
Biology 196 Laboratory
Protein Chromatography

Laboratory Objectives
After completing this lab you should be able to:

• Define chromatography and explain how it works

• Perform size-exclusion chromatography and predict the outcome.

• Identify which amino acids are hydrophobic in nature

• Perform hydrophobic interaction chromatography on a cellular mixture.

• Utilize a centrifuge

Experiment #1: Size Exclusion Chromatography:
	 Chromatography is a useful method to separate molecules such as sugars, amino acids, proteins, etc.  This 
separation can be based on a number of physical properties of the molecules involved including size, charge 
(positive or negative; hydrophobic or hydrophilic), and even the three dimensional conformation of the molecule 
itself.  Today you are going to separate a mixture of proteins on the basis of their size through a process known as 
size exclusion chromatography (aka gel filtration chromatography).

	 In size-exclusion chromatography a mixture of proteins is added to a column containing microscopic porous 
beads.  Think of these beads as very, very small wiffle balls.  Any molecule that is smaller than the holes in the beads 
(or wiffle balls) will be able to enter and exit the beads at will and will take a long time to travel from the top to the 
bottom of the column in their extended zig-zag journey.  
	 Molecules that are larger than the holes in the beads will travel down the column in a direct journey very 
quickly since they are too large to enter into the holes.  Since small molecules travel slowly and large molecules 
travel quickly through the column material, a method of separation is established based on size. 

Procedure: 
Students should work in groups of two for this experiment. 

1.  Obtain 12 collection tubes, label the first 10 as 1-10, and the remaining 
two as waste and buffer.  Add 4 ml of column buffer to the tube marked 
buffer using transfer pipettes.
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1. Obtain 12 collection tubes and label ten
sequentially from 1 to 10. Label the tubes
with your name and laboratory period.
Label the final two tubes “Waste” and
“Column Buffer”. Using a clean pipette,
transfer 4 ml of column buffer into the tube
labeled “Column Buffer”. 

2. Remove the cap and snap off the end of the
sizing column. Allow all of the buffer to
drain into the waste tube. Observe the
upper surface of the matrix and insure that
all of the buffer has entered the column.
Looking directly over and into the column,
you should see the “grainy” appearance of
the column matrix. Cap the bottom of the
column. 

3. Carefully place the column onto tube 1.
You are now ready to load (or the teacher
may load) the protein sample onto the col-
umn.

4. When you are ready to load the protein
mix, uncap the column. It is important to
uncap the column only when you are ready
to load your protein—you do not want
your column to run dry. Using a pipette,
add one drop of protein mix onto the top
of the column bed (your teacher may do
the loading for you). The pipette should be
inserted into the column and the drop
should be loaded just above the top of the
column so that it minimally disturbs the
column bed.
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2.  Obtain one prepared column, remove the top cap and snap off the bottom end.  Allow 
the liquid buffer to drain from the column into the tube marked waste.  Tip: Do not let 
the column make an airtight seal with the tube or your column will stop dripping.

3.  Place the column into tube 1 and carefully add 3 drops of the protein mix to the top of 
the column matrix with the supplied pipettes.  Do this very slowly so as not to disrupt 
the column matrix!

4.  Once the protein mix has entered the column matrix, carefully add 250 ul (µl = 
“microliter”) of column buffer to the top of the column matrix.  Begin to collect 
drops in tube 1.

	 Once the 250 ul of column buffer from step 4 has entered into the column 
matrix, carefully add 3 ml of column buffer to the top of the column matrix.  
Transfer the entire column to tube 2 and collect 5 drops.

5.  After collecting 5 drops in tube 2, transfer the entire column to tube 3 and collect 5 drops again.  Keep repeating 
this until you have 5 drops in all of your collection tubes.
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5. As soon as the drop of protein mix
enters the column bed, carefully add
250 µl of column buffer to the top of the
column. This is best done by inserting
the pipette tip into the column so that it
rests just above surface of the column
matrix. Carefully let the buffer run
down the side of the tube and onto the
top of the bed. (Note:  The size separa-
tion will work best when the column
bed is left undisturbed). Begin to collect
drops into tube 1.

6. Add another 250 µl of column buffer to
the top of the column. Add the buffer as
before, by placing the pipette just above
the top of the column and letting the
buffer run down the side of the tube.
Continue to collect drops into tube 1.

7. Add 3 ml of column buffer to the top of
the column matrix. This can be done by
adding 1 ml three times from the pipette.
At this time the protein mix has entered
the column far enough so that slight dis-
turbances to the column bed will not
affect the separation. Transfer the col-
umn to tube 2 and begin to count the
drops that enter into each tube. Collect
5 drops of buffer into tube 2.

8. When 5 drops have been collected into
tube 2, transfer the column onto tube 3.
Collect 5 drops of buffer into each col-
lection tube. When 5 drops have been
collected into a tube, lift it off and trans-
fer it to the next tube.

9. Continue collecting 5 drops into each
tube. When you reach tube 10, collect
a total of 10 drops. Cap the column and
if your teacher instructs you to do so,
parafilm or cover your fractions until
the next laboratory period. Store the
fractions in the refrigerator. Sketch your
results.  
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	 Examine the results.  The protein mixture utilized in this experiment contained red-brown hemoglobin (MW 
65,000) and dark pink Vitamin B12 (MW 1,350).  

	 Which molecule exited the column first?  ________________________

	

	 Which molecule is smaller?   _______________________

Experiment #2: Hydrophobic Interaction Chromatography (HIC):
 To complete this experiment you need to have a background in amino acids and protein folding.  Use 
chapter five of your textbook to review the structure of amino acids.  Some of the amino acids that make up proteins 
are very hydrophilic (“water loving”), while others are hydrophobic (“water hating”).  Hydrophobic amino acids tend to 
reside near the interior of a protein when folded.  Look at the diagrams of amino acids below and label them as being 
hydrophobic or hydrophilic amino acids:

 In this experiment we will isolate our protein via affinity to a hydrophobic matrix.  Conditions that affect 
protein folding can break the bonds holding the hydrophobic amino acids in the interior of the protein.  An extreme 
unfolding event would be denaturation.  For example, by increasing the tonicity of the solution using high salt we 
can cause the protein to unfold, exposing the hydrophobic amino acids.  This will cause the protein to “stick” to the 
column matrix.  To remove (elute) the protein we will add a low salt buffer that will cause the protein to refold, hiding 
the hydrophobic amino acids in the interior of the protein once again.
 You will be given the task of purifying a protein from bacteria.  This 
strain of bacteria has been modified by the addition of a gene from the 
jellyfish, Aequorea victoria.  If this gene is transcribed and translated, a 
hydrophobic fluorescent protein will be produced that glows under UV light.

Procedure: 
Part A: Sample preparation.  Students should work in groups of two for 
this experiment. 

1.  Transfer 1.5 ml of bacterial overnight growth to an eppendorf tube, 
labeled on top with your initials.  Spin in the microcentrifuge for 3 min. 
(Important: See the appendix at the end of this documenton the proper 
balancing of the centrifgue.)
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2.  Carefully remove all of the supernatant.  Because it will still contain some 
bacteria, be sure to dispose of it in the biohazardous waste container.

3.  Add 250 ul TE buffer to the pellet and vortex until all of the pellet is 
dissolved.

	
	

4.  Add 2 drops of lysozyme, mix, place at 32ºC for 20 min (in the water bath 
designated by your instructor).  The lysozyme will burst open the E. coli so the 
protein can be removed.  This is a very important step in the procedure.  If the 
cells do not burst open, the protein cannot be isolated!  If the lysozyme works, 
you should notice that the solution has become more viscous.

5.  Spin in the microcentrifuge for 10 min.  Add 250 µl of binding buffer to a test tube to prepare for 
step 6.

(While the samples are still in the centrifuge you can also start step one of part B below)

6.  This time save the supernatant and transfer it to a tube which already has 250 ul of binding buffer present.  The 
binding buffer is a high salt buffer which causes the proteins to unfold exposing their hydrophobic residues.
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Lesson 3  Purification Phase 1
Bacterial Concentration

1.  Label one microtube "+" with your name
and class period. Remove your liquid cul-
tures from the shaker and observe with the
UV light. Note any color differences
between the two cultures. Using a new
pipette, transfer 2 ml of "+" liquid culture
into the “+” microtube. Spin the microtube
for 5 minutes in the centrifuge at maximum
speed. The pipette used in this step can be
repeatedly rinsed in a beaker of water and
used for all following steps of this laborato-
ry period.

2.  Pour out the supernatant and observe the pel-
let under UV light.

3.  Using a rinsed pipette, add 250 µl of TE
solution to the tube. Resuspend the pellet
thoroughly by rapidly pipetting up and down
several times.

4.  Using a rinsed pipette, add 1 drop of
lysozyme to the resuspended bacterial pel-
let to initiate enzymatic digestion of the bac-
terial cell wall. Mix the contents gently by
flicking the tube. Observe the tube under the
UV light.

5.  Place the microtube in the freezer until the
next laboratory period. The freezing causes
the bacteria to rupture completely.

250 µl TE

2 ml

1 drop lysozyme

+ +

+

Freezer➔

➔
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Lesson 4  Purification Phase 2
Bacterial Lysis

1.  Remove the microtube from the freezer
and thaw using hand warmth. Place the
tube in the centrifuge and pellet the insol-
uble bacterial debris by spinning for 10
minutes at maximum speed. 

2.  While your tube is spinning, prepare the
chromatography column. Remove the cap
and snap off the bottom from the prefilled
HIC column. Allow all of the liquid
buffer to drain from the column (~3–5
minutes). 

3.  Prepare the column by adding 2 ml of
Equilibration Buffer to the top of the col-
umn. This is done by adding two 1 ml
aliquots with a rinsed pipette. Drain the
buffer to the 1 ml mark on the column.
Cap the top and bottom and store the col-
umn at room temperature until the next
laboratory period.

4.  After the 10 minute spin, immediately
remove your tube from the centrifuge.
Examine the tube with the UV light.
Using a new pipette, transfer 250 µl of the
"+" supernatant into a new microtube
labeled "+". Again, rinse the pipette well
for the rest of the steps of this lab period.

5.  Using a well rinsed pipette, transfer 250 µl
of binding buffer to the "+" supernatant.
Place the tube in the refrigerator until the
next laboratory period.

Equilibration buffer (2 ml)

250 µl

250 µl

1 ml

Centrifuge

Thaw

+ +

➔
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Part B: Purification

1.  Remove the bottom and top cover from the column.  Set the column in a collection tube 
(labeled 1) and place in the test tube rack.   Let all the liquid buffer drain from the column (~3-5 
minutes)

2.  Add 2 ml equilibration buffer to the column and let the solution pass through the 
column slowly drop by drop.  Depending on how the column is packed this 
could occur fast or slow.  If you are still waiting for Part A when this finishes, 
add more buffer.  Never let your column dry out.

3.  Add all of the solution from PART A to the column.  Carefully and gently add 
this solution to the top of the column matrix (the white material in the 
column).  Let the solution pass through slowly drop by drop.  Collect all of 
the flow through in the collection tube labeled 1.  Hydrophobic proteins 
should now be bound to the column while hydrophilic proteins have passed 
through.

4.  Transfer the column to a new collection tube labeled 2 and add 250 ul of wash 
buffer and let this solution pass through drop by drop.  Again, add this solution 
directly to the top of the column matrix gently.  Wash buffer is a medium salt buffer 
which should allow some moderately hydrophobic proteins to begin to re-fold into 
their normal shape.  As they refold, their hydrophobic regions will again be buried 
and thus cannot bind to the column.  During this stage, proteins that are only 
moderately hydrophobic will pass through.
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Lesson 5  Purification Phase 3
Protein Chromatography

1. Label 3 collection tubes 1–3 and place the
tubes in the foam rack or in a rack supplied
in your laboratory. Remove the caps from
the top and bottom of the column and place
the column in collection tube 1. When the
last of the buffer has reached the surface of
the HIC matrix proceed to the next step
below.  

2. Using a new pipette, carefully and gently
load 250 µl of the “+” supernatant onto the
top of the column. Hold the pipette tip
against the side of the column wall, just
above the upper surface of the matrix and let
the supernatant drip down the side of the col-
umn wall. Examine the column using a UV
light. Note your observations. After it stops
dripping transfer the column to collection
tube 2.

3. Using the rinsed pipette, add 250 µl of wash
buffer and let the entire volume flow into the
column. Examine the column using the UV
light. Note your observations. After the col-
umn stops dripping, transfer it to tube 3.

4. Using the rinsed pipette, add 750 µl of TE
Buffer and let the entire volume flow into
the column. Examine the column using the
UV light. Note your observations.  

5.  Examine all three collection tubes and note
any differences in color between the tubes.
Parafilm or Saran Wrap the tubes and place
in the refrigerator until the next laboratory
period.

1

1

2

Wash buffer (250 µl)

(250 µl) + supernatant

TE buffer (750 µl)

3

321

+
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5.  Add 750 ul TE gently to the top of the column matrix and collect the flow through in a 
collection tube labeled 3.  TE is a very low salt buffer, in which all proteins will refold 
burying their hydrophobic residues, so all proteins should be removed from the column.  
This flow through should contain only the most hydrophobic proteins that were present 
in the bacteria.

6.  Place tubes 1, 2, and 3 side by side and examine with a hand-held UV light source.  If 
you have performed the experiment correctly, only tube 3 should show any fluorescent 
activity.  You may want to hold the UV lamp up to the column during step 5.  If performed 
correctly you can watch see the fluorescent protein going down the column, forming a 
drop at the tip of the column, and dripping into the solution in collection tube 3..

Study Checklist
To perform well on the next quiz, you need to have a thorough knowledge of the following:

• You should know and understand all of the terms which appear in boldface type.
• What chromatography is and its basic principles
• The mechanism of size exclusion chromatography.
• Which proteins were separated by size exclusion chromatography and the relative size of the two proteins.
• Identify hydrophobic vs. hydrophilic amino acids and the principles of protein folding.
• The mechanism of hydrophobic interaction chromatography.
• The purpose of each of the reagents used to prepare the green fluorescent protein (GFP) from the bacteria.
• What is happening to the GFP at each step of the column chromatography section.
• The proper way to balance a centrifuge
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GFP Purification—Quick Guide
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Incubate at 32 °C overnight
or

2 days at room 
temperature

➔

Lesson 2  Inoculation
Growing Cell Cultures

1.  Remove the transformation plates from
the incubator and examine using the UV
light. Identify several green colonies that
are not touching other colonies on the
LB/amp/ara plate. Identify several white
colonies on the LB/amp plate.

2.  Obtain two culture tubes containing the
growth media LB/amp/ara. Label one "+"
and one "-". Using a sterile loop, lightly
touch the loop to a green colony and
immerse it in the "+" tube. Using a new
sterile loop, repeat for a white colony and
immerse it in the "-" tube (it is very impor-
tant to pick only a single colony). Spin the
loop between your index finger and
thumb to disperse the entire colony. 

3.  Cap the tubes and place them in the shak-
ing incubator or on the shaking platform
and culture overnight at 32 °C or 2 days
at room temperature.

or

Cap the tubes and shake vigorously by
hand. Place in the incubator horizontally
at 32 °C for 24–48 hours. Remove and
shake by hand periodically when possi-
ble.  

LB/ampLB/amp/ara

LB/amp
LB/amp/ara

+
-
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against the side of the column wall, just
above the upper surface of the matrix and let
the supernatant drip down the side of the col-
umn wall. Examine the column using a UV
light. Note your observations. After it stops
dripping transfer the column to collection
tube 2.

3. Using the rinsed pipette, add 250 µl of wash
buffer and let the entire volume flow into the
column. Examine the column using the UV
light. Note your observations. After the col-
umn stops dripping, transfer it to tube 3.

4. Using the rinsed pipette, add 750 µl of TE
Buffer and let the entire volume flow into
the column. Examine the column using the
UV light. Note your observations.  

5.  Examine all three collection tubes and note
any differences in color between the tubes.
Parafilm or Saran Wrap the tubes and place
in the refrigerator until the next laboratory
period.
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Appendix: Centrifugation
	 A centrifuge is a device used to separate materials based on their relative densities.  It uses a rotor that 
spins very fast - sometimes tens of thousands of times per minute. Due to the extreme speed, the centrifuge can 
present a safety concern when unbalanced.  You cannot put one tube into a centrifuge.  The rotor must have 
symmetrical density.  This is often achieved by adding tubes of equal weight on opposite sides of the rotor.

	 Failing to properly balance a centrifuge will result in poorer performance, extreme noise, possible damage to 
the machine and/or the samples.  In large, fast centrifuges improper balance can cause the rotor to break and could 
cause human safety issues.

Samples of balanced rotor configurations:

	
                      2 tubes in a 24-place rotor	
                6 tubes in a 24-place rotor	
         3 tubes in a 6-place rotor
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