ml ml ml ml ml

1. Using the completed protocol in Table 3.1, set up your protein assay. Vortex the samples and alow to
gt for 5 minutes.

2. Blank the spectrophotometer at 595 nm using tube 1, then read the absorbances of the remaining nine
samples.

3. Congtruct a stlandard curve using the data from the BSA samples (tubes 1-5; tube 1 serves asthe 0 mg
gandard, with an absorbance vaue of 0). Use units of milligrams (mg) for the x-axis. Usethis curve to
cdculate the amount of protein in each of the unknown assay tubes. Taking into account the volume of
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each sample placed in the Bradford assay tube, caculate the concentration of protein in each unknown

sample (tubes 6-10).

4. Using the known total volume of each sample (not just the volume saved for andyss), caculate the
total amount of protein in the samples a each stage of the purification.

a) What percentage of the protein found in intact cells was found in the periplasm?

b) What percentage of protein in the periplasm flowed through the column? Is this consstent with the
appearance of the samples on the gd?

c) How much protein isin your fina €uted sample? What percentage of tota cdlular protein does this
represent? What percentage of the periplasmic protein does it represent?

d) Using the mw for MBP cdculated in part |, and assuming dl of the protein in your find sample is
MBP, caculate the number of moles of MBP in your find sample. How many molecules of MBP is
this? Assuming you started with 1010 E. coli cdls, how many molecules of MBP are there in a
typicd E. coli cdI?

Further Reading for Students

Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Andyticd Biochemigry, 72:248-254. (Protein
measurement using Coomassie Blue.)

Deutscher, M. P., ed. 1990. Guide to Protein Purification. Vol. 182, Methods in Enzymology. Academic
Press, San Diego, 894 pages. ( Protein purification.)

Duplay, P., Bedouelle, H., Fowler, A. V., Zabin, I., Saurin, W., and M. Hofnung. 1984. Journa of
Biologicd Chemigtry, 259:10606-10613. (Background on MBP.)

Laemmli, U. K. 1970. Cleavage of structurd proteins during the assembly of the head of bacteriophage T4.
Nature, 227:680-685. (IDS-polyacrylamide gel electrophoresis.)

Neu, H. C.,and L. A. Heppel. 1965. The release of enzymes from Escherichia coli by osmotic shock and
during the formation of spheroplagts. Journd of Biological Chemistry, 240:3685-3692. (Isolation of a
periplasmic fraction.)
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APPENDIX A
Lab Preparation

Commercial Suppliers

The specidized equipment and reagents used in this exercise can be obtained from the following two
suppliers:

New England Biolabs Bio-Rad Laboratories
32 Tozer Road 2000 Alfred Nobel Drive
Beverly, MA 01915-5599 Hercues, CA 94547
1-800-632-5227 1-800-424-6723

Preparation of Cells
Note: This preparation requires severa days, and should preferably be done a least aweek in advance.
Bacterial strain and plasmid:

New England Biolabs suggests strain TB1 (NEB catadog #801-A, available free with any order), but
any transformable gtrain of E. coli can be subdtituted. Transform with plasmid pMAL-p2 (NEB #800-65S,
$80 US for 5 ug) by standard procedure (Sambrook et al., 1989). Plasmid-bearing strains can be stored
long-term & —70° C in the presence of glycerol or DM SO (Sambrook et al., 1989).

Materials;

(The amounts specified here are based on alab with 16 pairs of students.)

40% (w/v) glucose (autoclaved or filter gterilized) - 15 ml

30 mg/ml ampicillin - 20 ml

LB medium - 1.5 liters. Per liter: 10 g tryptone, 5 g yeast extract, 10 g NaCl, 0.5 ml 4 M NaOH.
Autoclave 20 minutes at 121° C. Can store at room temperature. Add glucose (from 40% stock) to
find concentration of 0.2% (w/v) and ampicillin (from 30 mg/ml stock) to find concentration of 100
pg/ml just before cdls.

0.1 M IPTG (isopropyl b-D-thiogdactosde; for induction of plasmid-encoded MBP-lacZa fuson gene
available from many commercid sources) - 1.5ml

IM TrisCl, pH 8.0 - 100 ml stock

30 mM TrisCl, pH 8.0/20% (w/v) sucrose - 200 ml for cdl resuspenson (or minimaly 10 ml per pair)

Autoclave (or filter Serilization apparatus)

Erlenmyer or Fernbach flasks for growth of 1.5 liters of E. coli liquid culture

37° C shaker for bacteria growth

Preparative centrifuge and appropriate tubes or bottles for harvesting 1.5 liters of bacterid culture
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Cdll growth:

Grow 20 ml overnight culture of E. coli cells containing pMAL-p2 in LB containing 0.2% glucose and
100 pg/ml ampicllin.

Inoculate 3 x 500 ml cultures (prewarmed LB/glucosefamp) each with 5 ml of cells. Grow a 37° C
with vigorous shaking to an ODgy, of 0.4-0.6.

Add 0.5ml 0.1 M IPTG to each culture.

Continue growth 2 hours.

Harvest cdls by centrifugation for 20 minutes at 4,000ug at 4° C.

Resuspend cdlsin atota of 175 ml 30 mM TrisCl/20% sucrose.

Take out 100 pl and mix with 100 pl Laemmli sample buffer and save as “whole cdls’ sample for gels.
Aliquot remainder in 10-ml portions for students. Store at —20° C.

Column Setups

For each pair of students, set up a column using a 3-cc plagtic syringe asfollows.

a

Remove the plunger from the syringe and insart a small wad of glass woal into the bottom of the syringe.
Use enough glass wooal to prevent amylose resin from leaking through, but don't compress it so tightly
that the flow of liquid isimpeded. A Pasteur pipet is ussful in pushing the glass wool to the bottom of the
syringe.

Attach a short (about 2 inches) piece of latex tubing to the syringe outlet (no needle is necessary), and
doseit off with apinch damp.

Clamp the“column” to aring support so that it isheld firmly in avertica postion.

If sudents have trouble getting buffer to flow through column initidly, have them push some buffer
through with the syringe plunger. (Note: Once the amylose resin has been poured into the column, do
not use the syringe plunger, as it will suck the resin up with it when it is pulled back out! If flow dows
once the column is poured, it can sometimes be improved by stirring up the resin with a Pasteur pipet.
See ingtructor's notes.)

Be aure to have students squeeze buffer out of outlet tube prior to collecting duate, as indtructed in the
sudent outline. Otherwise the euted protein will be substantidly diluted, and may not be detectable in
the protein assay or on the gdl.

SDS-Polyacrylamide Gel Electrophoresis

Note: This technique has been presented in detail in a previous volume of this series (Karcher et al., 1996).
Materids are listed here for convenience; for specifics on pouring, running, and staining of gels refer to the
above reference or the BioRad MiniProtean 11 ingtruction manual.

Materials;

30% (w/v) acrylamide (BioRad 161-0158) - 100 ml of premixed solution containing a 37.5:1 ratio of

acrylamidebisacrylamide. Thisis a carcinogen and neurotoxin, so handle with care. Mix gels according
to package directions.

0.5M TrisHCl pH 6.8 - 50 ml
1.5M TrisHCI pH 8.8 - 50 ml
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SDS (sodium dodecy! sulfate) - 10 g - Do not refrigerate solutions as they will precipitate.

TEMED (N,N,N’, N'-tetramethylethyldiamine) - 1 ml

10% (w/v) ammonium persulfate - must be made fresh - 1 ml

10% acrylamide running gels - can be prepared the day before lab according to manufacturer ingtructions.
The MiniProtean 1l apparatus comes with combs that have 15 wdls. This is enough for 3 pairs of
students (4 samples each) plus markers, whole cell control, and MBP control. Plan accordingly for the
number of sudentsin your lab. After running gels have polymerized (at least 1 h), overlay with 0.375 M
TrisHCI, pH 8.8. Sed entire assembly in a plastic bag for overnight storage, if necessary

4% acrylamide dacking gd - 1 per g - have solution ready according to package ingtructions to
demondtrate gel pouring to students immediately when lab begins. Insert 15 well combs.

Running buffer (5% stock) - 500 ml - (per liter: 15 g Trisbase, 72 g glycine, 5 g SDS)

Coomassie blue protein stain (0.1% [w/v] Coomassie Brilliant Blue R in 50% [v/v] methanol/10% [v/V]
acetic acid) - 500 ml (can be reused)

Destain solution (5% [v/v] methanol/10% [v/V] acetic acid in didtilled water) - 2 liters
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APPENDIX B
Sample Data

Sample SDS-polyacrylamide gel

66K - |+

45K - S

24K - | 88

Figure 3.1. Photograph of typical stained SDS-polyacrylamide gel of MBP purification. Lane 1, whole
cells; lane 2, shocked cells; lane 3, periplasm; lane 4, amylose resin flowthrough; lane 5, amylose resin
eluate. Samples were prepared as described in student outline. 20 pl of each sample, corresponding to 10
ul of fraction plus 10 pl of 2x Laemmli sample buffer, were loaded on a 10% polyacrylamide minigel. Sizes
of protein molecular weight markers (not shown) are indicated at the | ft.

Figure 3.1 shows a typicd gd obtained in this exercise. Sample volumes corresponding to equa

proportions of dl fractions were loaded, except for the find euate, which has a totd volume of 1.5 ml
compared to the approximately 10-ml volumes of the preceding samples. Some important fegtures to notice
arethefalowing:

1)

2)

3)

4)

The shocked cell sample (lane 2) looks smilar to the whole cell sample (lane 1), except for gppearing
depleted for some bands. In at least some cases, it is clear that these bands are enriched in the
periplasmic fraction.

The periplasmic fraction (lane 3) clearly accounts for less of the total cellular protein than the shocked
cdls (lane 2). Results of the Bradford assays should help quantify this observation.

The flowthrough sample (lane 4) appears essentidly identical to the periplasm sample (lane 3). Thisis
consstent with results of the Bradford assay, which normaly reved that the protein content of the eluate
is neglible compared to the onput (periplasm) and flowthrough samples.

Conggent with the extremdy low protein content of the duate, barely any protein is visblein the duate
lane (lane 5). On this particular gdl, two bands are visble, with gpparent molecular weights of ~53,000
kilodatons and ~43,000 kiloddtons. The larger of these two proteins is about the expected molecular
weight for the plasmid-encoded MBP-lacZa fuson, while the smdler is roughly the Sze of the
endogenous wild-type matose-binding protein. It may be that induction of the fuson gene was not
optimd in this particular batch of cdls, so that the fuson protein was not obtained in subgtantidly greater
yield than the endogenous protein.
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Sample Bradford Assay Data

Table 3.2. Typical results of Bradford assay standard curve and MBP purification samples

Standard Curve:

vol BSA (0.1 mg/ml) (ml) mg protein Absor bance (595 nm)
0.000 0.00 0.000
0.100 0.01 0.234
0.300 0.03 0.569
0.500 0.05 0.961
0.700 0.07 1.048

Experimental Data:

Fraction vol. in assay (ml) Absor bance (595 nm) mg protein conc. protein
(mag/ml)
Total protein (TP) 0.100 0.468 0.0239 0.239
Shocked cells (SC) 0.100 0.676 0.0350 0.350
Periplasm (P) 0.100 0.169 0.0081 0.081
Column Flowthrough (FT) 0.100 0.120 0.0054 0.054
Column Eluate (E) 0.500 0.018 0.0000 0.000

Table 3.2 shows typica student data obtained in this exercise. Standard curve data are plotted in Figure
3.2. The equation for the standard curve is applied to the absorbances of experimental samples to caculate
the amount of experimenta samplein each assay tube. This amount of protein is then divided by the volume
of sample that was placed in the assay tube to determine the concentration of protein for any given
experimental fraction. To account for the partitioning of protein among fractions a various steges of
purification, the total amount of protein in each fraction a each stage of purification must be calculated. To
do this, the total volume of each fraction is multiplied by the concentration of protein in thet fraction. The
results of such calculations are shown in the purification flowchart in Table 3.3. Note that in the experiment
from which the data set of Table 3.3 was taken, the shocked cells were resuspended in 5 ml rather than the
10 ml indructed in the student outline. Having tota volumes that differ from fraction to fraction emphasizes
to students the necessity of accounting for fraction volumes when comparing protein content. If you decide
to ingtruct the students to resuspend the shocked cdlls in a smaler volume, you may wish to ingruct them to
load less of this sample on the SDS-polyacrylamide g, so that the protein contents of the fractions will be
directly comparable on the gel.
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Bradford Assay Standard Curv

1.200

1.000 +

y =18.827x + 0.0174

0.800

0.600 —+

0400 —+

0.200 -

0.000 f f ; ; ; ;
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Amount of Protein (BSA, mg)

Figure 3.2. Bradford assay standard curve. Data points shown in Table 3.2 are plotted. The linear
region of the data was fitted to a line (equation shown) using the “trend” command in Microsoft
Excd.

Table 3.3. Purification table for MBP isolation

Fraction Total Volume(ml) : Protein Conc. (mg/ml) : Amt. protein (mg) : % Original Protein
Total protein (TP) 10.0 0.239 239 100%
Shocked cells (SC) 5.0 0.350 175 3%
Periplasm (P) 100 0.081 0.81 3%
Column Flowthrough (FT) 10.0 0.04 054 23%
Column Eluate (E) 15 0.000 0.00 0%

According to the data in Table 3.3, roughly 30% of the protein in E. coli cdlsis periplasmic, while the
remainder is cytoplasmic. This result ssems consstent with the result visudized in the gel of Figure 3.1. Note
that no protein was detectable in the duted sample, yet faint bands are visble by SDS-PAGE. Thiswill be
disurbing to many sudents, but | think teaches them an important lesson about assay sengtivity: just
because you don't detect it, doesn't mean it isn't there!






