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WELCOME TO THE BIOCHEMISTRY LABORATORY! 
 
This Biochemistry laboratory seeks to model work performed in a biochemical research 
laboratory. The course will guide you through basic lab techniques, investigations into DNA 
technology, an intensive purification and characterization of a protein, enzyme kinetics, and 
will culminate in an independent research project that you will undertake and report on.  
 
Module 1 is concerned with basic lab skills and the processes used to isolate, purify, 
amplify, and characterize DNA.  In these labs, we will learn how scientists think and write 
about biochemistry and perform experiments.  We will also learn to accurately and precisely 
measure small volume of liquid while avoiding sample contamination and to compute and 
create buffer solutions.  We will then isolate and purify DNA from a bacterial source, 
confirm our product with agarose gel electrophoresis, and use the polymerase chain reaction 
(PCR) to amplify a DNA region of interest.  Finally, we will perform a bacterial 
transformation—molecular cloning. 
 
Module 2 will allow us to purify a GFP (green fluorescent protein) modified from 
jellyfish. We will express this GFP in a bacterial species (Eschericia coli) and purify using 
various fractionation techniques including homogenization, centrifugation, and column 
chromatography. We will characterize our products using biochemical methods including 
SDS-PAGE and UV-Vis spectroscopy. As a result of this project, we will determine the 
molecular weight, characteristic UV-Vis spectra, and fluorescence of GFP. In addition, we 
will complete one lab session focused on enzyme kinetics, the measurement of the extent 
and mechanism by which enzymes catalyze biological reactions.  We will investigate these 
processes by looking at the activity of tyrosinase found in mushrooms, which catalyze 
oxidation of various substrates.   
 
Module 3 is an independent project undertaken by you and your partner, with guidance 
from the lab instructor.  In this module, you will have to design, implement, and analyze a 
biochemical experiment extending the work in Modules 1 through 3, or investigating a 
new area of biochemical science. 
 
 
The emphasis of the lab is on learning to perform complex biochemical techniques, as well 
as on analyzing and interpreting data and using graphing programs. Lab instructions and 
report expectations are explained in the pages that follow. 
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 Laboratory Safety 
 
Rules for a Safe Lab Environment 
 
Safety in the chemistry laboratory involves a cautious attitude and an awareness of potential 
hazards. Usually potential accidents can be anticipated and prevented. If safety precautions 
are followed, fewer accidents will occur. The number of laboratory accidents can be reduced 
if every student follows all of the directions given for the experiment and by the instructor. 
Special note should be taken of specific instructions that are given in an experiment to 
eliminate recognized potential hazards. 
 
A. General Regulations 
 
1. MSU Denver is not responsible for damage to personal effects. 
2. Whenever students are performing authorized experiments in the laboratory, an instructor 
is expected to be present or a student needs explicit permission from the instructor to work in 
the laboratory in which case the student must have a partner present in the lab. 
3. All glass waste needs to be carefully disposed of in the glass waste box.  
4. Electronic devices, such as cellular phones and pagers, and any personal entertainment 
devices must be turned off prior to the beginning of the lab period. Failure to comply will 
result in dismissal. 
5. No visitors should attend class without the prior consent of the instructor 
6. Failure to comply with laboratory rules and regulations will result in expulsion from the 
laboratory and referral to the Department Chair for further action. 
 
B. Student Responsibility 
 
1. LOCATE THE SAFETY EQUIPMENT. Find the eyewash, safety shower, fire 
extinguishers, fire blanket, first-aid kit and all exits that are to be used in an emergency. 
2. PROTECT YOUR EYES. Eye protection (safety goggles) are to be worn at all times 
while working in the laboratory room. Failure to abide by this policy will result in expulsion 
from the lab and a grade of zero for the assigned lab experiment. 
3. Long hair needs to be pulled back. 
4. Shoes worn to lab must cover your feet completely. Since broken glass and spilled 
chemicals are all too common occurrences in lab, your feet will need more protection than 
that afforded by open-toed shoes or sandals. NO OPEN-TOED SHOES, NO CROCS. 
5. Students must be dressed properly for lab. Wear clothes that will provide you with the 
maximum protection and coverage. NO SHORTS. Shirts must cover to top of bottoms. 
Long skirts are allowed if they fall at the ankle. 
6. NO FOOD or DRINK in the laboratory room.   
7. Do not taste any chemical, intentionally or unintentionally. To prevent the entry of any 
chemical substance into your mouth, it is best not to put any object in your mouth such as 
pens, pencils or fingers in the laboratory room. After lab is finished, hands should be washed 
with soap before leaving the laboratory room. 
8. Do not smell chemicals directly. Use your hand to waft the odor to your nose if you are 
directed to note an odor in an experimental procedure. 



                                                CHE 4350                             SPRING 2016 6 

9. When dealing with any biological material or chemical, take all necessary precautions to 
avoid skin contact, use adequate equipment and ventilation, and treat all samples with 
extreme care. 
10. Wear gloves when working with the samples and chemicals. 
 
 
C. Housekeeping Rules 
 
1. Report all chemical spills to your laboratory instructor. Clean up all solid and liquid spills 
immediately. 
2. Do not pour any chemicals into the sink or dispose of any chemicals in the trash without 
prior authorization.  Much of our chemical waste will go into waste bottles in the hood. 
3. Use beakers to obtain stock materials. If, when dispensing stock solutions you obtain too 
much, DO NOT RETURN EXCESS STOCK SOLUTIONS BACK INTO THE STOCK 
SOLUTION CONTAINERS. This will contaminate the stock solution. 
4. Read the label on all stock solutions and chemicals carefully. 
5. Do not insert a dropper or pipet into a stock solution container. Pour a small amount of the 
stock solution into a beaker and then insert your dropper or pipet into the beaker. 
6. Take no more of a chemical than the experimental procedure requires. Carefully read the 
procedure and determine the quantity of each stock solution and/or chemical you need. 
Obtain only that amount. If you take too much, share it with your neighbor. NEVER 
RETURN THE EXCESS TO THE STOCK CHEMICAL BOTTLE. 
7. Do not put paper or solid waste into the sinks. 
8. Material Safety Data Sheets (MSDS) are available for all chemicals used in the laboratory. 
 
D. Accident and Emergency Procedures 
 
1. Each individual is to report any accident, no matter how small, to the laboratory instructor. 
If necessary, the laboratory instructor will give a written report of the incident to the 
Department Chair. 
2. Should an incident occur and a staff or faculty member is not immediately available, 
contact the Health Center at Auraria at 303-556-2525 for assistance or call 911. 
 
E. Medical or Hospitalization Insurance Information 
 
If you are involved in an accident, all medical expenses will be your responsibility or your 
guardian's responsibility. If appropriate, please check with your guardians to see whether 
you are covered by medical insurance. 
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F. Contract 
 
If you do not submit the signed contract to your Laboratory Instructor, you will not be 
allowed into the laboratory or be allowed to perform any laboratory work. 

 
I, the undersigned, have read the discussion of good laboratory safety rules and practices 
presented in this laboratory manual. I recognize it is my responsibility to observe these 
practices and precautions while present in the laboratory. I understand if I do not comply 
with these regulations, I will be asked to leave the laboratory by my instructor and will 
receive a grade of ZERO for that experiment.  I understand that if I willfully destroy lab 
equipment, I will be expected to pay for the damage caused. 

 
 
 
 
Signature of Student  Date 

 
 
 
 
Print Full Name  Semester 

 
 
 
 
Course  Section 

 
 
 
 
Laboratory Instructor 
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Avoiding Contamination Issues: Standard Laboratory Practices 
 

1. Gloves should be worn when working with samples. 
2. Gloves are changed whenever they may have become contaminated. 
3. Biological waste should be double bagged in autoclave bags and taken directly 

to the autoclave. 
4. Label all samples clearly with your name, date, and contents. 
5. Sterilized microcentrifuge tubes and sterile aerosol resistant pipet tips are used 

when possible. 
6. Pipet tips are changed between each sample. They do not need to be changed 

when aliquoting water, buffers, or other liquids repeatedly into clean tubes. 
7. Equipment (centrifuges, pipettors, racks, etc) is cleaned as needed after each use. 
8. Protein and reagents are stored in the freezer after use. Chemicals are stored as 

directed by instructor. 
 
 

Pipettor Proper Use & Warnings 
 

1. Do NOT turn the adjustment knobs on pipettors past the maximum volume.  This 
will damage the pipettor, and you will be responsible for the replacement cost 
($250). 

2. Be consistent in your technique.  Place the tip below the surface of your sample to 
roughly the same depth every time.  Similarly, the pressure you put on the first stop 
should be consistent. 

3. Always look at what you are doing. 
4. If you are worried about your pipettor accuracy, perform a calibration check with a 

weighboat and water.  1 uL of H2O = 1 mg. 
5. If you are unsure of proper pipettor technique, review Lab 2 and consult the 

instructor. 
 

Use of spectrophotometers 
 

1. Turn on the computer and open Vernier LabPro 
2. If you have a visible spectrum spectrophotometer only (s square shaped unit) plug in 

the USB cable 
3. If you have a UV/Vis spectrophotometer (larger, rectangular shaped unit), plug in 

the black power cable first, then plug in the USB cable. This order is very 
important! 

4. Click on the rainbow button on the toolbar (to the left of the green collect button) 
and select absorbance v. time if you want to collect data at a single wavelength. Be 
sure to select the wavelength you want. 

5. Click on the timer button, just left of the green collect button, if you want to specify 
how often to collect data. The default is 1 reading per second. 
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Module 1: Biochemistry Laboratory Skills and DNA 
Technologies 
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1 Lab Notebooks, Pipetting, and Buffers 
 
Objective 
To begin keeping a laboratory notebook, to correctly use variable volume micropipettors, 
and to learn to create buffered solutions for future experiments you will undertake.  
 
Safety 
The instructor will brief you on safety concerns in the lab classroom. Wear safety glasses or 
goggles when doing any wet-lab work, even just with water, to build the habit of safety. Do 
not drop micropipettors or lay them on their side if they have liquid in a tip.  Do not turn 
pipettors above or below their volume limits, as this can DESTROY the pipettor. Always 
wipe up your bench and wash your hands prior to leaving lab.  
 
Background 
This lab section will serve as an introduction to the practical science of biochemistry.   
Prepare for lab by reading pages 1-30 (pipetting) and 53-63 (buffers) in the 
Biochemistry Laboratory book. 
   
The lab notebook is your journal of what actually happens in the lab.  A lab notebook 
should be written in ink in a flat-bound notebook and contain: 

• A Table of Contents to aid navigation of the notebook. You can fill this in, one line at 
a time, each week. 

• A date on the first page of each experiment 
• A written introduction and the objective of the experiment. This should NOT be 

copied directly from the lab manual.  After reading through the lab yourself put the 
main point(s) into your own words.  

• Procedural notes. If you are following a published procedure you can copy it (a 
photocopy is okay) into your notebook and note the changes and observations you 
make as you go. Be sure to include: 

o Actual values used (i.e., if a protocol called for using 5.0 grams of NaCl, how 
much did you actually use?  4.998 g?) 

o Work your calculations in the lab notebook.  If you make a mistake, cross it 
out with a single line and then move on.  The lab notebook does not need to 
be beautiful, it needs to accurately and completely reflect what you did. 

o All results collected, along with observations (did the tube turn pink, and the 
protocol didn’t mention that?  That’s an observation!) 

• Analysis of the data – legible tables, graphs, and calculations. Images of any gels run 
should be pasted into the lab notebook. 

• Brief conclusions. Write these at the end of the lab period or at the end of the data 
analysis. Think of these as notes to your future self, as you won’t remember 
everything you think at the time later! 

• Answers to analysis and comprehension questions.  This is the one section you 
wouldn’t have outside of the lab class setting. 

 
Lab reports are a more formal presentation of your results and are discussed in Appendix A.  
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Pipetting  
 
In this experiment, you will pipette deionized water into a number of small weighboats or 
microcentrifuge tubes. By weighing the water and then converting its weight to volume 
(using the density of water) you will determine the amount of water dispensed. You can 
place the empty weighboat on the balance, press tare to zero the scale, and then carefully 
add the water. At 25°C, 1.000 mL of pure water weighs 0.9970 g. You can check your water 
temperature using a thermometer and then determine the exact density of water at the 
temperature you are using (http://antoine.frostburg.edu/chem/senese/javascript/water-
density.html).  
 
We measure mass using a balance. The balance in our lab is precise to +/- 0.0001 g. The 
delivery of the micropippettor can be examined and checked using the balance (e.g. 0.1000 
mL should weigh 0.0997 g at 25°C).  From these measurements, you can determine the 
accuracy and precision of your pipettors.  Accuracy is how close a measured value is to the 
actual (true) value (even after averaging). Precision is how close the measured values are to 
each other (Fig. 2.5). 
 
Part of the challenge of performing experimental research is accurately keeping track of all 
the data and calculations.  Think about what type of organization will make sense, then 
record everything directly into your laboratory notebook. Keeping clear track of data can be 
challenging, remember to label everything! 
 
Each student in the groups should collect a set of data using the same two pipettors so errors 
between users can be detected.  Each group has a set of 4 pipettors in a drawer and boxes of 
tips. The p5000 tips are found in a drawer at the back of the room. 
 
Buffers  
 
Example Buffer Calculation: 
Formic acid is HCOOH. If you have a 0.50 M of a formic acid buffer, you have a mixture 
of formic acid (HCOOH) and its conjugate base formate (HCOO-). Since the buffer 
concentration is 0.50 M, we know: 
[formic acid] + [formate]  = 0.50 M  
   
If you know the pH of the buffer (let’s say buffer pH = 4.00) and the pKa of formic acid 
(pKa = 3.75) you can figure out the exact concentrations of formic acid and formate: 
 
pH = pKa + log ([A-]/[HA])  
 
4.00 = 3.75 + log ([A-]/[HA])  
 
0.25 = log ([A-]/[HA]) 
 
1.8 = [A-]/[HA]   
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1.8[HA] = [A-]  or, more specifically, 
 
1.8[formic acid] = [formate]   
 
Plugging in to our first equation, [formic acid] + [formate]  = 0.50 M 
 
[formic acid] + 1.8[formic acid] = 0.50 M 
 
2.8 [formic acid] = 0.50 M 
 
[formic acid] = 0.18 M 
 
[formate] = 0.50 M – 0.18 M = 0.32 M 
 
The calculations are similar when you are figuring out how to make a buffer. There are 
different ways that we can get the necessary amounts of weak acid and conjugate base 
together: 
 

1. Add both weak acid and conjugate base in desired amounts.  
2. Start with all moles of weak acid and then add a specific amount of a strong base, 

like sodium hydroxide, to convert some of the acid into the conjugate base form. 
3. Initially add all buffer moles as conjugate base, then add a specific amount of a 

strong acid, like hydrochloric acid, to some conjugate base into weak acid. 
Draw on your basic chemistry skills! 
 
 
Pre-lab Questions for Pipetting 

1. What is the difference between a Pasteur pipette and a pipetman (also called a 
pipettor or micropipette)? 

2. How many liters are in one microliter (µL)? How many in one milliliter (mL)? 
3. You practice your pipetting in two attempts: a) you have an average (𝑥) of 50 µL and 

a standard deviation (s) of 2 µL (50 µL ± 2 µL), and b) you have 50 µL ± 5 µL. In 
which attempt were you more precise? 

Pre-Lab Questions for Buffers: 
4. You want to create a buffer to be used in a biological reaction at a pH of 7.0. Looking 

at the Table 3.1 (pp. 61-2) in your Biochemistry Laboratory book, which zwitterionic 
buffer would you choose? Why? 

5. Describe how you would make a 0.20 M Tris-HCl buffer at a pH of 8.0? 
 
Materials for pipetting 
• various variable volume micropipettes (10 µL, 100 µL, 1000 µL) 
• balance 
• weigh boats or microcentrifuge tubes 
• deionized water and water bottles 
• pipette tips (for the p5000 the tips are in a drawer in the back of the room) 

One of your instructors will demonstrate proper technique for using the pipettors.  
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Procedure for Pipetting: 
Part 1: Visualizing different volumes 
 
Pipette 2 ul of deionized water into a 1.5 mL microcentrifuge tube.  Notice what that amount 
looks like: record an observation in your lab notebook, maybe even draw a picture to scale. 
Then add 18 ul of deionized water and make another observation.  Now add 80 ul of water 
and observe. Finally, add 900 ul of water and observe. Be sure you are using correct pipette 
technique, review the instructions on the previous page and consult your instructor if you 
have any questions. 
 
Part 2: Tests that could indicate the need for calibration or an error in your technique 
 
Each member of the group should test two pipettors by weighing the amount of deionized 
water delivered (see previous page for more detailed information). Test at both the pipettor’s 
maximum volume and 10% of maximum.  For example, the p100 should be tested at 100 μl 
and 10 μl. This is the same range of volumes for which you should use the pipettor. Each 
person should measure at least 3 replicates at each volume. This is your data!  Next you will 
use your data to perform the following calculations (you can choose to use excel to help you 
if you like): 
 
A. Find the average (arithmetic mean) of the replicates.  
 
B. To measure the accuracy of your pipette, calculate the relative error % (E%): the 
difference between your average measured volume (Vobserved) and the volume set on the 
pipettor (Vset), divided by the set value on the pipettor (Vset) 
 

E% = Vobs -Vset  x 100 
      Vset 
 
C. The precision or repeatability of the pipettor can be measured using standard deviation.  
The smaller the standard deviation, the more precise the measurements are.  
 
 

 
 
 

 
N is the number of measurements, N-1 is the degrees of freedom, xi is the value of a 
measurement, and x bar is the average of all the measurements. 
 
To find the standard deviation of a set of measurements: 

1. Calculate the average (mean).  
2. Find the deviations from average.  Take each measurement and subtract the average 

from it.  Some deviations will be negative. 

Standard deviation, s 
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3. Take the root mean square of the deviations: 
a. Square each deviation  
b. Add the squared deviations together. 
c. Divide by the number of measurements minus 1. We make this adjustment for 

the degrees of freedom because our measurements were just a sampling of the 
possible outcomes with the pipettor. 

d. Take the square root.  The units are the same as the initial measurement 
 
IMPORTANT:  In excel, you can enter =STDEV(x) to get the standard deviation 

Data for Pipettors   
1. The temperature of the water you used and water density at that temperature.  
2.  Tables of data for the weight of water delivered for each pipettor and each volume 

examined 
3. For each volume measured by each person, calculation of:  

A.  average (mean)  

B.  relative error % 

C.  standard deviation  

Answer these questions about pipettors:  
 1. Did you see a difference in accuracy between your measurements and your lab partner’s 

measurements? Did you see a difference in precision between your measurements and 
your lab partner’s measurements? Explain the reasons behind your responses, a simple 
yes or no is not adequate. 

2.     Did you use two different pipettors to measure the same volume? For example, 100 ul 
with a p1000 and a p100? If so, which was more accurate?  Explain. 

 2. Which pipettor and volume was the most precise?  Explain. 
 3. Did the precision and accuracy vary for the 1000 ul pipette, depending on volume  

dispensed?  Explain. 
 4. List at least 3 mistakes that people can make when using micropipettors. 
Have all your calculations and questions completed before coming to lab next week! 
 
Buffers 
 
You will be using these buffers for future experiments, so be sure to double-check all of 
your calculations. 
 
 
Materials for Buffers 
• graduated cylinders 
• balance 
• weigh boats 
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• deionized water and water bottles 
• salts (Tris base, phosphoric acid or phosphate salts) 
• acids and bases (0.1 M and 1.0 M and 12 M HCl) 
• tips 
• Erlenmeyer flasks 
• pH meters 

 
Procedure for Buffers: 
Part A. Making a Buffer  
Each team will make a buffer of a different pH.  The reagents available for this exercise  
will be stock solutions of:  

a.)  5 M  HCl  b.)  1.0 M  NaH2PO4  c.) 0.5 M KH2PO4  
d.) 3.0 M  Tris base  
        

 
The following solid chemicals may also be provided:  

a.)  NaH2PO4 (m.w. 119.98 g/mol)      b.)  Na2HPO4   (m.w. 141.96 g/mol)     
c.)  KH2PO4 (m.w. 136.086 g/mol)      b.)  K2HPO4   (m.w. 174.2 g/mol)     
e.)  Tris base  (m.w. 121.14 g/mol)    

 
The pKa for the second ionization of phosphoric acid is 6.86, while that of Tris  
 base is 8.0.   
 
Each group will make 100 mL of the following buffers with their respective pH that 
matches the table below: 
 
   Team: Buffer:     pH: 

1.            0.25 M Sodium Phophate  7.5 
2.  0.1 M Potassium Phosphate 7.0 
3.  0.5 M Tris-HCl   6.5 
4.  1.5 M Tris-HCl   8.8 

 
 
 
 
Part B. Buffer Exercises 
1. Cool 20 mL of your buffer in an ice bath or the cold room for at least 15 min.  Record 

the temperature and pH. 
2. While you are waiting for your buffer to cool, dilute the original buffer 1:5 (1 part 

original buffer to 4 parts water). Measure and record the pH of the diluted buffer at 
room temperature.  

3. To 20.0 mL of the room T 0.05M buffer add 0.5 mL of 0.1M HCl.  Add the same 
amount of HCl to 20.0 mL of water.  Measure the pH of both solutions and of pure 
water.  
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 4. To another 20.0 mL room T sample of the buffer add 0.5 mL 0.1M NaOH.  Add the 
same amount of NaOH to 20.0 mL of water.  Check the pH of both solutions.  

5. Get a sample of each of the other team’s buffers.  Check the pH of each buffer with your  
pH meter.  

 
6. When you are all done: Save 50 mL of properly prepared buffers in 50 mL conical tubes. 

Label these tubes with the date, buffer components (concentration and pH), group, and 
lab section. Pour waste into a large beaker (include your used buffer at all dilutions and 
any remaining HCl and NaOH). Check the pH using pH paper or the pH meter. If it is 
lower than 5 or higher than 9 adjust the pH by adding base or acid as appropriate.  Only 
dump this mixture down the drain when the pH is in the acceptable range (pH between 
5-9).  Please ask for help if you are unsure about this step. 

Questions & Analysis for Buffers 
Be sure the following information is recorded in your lab notebook: 

1.  Buffer compound chosen for your given pH.  
2.  Calculation of how much stock solution or solid is needed. 
3.  Record of pH of final solution. 
4.  Record of the temperature and pH of your buffer after cooling. 
5.  Record of how you diluted your buffer and the final pH of the dilution. 
6.  Record of the pH of your buffer after adding HCl and NaOH. 
7.  Record of the pH of water after adding HCl and NaOH. 
8.  Conclusions, including the effects of temperature and dilution on the pH of a buffer and 
the relative effects of adding HCl and NaOH to your buffer vs. pure water. 
 
Buffer Comprehension Questions: 

1. If you diluted your buffer by taking out 10 mL and bringing the final volume to 50 
mL, what would be the final buffer concentration?  What would you predict the pH 
of the diluted buffer to be?  Explain using the Henderson–Hasselbach equation.   
How does your prediction match the results of your exercise?  
 

2. Calculate the concentration of the conjugate acid and conjugate base in your original 
buffer. 
 

3. How did the temperature affect the pH of your buffer?  What are the implications for 
a buffer you plan to use in the cold room (at ~4°C)? 
 

4. Calculate the expected pH when 0.5 mL of 0.1 M HCl is added to 30.0 mL pure 
water. Do the same calculation when the same amount of HCl is added to 30.0 mL of 
your original buffer. Compare the calculated pH to the actual measured pH.   

 
5. If you have 50 mL of 0.1 M potassium phosphate buffer pH 7.0 and you added 2.0 

mL of 0.1 M HCl what would the final pH be?  What would the pH be if 2.0 mL of 
0.1 M NaOH was added to the same amount of the original buffer?  
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2 Plasmid DNA Purification (Minipreps), UV/Vis Quantification, and 
Polymerase Chain Reaction 
 
Objective 
To learn how to isolate, purify, and quantify plasmid DNA from a bacterial pellet and to use the 
polymerase chain reaction (PCR) to confirm the presence of a particular DNA sequence. 
 
Safety 
Wear safety glasses or goggles and nitrile gloves. Clean up all spills immediately, use bleach for 
bacterial spills. Use the vortex and microcentrifuge carefully and be careful not to spill 
chemicals in them.  Lysis solution is caustic and may burn skin. Place all waste that was in 
contact with bacteria in an autoclave bag. Wash your hands prior to leaving lab. 
 
Background 
Review pages 71-73 and 267-303 in the biochemistry Laboratory book before class! 
 
Bacterial cultures are often used to generate large quantities of recombinant DNA.  Recombinant 
DNA contains DNA from two different organisms. For example, today we will be working with 
bacteria that contain a bacterial plasmid, a small circular double-stranded piece of DNA, that has 
the DNA for a green fluorescence protein (GFP) inserted in it.  The original GFP came from the 
jellyfish Aequorea victoria, but the system we are using has a synthetic (human-assembled) 
sequence for a green fluorescent protein. More information on the GFP plasmid system: 
http://dnasu.org/DNASU/GetCloneDetail.do?cloneid=292959. 
 
The plasmid with the sequence for green fluorescence protein (GFP) is currently inside a DH5α 
strain of Escherichia coli (E. coli). DH5α is an excellent strain for maintaining (holding on to) a 
plasmid but not good at expressing the gene of interest (making the GFP protein).  Today we will 
purify plasmid DNA so that we can use it in our future experiments. We will use alkaline 
conditions (high pH) to selectively purify plasmid DNA. Plasmid DNA is stable under alkaline 
conditions but the larger chromosomal DNA will denature.  When we use this technique to 
purify small amounts of plasmid it is called a “miniprep”. 
 
After purification, the plasmid DNA can be resuspended in water or TE buffer.  The DNA 
concentration can then be determined spectrophotometrically by measuring its absorbance at 260 
nm, the wavelength where the DNA bases absorb light.  The plasmid DNA needs to be stored in 
the freezer (-20 C). 
 
After we have purified plasmid DNA then we will check if our purified DNA contains the DNA 
sequence of GFP by running PCR using GFP specific primers.  
 
Image (on next page) and directions are from the QIAprep miniprep handbook 
 
http://www.qiagen.com/products/catalog/sample-technologies/dna-sample-technologies/plasmid-
dna/qiaprep-spin-miniprep-kit#resources  
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The GFP DNA sequence we’re using is 
 
 ACCATGGGTACTTCCAATCCATTTAAATTGGGATTAATTAATCTCGAAAACCTGTACTTCCAATCCGTGAG
CAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCA
GCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTG
CCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAA
GCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCA
ACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTC
AAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAA
GCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACT
ACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTG
AGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCAT
GGACGAGCTGTACAAGCATCACCATCACCATCACCATCACTAAGGATCCGAATTCGAGCGCCGTCGACAAGCTTGCG
GCCGCACT 
 

Our Forward Primer is: 
CCATGGGTACTTCCAATCC 
Our Reverse Primer is: 
GTGCGGCCGCAAG 
 
Pre-lab Questions:  

1. During a miniprep (alkaline hydrolysis), you notice that the solution becomes viscous 
after the addition of NaOH and sodium dodecyl sulfate (SDS). What is happening? 

2. You have just finished purifying the pLIC-EGFP plasmid from DH5α cells. You measure 
the absorbance of the DNA at 260 and 280 nm and find that the ratio of 260/280 is 1.6. Is 
the DNA pure? What do you propose is the contaminant? 

3. You find A260 reading for your purified plasmid is 0.35. Considering a pathlength of 1 cm, 
what is the concentration (in µg/mL)? 

4. You forgot to add the forward primer to your PCR reaction. Will the reaction still work? 
5. Why is Taq polymerase and not a human polymerase used for PCR? 
6.  

 
Materials for Parts A and B 
•    Various variable volume micropipettors (20 µL, 100 µL, 200 µL, 1000 µL) and tips 
•     Ice 
•     1.5 mL microcentrifuge tubes 
• Overnight bacterial culture 
• Qiagen miniprep kit 
• Vortex mixer 
• Microcentrifuge 

 
Procedure: 
Part A. Isolation of Plasmid DNA 
***Be sure to always balance the microcentrifuge*** 

1. Transfer 1.5 ml of overnight bacterial culture into a clean microcentrifuge tube.  
Centrifuge the tube (tightly capped!) for 30-60 seconds in a microcentrifuge. You should 
see the bacterial cells pellet at the bottom of the tube. 

2. Carefully decant the supernatant.  The final volume of bacterial cells remaining in the 
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tube should be ~ 50 to 100 ul.  Some liquid may remain in the tube, which is fine. 
3. Resuspend pelleted bacterial cells in 250 µl Buffer P1. One way you can resuspend this 

pellet is by gently pipetting up and down.   
4. Add 250 µl Buffer P2 and mix thoroughly by inverting the tube 4–6 times. We expect the 

tube to turn blue at this step; don’t stay longer than 5 minutes at this step. 
5. Add 350 µl Buffer N3 and mix immediately and thoroughly by inverting the tube 4–6 

times. Do this quickly to avoid localized precipitation. The solution should become 
cloudy. If LyseBlue reagent has been used, the suspension should be mixed until all trace 
of blue has gone and the suspension is colorless.  

6. Centrifuge for 10 min at 13,000 rpm (~17,900 x g) in a table-top microcentrifuge. A 
compact white pellet will form. 

7. Apply the supernatants from the previous step to the QIAprep spin column by decanting 
or pipetting. 

8. Centrifuge for 30–60 s. Discard the flow-through. 
9. Wash QIAprep spin column by adding 0.75 ml Buffer PE and centrifuging for 

30–60 s. 
10. Discard the flow-through, and centrifuge for an additional 1 min to remove residual 

wash buffer. 
11. Important: Residual wash buffer will not be completely removed unless the 

flow-through is discarded before this additional centrifugation. Residual ethanol 
from Buffer PE may inhibit subsequent enzymatic reactions. 

12. Place the QIAprep column in a clean 1.5 ml microcentrifuge tube. To elute DNA, 
add 50 µl Buffer EB (10 mM Tris·Cl, pH 8.5)  to the center of each QIAprep 
spin column, let stand for 1 min, and centrifuge for 1 min. 

 
Part B. Quantification of Plasmid DNA 
1. Plasmid DNA is now ready for estimation of DNA concentration and purity. 
2. Accompany your lab instructor to the adjoining instrument room, where we will use a 
NanoDrop spectrophotometer to characterize our samples. 
3. Blank the spectrophotometer with EB, which is what your DNA sample is in. Wipe the sample 
pedestal with a KimWipe. 
4. Pipet 1-2 ul of plasmid sample onto the sample pedestal and gently close the sample arm. 
5. Measure DNA concentration using the NanoDrop program.  Record the concentration,  
absorbance values at 260 nm and 280 nm, and A260/280 ratio in your laboratory notebook. 
6. Using the relationship 1.0 Abs at 260nm = 50 ng/ul DNA, calculate the concentration and total 
yield of plasmid DNA. Does this value match the reading from the NanoDrop? 
7. Evaluate the ratio A260/A280 as provided by the NanoDrop.  If you calculate it yourself, use 
the formula  
DNA	  purity	  (A260/A280)	  =	  (A260	  reading	  –	  A320	  reading)	  ÷	  (A280	  reading	  –	  A320	  reading)	  	  	  
An A260/A280  value of 1.7-2.0 indicates essentially pure DNA, while lower values indicate 
protein contamination.  The A260/A230 is best if more than 1.5. A reading at 320nm will 
indicate if there is turbidity (cloudiness) in the solution, which would be the result of 
contamination. 
8. Label your tube with the date and your initials or other identifying information.  Place it in a 
rack to go in the freezer. 
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Part C. PCR 
 
Materials for Part C 
• Various variable volume micropipettors (20 µL, 100 µL, 200 µL, 1000 µL) and tips 
• Ice 
• Gloves 
• 1.5 mL microcentrifuge tubes 
• Power supply 
• Purified DNA (from experiment 3) 
• Thin-wall 0.2 mL plastic PCR tubes 
• 2.5X Master mix (contains Taq polymerase, buffer, and dNTPs) 
• Forward DNA primer 
• Reverse DNA primer 
 

Procedure: 
1. Place PCR tubes on ice, to prevent enzymatic activity before putting it in the PCR machine. 
2. Obtain the primer sequences from your instructor. Record the sequences and their Tm values 
in your lab notebook. 
3. Each reaction will be 50 uL. Add the 2.5x “Master mix” (see materials list) last, which will 
end up diluted to 1x due to the addition of forward and reverse primers, purified plasmid DNA, 
and purified water. Be sure to keep the tubes on ice:  

 
1 uL of Forward DNA primer (CCATGGGTACTTCCAATCC) 
1 uL of Reverse DNA primer (GTGCGGCCGCAAG) 
2 uL of purified plasmid DNA, if it is ~150 ng/uL  
20 uL of 2.5X master mix (add last) 
ultrapurified water to make a total volume of 50 ul. 
 
Be sure to record the exact values you use in your lab notebook! 

3.  Seal the PCR tubes and place into the PCR thermocycler machine.  
4.  Run a PCR program (your instructor will program it): 
 Step 1: Initial denaturation for 2 minutes at 95 °C 
 Step 2: Denature for 15 s at 95 °C  

Step 3: Anneal primers for 15 s at 58°C (a T ~5°C lower than the lowest primer Tm) 
 Step 4: Extend DNA for 45 s at 72 °C 
 Step 5: Repeat steps 2 through 4 for 25-30 cycles 
 Step 6: Final extension for 5 minutes at 72 °C 

Step 7: PCR machine stays at 4-12°C until someone can move the products to the freezer 
 
Part D. Questions. Be sure to include this in your lab notebook! 

1. Match the sequences of the forward and reverse PCR primers to the GFP DNA sequence. 
Hint: think about which strand of DNA the Forward and Reverse primers would anneal 
to. Since you are only looking at one of those strands, you will need to determine the 
reverse compliment of one of your primers to match it to the sequence shown above. 

2. How many nucleotides are in the expected PCR product? 
 
Part E. Basic Local Alignment Search Tool (BLAST) 
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To determine whether or not our GFP sequence matches a particular gene (or cloning plasmid), 
we will use a bioinformatics tool to align our GFP sequence against an international database of 
sequenced genomes and engineered DNA plasmids.  
 
1. Go to http://blast.ncbi.nlm.nih.gov/Blast.cgi and click on “nucleotide blast”. 
2. In another browser, open the word document of this manual at 
http://bonhamchemistry.com/courses/che4350/. Copy and paste the GFP sequence (page 22 of 
the manual) into the “Enter Query Sequence” field on the Nucleotide Blast (nblast) webpage. 
Then click the blue BLAST button on the bottom left of the webpage. Within a few seconds, a 
new page will load. 
3. The top of the page gives some identifiers (e.g. number of nucleotides) and below that is a 
colored bar graph of how well your query GFP sequence aligned to sequences stored in the 
database. 
4. Scroll down to the “Descriptions” section and review the results. What common 
organism/virus/plasmid do you see on the left? Look to the right and you will see a series of 
numbers. The “score” values are summed values based on the number of nucleotides that 
matched (a positive value) and mismatched or gaps (a negative value) in the sequence overlap 
between your GFP sequence and each construct in the database. The closer the Total Score is to 
the Max Score indicates how well the two sequences are perfectly matched. Pay particularly 
close attention to the E Value (Expect Value). This is a statistical measurement of the number of 
times these two sequences would align by random chance compared to what is found by BLAST. 
In other words, if you have an E Value of 1, you would expect that from the database search, one 
match would have a similar matching score by random chance. Hence, the smaller the E Value, 
the better. (Note that this is a parameter you can set. For instance, if you desire stringent search 
with high quality alignments, you can set the E value to 1 x 10-4 to 1 x 10-8).  
5. Click on the first aligned sequence (Synthetic Construct GFP:GP4-Tm gene) and you will be 
directed to the aligned nucleotide sequences. The top sequence is the GFP sequence you entered 
(Query) and the bottom sequence is the matching database sequence (Subject). The vertical lines 
indicate exact matches. Do you see any mismatches or gaps? Does this make sense considering 
the score values, identities and gaps? 
6. Open a new nblast webpage in a new window. Copy and paste the GFP sequence from the lab 
manual. This time, delete a few nucleotides or add a few nucleotides randomly in the sequence. 
Then press the BLAST button again. 
7. Click on the first aligned sequence again (Synthetic Construct GFP:GP4-Tm gene). Compare 
the results to your original search. Can you find the gaps you created? What effect do your 
mutations have on the scores, identities or E Value, if any? (Note, you can make a drastic change 
in a third window to compare the alignment of these two sequences using the BLAST tool.) 
 
For more information about the BLAST tool, see: 
http://www.ncbi.nlm.nih.gov/books/NBK21097/#A614  
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3 Agarose Gel Electrophoresis and Bacterial Transformation 
 
Objective 
To pour an agarose gel and use electrophoresis to determine the molecular weight and purity of 
the PCR amplified DNA in the last lab.  Then, use heat-shock bacterial transformation to transfer 
our plasmid DNA into E. coli bacterial cells capable of recombinant protein expression. 
 
Safety 
Wear gloves especially while working with the gel and SYBR green. Do not touch the gel while 
the power supply is on. Danger: potential electrocution.  
 
For bacterial transformation, review the entire procedure before beginning, as it is extremely 
time sensitive! Clean up all spills immediately. Use the vortex and microcentrifuge carefully and 
be careful not to spill chemicals in them.  Bacterial waste (including tips used to transfer bacteria, 
etc.) must be disposed of in autoclave bags. Wash your hands prior to leaving lab.    
 
Background 
Read pages 165-180 and 289-297 in the Biochemistry Laboratory book before class! 
 
One of the cornerstones of modern molecular biology is molecular cloning, the ability to insert 
DNA from one organism into a different organism.  This transfer process is accomplished in a 
variety of related ways, but the most commonly used is the process of bacterial transformation. 
 
In bacterial transformation, a recombinant plasmid, or circular double-stranded DNA segment, is 
produced that harbors a novel gene of interest.  Plasmids exist naturally as semi-autonomous 
replicating entities within bacteria, allowing horizontal gene transfer.  The modified plasmid can 
thus exploit this natural gene transfer system. 
 
To insert a recombinant plasmid into a bacterial cell, we typically use “competent” cells, which 
are bacterial cells that have been placed into a media with little nutrients and chemicals that 
cause stress to the cell.  This primes them to be more accepting of foreign DNA.  The DNA is 
introduced to the solution surrounding the cells, and a shock is given to disrupt the bacterial cell 
membrane temporarily, either through a rapid change in temperature (“heat shock”) or through 
an electrical current (“electroporation”).  Once the DNA has entered the cell, it will be 
recognized and assimilated.  If our plasmid contains a gene for antibiotic resistance, this gene 
product and thus phenotypic trait will become available only to cells that successfully uptake our 
foreign DNA. 
 
Pre-lab Questions 

1. You accidentally pour an agarose gel that is 2.1 % w/v. Considering the size of your GFP 
PCR product (~800 base-pairs), what do you think will happen if you try to run your 
sample on this gel? Hint: look at page 178 of the Biochemisty Laboratory book. 

2. The procedure indicates you should run your agarose gel around 150 V, however you are 
running out of time and decide to increase the voltage to 300 V. Why is this a bad idea (in 
regards to your experiment)? 

3. You transform your bacteria with the GFP plasmid only to find that nothing grows on 
your agar plate. Give at least three explanations as to why this might have happened 
(pipetting error can not be one of them)? 
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Materials for Parts A and B, Agarose Gel 
• Various variable volume micropipettors (20 µL, 100 µL, 200 µL, 1000 µL) and tips 
• Ice 
• Agarose 
• Gel boxes and combs 
• DNA molecular weight standards 
• Gloves 
• Gel light box and digital photography system 
• Hot plate and water bath 
• Microwave 
• 125 mL Erlenmeyer flask 
• 1.5 mL microcentrifuge tubes 
• Power supply 
• SYBR Green stain (caution: possible carcinogen!) 
• 1x TBE buffer (10.9 g Tris base, 5.57 g Boric acid, 2 mL of 0.5M EDTA, water to 1 L)  
• 0.5M EDTA stock solution 
• Loading buffer (1xTBE buffer with 25% glycerol and 1 µL 200 mg/mL Coomassie Blue) 
• Purified PCR product, plasmid DNA 
 
Procedure 
Part A. Agarose gel preparation and electrophoresis 
1.  Assemble the gel mold in the gel box. Place the tray in the gel box at 90 degrees from where 
it will be to run the gel. The rubber ends make a seal with the gel box to prevent the liquid 
agarose from spilling. 
2.  Prepare a 1% gel using 0.5 g of agarose for 50 mL of 1x TBE, following instructor guidance. 
Be sure to account for water evaporation by weighing before and after microwaving (and adding 
water back to the melted agarose solution). 
3.  Heat the agarose-buffer solution for 30-60 seconds in the microwave to dissolve the agarose. 
Swirl gently after heating and look to see if it is completely clear, not wavy.  If not, heat a little 
longer but watch that it doesn’t boil over. Allow the gel material to cool for a minute, then add 3 
ul of SYBR green stain and swirl to mix. 
4.  Pour the agarose into the gel mold, add a 10 or 14-well comb to one end of the gel, and wait 
until the gel solidifies (~15-30 minutes). 
5.  Mix some of your PCR product with the 6x DNA loading dye in a new 1.5 or 0.6 mL tube. 
Use 1 µl of loading dye for every 5 µl of PCR product. Make enough so that each person in your 
group will be able to load 15 µl in a well in the agarose gel.  Some groups may also need to mix 
DNA molecular weight standard with loading dye. Follow your lab instructor’s directions. 
6. Arrange the wells to position near the negative electrode (black). Pour 1x TBE buffer over the 
wells and on the sides so that buffer covers the gel. Gently but firmly remove the comb. 
7. To the wells, pipet your samples (15 µL), each in a different well. Be sure to  
 record what sample you placed where! At least two groups will be sharing the gel. Do not load 
more than 20 µL per well. 
8. Pipet the known molecular weight DNA standard markers into a well (15 µL). 
9. Connect the black electrode with the black wire and the red electrode with the red wires to the 
power source. 
10. Plug in the power source. 
11. Run for 1 hour. Use no more than 5 volts per cm to the gel (the cm value is the distance 
between the two electrodes, not the length of the gel). This value will vary depending on the gel 
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apparatus you are using- consult your instructor (~150-200 V for large gels). Run until the dye 
front is 2 cm from the end of the gel or until time permits. 
12. DO NOT touch the gel while the power is on. 
13. Turn off power. Then disconnect all power cords. 
 
Part B. Visualizing the DNA Bands with SYBR Green 

1. Remove the gel from the box. 
2.  Analyze the gel using a blue light box in the instrument room. The DNA will be bound 

with the SYBR Green and should appear as bands or lines.  
3.  For a better resolution image, you or your instructor can take a photograph with the gel 

imaging system in the biochemistry research lab. 
 

Part C. Bacterial transformation of plasmid DNA 
 
Materials Part C 
• Various variable volume micropipettors (20 µL, 100 µL, 200 µL, 1000 µL) and tips 
• Hot plates and water baths 
• Ice 
• SOC Media 
• LB agar plates with 100 ug/L ampicillin 
• 0.6 -1.5 mL microcentrifuge tubes 
• Purified plasmid (from experiment 3) 
• Thin-wall 0.2 mL plastic PCR tubes 
• BL-21 (DE3) competent bacterial cells from New England Biolabs 
 
Procedure Part C:  

1. Prepare a Styrofoam container filled with ice.  Competent cell cultures are extremely 
sensitive to temperature changes. 

2. Obtain a competent cell culture in microcentrifuge tube from the instructor.  Keep it on 
ice at all times, and handle gently with gloves. 

3. Carefully pipette 2 µL of your purified plasmid into the competent cell tube, keeping it 
on ice during the process.  Mix gently by swirling.  Do not pipette up and down to mix.  
Do not vortex. 

4. Let sit on ice for 30 minutes. 
5. Transfer to 42 degree heat block for EXACTLY 30 seconds. 
6. Move immediately back onto ice for 5 minutes. 
7. Add 750 µL of room temperature SOC media to the competent cells. Label your tube 

with initials. 
8. Transfer tube into 37 degree shaking incubator and let incubate for 1 hour.  Move Agar 

plate into non-shaking incubator (located next to the microwave), face-down. 
9. Remove agar plate and label the bottom with group name/number, date, and construct 

information. 
10. Prepare sterile inoculation spreader as directed by instructor. 
11. Remove competent cells from incubator, and pipette 500 µL into center of agar plate. 
12. Immediately spread across agar surface using sterile spreader. 
13. Let sit with top lid on for 5 minutes. 
14. Flip upside down and transfer to 37 degree incubator. 
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15. Next week:  Examine your bacterial colonies. 
 
Question/Analysis 

1. Insert the picture of your gel into your lab notebook and the data section of your report. 
Match the bands in the standard to their molecular weight.  

2. Make a graph of log MW v. distance traveled by the DNA standards.  
3. From the photograph of your gel, estimate the size and homogeneity/purity of your 

amplified DNA samples.  
4. Do you think your PCR captured a single sequence? 
5. Why are competent cells sensitive to changes in temperature or motion? 
6. What does SOC media and LB agar media contain to serve as a food source for the 

bacteria? 
7. What is the importance of ampicillin in the agar media? 
8. Did you have a bacterial lawn? If not, how many colonies did you observe on your plate? 
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4 Plasmid Prep, Restriction enzyme digest, and Agarose Gel to confirm 
transformation success 
 
Objective 
To use the techniques you have learned to isolate and analyze DNA to confirm the success of 
your transformation procedure.  We will repeat the Plasmid prep, followed by a rapid digestion 
of our isolated plasmid by restriction enzymes, and then agarose gel electrophoresis. 
 
Safety 
Wash your hands before leaving lab. 
 
Background 
Review pages 289-297 (and prior readings) in the Biochemistry Laboratory book before 
class! 
 
Pre-lab Questions 

1. Which sequence would not be recognized by a restriction enzyme: a) GAATTC or b) 
GATAAC. Why? 

2. Why are restriction enzymes useful for cloning? 
3. You set up two reactions: 1) EcoRI and BamHI restriction enzymes, and 2) EcoRI only. 

Draw a representative agarose gel of what you would predict each reaction to show after 
electrophoresis of the cleaved DNA products. 

 
Restriction Digest: 
 
Materials 
• Various variable volume micropipettors (20 µL, 100 µL, 200 µL, 1000 µL) and tips 
• Hot plate and water bath 
• 0.6 -1.5 mL microcentrifuge tubes 
• Thin-wall 0.2 mL plastic PCR tubes 
• 10X Restriction Enzyme buffer 
• Restriction Endonuclease enzymes 
• Purified Plasmid  
 
Procedure 
Digesting the Purified Plasmid 

1. In a 0.2 mL PCR tube, prepare the following: 
1 ug of purified GFP plasmid from Lab 2 
5 uL of 10X Digestion Buffer 
total volume of 50 uL 

2. Carefully add 0.5 uL of each restriction enzyme to the tube, being careful to use fresh 
pipette tips each time.  

3. Mix by gently vortexing and place in 37 degree water bath for 1 hour. 
 
 
Question/Analysis 
Why are two different restriction enzymes used in this experiment?  Why was the sample placed 
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at 37 degrees?  
 
Agarose Gel Electrophoresis:  See previous procedure. Note: be sure to run a standard, 
the uncut plasmid and your digested plasmid on the same gel. 
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Module 2: Purification and Characterization of Green 
Fluorescent Protein (GFP) expressed in Escherichia coli 
 
In this module, we will be purifying the protein green fluorescent protein (GFP). Because the 
GFP gene we are interested in has been inserted in a bacterial plasmid, we can use the common 
intestinal bacteria (Escherichia coli) like a “factory” to make our protein of interest. Our GFP is 
a synthetic (human-assembled) sequence for a small (238 amino acid residues) protein originally 
derived from the jellyfish Clytia gregaria.  Beginning in the 1990s, GFP became an 
indispensible tool for molecular biology, as it allows biochemists to selectively visualize 
different components and protein localization patterns inside living cells.  GFP has been 
introduced by molecular cloning into bacteria, fungi, plants, and animals—including fish, flies, 
cats, dogs, chimpanzees, and even human cells.  The 2008 Nobel Prize in Chemistry was 
awarded for the discovery and development of GFP as a tool for biochemistry and molecular 
biology. In our set of experiments, we will first isolate GFP from the cell, and then characterize 
and investigate its unique behavior. 
 
You will begin with a pellet of bacteria cells.  These bacterial cells all contain the GFP plasmid 
and were induced to produce the recombinant GFP protein. You will lyse (or break open) these 
cells, freeing a mixture of soluble proteins including GFP and bacterial proteins.  The GFP has 
been “tagged” by introducing a string of 8 histidine residues to the C-terminal end.  This “His tag” 
binds tightly to nickel ions, allowing us to bind the resulting supernatant to a nickel column, 
elute the soluble protein fractions to remove impurities and separate the GFP from other soluble 
proteins.  We will then concentrate the final product, and check the final product for purity via 
SDS gel electrophoresis.  It is a lot of work, and for the experience to be rewarding, you need to 
take certain considerations: 
 
• Plan ahead!  Speed is of the essence—real world biochemistry doesn’t fit into four-hour lab 

sections.  Especially early on, every minute lost is protein activity lost.  Check in advance 
that you have the supplies, reagents, and time to do your procedure. 

• Proteins are very sensitive to thermal denaturation!  Keep protein extracts on ice at all times 
possible. 

• Read the entire protocol before doing anything. 
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5 Nickel Affinity Chromatography Purification of GFP 
 
Objective 
To learn how separate recombinant protein using affinity chromatography. 
 
Safety 
Be careful not to let the top of the column (column bed) run dry. Do not ingest the 
chemicals. Wash your hands before leaving lab. 
 
Background 
Review pages 115-126, 152-159, 201-213, 67-71, and 307-322 in the Biochemistry 
Laboratory book before class!  (Yes, this is a lot of material – devote appropriate time and 
review to make sure you feel comfortable) 
 
Pre-lab Questions 

1. Consider that 150 mM imidazole is used to elute proteins off of a Ni-column. Why is it 
important to use a small amount (1-5 mM) imidazole in the wash buffer before elution? 

2. You’ve run out of imidazole in the lab. How else could you elute your His-tagged GFP 
off of a Ni-column? 

3. You finish column chromatography and find that all of your GFP eluted during the wash 
step. Give at least two explanations for why this might have happened? 

 
Materials 
• 4 L Equilibration Buffer ( 50 mM Sodium Phosphate buffer, pH 7.5 ) 
• 2 L Wash Buffer (50 mM Sodium Phosphate buffer, pH 7.5; 300 mM NaCl, 1 mM Imidazole) 
• 2 L Elution Buffer (50 mM Sodium Phosphate buffer, pH 7.5; 300 mM NaCl, 150 mM 
Imidazole) 
• 2 L 1x Phosphate Buffered Saline (PBS; 137 mM NaCl, 10 mM phosphate, 2.7 mM KCl, pH 
7.4) 
• plastic columns 
• ring stands and clamps 
• 5- 250 mL beakers 
• 50 mL regenerated Nickel-Agarose resin in Equilibration Buffer 
• graduated cylinders 
• numbered test tubes in racks 
• spectrophotometer and cuvette 

 
Procedure 
Lysate preparation performed by instructor and lab prep assistant prior to class: 

(Performed for you before Lab Starts: E. coli growth and induction) 
(1. Innoculate 1 L of LB media with overnight E. coli growth, and allow cells to grow 

to mid-log phase.) 
(2. Add IPTG to a final concentration of 0.5 mM to induce GFP protein expression, and 

let grow at 37 C for 3 hours.) 
(3. Transfer cell media to centrifuge tubes, spin down for 20 minutes at 12,000 rpm.  

Store pellets in freezer.) 
(Performed for you before Lab starts: E. coli Cell Lysis) 

(1. Each group will obtain a 50 mL plastic centrifuge tube containing a pellet of E. coli 
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expressing GFP.  ) 
(2. Obtain 5 mL of Lysis buffer and add it to the frozen pellet. ) 
(3. Gently heat the pellet/buffer mixture using your hands (with gloves!), inverting the tube 

to mix. ) 
(4. Once the mixture is liquid, carefully add 1 crystal (the smallest amount you can take out 

with a scoopula) of lysozyme and add it to the mixture.  Invert several times to mix. ) 
(5. Carefully add 1 uL of DNase I enzyme to the mixture and invert to mix.  Do not 

contaminate the shared stock of enzyme.  Set on ice for 15 minutes.  Seal and invert your 
tube to note the viscosity of the solution. ) 

(6. Prepare your lysis mixture upright in a 400 mL beaker filled with ice, and use the 
sonicator under your instructor’s guidance.  ALWAYS wear ear protection if you are in 
the same room as the sonicator! ) 

(7. After sonication, seal and invert your lysis tube and note the viscosity of the solution.) 
(8. Transfer your tube into a centrifuge, and prepare a counter-balance across from it. ) 
(9. Centrifruge at max speed for 30 minutes, then decant supernatant into a new tube.  Store 

the pelleted (insoluble) cell debris in the freezer for next week’s experiment.) 
 
(Performed for you before Lab starts: Preparing the Nickel-Agarose Beads using 
manufacturer instructions ) 

 (1. Place the Nickel-Agarose resin in a beaker with 10 times its volume in Equilibration 
buffer.  Stir thoroughly, then let settle.  Decant buffer and repeat.) 

(2. Prepare a slurry by adding one volume of Equilibration Buffer to the settled resin and 
stir thoroughly without introducing bubbles.) 

 
You begin here: 
Part A: Pouring the Nickel Affinity Column 

1.  Transfer about 5 mL of swollen Nickel Agarose resin from the large stock beaker to a 
small beaker. 

2.  Add an approximately equal volume of Equilibration Buffer. 
3.  Set up a plastic column on a ring stand with 2 clamps. Close the clamp at the 

bottom of the column. Make sure the spigot is closed. 
4.  Fill the column with Equilibration Buffer about 1/3 of the way up from the bottom. 

Make sure the buffer is not flowing out of the bottom of your column. 
5.  Using a glass stirring rod, stir the slurry in your beaker. 
6.  Pour the slurry into your column (fill to the top).  Avoid introducing air bubbles by 

pouring down the side of the column. 
7.  Let the beads settle to the bottom of your column. 
8.  As clear buffer forms at the top of the column (4 cm), remove it with a Pasteur 

pipette and pipette bulb and discard it to a waste beaker. 
9.  Again, using a glass stirring rod, stir the slurry in your beaker and pour the slurry into 

your column (fill to the top). 
10. When you have formed your “chromatographic bed” of approximately 4 cm, start 

your column flowing by removing the bottom stopper (about 1 drop every 5 seconds). 
11. Continue to remove clear buffer from the top of the column with the pipette and 

replenish with additional slurry. Continue this process until the column is packed 
with resin (leave 2-3 cm at the top of the column as space for the sample to be 
applied). 
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12. After the column is poured, run Equilibration Buffer through the column for about 5 
minutes (or 2-3 column volumes). You can use a pipette for this process; but be sure 
that the bed does not go dry! 

 
Part B: Running the Affinity Column and Collecting the Fractions 

1.  After you have washed your column for at least 5 minutes with buffer, turn off the 
valve at the bottom of the column. 

2.  Remove buffer to just above the surface of the bed. (BE CAREFUL NOT TO 
LET THE TOP OF THE COLUMN RUN DRY!) 

3.  Gently overlay 1-3 mL of the GFP containing cleared lysate mixed 1:1 with an 
equal volume of Equilibration Buffer by applying the solution to the sides of the 
column (not directly to the bed) SLOWLY. A concentrated sample will work best. 

4.  Immediately after applying the protein solution, open the valve at the bottom of the 
column and begin collecting the effluent in test tubes. If you have a partner working 
with you, you can collect fractions directly in plastic cuvettes (pre-measured and 
marked for 1.0 mL volumes), and immediately spec your samples. 

5.  After the protein has totally entered the column, GENTLY layer 1 volume of 
Equilibration Buffer on top of the column. 

6. Open the valve and begin collecting 1.0 mL fractions in test tubes until the buffer is 
almost run through (DO NOT LET THE COLUMN GO DRY). 
7. Begin gently adding Wash Buffer to the top of the column, continuing to collect fractions, 

for a total of 5 column volumes of Wash Buffer. 
8.  When the Wash Buffer is almost run through (BUT NOT DRY), add 2 column volumes 

of Elution Buffer and continue to collect fraction tubes. All proteins should elute by 
the end of this process. 

9. Layer Equilibration buffer in your column and seal the top and bottom. 
10. Measure the absorbance of your fractions using the UV-vis spectrophotometer at 280 

and 489 nm and save your data. 
11.  Observe each fraction under a black light and record any observations. 
12. Consult with your instructor about which tubes should be included in the fractions. 

Ideally you will keep one “flow-through” fraction, one wash fraction and pool 
the fractions that constitute the GFP peak. Store them in the freezer and discard the 
rest of the tubes. 

 
Questions/Analysis 

1. Plot an “elution profile” of the absorbance at 489 nm vs. fraction 
number.  

2. Which substance(s) bound or did not bind to the nickel affinity 
resin?  

3. Which of the eluted proteins has the greatest/least affinity for 
nickel ions? 

4. Could these molecules have been separated by some other methods? Suggest one.  
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6 Protein characterization and Quantification by UV-Vis & Bradford Assay, 
SDS-Polyacrylamide Gel Electrophoresis 
 
Objective 
To learn how to characterize and quantitatively determine the concentrations of the GFP 
protein using UV-vis spectroscopy at 280 nm, 489 nm, and using a Bradford assay.  To run an 
acrylamide gel electrophoresis experiment with SDS denaturant to assess the purity and 
identity of purified protein(s). 

 
Safety 
Be careful not to spill solutions in the UV-vis spectrophotometer. Handle the quartz cuvettes 
carefully- they cost $300. Clean up all spills immediately. Do not touch the gel while the power 
supply is on. Danger: potential electrocution. Wash your hands before leaving lab. Acrylamide 
is a neurotoxin- wear gloves at all times and immediately wash if exposed to unpolymerized 
(liquid) acrylamide. Be sure to pour the Coomassie and destain solution in the hood as these 
solutions contain volatile acetic acid and methanol. 
 

 
Background 
Read pages 165-176 and 188-191 in the Biochemistry Laboratory book before class! 
 
Pre-lab Questions 

1. Your measured absorbance in a quartz cuvette with a 1 cm pathlength at 489 nm is 
0.023. Using the Beer-Lambert Law, what is the concentration in molarity? In mg/mL? 
(See below for the extinction coefficient, ε.) 

2. In a Bradford assay, what is the most ideal protein to use as a standard? 
3. You graph your Bradford standards and fit a trendline with the equation y = 0.25x + 0.3. 

Your measured sample yields an absorbance of 0.11. What is the concentration of your 
sample (in mg/mL)? 

4. Why are we running GFP on a polyacrylamide gel versus an agarose gel? 
5. You forget to add SDS to your loading dye and gel. What effect will this have on your 

gel electrophoresis? 
6. You follow the procedure exactly. When visualizing your gel, you notice that your GFP 

protein band is nowhere near the size it should be, according to the size standards on the 
gel. How would you explain this? 

 
Materials 
• various variable volume micropipettes (10 µL, 100 µL, 1000 µL) and tips 
• UV-vis spectrophotometer and quartz cuvette 
• stock protein solution  
• Bradford assay solution (Coomassie Brilliant Blue dye)  
• 10 mL Nickel Column Elution Buffer (50 mM Sodium Phosphate buffer, pH 7.5; 300 
mM NaCl, 150 mM Imidazole) 
• test tubes 
• deionized water 
• known concentration Bovine Serum Albumin (BSA) protein  
• parafilm 
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Section 1 Procedure: 
Part A. Initial Set-up of the Spectrophotometer 

1. The spectrophotometer needs to warm up for at least 10 minutes prior to use. See page 8 
for instructions for turning it on (do so as soon as you enter lab; unplug it before you leave).  
2. The spectrophotometer must be calibrated with a blank (buffer) prior to the analysis of 

your protein solutions. Your instructor will explain in detail how to carry out this setup and 
calibration prior to use. 
 
Part B. Preparation of Solutions for Bradford and Beer's Law Plot 

1. In a microcentrifuge tube or small test tube, obtain ~3 mg of the BSA (record exactly 
what you measure on the balance) and dilute with 3.0 mL of 0.15 M NaCl to prepare a ~1 
mg/mL standard.  This may be done as a class. 

2. Obtain six more test tubes. Dilute the BSA serially to make standards to the 
following concentrations: 0 mg/mL (0.15 M NaCl only), 0.010 mg/mL, 0.05 mg/mL, 0.10 
mg/mL, 0.5 mg/mL, 1.0 mg/mL , using c1V1  = c2V2. (Make a table of your dilutions.) 
Using micropipettors, pipet the appropriate amount of BSA into the corresponding tube to 
create a final volume of 0.25 mL of the appropriate concentration. 

3. Prepare “unknown” samples using the fractions from your nickel column that you 
suspect contain GFP.  It is suggested to use 0.25 mL of the appropriate fraction. 

3. Dilute each of the samples with Coomassie Blue to 1.75 mL final volume. Cap each 
tube with parafilm and mix well. Let stand for 5 minutes before measuring the absorbance 
of each sample. 

 
Part C. Bradford Plot and Determination of Unknown’s Concentration 

1. Set the spectrophotometer to read absorbance at 595 nm.  Put Coomassie blue 
solution in the plastic cuvette and place the cuvette in the sample holder in front of the 
laser. Blank the instrument using the 0.0 mg/mL Coomassie Blue sample. 

2. Remove the blank solution from the sample holder and replace it with the most 
dilute protein sample solution. Record its absorbance at 595 nm. Continue to read the 
absorbances from all of the standards from least to most concentrated. 

3. Read the concentration of your unknowns (protein fractions). If the unknown’s 
absorbance value does not fall within an absorbance range of 0.1-1.0 or the range of your 
standard solutions, dilute the unknown appropriately so it will be in that range. 

4. Prepare a calibration curve by plotting the absorbances for the standard 
solutions versus their concentration (mg/mL). 

5. Determine the concentration of the extracted protein samples (unknown 
concentrations) from this calibration curve. 

6. Add a linear trendline, line equation, and R2  value on the graph and use the points on 
the line to calculate the concentration of the unknown by solving for x.  

 
Part D. Absorption Spectrum Plot (NO Bradford Dye!!) 

1. Blank the instrument with 1 mL of Elution buffer. 
2. Measure and record the absorbance spectrum of your extracted protein fractions by 

scanning over the wavelength range from 240 nm to 600 nm by taking readings at 1 
nm intervals. Save a graph of this spectra by exporting as a CSV, then open in Xcel 
and graph as a scatter plot. Unplug the spectrophotometer when you are done. 

2. Using the extinction coefficient of 55000 M-1cm-1 at 489 nm, estimate the GFP protein 
concentration. Note that the molecular weight of GFP is 26,900 g/mol. 
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Section 2. SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) to 
determine molecular weight and purity of the recovered proteins 
 
Materials 
• Various variable volume micropipettors (20 µL, 100 µL, 200 µL, 1000 µL) and tips 
• Purified protein (25-50 µg recommended) 
• Ice 
• 40% acrylamide/bis-acrylamide solution (caution: unpolymerized acrylamide is a neurotoxin!) 
• Ammonium Persulfate solution (10% solution) 
• TEMED 
• 0.5M Tris, pH 6.8 
• 1.5M Tris, pH 8.8 
• 10% SDS solution 
• Butanol 
• Water 
• Gel boxes and combs 
• Long, skinny gel loading tips for pipettors 
• Gloves 
• Gel light box and digital photography system 
• Hot plate and water bath 
• 125 mL Erlenmeyer flask 
• 1.0 -1.5 mL microcentrifuge tubes 
• Power supply 
• 1x Tris-Glycine-SDS running buffer (3.03 g Tris base, 14.4 g Glycine, 1g SDS for 1 L) 
• Loading buffer (Tris-SDS-EDTA buffer with 25% glycerol and 1 µL 200 mg/mL  
   Coomassie Blue) 
• 1 M EDTA 
• Molecular weight marker 

 

Procedure 
( Part E. Preparing the polyacrylamide gel – Prepared for you before class ) 

( 1. Prepare running Tris-Glycine buffer as indicated in the materials for 1 L of 1X 
buffer. ) 

( 2. Set up the PAGE gel apparatus, locking front and back plates into the frame.  ) 
(  3.  In a 15 mL plastic centrifuge tube, combine all components of running gel 

except TEMED, and mix gently by inversion: 
  2.6 mL water 
  3.2 mL 30% acrylamide solution 
  2.0 mL 1.5M Tris, pH 8.8 
  80 uL 10% SDS 
  80 uL 10% ammonium persulfate   ) 
(  4. Ensure that gel plates are sealed in the gel apparatus, and set a pipettor to 1 

mL volume and attach a tip.  Add 8 uL TEMED to the gel mixture, and quickly 
but gently mix twice by inversion.  ) 

(  5. Immediately begin carefully adding running gel to the space between the two 
gel plates using the 1 mL pipettor, filling to the fill line.  ) 

(  6. Pipet 1 – 2 mL of butanol to the top of the gel, forming a solid layer of butanol 
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above the gel (polymerization is inhibited by oxygen, and the butanol isolates 
the gel from the atmosphere).  ) 

(  7. Wait for polymerization to complete, using the remaining gel solution in the 
15 mL plastic centrifuge tube to judge; typically 15 to 20 minutes.  ) 

(  8. Remove butanol by carefully lifting gel apparatus and turning upside down—
ensure that the gel plates are firmly attached first.  Next, use a Kim wipe to 
gently reach into the space between the plates to remove remaining butanol.  ) 

(  9. In a fresh 15 mL plastic centrifuge tube, combine all components of stacking 
gel except TEMED, and mix gently by inversion: 

  2.6 mL water 
  1 mL 30% acrylamide solution 
  1.25 mL 0.5M Tris, pH 6.8 
  50 uL 10% SDS 
  50 uL 10% ammonium persulfate  ) 
(  10. Add 5 uL of TEMED to the gel mixture and quickly but gently mix twice by 

inversion.  ) 
(  11. Immediately begin carefully adding stacking gel to the space between the 

plates using the 1 mL pipettor, filling the the top of the plates.  ) 
(  12. Insert gel comb into the top of the plates, proceed slowly to ensure fit and 

avoid splashing toxic acrylamide.  ) 
(  13. Wait for polymerization to complete, using the remaining gel solution in the 

15 mL plastic centrifuge tube to judge, typically 15 to 20 minutes.  ) 
 
Part F. SDS-polyacrylamide gel electrophoresis 

1.  Transfer the PAGE gel and plates from the pouring apparatus to the gel running box. 
2.  To the purified protein samples (15 µL) add loading dye (5 µL). If you have them, 

run 1) a sample of the insoluble pellet resuspended in loading dye, 2) the “flow-
through”, 3) “wash” and 4) the elution (GFP) sample, side-by-side. Groups 
should run at least one sample for each group member so everyone can practice 
loading the gel.  If there is enough space on the gel you may run more samples. 

3.  Heat your protein samples mixed with loading dye for 5 minutes at 95 C before 
proceeding. If any caps pop open during the heating process, close them quickly. 

4. To the wells, pipet your samples, each in a different well. Be sure to record what 
sample you placed where! Do not load more than 20 µL per well. 

5. Pipet the known molecular weight protein standard markers into a well (10 µL). 
6. Connect the black electrode with the black wire and the red electrode with the red wires 

to the power source. 
7. Plug in the power source. 
8. Run for 1-2 hours. Use no more than 5 volts per cm to the gel (the cm value is the 

distance between the two electrodes, not the length of the gel). This value will vary 
depending on the gel apparatus you are using- consult your instructor but no higher 
than 200 V. Run until the dye front is 2 cm from the end of the gel or until time 
permits. 

9. DO NOT touch the gel while the power is on. 
10. Turn off power. Then disconnect all power cords. 

 
Part G: Visualizing the Protein Bands with Coomassie Blue 

1. Remove the gel from the box and rinse the gel in tap water to remove Coomassie blue 
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and buffers/salts from the gel surface.  
2. Put the gel into a solution of Coomassie stain for 10 -15 minutes. 
3. Transfer the gel to a solution of destain for 20-30 minutes. You can ball-up a 

kimwipe and place it in the tupperware with the destain and gel to speed up the 
process. Be sure to watch your gel at this point – if you destain too long, you will 
lose all staining. Be sure to dispose of Coomassie and destain solutions in the 
appropriate collection/waste contains (see instructor). 

4. Once the gel has clearly visible bands (with little background), place the gel in 
deionized water for visualization. 

5.  Analyze the gel visually or using a white light box. The protein will be bound 
with the blue stain and should appear as bands or lines.  

6.  Alternatively, you may take a photograph with the digital camera in the biochemistry 
research lab (SI 3027). The instructor will provide guidance. 

 
Questions/Analysis 

1.  Create a calibration plot for your BSA dilution. Be sure to use a scatter plot and 
include the trendline and line equation. 

2.  Calculate the concentration of your extracted protein samples using Bradford Assay 
data and extinction coefficients. Make a table of your values.  

3.   Compare the concentration values from your BSA UV-Vis, BSA Bradford, and direct 
absorption measurements.  Which do you think is most accurate?  Why? 

4. Insert the picture of your gel into the data section of your report. From the photograph 
of your gel, estimate the molecular weight and homogeneity/purity of your protein 
samples. What do you observe when you compare the original homogenate to purified 
fractions (how pure doe you think your sample is)?  

5. Insert a graph of the molecular weight standards into the data section of your 
report. From this graph, what is the measured molecular weight of your GFP 
sample? 

6. Suggest a better method to determine the molecular weight of a protein if this one 
fails to yield a mass of approximately 26 kDa for GFP. 
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7 Enzyme Activity of Mushroom Tyrosinase 
 
Objective 
To learn methods for spectrophotometrically measuring the kinetics of an enzymatic reaction. 
 
Safety 
Be careful not to spill solutions in the spectrophotometer. Clean up all spills immediately.   
 
Background 
Read pages 239-264 in the Biochemistry Laboratory book before class! 
 
 
Tyrosinase Reaction:  

 
 

The experiment will be carried out using the natural substrate L-dopa.  The production of 
dopaquinone is followed by spontaneous reactions that form dopachrome, which can be observed 
as a dark color in the tube and measured by absorbance of light at 475 nm.  Once the appropriate 
enzyme concentration is determined, the concentration of L-dopa will be varied and the Km and 
Vmax will be determined.  

Familiarize yourself with the terms and equations of enzyme kinetics.  
 
Pre-lab Questions 

1. In your biochemistry research project, you find that the binding of a ligand to a protein 
decreases if the ionic strength of the buffer solvent is increased. What type of 
noncovalent bonding might be involved in the ligand-protein complex? 

2. You are comparing the Michaelis-Menten kinetics of tyrosinase for L-dopa and tyrosine. 
You find that the Km for L-dopa is 1.5 mM and the Km for tyrosine is 0.5 mM. Which 
substrate binds tyrosinase with higher affinity? 

3. You graph the results of your kinetics experiment to create a Michaelis-Menten curve, 
however your graph is linear (not the expected hyperbola). What do you think this means 
and/or what do you need to do? 

 
Materials . 

300 µL Potassium phosphate buffer  (0.1 M, pH 7) 
200 µL Tyrosinase solution (~100 U/ml, store on ice)   
5 mL of 5mM L-dopa in potassium phosphate buffer  
test tubes or microcentrifuge tubes 
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spectrophotometer  
plastic cuvette (narrow at the bottom) 

 
Procedure 
Part A.  Determination of the Optimal Enzyme Concentration  

The spectrophotometer (Vernier™ probes) should be set up to obtain a kinetic progress 
curve at 475 nm. Refer to page 7 for instructions on using the spectrophotometers.  
Phosphate buffer serves as the blank.  Use a different test tube or microcentrifuge tube for 
each assay.   

Pipette phosphate buffer and L-dopa directly into tubes according to the volumes in 
Table 1.  Vortex the test tubes.  The next steps must be done rapidly:  Add 0.010 mL of the 
enzyme solution to the first test tube, pour the contents into the narrow-bottom cuvette, and 
put the cuvette directly into the spectrophotometer.  Immediately start timing and record 
absorbance readings every second.  Look at the computer graph of your data and determine 
the initial rate (ΔA/Δt). Repeat with the other four tubes, always adding the tyrosinase 
immediately before reading the absorbance.  

Our goal is to find an amount of tyrosinase that will give a ΔA/sec in the range of 0.10-
0.20 and a linear line for absorbance v. time (this is what is displayed on the computer 
screen) for the full 2 minutes.  It is possible that you may need to try additional tyrosinase 
volumes beyond those listed in table 1. Record your data and which assay(s) fit the ΔA/min 
in the range of 0.10-0.20 in your lab notebook.  

Table 1.  General Protocol for the Tyrosinase Assay, total volume is 1.1ml in each assay 

 Assay 
Material (mL)  . 1 2 3 4 5 

Phosphate buffer  . 0.090 0.080 0.050 0.025 0 
L-dopa  . 1.0 1.0 1.0 1.0 1.0 

Tyrosinase  . 0.010 0.020 0.050 0.075 0.10 
 
Questions/Analysis from Part A. 
 

1. Prepare a table summarizing the ΔA/min for each enzyme concentration (uL of 100 
U/ml enzyme) at constant L-dopa concentration. Convert all the ΔA/s values to 
µmole product/s and include in the same table.  
According to Beer's law, Δc/sec = (ΔA/sec)/εb,  where  
          A refers to absorbance change per minute (ΔA/sec),   
          b is the light path length through the cuvette (1cm),   
          ε  is the molar extinction coefficient for the product, and  
          Δc is the change of concentration of product.  
The extinction coefficient  (ε) for the product dopachrome is 3600 liter /mol.cm.  
Change moles of product formed per min per liter to µmoles per min by multiplying by 
sample volume and 106.  (Explain why this is the correct value to use!) The path length 
(b) is 1 cm.  
Δc/min =( (ΔA/sec) /εb )*0.0011L*(106µmoles/mole) = µmoles  product formed per sec . 
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2. Make a graph of uL enzyme added on the x-axis and rate (µmole product/min) on the 
y-axis in Xcel using the scatter plot function.  Determine if this plot is linear; if it is, give 
the slope of the line. Based on the slope of the line and the R2 values, which volume of 
tyrosinase is the best to use for subsequent kinetics experiments?  

  
 Part B. Procedure for Determination of Km and Vmax for L-dopa  

Repeat the one assay from last week that gave a ΔA/min in the range of 0.10-0.20 and a 
linear line for absorbance v. time.  Adjust your enzyme concentration if needed.  In last week’s 
lab, the concentration of L-dopa was sufficient to saturate all of the active sites so that the rate 
depended on the enzyme concentration.  Now the enzyme concentration will be held constant 
and the amount of substrate (L-dopa) will be varied over a range from non-saturation to 
saturation.  Set up a table similar to Table 1 in Lab 11, including 6 assays with the chosen 
enzyme level and varying the amount of L-dopa.  You can try the following uL volumes of 5 
mM L-dopa: 25, 50, 75, 100, 250, and the highest possible volume that will still allow you to use 
45 uL of phosphate buffer. This amount of phosphate buffer will give you space to add inhibitor 
(you will repeat this experiment in next week’s lab). Add phosphate buffer to assay tubes so that 
the total volume for each assay is constant at 1.10 ml.  Be sure this information is clearly shown 
in a table in your lab notebook! 

Prepare each assay by pipetting the buffer and L-dopa directly into a clean test tube and then 
vortexing to mix.  Do this for all 6 samples.  Then go to the instrument and do all 6 enzyme 
assays consecutively, working from lowest to highest substrate concentration, adding the 
tyrosinase immediately before transferring to the cuvette. After you empty the cuvette by pouring, 
tap the cuvette upside down on a piece of paper towel to remove any remaining drops of liquid. 

Record the absorbance for 2 minutes.  Tabulate the ΔA/min for each level of L-dopa.  
---------------------------------------------------------------------------------------------------------  
 
Questions/Analysis for Part B 
 
1. Calculate the mM concentration of L-dopa in each of the assay tubes. Include in your table 

from the procedure.  
2. Make a table summarizing the ΔA/min for each substrate concentration (mM) at optimal 

enzyme concentration.*  Convert all the ΔA/min values to µmole product/min and include in 
the same table.  

* According to Beer's law, Δc/min = (ΔA/min)/ εb,  where  
           A refers to absorbance change per minute (ΔA/min),   
          b is the light path length through the cuvette (1cm),   
          ε  is the molar extinction coefficient for the product, and  
          Δc is the change of concentration of product.  

The extinction coefficient  (ε) for the product dopachrome is 3600 liter /mol.cm.  
Change moles of product formed per minute per liter to µmoles per min by multiplying  
by sample volume and 106.  The path length (b) is 1 cm.  
.Δc/min =( ( ΔA/min) /εb  *0.0011L*(106µmoles/mole) = µmoles  product formed per 
minute  . 

3. Prepare a Michaelis-Menten curve (µmole product/min vs. mM substrate)  
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4. Prepare a Lineweaver-Burke plot (1/v vs. 1/[S]) and any other plots required by your 
instructor. 

5. Determine the Km and Vmax for L-dopa and summarize the results in a table in your 
notebook.  

6. Discuss the results in your notebook. 
7. Look-up the data sheet from Sigma-Aldrich for this enzyme (this is our source of the 

enzyme) 
http://www.sigmaaldrich.com/etc/medialib/docs/Sigma/Datasheet/8/t3824dat.Par.0001.F
ile.tmp/t3824dat.pdf    
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Module 3:  Independent Biochemistry Projects 
 
Basis for Independent Projects 
The field of biochemistry is based on research that continually “pushes the boundaries” of our 
understanding. Throughout Modules 1-2, you gained experience working with essential 
biochemical procedures and instrumentation. Now you are challenged to apply your skills to 
develop a scientific question or testable hypothesis using the materials you became familiar with 
in the first half of this course. 
The learning objectives for this portion of the course are to: 
 

1. Apply the knowledge and skills gained in Modules 1-2 to a project geared at investigating 
a biochemical question/hypothesis independently. 

2. Pose a scientific question or testable hypothesis in one of the specified areas 
3. Search the literature for related information 
4. Design an experiment to test the hypothesis or otherwise address the question 
5. Identify required reagents and protocols 
6. Communicate with your lab instructor to make sure the experiment is feasible (that you 

will have the supplies you need) 
7. Perform the experiment and troubleshoot unexpected outcomes 
8. Analyze the data 
9. Describe the results obtained and analyze what they mean. 
10. Determine future experiments that would shed additional light on the question or address 

new questions that arose during the process 
11. Record the lab work in a scientific notebook 
12. Write at least 3 blog-style entries in which you reflect about the process of research 
13. Communicate your results orally 
14. Communicate your results in writing 
15. Work collaboratively in a group to complete a multi-step project 

 
Your goals for Module 3 of this course are to research background information surrounding your 
topic, and design an experiment or series of experiments to test a hypothesis (or address your 
question). As you perform your experiments you will need to troubleshoot unexpected outcomes, 
analyze the data, and describe the results obtained and what they mean. Additionally, by the end 
of your project, you should be able to propose future experiments that would shed additional 
light on your hypothesis or propose new questions that arose during the process of your 
independent project. 
 
Project Options 
Below is a list of projects feasible to complete over the course of the next five weeks. You may 
modify each project with the instructor’s permission. If you have an idea that is not listed below, 
discuss the option with your instructor.  
 
1. The effect of denaturation and changes in pH on GFP fluorescence. 
You may design this project to test various conditions under which GFP loses fluorescence. This 
may include using various chemical or heat denaturants and altering the pH of the solution buffer. 
 
2. Inhibition of tyrosinase enzyme. 



CHE 4350                             SPRING 2016  43 

You may design this project to test the effect of various small molecules on tyrosinase enzyme 
kinetics. You may discover a competitive, uncompetitive or mixed inhibitor and calculate the 
inhibitor constant, Ki. 
 
3. DNA extraction from cheek cells and primer design and amplification of a human gene. 
You may design this project to test various methods of DNA extraction from human cheek cells. 
Then, using the National Center for Biotechnology Information website (www.ncbi.nlm.nih.gov), 
you may choose part of a human gene to amplify and design primers for a PCR reaction. 
 
4. The effect of denaturation and pH on enzyme kinetics. 
Similar to project #1, you may design a project to test various conditions under which tyrosinase 
kinetics is decreased, including various chemicals, heat or pH environments. 
 
5. Analysis of protein expression in E. coli. 
You may design this project to test minimal or maximal conditions under which E. coli cells 
express GFP as well as inhibitors of expression or bacterial growth. 
 
 
Once you have chosen a project, you will be given additional information, however the majority 
of research will fall on your shoulders. Here is a list of useful resources to explore, along with 
the advice of your laboratory instructor: 
 

1. Your Biochemistry Laboratory book 
2. Journal articles found in PubMed (www.ncbi.nlm.nih.gov) 
3. Cold Spring Harbor Protocols (http://cshprotocols.cshlp.org/) 
4. European Molecular Biology Laboratory Resources 

(http://www.embl.de/pepcore/pepcore_services/index.html ) 
Biochemistry textbooks 
 
Assessment 
 
You will be assessed throughout the following six weeks on the following items. Collectively, 
these completed items will be worth 65% of your final grade. 
 

• Participation (attendance) 
• Laboratory Notebook 
• 4 Blog Entries (weeks 10,11,13,14) 
• Group Presentation on Project Idea 
• Final Group Presentation 
• Final Individual Lab Reports 

 
Participation Guidelines (5% of your grade) 
You cannot complete your project if you do you work in the lab during the weeks designated for 
“Projects in Progress”. Likewise, the work for each project should not fall on the shoulders of 
your lab partners. Each week your group will complete and turn in an accountability sheet. These 
sheets are designed to help you guide your own progress and help your instructor be clear about 
your goals and progress. These accountability sheets will be the basis for determining your 
participation grade.  
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During Week 12, your group will be required to meet with the instructor to discuss your research 
in progress. It is crucial that you are present for this meeting. 
 
Participation will be gauged in part by completion of the accountability sheet each work day. See 
appendix C for a copy of the worksheet. 
 
Laboratory Notebook Guidelines (5% of your grade) 
Consistent with Modules 1-3, you will be required to maintain an individual laboratory notebook 
outlining your experimentation, results and conclusions. Lab notebooks should be organized in 
the following format NEATLY written in ink: 
 

1) Title of Experiment/Question 
2) Objective/Brief Introduction of Goals 
3) Procedure (including volumes/masses used and concentration of stock solutions, 

temperature and length of time) 
4) Notes of Mistakes/Adjustments 
5) Results (including appropriately labeled images/graphs and calculations) 
6) Conclusion (interpretation of results and the next experiment to be conducted) 

 
Blog Entry Guidelines (5% of your grade) 
This project requires more planning, creativity, and independence than traditional lab activities. 
You can blog about your experience of the process using one or more of these prompts for each 
post.  Posts that are at least 5 sentences long and topical will receive full credit for the entry.  
 
Blog prompts: 

• What did you do on your project since your last post? 
• Have you made progress? 

o If so, what allowed you to make progress? 
o What kind of activities did you engage in that helped you make progress? 

• Did you encounter any problems or obstacles? 
o If so, what made them problems? 
o How did you go about solving them? 
o What would have helped you overcome them? 

• What might you have done differently if you had known what you know now? 
• Has your research question changed? If so, how? 
• How have the recent activities that you undertook helped you address your 

research question? Can you see any connections between your research activities and your other 
studies? 

• Have your recent activities raised any questions you would like to discuss with 
your instructor? 

• What have you learned about your project topic, science and research, or your 
own learning? 
 
 Blog prompts from Wilson, A., Howitt S., and Higgins, D. (2015). Assessing the unassessable: making learning 
visible in undergraduates’ experiences of scientific research. Assessment and Evaluation in Higher Education. 
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Group Presentation on Project Ideas Guidelines (10% of your grade) 
During Week 10 of the course, you will be required to present your project idea and plans to the 
class. The goal of this presentation is not to summarize results/finding, but rather to introduce 
your topic, including your hypothesis/question as well as to outline how you plan test your 
hypothesis. You presentation should be no longer than 10 minutes (usually no more than 10-15 
slides) and should include the following topics: 
 

• Introduction/background information on your project (e.g. what protein, nucleic acid, 
bacterial cell are you working with?) 

• Goal, including your hypothesis or question. 
• Set of experiments and why these experiments will give you information about your 

hypothesis. 
• Summary of required materials 
• Expected outcomes of your experiments. 
• References used 
• See Appendix D for rubric 

 
Final Presentation Guidelines (20% of your grade) 

• Create a 20 minute PowerPoint presentation (this usually means a minimum of 15 slides) 
on your independent project. This presentation will be given during week 15. 

 
• Your presentation must include information from at least five references (three of which 

must be peer reviewed journals). Your references must be from published material, not 
websites. This means multiple scientific journals and textbooks. 

 
• Limit the typed words on your slides – you should be presenting data on slides and 

describing this data to your audience verbally. 
 

• You must include a reference slide that highlights where your data was obtained. 
 

• See Appendix E for rubric 
 
Presentation Grading Guidelines 
 
Your grade is based off of your presentation organization and your ability to explain the 
material/data you present. You will be expected to follow the guidelines listed below when 
making your presentation. An associated rubric is available in appendix *. Your presentation is 
worth 100 points and 20% of your overall course grade. 
 
Total 
Points Section Content 

20 Introduction 
Did you include all the necessary background information on the 
topic you chose to resarch? What is the current method or state of 
understanding on this topic? 

10 Question/Goal 
Hypothesis What is the main question or goal proposed by your topic?  
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20 Methods Did you clearly describe the methods you used and why they are 
pertinent to your topic? 

20 Results 
Present actual data (graphs, gels, numbers) that show how your 
topic has been assessed. Did you clearly and succinctly state the 
outcome of each experiment?  

20 Conclusion 
Does your data address your question or hypothesis? What do your 
results mean? Do your results lead to a new hypothesis or question 
(and if so, what is it)? 

10 References Do you have a minimum of five references? Are three of these 
references from peer-reviewed journals specifically? 

 
Lab Report Guidelines (20% of your grade) 
Reports shall not be longer than five pages, 12-pt font, double-spaced. This does not include 
Figures, Tables, Graphs, or References (these are to appear in an attached Appendix). Reports 
should be written in a similar format to the reports you submitted for Modules 1-3. Your final lab 
report is worth 100 points and 20% of your overall course grade. 
 
 
The written report needs to be clear and concise, easily followed by people with little or no 
science background (e.g. MBAs with business backgrounds, corporate lawyers, corporate 
officers), but also scientifically acceptable to PhD scientists. 
 
Lab Report Guidelines 
 
Total 
Points Section Content 

1 Title Page Brief yet informative title followed by your name, the Module number 
and the date the report is due. 

4 Abstract 

[Write this part last] 
No more than 250 words summarizing the entire report. 
Present the question, experimental approach, what you found and your 
KEY conclusions. 

15 Introduction 

This section is where you state what is known in the field currently, 
what is still unknown, and how your findings fill those gaps in 
knowledge. Because you are all using pre-defined questions and 
experiments, choose what you’d like to focus on. For instance, your 
introduction could cover the importance of recombinant proteins in 
research, you could focus on GFP specifically, or you could tailor your 
report to focus on why we use these methods in biochemistry labs. This 
is up to you!! 

10 Materials & 
Methods 

This is NOT a protocol, but rather a summary of the experimental 
details. You should describe the steps (in logical order) of each 
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 experiment with enough detail such that a biochemist in another lab 
could repeat your experiments and get the same results. So, you should 
indicate where you made important changes to the “standard” protocol 
(e.g. did you alter the annealing temperature in your PCR). You do not 
need to indicate the types of tubes you used in the PCR reaction, but 
you DO need to indicate the concentrations (and final volumes) of 
important reaction components you used. 

15 Results 
Succinctly state the outcome of each experiment; this is not the section 
where you interpret what the outcomes mean. State what you found, 
including statistical/error analysis (accuracy of your results) and any 
problems you ran into during data collection. 

20 Data 
(appendices) 

It is crucial that you label all of your data clearly, this includes figure 
legends and equations you may have used to analyze your data. 

15 Discussion 

This is the “fun” part of your report – here you interpret your results and 
determine how these results fit within the context of the 
question/goal/hypothesis you proposed in the introduction (the scientific 
field). Did you advance the knowledge within the field? Can you predict 
what might be “discovered” next? What is the next big question within 
the field? 

10 References 
You need to have at least five references reported in NLM format. Your 
references should include peer-reviewed journal articles, textbook 
and/or reputable websites (you may use wikipedia, however this will not 
count toward one of your five) 

10 
Grammar 
and Writing 
Style 

Writing style and grammar matter! Your paper should sound like it was 
written by a professional chemist and be clear, concise, persuasive. 
Grammar, punctuation, word usage, and spelling should all be correct. 

 
Appendices (Tables, Figures, Graphs) 
Present data at the end of the report (in appendices). All data should be CLEARLY labeled with 
figure legends describing lanes in a gel, axes on a graph, columns/rows in a table…etc. Figure 
legends should not describe the procedure or interpret the results – they should simply be a “key” 
for understanding the figure. If you have more than one picture/table/graph per figure, make sure 
to label each: A, B, C with descriptions in the figure legends. 
 
On Reading Your Report: Your audience should be able to ascertain what was done, why it was 
done, how it was done, and whether the results add to the field of knowledge by reading only the 
Abstract and the Discussion.  The Materials & Methods section describes the steps performed to 
yield the results (and gives readers information for repeating the results). The Results section 
gives a detailed description of how well a predetermined method led to the meaningful 
measurement.  
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Appendix A:  Research lab reports in the style of Biochemistry 
 

 
Lab report papers are required from you as part of your upper-division biochemistry laboratory 
experience. This report should be written in the format of a formal scientific research article 
complete with a Title Page, Abstract, Introduction (no heading), Experimental Procedures 
(Materials and Methods), Results, Discussion, Acknowledgment, References, Tables, Structures, 
Charts, Schemes, Figure Legends, and Figures. Write the paper (regular article) based on author 
guidelines http://pubs.acs.org/page/bichaw/submission/authors.html for the ACS journal 
Biochemistry. 
 
Abstracts should be summaries of 250 words or less stating the overall objective, overall 
methods, specific results and one sentence conclusion. 
 
The materials and methods section corresponds to the procedures you have in your lab 
notebook, but in a streamlined form that omits “trivial” details, such as what size beaker you 
obtained a sample in.  The materials and methods section of the lab report includes all the 
necessary information for the experiment to be repeated, such as the amounts of reagents used 
and the compositions of reagents (“tris buffer” isn’t good enough, “0.5 M Tris, pH 7.2” is much 
more informative).  
 
Your data from the lab notebook will be explained in the results section of the lab report.  Any 
tables and figures (i.e. gel images) need to be numbered.  The figures need to have a legend right 
below the image that allows a reader to understand what is represented in the image.  In the text 
of the results section you will refer to all of the tables and figures and discuss their significance. 
 
The place in your lab report that you will incorporate other published scientific work is the 
introduction, where you state the purpose of the investigation and its relationship to other work 
in the field, and in the discussion, where you relate your results to other work in the field.  For 
each lab report you need to have at least 5 citations of other related work. These citations will 
probably occur in the introduction and discussion sections and should primarily be scientific 
journal articles.  If you make a statement based on information you obtained from somewhere, 
you need to cite the source of that information at the end of the sentence. Sometimes nearly 
every sentence in an introduction or discussion will have at least one citation at the end.  Use 
(Last name, Year) for internal citations. 
 
 
The report should cite at least 5 peer-review primary references from the literature of related 
studies in the field that should justify your current, further study. A good starting point for 
locating papers is Pubmed (http://www.ncbi.nlm.nih.gov/pubmed/). Always reference ideas, 
statistics and facts if they are not your own. Failure to do so is plagiarism. Use the NLM citation 
style for articles, journals, books, webpages, etc. that you use and list them in alphabetical order 
in the references section: http://www.nlm.nih.gov/bsd/uniform_requirements.html 
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The experimental procedures should be written in the third person, past tense, and using 
complete sentences. Do not break sections by week; omit text such as “last week,” “next week,” 
and so forth. Do not report masses of beakers and tubes, etc. in the paper. Report the species 
used with both common name and formal Genus species. Include name, concentration, and pH of 
all reagents and buffers, as applicable. Write all relevant procedures; you may break this into 
titled sections. Remember space is expensive. State everything as concisely as possible. 
 
Your results should be compiled and organized in MS Excel or an alternative graphing program.  
UV-vis graphs should be redrawn from ASCII files in an appropriate graphing program. You 
should also include any work that did not produce results and explain why. Report all other non- 
tabulated data in the results text in complete sentences. Equations used for calculations should be 
given in text (e.g. Equation 1, etc.); sample calculations can be omitted. Report calculated results 
only. 
 
In your discussion you should discuss in words all results and major conclusions to all 
experiments (labs).  You should also describe the future directions of the research project 
including any directions that we have together discussed in addition to ideas that you have after 
reading other scientific articles in the field. 
 
Check your spelling and grammar and have a peer proofread for you. The report will be graded 
on accuracy, setting the problem in context and using at least 5 references, using correct 
chemical vocabulary and third person past tense, methods description, organization, analysis of 
data, completeness of methods and data, validity of conclusions, correctness of figures and tables, 
following Biochemistry format, and timeliness. Refer to the rubric (Appendix B) for grading 
points/weights. 
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Appendix B: Rubric for Grading Lab Reports (modified from Dr. Drotar)  
 
Scientific Paper Rubric Name:_____________________________ 
 
Title Page 

1               Excellent                   0.5                Good                        0     Needs Improvement        
Brief yet informative title followed by 
author’s name, CHE 4350 Final Report, 
and date the report is due 

Missing one of the following: brief yet 
informative title followed by author’s 
name, CHE 4350 Final Report, and 
date the report is due 

Missing two or more of the following: 
brief yet informative title followed by 
author’s name, CHE 4350 Final Report, 
and report due date 

 
Abstract  

General background and theory.  
4                 Excellent                   3                  Good                  2 1     Needs Improvement       0 

Clearly presents the research question, 
experimental approach, results, and 
conclusions. No more than 250 words; a 
summary of the entire report 

Partially presents the research question, 
experimental approach, results, and 
conclusions. Either too long (>250 words) 
or too short (only a few sentences) 

Fails to present the research 
question, experimental approach, 
results and conclusions. May be 
excessively short. 

   
Introduction  

General background and theory.  
5                Excellent                   4                  Good                  3 2     Needs Improvement       1 

Adequately sets the stage for the 
specific context and relevance of the 
project. Background information and 
theory are concise  
and correct. 

Inadequately sets the stage for the 
specific context and relevance of the 
experimental aim.  Background 
information and theory are somewhat 
broad/wordy or partly incorrect. 

Does not set the stage for the 
specific context and relevance of 
the experimental aim. Background 
information and theory are too 
broad/wordy and incorrect. 

Specific context and relevance.  
5                Excellent                   4                 Good                  3 2      Needs Improvement       1 

Describes why the study is important in 
the context of known literature, naturally 
leads the reader to the scientific aim of the 
project. Context is concise and correctly 
described. 

Context is only partly described, link 
between context and scientific aim is 
unclear or confusing. Context is 
incorrectly described in some places 
or wordy. 

Does not describe why the study is 
important in the context of known 
literature; does not lead the reader to the 
scientific aim. Context is incorrectly 
described and too wordy. 

Scientific Aim.  
5               Excellent                  4                  Good                 3 2       Needs Improvement       1 

Clear statement of the scientific aim.  
Reader is sure of the scientific questions 
being asked. Aim is understood correctly 
by the author. 

Refers generally to scientific goals 
without focusing on specific scientific 
questions. Aim is only partly 
understood by the author. 

Unclear, very general, vague, 
includes educational objectives.  
 

Aim is misunderstood by the author. 

Materials and Methods 
Is the description complete and concise?  

5              Excellent                   4                  Good                  3 2      Needs Improvement       1 
Procedure contains enough 
information that it is reproducible. Any 
important changes to standard 
procedure are indicated  

Procedure is missing some critical 
information required for fully evaluating 
or reproducing the experiment.  

Procedure is so vague that reader 
cannot begin to evaluate or reproduce 
the experiment.   

5              Excellent                   4                  Good                  3 2      Needs Improvement       1 
Procedure conveys only necessary & 
relevant information. 

Procedure is wordy in some sections. 
Contains some unnecessary or 
irrelevant information. 

Procedure is verbose, and contains 
large quantities of unnecessary or 
irrelevant information. 
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Results 
 Text.  

10            Excellent         9         8                 Good                  7 6       Needs Improvement       1 
Text completely and concisely states the 
outcome of each experiment.  
Data interpretation not included. 

Text is wordy or incomplete in 
some sections. 

Text is missing or contains large 
amounts of incorrect or irrelevant 
information.  

Data choice, data processing, figures.  
5                Excellent                   4                 Good                  3 2       Needs Improvement       1 

Contains all data that support or contradict 
the arguments made in the discussion. 
Contain no irrelevant or redundant data. 
Data are processed correctly. 

Missing some critical data or contain 
some irrelevant or redundant data. 
Data are processed incorrectly in 
some places. 

Missing most critical data or contain a 
large amount of irrelevant or redundant 
data. Data are processed incorrectly in 
most places. 

Data (appendices) 
Data/figures presented in a logical, organized, professionally-formatted fashion.  

10                Excellent      9        8                Good                  7 6     Needs Improvement       1 
Presentation choices (table, graph, or 
figure) enhance understanding.  

Data format mostly correct but 
presentation confuses understanding of 
some information.  

Presentation choice makes understanding 
the data impossible.  

10                Excellent      9        8                Good                  7 6     Needs Improvement       1 
Presentation choices (table, graph, or 
figure) enhance understanding. 
Appropriate legends & captions are 
included; data format is correct. 

Data format mostly correct but 
presentation confuses understanding of 
some information. Legends & captions 
are unspecific or difficult to follow.  

Presentation choice makes understanding 
the data impossible. Legends/captions are 
missing. Data improperly formatted. 

 
Discussion Does discussion effectively use data? 

5                Excellent                  4                 Good                  3 2      Needs Improvement       1 
Effectively uses data to address 
scientific aim. Key data are interpreted 
correctly  

Relationship between data and scientific 
aim sometimes muddled. Key data are 
not always interpreted correctly. Uses 
some unimportant data.  

Does not effectively use data to address 
the scientific aim. Key data are 
interpreted incorrectly. Fails to use the 
KEY data. 

Is discussion persuasive? 
5                Excellent                  4                  Good                 3 2      Needs Improvement       1 

Deeply thought out argument that 
logically leads to conclusions.  

Argument is sometimes weak.  Argument is weak or non-existent. 

Is discussion complete?  
5                Excellent                  4                Good                  3 2      Needs Improvement       1 

All results that support or contradict your 
conclusions are discussed. 

Results that support or contradict 
your conclusions are partially 
discussed. 

Results that support or contradict your 
conclusions are poorly discussed. 

References  
Are references appropriate?  

5                 Excellent                   4                  Good                  3 2       Needs Improvement       1 
Reference sources are appropriate for 
a scientific paper. Number and variety 
of references indicate that author has 
a high level of understanding of the 
subject. 

Some reference sources are not 
appropriate for a scientific paper. Number 
and variety of references indicate that 
author has a moderate understanding of 
the subject. 

Reference sources are inappropriate for 
a scientific paper. Small number of 
references indicate that author has little 
understanding of the subject. 

Are references formatted properly?  
5                Excellent                   4                 Good                  3 2       Needs Improvement       1 

References properly cited in text and 
formatted correctly. 

References not properly cited in text or 
formatted correctly. 

References are improperly cited in text 
and formatted incorrectly. 
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Overall Writing Style  
Is the writing style appropriate for your audience?  

5                Excellent                   4                  Good                  3 2       Needs Improvement       1 
Sounds like a professional 
chemist—clear, concise, 
persuasive. 

Sounds like a good chemistry 
student—somewhat clear, concise, 
persuasive. 

Sounds like a chemistry student new to 
scientific writing—unclear, not concise,  
and not persuasive. 

Writing Mechanics  
5                 Excellent                   4                 Good                  3 2       Needs Improvement       1 

Grammar, punctuation, word usage, 
and spelling enhance paper quality. 

A few mechanical errors, but does not 
distract the reader too greatly. 

Many mechanical errors severely 
detract from meaning of paper. 
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Appendix C Accountability Sheet 
 
CHE 4350 Accountability Sheet (attach pages if needed, turn in at the end of class)  Date:______ 
Group members present (time in and time out): 
______________________________________________________________________________ 
At the beginning of class: 
What are your group’s goals for today? 
 
 
 
 
 
 
 
Did you complete your planned outside-of-class work from last session? If not, why not? 
 
 
 
 
At end of class: 
 
What did you accomplish today? 
 
 
 
 
 
 
 
 
Have you each recorded everything in your lab notebooks? If not, complete any areas that are 
incomplete now, then all initial on the line 
    
 __________________________________________________________________ 
 
What are your plans for the next class period? 
 
 
 
 
 
 
 
 
Do you have work for this project that you are going to complete before next class period? If so, 
what is it? 
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Appendix D: Group Presentation on Project Ideas Rubric (10% of course 
grade) 
 
Introduction 

10  Excellent                   9        Good           8 7   Developing    6 5     Needs Major     4 
Improvement        

Background 
information is very 
clearly presented and 
shows excellent 
understanding of the 
system 

Background information 
is generally clearly 
presented and shows 
sufficient understanding 
of the system 

Lack of clarity hinders 
presentation of background 
material; system may not be 
sufficiently well understood 

Background is unclear, not 
concise, and not persuasive. 
System is not understood. 

Goal/Question/Hypothesis 

10  Excellent 9        Good           8 7   Developing    6 5     Needs Major     4 
Improvement 

Main goal, question 
and/or hypothesis very 
clearly presented 

Main goal, question 
and/or hypothesis mostly 
clearly presented 

Main goal, question and/or 
hypothesis are mentioned but 
not clearly defined 

It is unclear what the main 
question or goals of the 
research are 

Experiments 
5  Excellent                   4        Good           3 2  Developing    1 0  Needs Major     

0Improvement        
Methods are clearly 
and concisely 
described 

Methods are generally 
clearly and concisely 
described 

Lack of clarity hinders 
presentation of methods 

Methods are unclear, not 
concise, and not persuasive. 

5  Excellent 4        Good           3 2  Developing    1 0  Needs Major     
0Improvement 

The relevance of 
methods to the topic 
and feasibility are 
shown  

The relevance of 
methods to the topic and 
feasibility are mostly 
shown 

The relevance of methods to 
the topic and/or feasibility are 
only partially shown 

Methods are not relevant to 
the topic or completely 
unrealisitc 

5  Excellent 4        Good           3 2  Developing    1 0  Needs Major     
0Improvement 

Clear and 
comprehensive 
summary of materials  

Summary of materials 
included, may be missing 
one or two items 

Summary of materials is 
missing several items 

Summary of materials is too 
sketchy to be useful 

Expected Results 
10  Excellent                   9        Good           8 7   Developing    6 5     Needs Major      

Improvement        
Expected outcomes 
are clearly stated and 
related to goals 

Expected outcomes are 
stated and in some way 
related to goals 

Expected outcomes are 
unclear or link to goals is 
unclear 

No expected outcomes given 
or no connection to goals 
provided 

References 

5  Excellent 4        Good           3 2   Developing    1 0    Needs Major     
4Improvement 

3+ references are 
listed both on 
individual slides (Last 
name, year or website) 
and in full on the last 
slide in all cases 
where appropriate. 2+ 
are from peer-
reviewed sources 

2+ references are listed 
both on individual slides 
(Last name, year or 
website) and in full on 
the last slide in all cases 
where appropriate. 1+ 
are from peer-reviewed 
sources 

References are listed either 
on individual slides or at the 
end of the presentation. May 
not include any peer-reviewed 
sources  

References are not cited 
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Appendix E: Project Final Presentation Rubric (20% of course grade) 
 
Introduction 

10  Excellent                   9        Good           8 7   Developing    6 5     Needs Major     4 
Improvement        

Background 
information is very 
clearly presented 

Background information 
is generally clearly 
presented 

Lack of clarity hinders 
presentation of background 
material 

Background is unclear, not 
concise, and not persuasive. 

       10  Excellent                      9         Good              8           7   Developing    6 5     Needs Major     4 
Improvement 

Background 
information is 
complete and clearly 
addresses current 
methods and state of 
understanding 

Background information 
is mostly complete and 
mostly addresses current 
methods and state of 
understanding 

Background information is 
partially complete and starts 
to address either current 
methods or state of 
understanding 

Background is not complete 

Question/Goals/Hypothesis 

10  Excellent 9        Good           8 7   Developing    6 5     Needs Major     4 
Improvement 

Main question or goals 
of experiment are very 
clearly presented 

Main question or goals 
are mostly clearly 
presented 

Main question or goals are 
mentioned but not clearly 
defined 

It is unclear what the main 
question or goals of the 
research are 

Methods 
10  Excellent                   9        Good           8 7   Developing    6 5     Needs Major     4 

Improvement        
Methods are clearly 
and concisely 
described 

Methods are generally 
clearly and concisely 
described 

Lack of clarity hinders 
presentation of methods 

Methods are unclear, not 
concise, and not persuasive. 

       10  Excellent                      9         Good              8           7   Developing    6 5     Needs Major     4 
Improvement 

The relevance of 
methods to the topic 
are clearly shown  

The relevance of 
methods to the topic are 
mostly shown 

The relevance of methods to 
the topic are only partially 
shown 

Methods are not relevant to 
the topic 

Results 
10  Excellent                   9        Good           8 7   Developing    6 5     Needs Major     4 

Improvement        
Presents actual data 
(graphs, gels, 
numbers) that clearly 
show how your topic 
has been assessed.  

Actual data is presented 
graphs, gels, numbers) 
but interpretation is not 
completely clear  

Some data is presented but 
interpretation is unclear 

Little if any data or 
interpretation included 

       10  Excellent                      9         Good              8           7   Developing    6 5     Needs Major     4 
Improvement 

The outcome of each 
experiment is clearly 
stated  

Outcomes of most 
experiments are clearly 
stated 

Outcomes of some 
experiments are stated but 
difficult for the listener to 
comprehend 

Outcomes are unclear and not 
clearly stated 

Conclusions 
10  Excellent                   9        Good           8 7   Developing    6 5     Needs Major     4 

Improvement        
Clearly summarizes 
whether data 
addresses the 
question/hypothesis 
and addresses the 
meaning of the results  

Background information 
is generally clearly 
presented 

Lack of clarity hinders 
presentation of background 
material 

Background is unclear, not 
concise, and not persuasive. 
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       10  Excellent                      9         Good              8           7   Developing    6 5     Needs Major     4 
Improvement 

Clearly identifies 
several new directions 
(questions, 
hypotheses, 
experiments) raised by 
results from this work  

Clearly identifies one 
new direction (question, 
hypothesis, experiment) 
that would continue this 
work  

Attempts to identify a new 
direction based on this work 
but fails to sufficiently flesh it 
out 

No future directions attempted 

References 

10  Excellent 9        Good           8 7   Developing    6 5     Needs Major     4 
Improvement 

5+ references are 
listed both on 
individual slides (Last 
name, year or website) 
and in full on the last 
slide in all cases 
where appropriate. 3+ 
are from peer-
reviewed sources 

4+ references are listed 
both on individual slides 
(Last name, year or 
website) and in full on 
the last slide in all cases 
where appropriate. 2+ 
are from peer-reviewed 
sources 

3+ references are listed both 
on individual slides (Last 
name, year or website) and in 
full on the last slide in most 
cases where appropriate.  

References are not correctly 
used 

 
 


