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Experiment Objective:

To introduce the principles of gel filtration chromatography
as a method that separates molecules according to their size

and shape.  A mixture of two molecules are
separated in this experiment.

All components  are intended for educational research only.  They are not to be used for
diagnostic or drug purposes, nor administered to or consumed by humans or animals.

Storage:
Store entire experiment at room temperature.
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None of the experiment
 components have been prepared

from human sources.

Experiment Components

Storage:
Store entire experiment at

room temperature.

All components of this experiment
are intended for educational

research only.  They are not to be
used for diagnostic or drug

purposes, nor administered to or
consumed by humans or animals.

Enough reagents and sample are provided for 10 separations.

Contents

A Sample Mixture
B Dry Matrix
C Concentrated Elution Buffer

20 Plastic Transfer Pipets
90 Plastic microtest tubes with attached caps
10 Chromatography Columns

Requirements

• Ten 50 ml or 100 ml beakers or flasks
• 1 small beaker or flask (10 or 25 ml) or a 10 ml test tube
• 1 ring stand with clamp for each column
• Distilled or deionized water

(Distilled water available in supermarkets is of suitable quality)
• 5 or 10 ml pipets and pipet pumps (optional)
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BACKGROUND INFORMATION

Principles of Gel Filtration Chromatography

Gel filtration chromatography (sometimes referred to as molecu-
lar sieve chromatography) is a method that separates molecules
according to their size and shape.  The separation of the compo-
nents in the sample mixture, with some exceptions, correlates
with their molecular weights.  In these cases, gel filtration can be
used as an analytical method to determine the molecular weight
of an uncharacterized molecule.  Gel filtration is also an impor-
tant preparative technique since it is often a chromatographic
step in the purification of proteins, polysaccharides and nucleic
acids.

The basic components of the gel filtration experiment are the
matrix, chromatography column and the elution buffer.  The
matrix is the material in the column that is actually  the separa-
tion medium.  It is the stationary phase of the chromatography.

The column is a tube with a frit and elution spout fitted at the
bottom.  The frit is a membrane or porous disk that supports
and retains the matrix in the column but allows water and dis-
solved solutes to pass.  The elution buffer is the mobile phase of
the chromatography and flows through the matrix and out of
the column.  The column, with the matrix and applied sample, is
“developed” by the elution buffer.  This means that the molecules
in the sample are carried by the flow of buffer into the matrix
where they are gradually separated.  The separated zones of
molecules then flow out of the column where they are collected
for analysis.

Filling the chromatography column with matrix is referred to as
“packing”.  The packed matrix is called the “bed” and the vol-

ume it occupies is termed the “bed vol-
ume”.  It is very important not to allow
the bed to run dry.  Otherwise, cracks and
fissures develop and the matrix has to be
removed and repacked.

The gel filtration matrix consists of mi-
croscopic beads that contain pores and
internal channels.  The larger the mole-
cule, the more difficult it is for it to pass
through the pores and penetrate the
beads.  Larger molecules tend to flow
around and in between the beads.  The
total volume of buffer between the beads
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BACKGROUND INFORMATION

Background Information,
continued

is the “void volume”.  Smaller  molecules tend to spend more time in
the maze of channels and pores in the bed.  Consequently, the larger,
higher molecular weight molecules are eluted from the column before
smaller molecules.  Larger molecules take the faster, more direct path
that involves less time in the beads.  This is somewhat analogous to
finding your way out of a complicated maze or simply walking around
the outside of the maze and avoiding the whole situation entirely.

Molecules can have the same molecular weight but radically different
shapes.  Molecules with a more compact shape, such as a sphere, will
penetrate the beads more easily than those having an elongated shape,
like a rod.  Therefore, a rod-like molecule will elute before a spherical
one of the same molecular weight.

There are many different types of gel filtration matrices.  The spectrum
of molecular weights the matrix is capable of separating is called the
fractionation range.  For example, consider a matrix that has a frac-
tionation range (in molecular weight) of 1000 to 100,000 daltons.  Mol-
ecules with an average molecular weight of 1000 or less will not be
separated from each other since they all penetrate the beads completely
and with equal efficiency.  These molecules take the maximum volume
of buffer for elution, which is equal to one bed volume.

The bed volume is equal to the volume of the beads plus the void vol-
ume.  Molecules in the range of 1000 to 100,000 daltons will enter the
beads with varying efficiencies and be partially or completely sepa-
rated from one another.  Molecules greater than 100,000 daltons will
not enter the beads and be eluted in the void volume.  Note that in this
example, any number of different molecules having molecular weights
of 100,000 daltons or greater will all elute at the same time since they
are not sieved by the matrix.  The partially or completely separated
zones of molecules that are eluted from the column are called peaks.  A
peak consists of an increasing and decreasing concentration gradient
of molecules.

This experiment includes columns which will be pre-packed with the
appropriate matrix for separation of the sample mixture.  The sample
in this experiment contains a mixture of orange and blue molecules.
The orange dye has a molecular weight of 452.  The blue is a polymer
of glucose with an average molecular weight of 2,000,000 daltons, and
has a rod-like shape.  The fractionation range of the matrix is 1000 to
5000 daltons.
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EXPERIMENTAL PROCEDURES

EXPERIMENT OBJECTIVE:

To introduce the principles of gel filtration chromatography as a method
that separates molecules according to their size and shape.  A mixture
of two different molecules will be separated in this experiment.

LABORATORY SAFETY

Gloves and goggles should be worn routinely as good laboratory prac-
tice.

Quick Reference:

Reservoir
filled with

buffer

Packed
bed

Eluant
spout of
column

Frit

1. Mix the matrix thoroughly by swirling or gently stirring.

2. With a 5 or 10 ml pipet, carefully pipet all of the mixed slurry into
the column by letting it stream down the inside walls of the reser-
voir or pour the slurry into the column.

If the flow of matrix is stopped by an air pocket, stop pouring
and firmly tap the column until the air is removed and the
slurry flows down.  Continue pouring the rest of the slurry.

3. With a transfer pipet, add elution buffer to fill the reservoir.

4. Place an empty beaker under the column.

5. Remove the cap from the spout of the column.

6. Let the buffer flow through the column for approximately 10 min-
utes.  The matrix will  pack down into the column.

7. Place the cap onto the spout of the column.

8. The matrix is packed when it stops compressing.  The volume of
the packed bed will be approximately 3 ml.

If time is limited, the experiment can be temporarily stopped here.  The
columns must be securely closed so they do not run dry.   If you are
stopping the experiment here, make sure there is buffer above the bed and
the reservoir is covered with plastic wrap or parafilm.

Optional Stopping Point #1

Chromatography:  Packing the Column
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EXPERIMENTAL PROCEDURES

Chromatography:  Fraction Collection

1. Label 8 test tubes 1-8.  Put your initials or lab group number on all
the tubes.

2. Carefully remove all the buffer from above the bed with a transfer
pipet.  The top of the bed should be exposed to air.

Insert a pipet through the reservoir.  Try to minimize disturbance
of the bed while removing buffer.

3. Load the contents of the “Sample” tube (x) onto the top of the bed
with a transfer pipet.  Let the sample drip down the inside walls of
the column.

4. Place a beaker under the column.

5. Remove the cap from the spout.  The sample will slowly enter the
bed.  When it has completely entered the bed (the top of the bed
will be exposed to air), replace the cap.

6. Carefully add several drops of buffer over the bed with a transfer
pipet.  Open the cap and allow the buffer to enter the column.

7. Continue adding buffer, several drops at a time, pausing to allow
the buffer to enter the bed.

8. When the blue dye reaches near the bottom of the column, begin to
collect 0.5 ml fractions.  Hold tube #1 directly under the column.
(The tubes are graduated to help you measure 0.5 ml.)

9. As the dyes gradually separate in the column, periodically add
fresh buffer to the reservoir to keep it full.

10. Continue collecting 0.5 ml fractions in each of the 2-8 tubes.

11. After all tubes of column effluent (column fractions) have been col-
lected, replace the cap onto the spout.

12. Identify the tube with the greatest amount of blue dextran that
eluted from the column.

13. Identify the tube that has the greatest amount of orange dye that
eluted from the column.

WEAR SAFETY GOGGLES
AND GLOVES

Do not let the column
run dry!

Remember!
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Edvotek	108	–	Study	Questions	 	 	 	 	 Name:	
	
	
1.		In	one	sentence,	describe	how	gel	filtration	chromatography	works	to	separate	molecules.	
	
	
	
2.		Outline	the	basic	steps	involved	in	setting	up	and	running	a	gel	filtration	column.	
	
	
	
	
	
	
	
	
3.		Define	the	following	terms:	
	

matrix		
	

frit		
	

elution	buffer	
	

“packing	the	column”	
	

void	volume	
	
	
	
4.		Why	do	larger	molecular	weight	molecules	elute	from	the	column	faster	than	smaller	molecular		
					weight	molecules?	
	
	
	
	
5.		What	is	meant	by	the	“stationary	phase”	and	the	“mobile	phase”	when	discussing	chromatography?	
	
	
	
	
6.		How	does	the	shape	of	a	molecule	influence	how	quickly	it	will	elute?	
	
	
	
	
7.		What	is	the	fractionation	range	of	a	particular	gel?	
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