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BBS OER Laboratory Manual - Welcome


  
  
    
      [image: ]
    
  

  
    Welcome sign by PresenterMedia, © 2009-2020 Eclipse Digital Imaging, Inc.
  

  
    
      Please watch our welcome video, found here: Welcome video
    
  

  
    Welcome everyone!
  

  
    
      This OER highlights a laboratory manual for an undergraduate level 2 Biochemistry laboratory course. The laboratory manual you see now has been an open document, constantly evolving, since 2008. Many people contributed ideas and feedback to this manual over the years and we would like to thank everyone who contributed to shaping our manual into what you see today. It is this very nature of community feedback throughout the years that allowed us to see this lab manual as a true open educational resource. We fully expect and anticipate that the document will continue to grow and change with your future input!
    
  

  
    
      We have built a strong and thriving lab course community over the years and this lab manual is at the center of it all. We are now extending and opening our course to the global online community by making this lab manual freely available to all.
    
  

  
    
      The lab manual consists of eleven laboratory experiments immersing students in a directed research project centered on the overarching theme of drug discovery. Namely, we have chosen to highlight the drug target E. coli dihydrofolate reductase. This protein was selected due to its ease of expression/purification and its rich research history as a drug target. Although our protein choice is not unique, we feel it is ideal for introducing students to the research process, enhancing active learning and allowing us to create a safe, nurturing lab environment conducive to dialogue.
    
  

  
    
      The lab manual is divided into chapters that span the entirety of laboratory experiments we conduct in the course. Each chapter is divided into: “background information” and “protocols”. We have also embedded videos and interactive components throughout the OER.
    
  

  
    
      Finally, this resource also boasts an “instructor resources” chapter. This chapter highlights our unique approach to lab course delivery. Here, we sketch out the use of Team Think Tanks to immerse students in experimental design, critical data analysis, and communication skills (written and oral). We even infuse a bit of theater in our course with impromptu speaking!
    
  

  
    
      We hope you find this to be a valuable resource to support STEM education to students at all levels, and we encourage you to provide feedback so that we can continue to grow and evolve this document together . Thank you and have fun!!!!
    
  

  
    
       
    
  

  
    
      The BBS undergraduate community.
    
  

  
    [image: decorative image]
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Overview of research project
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            E
          
          
            V
          
          
            E
          
          
            R
          
          
            Y
          
          
            O
          
          
            N
          
          
            E
          
        
      
    
  

  
    This course aims to introduce you to the basic biochemistry laboratory techniques employed in biomedical research. To do this you will be immersed in a directed research project. Throughout the year you will work to characterize a very well-known drug target. In the first half of the course, you will work to clone your drug target gene into an expression plasmid. In the second half of the course, you  will work on expressing, purifying, and characterizing the protein product of your gene of interest. 
  

  
    [image: Flowchart showing the three parts of the lab course project: part 1, DNA cloning, part 2, protein expression, purification setup of protein crystals, part 3 overarching theme of drug discovery.]
  

  
     
  

  
    
      Disclaimer:  Any chemicals, reagents, or specific equipment from any company used in this lab manual are not an endorsement or promotion.  These are what we have experience with and have utilized in our teaching labs only.
    

  

  
    

  

  




  
  




3
Course Outcomes


  
  
    
      We developed this course structure with the hopes of
    
    
      
        
        : 
      
    
  

  
    	
      Engaging you in the world of Biochemistry and Biomedical Sciences 
    

    	
      Providing you with basic technical laboratory training and scientific communication skills
    

  

  
    
      We have designed the classes and labs to be highly interactive. 
    
    
      We will embark on many team-based workshops. However, we also believe in individuality and so everyone must work hard to achieve a balance between the two.
    
  

  
    
      
        Finally, we would like to share our teaching/learning beliefs. 
      
    
    
      
        We want everyone to feel safe and respected in this course. In support of this goal, our course mantras are:
      
    
  

  In OUR course:

  
    	
      Every voice matters
    

    	
      Every individual is treated with respect, dignity, and equality
    

    	
      We will establish a safe, inviting, and caring environment so we can share our thoughts and ideas with one another and learn from each other
    

    	
      Everyone
      shares the responsibility for making our course a POSITIVE, engaging, respectful, and fun environment
    

  

  
    
      
        
          Your Individual Perspective
        
      
    
  

   

  
    
      
        We would like all of you to take a moment and think about the following:
      
    
  

  
    	
      
        What are my course expectations?
      
    

    	
      
        What are my course goals? What are my future goals? What are my learning beliefs?
      
    

  

  
    Reflect carefully on the questions above and share them in class whenever appropriate.
  

  
     
  

  




  
  





Chapter 1- An introduction to lab basics and your research project




Chapter 1 Lab Overview and Background Information


  
  
    
      Learning Outcomes: Upon completion of this lab, you will gain practical experience in: 
    
  

  
    	
      
        Calculating concentrations and amounts
      
    

    	
      
        Pipetting accurately and precisely 
      
    

    	
      
        Solution making
      
    

    	
      
        Amplifying DNA
      
    

    	
      
        Setting-up a polymerase chain reaction experiment
      
    

  

  
    This lab focuses on pipetting basics and PCR amplification of the E. coli folA gene. 
  

  
    	
      
        
          In Part A, pipetting basics, you will learn how to use micropipettes with accuracy and precision. You will also learn the basics of solution making. 
        
      
    

    	
      
        
          In Part B of this lab, you will design PCR primers (refer to the chapter “Think Tank 2” in Teaching Resources) and test these primers in your PCR. Your instructor will also design and optimize a set of primers that will be used as a positive control to PCR amplify your folA gene. You should always keep in mind why you are conducting this experiment. This step marks the beginning of your research project towards expressing, purifying, and characterizing your protein of interest; DHFR (Dihydrofolate Reductase). 
        
      
    

  

  
    
       
    
    This experimental plan is possible due to many scientific discoveries, some of which include: 
  

  
    
      1. Recombinant DNA cloning by Stanley Norman Cohen (and others) in 1973 (1). 
    
  

  
    
      2. Restriction endonucleases (aka. restriction enzymes) by Warner Arber, Daniel Nathans, and Hamilton Smith (2-7). These two discoveries led to the production of insulin, a true Canadian connection (8). 
    
  

  
    
      3. Discovery of PCR (Polymerase Chain Reaction) by Kari Mullis in 1983 (9-10). Other discoveries also helped build this field of Recombinant DNA Cloning (11). 
    
  

  
    4. Another great example is the identification of a bacterial plasmid by Joshua Lederberg in 1953 (Profiles in Science: The Joshua Lederberg Papers) (12).
  

   

  
    
      
        Background information – Part A: Laboratory Basics: Pipetting and Preparing Solutions
      
    
  

  
    
      
        Use of Pipettors
      
    
  

  
    [image: Image showing a clipart of five micropipettes]
  

  
    In Part A of this lab you will learn how to use a pipettor (also known as a micropipettor or pipette) to accurately measure and dispense small volumes of liquid. Pipettors are a common piece of equipment in a biochemistry lab and thus competence (and confidence!) in using them is an essential skill.  You will have lots of practice using pipettors from this lab and throughout the course. 
  

  
    Proper use of a pipette is instrumental in ensuring experimental success. The majority of molecular biology deals with small volumes (less than 1000 μ
    L). For example, your PCR reaction volume is a whopping 50 
    μ
    L! This means that you must pipette all your reagents (DNA template, primers, polymerase, dNTPs, and buffer) in exact volumes to ensure success for your PCR. Pipetting mistakes will change the concentration of your reagents and therefore can result in no PCR amplicon (fun fact: an amplicon refers to a fragment of DNA that is the result of an amplification procedure). In your case, the DNA fragment containing your folA gene is known as the amplicon in your reaction. Thus, you need to master the art of pipetting such that you are both accurate and precise in your execution, so what do these two terms mean? 
  

  
    
      	
        Precision – “refers to the extent of agreement among repeated measurements of an experimental value”(13).  It can also be described as reproducibility or repeatability (14). For example, say you want to pipette 125 μ
        L of water in 5 different tubes. If you measure the volume of water in each tube and they all come out to 125 μ
        L, then you can confidently say that you have 100% precision. It also gives you confidence in the calibration of your pipette in that it delivers reproducible results multiple times.
      

    

    
      [image: Image showing 5, 130 mL test tubes containing exactly 125 mL of solvent in each tube.]
    

  

  
    2. Accuracy – “is defined as the difference between the experimental value and the true value of the quantity” (13). Think about the example specified above. If you obtain the same result as above, but you programmed the pipette to dispense 75 μL you can say that your pipette’s accuracy is off by 50 μL (125 μL – 75 μL = 50 μL) but the precision (or reproducibility) is excellent. This could mean that your pipette is not calibrated accurately and is, therefore, a problem that you need to fix before using this pipette. Now, 50 μL might not seem like a large volume until you place this in context with your experiments. Again, remember your entire Polymerase Chain Reaction volume is 50 μL! 

  

  
    To calculate the accuracy (A) of our pipettes we can use the following equation:
  

   

  
    
      
        [image: ]
        [image: equation. Accuracy = mean experimental vale minus selected value]
      
    

    
      [image: ]
    

     

    
      If we were to expand this concept to the general scientific field, reproducibility is the key to making proper observations. We design our experiments such that we test a variable using a specific technique and our output is some form of measurement. We then process this measurement and analyze it by making correlations about its meaning as it pertains to our test hypothesis. But what about errors? How do they occur and how can we minimize them? Well, a lot of errors can be minimized using good laboratory practices (much like what you are doing with this pipetting exercise). In science we like to divide errors into 2 broad concepts:
    

    
      
        1. Systematic error
        – “represented by a constant bias between your results and the true answer” (i.e. your equipment is not calibrated) this type of error can be eliminated using good laboratory practices (28). 
      

    

    
      
        2. Random error 
        – “the result of random variations in experimental data”. This type of error is very difficult to control (28). Whenever possible we try to minimize the random error in our measurements. We often repeat our experiments more than one time (in fact, at least 3-6 times depending on the nature of the experiment) and we collect the sample size data. Typically we find the mean of this data as our reported output.
      

       

    

    
      
        [image: ]
        [image: ]
        [image: equation. Mean or average = a ratio of the sum of individual values divided by the number of observations]
      
    

    
      Whereby, x = individual values and n = number of observations
    

    
      However, we also need to convey the reproducibility of our experiment and the mean does not give us this information. For example, we can have 3 data points with a mean of 2. The individual data points can be various number combinations. For example, they can all be 2, which would indicate high precision and reproducibility of our data. Alternatively, the mean can reflect a data set of 1, 2, and 3, which would indicate that we have a much lower reproducibility rate and a spread of 1 from the mean.  Therefore, percent error and standard deviation calculations are used to determine the measure of accuracy and precision, respectively.
    

    
      [image: Equation. Percent error = the true vale minus the average measured value all divided by the true value times one hundred percent.]
    

    
      [image: ]
    

    
      Whereby x= value of the sample, x bar = mean of the samples and n = number of samples.
    

     

    
      Pipetting 101
    

    
      The following information on how to use a micropipettor has been adapted and modified from (15) and (16). Micropipettes (or pipettes) are air displacement pipettes used routinely in the research field to dispense small volumes (usually 0.5 µL – 1000 µL). They typically come in five sizes which are capable of pipetting five ranges of volumes: P10 =0.5-10 µL, P20 = 2- 20 µL, P100 = 10-100 µL, P200 = 20-200 µL and P1000 = 100-1000 µL. The pipettes require disposable plastic tips for use (16).
    

    
      The following is an illustration of a Gilson micropipettor. You may also encounter Eppendorf and VWR pipettes which follow a similar design (16):
    

  

  
    [image: Side by side comparison of Gilson and Eppendorf pipettes with description of each feature of the pipette.]
  

  
     

    
      [image: Pipette tips shown. Three tips. 1=P10 disposable tip. To be used on P10 pipettes. 2=P20, P100, P200 disposable tip. To be used on P20, P100, P200 pipettes. 3=P1000 disposable tip. To be used on P1000 pipettes.]
    

    
      Figure 1: Parts of a pipette. Image made by Felicia. Pictures courtesy of Felicia Vulcu and Vivian Leong.
    

     

    
      
        Now it’s your turn: please drag the appropriate pipette description to each of the four highlighted labels:
      
    

    
      
      An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=494#h5p-25

    

    
      Pictures were taken by Felicia Vulcu, in collaboration with Vivian Leong.
    

    
      
        Laboratory Calculations -some basic rules 
      
    

     

    
      
        
          
            And now it’s time to switch gears and go over some basic solution calculations. This section is extremely important and we will be using it for every single lab, so please spend some time and go over these general points and watch the corresponding e-content on this topic.
          
        
      
    

    Please watch the following module to learn more about making solutions and performing calculations: Solutions and Dilutions Video

    
      
        	
          
            
              A solution is a “homogenous mixture in which one or more substances is (are) dissolved in another. Solutes are the substances that are dissolved in a solution. The substance in which the solutes are dissolved is called the solvent.” (19).
            
          
        

      

    

  

  
    [image: Solute (shown as green salt cubes) + solvent (shown as a beaker with water) = solvent plus solute. This is not a solution as it first needs to be stirred such that the solute is dissolved in the solvent.]
  

  
    
      
        	
          
            
              Concentration is “ the amount of a particular substance (solute) in a stated volume (or mass) of a solution or mixture. Concentration is a RATIO where the numerator is the amount of material of interest and the denominator is usually the volume (or mass) of the ENTIRE mixture.” (19)
            
          
        

      

      
        [image: equation: concentration is equal to the amount of solute (in grams, moles, etc.) divided by the total solution volume.]
      

       

    

    
      
        
          It is very important to keep in mind that concentration is a RATIO. Concentrations are the currency of most laboratory work as scientists typically report work in concentrations. This is because a concentration is very reproducible and it provides the scientists with a lot of information, namely the amount of a solute and the total solution volume. This is enough information to reproduce the solution.
        
      
    

    
      
        
          For example, telling someone you made a salt solution of 1 gram/ 100 mL is very helpful. Telling someone you used 1 gram of salt in your experiments is wildly unhelpful and not reproducible at all. Please get into the habit of reporting laboratory information in the form of concentrations whenever possible.
        
      
    

     

    
      
        
          The other important tip is to ALWAYS, ALWAYS include the units. Treat them almost like numbers and fractions. For example: 
        
      
    

  

  
    [image: milligram per milliliter times milliliter]
  

  
    These are units, but watch what you can do with these if you treat them like typical fractions and apply basic arithmetic rules:
  

  
    [image: milligram per milliliter times milliliter, the milliliter units cancel out to leave milligrams]
  

   

  
    
      
        
          Super cool and awesome! Why? Because if you are ever in doubt of how to proceed with a calculation, you can obtain a ton of clues by following the units. Always follow the units.
        
      
    

    
      
        
          Some basic formulas to keep in mind:
        
      
    

    
      
        
          C1V1 = C2V2
        
      
    

     

    
      
        Whereby C = concentration, 
      
      
        
          V = volume, 
        
      
      
        
          1 and 2 refer to “stock” and “final, respectively
        
      
    

    
      
        
          Tip: this equation only really works if you fully understand what you are trying to do in the lab. 
        
      
    

     

    
      
        Molarity: “equal to the number of moles of a solute that are dissolved per liter of solution, M = mol/L”. (19) Memorize this but also understand it. Do not confuse “M” with “mol or mole”. M is a concentration: mole/L (a ratio).
      
    

     

    
      mole 
      = 6.02 x 1023 atoms (Avogadro’s number), however, some atoms are heavier than others therefore 1 mole of 1 element weighs a different amount than a mole of another element. 
    

    
      W
      eight of a mole of given element = atomic weight in grams or Gram Atomic Weight, see Periodic Table. Example: 1 mole carbon = 12.0 grams
    

    
      By definition: a 1 Molar solution of a compound contains 1 mole of that compound dissolved in 1 Liter of the total solution.
    

    
      The formula to use is: C = n/V, where C = concentration, n = number (e.g. in moles) and V = volume
    

     

    
      Mass per Volume
      , where C = m/V (same as above except m = mass).
    

     

    
      Percent Volume per Volume
      , such as 20 % (v/v). The designation % (v/v) describes the number of mL of liquid solute per 100 mL total volume. These units are used when the solute is a liquid such as glycerol or ethanol. Therefore, a 20 % (v/v) solution of glycerol implies 20 mL of glycerol in a total 100 mL solvent volume (in this example the solvent is water). To prepare this solution you would measure out 20 mL glycerol and add it to 80 mL water for a total of 100 mL.
    

     

    
      Percent Weight per Volume
      , such as 20 % (w/v). The designation % (w/v) describes the number of grams of solute per 100 mL total volume. If you are asked to prepare a 25 % (w/v) solution you weigh out 25 grams of your solute and add it to your solvent (example, water) to a final total volume of 100 mL. Note that this makes the assumption that the added solute does NOT contribute significantly to the final volume. 
    

     

    
      However, this is not always the case so to ensure that your concentration is never prepared wrong add the solute to a volume of solvent (or water) that is LESS than the final volume, dissolve the solute, THEN add solvent (or water) to the final total volume.
    

     

    
      Fold Concentration
      , such as 100 X Buffer B. The “X” unit means that the concentration of each solute in this solution is a given number of times more concentrated than each is in a 1X solution. The usual assumption is that the final working solution is at a 1X concentration (although this is NOT always the case), irrespective of the units (mol/L, g/L, etc.). Thus, if a reagent should be at a final working concentration of 2 mg/mL and you need to make a 100X stock, you would use:
    

    
      [image: 2 milligrams per milliliter times one hundred = 200 milligrams per milliliter]
    

  

   

  
    
      
        Things to note:
      
    
  

   

  
    Keep in mind the units you are using and make sure you undergo appropriate inter-conversions. Many different types of concentration measurements can only be inter-converted between one another if additional information is available. For example: to convert from mg/mL to mM you need to know the molecular weight of the solute.
  

   

  
    Dilution 
    – 
    “is when one substance (often but not always water) is added to another to reduce the concentration of the first substance. The original substance being diluted may be called the stock solution.”
    (19) For example, a 1 in 10 (or 1/10) dilution of a stock solution in a final volume of 10 mL means that you add 1mL of your stock solution to 9 mL water. (19)
  

   

  
    Stock solution – concentrated solution, which you dilute prior to use
  

   

  
    Working solution – diluted solution, ready to use
  

   

  
    Dilution factor
    –
    is a dimensionless number that unambiguously describes the strength of the dilution. It is equal to the volume of the stock solution used divided by the total volume of the working solution produced. The dilution factor also gives the relationship between solute concentration in the stock solution and the working solution. (19)
  

   

  
    Serial dilution
    –
     A sequential set of dilutions in which the stock for each dilution in the series is the working solution from the previous dilution.
  

   

  
    
      Background – Part B: PCR amplification of your 
      E. coli folA 
    
    gene 
  

  
    Polymerase Chain Reaction (PCR)
  

  
    
      
        
          The polymerase chain reaction (PCR) is an amazing technique that mimics the basic concepts of DNA replication.  In this process, the 2 strands of the DNA double helix separate and act as templates for newly formed DNA. 
        
      
    

    
      
        
          This technique was successfully accomplished by Dr. Kari Mullis who received the Nobel Prize in 1993. The entire reaction depends on one key ingredient: a thermostable polymerase (enzyme). The enzyme must be thermostable as PCR relies on extreme temperature shifts to separate DNA strands allowing DNA primers to anneal and the polymerase to copy and produce new strands of DNA. 
        
      
    

     

    
      
        
          The main components of a PCR reaction are as follows:
        
      
    

    
      
        
          – A thermostable polymerase (such as Taq DNA polymerase)
        
      
    

    
      
        
          – dNTPs (monomeric building blocks for DNA: dCTP, dATP, dTTP, dGTP)
        
      
    

    
      
        
          – DNA template (this can be any source of DNA, from genomic to plasmid, as long as it contains your gene of interest)
        
      
    

    
      
        
          – Primers (this is a set of DNA primers that flank the start and end of your gene of interest). The primers are chemically generated oligonucleotides. 
        
      
    

    
      
        
          – Buffer (contains lots of really important things, like pH maintenance and Magnesium, which are required for a successful PCR)
        
      
    

    
      [image: A closer look inside a PCR tube showing the different components such as DNA primers, Thermostable DNA polymerase, dNTPs, DNA template]
    

    
                                                                                             Image created by Felicia.
    

     

    
      The entire reaction process can be described by these 3 temperature settings (note: some of these temperatures need to be optimized depending on the DNA to be amplified, and the type of thermostable polymerase used):
    

     

    
      [image: Thermometer showing 95 degrees Celsius]95°C – (Denaturation step) “template” DNA is separated. In cellular DNA replication, this strand separation would be performed by enzymes. You can mimic this function using temperature in the PCR tube. By increasing the temperature to really high levels you can break down the hydrogen bonds that keep the two strands together.
    

    
      [image: Step 1 of PCR cycle. Denaturation step. The double stranded DNA is separated into two strands: the sense strand and the antisense strand.]
    

     

    
      [image: Thermometer showing 37-72 degrees Celsius]37-72°C – (Annealing step) oligonucleotide “primers” anneal to separated DNA strands. Annealing refers to the association of DNA primers to the complementary template due to hydrogen bonds that form between complementary base pairs. There are 2 primers, one complementary to the beginning of the DNA gene sequence to be amplified, and one complementary to the end of the DNA gene sequence to be amplified. In this way the primers flank the DNA sequence to be amplified! Please keep in mind that this reaction is taking place in a test tube and only borrows concepts of DNA replication. One very important distinction between PCR and cellular DNA replication is that in a polymerase chain reaction the primers are made of DNA.
    

  

  
    [image: The forward primer anneals to the antisense strand, the reverse primer anneals to the sense strand.]
  

   

  
    [image: Thermometer showing 72 degrees Celsius]72°C – (Extension step) The thermostable DNA polymerase (such as Taq DNA polymerase) is now able to make copies of each strand starting from each annealed primer. This extension temperature can vary depending on the polymerase used.
  

  
    [image: Extension step. Taq DNA polymerase binds to the template DNA-primer complex and begins DNA replication in a 5' to 3' direction. Note that the DNA primers become incorporated as part of each newly synthesized DNA strand.]
  

   

  
    
      This cycle can be repeated for 24-30 cycles, doubling the number of copies of target DNA with each cycle giving us an exponential amplification. Assuming 100% efficiency, we can calculate the number of target DNA sequences at the end of the PCR cycle if we know the number of cycles and the number of copies of the target sequence initially present in the reaction:
    

    
      [image: number of copies of DNA after amplification = 2 to the power of t, whereby t = number of cycles times the number of cycles initially present in the reaction]
    

    Whereby N = number of copies after amplification, t = number of cycles, N₀ = number of copies initially present in the reaction

  

   

  Putting this whole process together, we obtain the following PCR diagram:

   

  
    [image: Cycles 1 and 2 of a polymerase chain reaction]
  

  
    Figure 1 – Schematic diagram illustrating the concept of PCR. Image created by Felicia (loosely adapted from (22)
  

   

  
    [image: Fun facts - PCR.]
  

  
    Please note that the unamplified, double-stranded DNA (containing your folA gene of interest) is first denatured (high heat) prior to the annealing of primers. The primers are complementary to each DNA strand and flank the beginning and end of your folA gene. The extension of the new DNA strand occurs from the free 3’ – OH end of each primer. Once annealed, the temperature is set for optimal extension of the primers to complete the new DNA strands. This step requires a thermostable DNA polymerase and dNTP’s (not shown in this figure). The cycle continues (denaturation, annealing, and extension) using the newly formed DNA strands as template DNA.
  

  
    The Tm (melting temperature of primers) can be calculated for each primer using the following general formula:
  

  
    [image: ]
  

  
    The Tm of a pair of primers (forward and reverse) should be within a range of 1-4 degrees to ensure optimal PCR amplification. As a general rule-of-thumb, the Ta (annealing temperature of primers) is usually estimated to be 5 degrees below the Tm
  

  
    [image: ]
  

  
    These two equations are really important and you should commit them to memory. However, calculating annealing temperatures of primers is not solely dependent on the C/A/T/G composition, but also on the pH of the reaction, salts present, etc. These buffer conditions make a HUGE impact on the melting and annealing temperature. Nowadays, many companies that make and sell oligonucleotide primers also have their own, free primer annealing temperature calculators that mimic some of the real-world conditions in your reaction tube. It is important to keep in mind that these numbers are, at best, an educated guess to give you a starting point with respect to your first reaction conditions. Typically, when setting up PCR samples, you would test more than one condition to pinpoint the optimal reaction condition that yields a product. A couple of really good rules to follow are: 
  

  
    	
      
        Always understand what you are doing – know what you need to add to each tube and why each reagent is there. 
      
    

    	
      
        Always double-check that your primers are correct with respect to complementarity. Nowadays you can use many freeware computer programs for this task, but you can also ask a colleague to look over your gene sequence and your primer sequences to double, triple make sure. 
      
    

    	
      
        Use a computer program to determine your annealing temperature and try to use a program supplied by the company you will be ordering your primers from. 
      
    

    	
      
        Test more than one annealing temperature condition. 
      
    

    	
      
        Use a checklist when adding reagents to a PCR tube in order to ensure that you’ve added everything in the tube. 
      
    

    	
      Double, triple-check your reagents and the proper concentrations you need to add for each reagent.
    

  

  	 
 Main Components of a Polymerase Chain Reaction 
 Please note: the information in this table was compiled mainly from (26)
 Innis, M. A., Gelfand, D. H., Sninsky, J. J., & White, T. J. (Eds.). (2012). PCR protocols: a guide to methods and applications. Academic press.
  
  
 	Thermostable DNA polymerase
 (Taq DNA polymerase)
  	Required to add dNTP’s to a growing strand of DNA during replication, standard concentration range for Taq DNA polymerase is between 1-2.5 units per 50 – 100 uL reaction 
 	MgCl2
  	Magnesium concentration may affect all of the following: primer annealing, strand dissociation temperatures of both template and PCR product, product specificity, formation of primer-dimer artifacts, enzyme activity and fidelity (26) 	Taq DNA Polymerase requires free magnesium to bind to template DNA, primers and dNTPs

 PCRs should contain 0.5-2.5 mM magnesium
 
 	DNA template
  	Contains your target gene to be amplified. In your case, you will be using plasmid DNA as your template DNA. Each plasmid DNA contains a copy of your gene of interest. 	1 ng–1 µg of genomic DNA
	1 pg–1 ng of plasmid DNA

 High DNA concentrations decrease amplicon specificity (i.e., extra bands on an agarose gel).
 
 	Forward DNA primer
 The stock solution should be at 100 µM
  	Final concentration between 0.1-0.5 mM (or around 20 pmol/primer) Higher primer concentrations may promote mispriming and accumulation of nonspecific product and may increase the probability of generating a template-independent artifact termed a primer-dimer.
 	Calculated annealing temperatures (Ta) should be from 42-65°C.
	Primer pair should have Tm within 5°C of each other.
	Avoid secondary structure (i.e., hairpins) within each primer and potential dimerization between the primers present.
	When engineering sites into the end of primers, 4-6 extra bases should be added 5´ to the site.

  
 	Reverse DNA primer
  	Same as forward primer. 
 	Four dNTP’s
  	Building blocks for replication. The 4 dNTPs should be used at equivalent concentrations to minimize mis-incorporation errors. Optimal concentration: 20-200 µM each/reaction.
 
 	Buffer components for PCR
  	Typically 10-50 mM Tris-HCl (pH 8.3-8.8) is recommended for Taq DNA polymerase. Up to 50 mM KCl can be included to facilitate primer annealing.
 NaCl at 50 mM or KCl above 50 mM inhibits Taq DNA polymerase activity.
 
  

   

  
    [image: Fun facts - gene nomenclature]
  

  




  
  





Part A: Using a Micropipettor


  
  Please click on this link to learn about pipetting basics: Pipetting basics

  
    The following table is a guide depicting the pipetting range of each type of micropipette. You should NEVER
     exceed the upper or lower limits
    of these pipettors. 
  

  
    
      [image: ]
    

    	Pipettor
  	Volume Range (in μL)
  
 	P-10
  	0.5 to 10
  
 	P-20
  	2 to 20
  
 	P-100
  	10 to 100
  
 	P-200
  	20 to 200
  
 	P-1000
  	100 to 1000
  
  

  

  
     

    
      1.
      Set the desired volume by turning the centrally located rings, or thumbwheels, clockwise to increase volume, or counterclockwise to decrease volume. If you encounter resistance when changing the volume, 
      
        stop!
      
      Are you forcing the volume above or below the limits of the pipettor?
    

  

  
    [image: Photograph of a Gilson and an Eppendorf pipette showing the thumbwheel. If you encounter resistance turning the thumbwheel, stop. You might be forcing the volume above or below the limits of the pipettor]
  

   

  
    Some examples are provided below (1):
  

  
    [image: Image showing the typical volume readout on a micropipette.]
  

  
    Figure 2: Volume setting examples. Figure adapted from the Gilson guide to pipetting (1)
  

   

  
    2. Place a tip on the discharge end of the pipettor. Note: If sterile conditions are necessary do not allow the pipet tip to touch any object (including your hands). Please do NOT place the pipette over your books.
  

  
    [image: Overview of pipetting technique highlighting the rest position, first stop, and second stop on a micropipette]
  

  Figure and excerpt adapted from: http://www.pipette.com/public/staticpages/guidetopipetting.aspx

  
    ” The plunger will stop at two different positions when it is depressed. The first of these stopping points is the point of initial resistance and is the level of depression that will result in the desired volume of solution being transferred. Because this first stopping point is dependent on the volume being transferred, the distance you have to push the plunger to reach the point of initial resistance will change depending on the volume being pipetted. The second stopping point can be found when the plunger is depressed beyond the initial resistance until it is in contact with the body of the pipettor. At this point, the plunger cannot be further depressed. This second stopping point is used for the complete discharging of solutions from the plastic tip. You should not reach this second stop when drawing liquid into the pipettor, only when expelling the last drop. Before continuing, practice depressing the plunger to each of these stopping points until you can easily distinguish between these points ” (15)
  

  
    3. Press the plunger to the first stop (i.e. until you feel resistance) and then insert the tip of the pipette into the desired solution. Ensure that the tip is submerged in the solution, about 1/3 to halfway. Please do not submerge the pipette tip all the way to the bottom of the tube as this can create a seal between the tip and tube thereby resulting in the wrong volume pipetted. (15)
  

  
    
      4. To allow the desired solution volume into the pipette tip you will need to slowly, and carefully, release the pipette plunger. If you remove your thumb pressure from the plunger too quickly it will yield an inaccurate volume. This is especially true if the solution being pipetted is more viscous than water. (15) 
    
  

  
    
      5. Transfer the solution to an appropriate container/tube by inserting the tip into the tube. It is typically recommended that you angle the tip against the tube wall, or, if there is a solution already present in the tube, you submerge the tip in the solution prior to dispensing the liquid (though this is not always the case). To dispense the solution from the pipette tip simply depress the plunger (slowly) until you arrive at the first stop (first point of resistance). Stop here and wait for a second before continuing to the second stop. You can now slowly remove the tip from the solution. (15)
    
  

  
    6. Discard the tip in the appropriate waste container by pressing down on the tip ejector on your pipette. Remember to change tips between solutions to avoid mixing or contaminating the solutions used. (15)
  

  
    When carrying pipettes, never walk around with a pipette containing a sterile tip on it. It is not only a sharps hazard, but the tip is no longer sterile. Never hold the pipette upside down such that the liquid in the tip can enter the body of the pipette. Pipette tips are sterile and located in tip boxes. Be very gentle when opening the box and only keep the box open for the duration of time it takes you to add a fresh tip to the pipette. Keep tip boxes closed to maintain tip sterility.
  

   

   

  




  
  





Part B: Protocol Pipetting Lab


  
  
    
      Please click this hyperlink to access the Chapter 1 virtual lab bench
    
  

  
    
      Please click this hyperlink to access the “Proper Handling of Pipette” video
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	Materials and Reagents
  
 	 Reagents:  	Materials:  
 		Water
	Food coloring

  		1.5 mL micro-centrifuge tubes
	Micropipettes
	Weigh scale/ Weigh boats
	96-well plate
	“pipetting by design” templates

  
  

  
    
      Run through the “Using a micropipette” section outlined on how to use a micropipette. Make sure you are comfortable operating a pipette before continuing with the protocol.
    
  

  Let’s recap our pipetting best practices by clicking in this video: Pipetting basics

  
    
      Please click this hyperlink to access the Pipette “First Stop versus Second Stop” video
    
  

  
    1. Practice delivering varying amounts of water using all the different micropipette sizes available at your lab station. Make sure the amount chosen is within the acceptable limits of the micropipette you are using. Please do NOT over-exceed the upper or lower limits of the pipette as it will damage the pipette. 
  

  
    
      2. To confirm that the correct amount of liquid was delivered dispense the water onto a weigh boat and weigh the water on a balance.
    
  

  
    
      The density of water is 1 g/mL, therefore: 
    
  

  
    
      1 mL H2O = 1 g 
    
  

  
    
      Given the volume range of micropipettes, it would be best if we calculate the weight of 1 µL of water and work with this value. 
    
  

  
    
      1 µL H2O = 1×10-3 g = 1 mg
    
  

  
    3. Demonstrate, using a scale, that you can accurately pipette one volume (e.g. 7.5 µL, 17 µL, 99 µL, and 551 µL). Choose one pipette, take the pipette to the weigh scale (along with a tip box). Choose one volume and measure out each volume 5 times.  Record your measurements in the table provided and fill in the rest of the table in your notes. In the observations section discuss how accurate and precise your pipette is.
  

  
    [image: ]
  

  	Number of times repeated
  	Weight delivered (mg)
  	Volume delivered (µL)
  
 	1
  	 
  	 
  
 	2
  	 
  	 
  
 	3
  	 
  	 
  
 	4
  	 
  	 
  
 	5
  	 
  	 
  
 	Mean = _______ µL
 Percent Error = __________%
 Std.Dev. = ___________µL
  
  
  

  Following this pipetting protocol, we implement a SUPER FUN pipetting activity that we adapted from the “Pipetting by Design” lab (CPET University of Florida). The Word file containing the template designs can be found here (29).

  The image below depicts a sample of our students’ pipetting results. This entire exercise requires micropipettes, food coloring, and 96-well plates, along with a design template (see Word file, above).

  
    [image: Photograph of typical results from our fun coloring activity using micropipettes]
  

   

  




  
  





Part C: Amplification of folA using PCR


  
  Before we begin amplifying our folA gene using Polymerase Chain Reaction (PCR), we first need to understand where this piece of our project fits in with the overall goal of molecular DNA cloning. So why does the first part of our research project begin with molecular DNA cloning? To incorporate the E. coli folA gene into a specific plasmid DNA! This plasmid DNA will allow us to express and purify our gene product: Dihydrofolate Reductase (DHFR) protein. This diagram depicts the overall workflow for chapters 1-5 of our course… but this is just an aerial view of this intricate process.

  
    [image: PCr amplify folA gene, then insert the gene into the pET26b plasmid to obtain pET26b-folA plasmid DNA]
  

  Now it is time to delve into the details of this workflow.

  So what exactly is molecular DNA cloning? Well, let’s click on the following module to find out: Molecular cloning module

  To recap, molecular DNA cloning refers to a set of techniques that allows us to manipulate DNA. For our course, the main goal is to clone the folA gene into a circular piece of DNA called a plasmid. This plasmid is unique because it allows us to introduce our gene of interest (aka. folA) into bacteria so we can then transcribe/translate the gene into its protein product: DHFR.

  This workflow for manipulating DNA to yield pure protein can be applied to countless biochemistry research projects. And so, let’s look at our specific molecular cloning workflow:

  Step 1: PCR-amplify the folA gene. Actually, before we even begin step 1 we need to design our primers. Students can work individually or in small groups to design one set of primers. Instructors should also take care to design and optimize a second set of primers which will serve as a positive control. The primers should flank our folA gene … but wait, there’s more. For this next part we need to have a strong understanding of our main goal (expression of our protein of interest) and ensure that we incorporate any necessary elements needed for this goal when we manipulate the DNA. Also, please remember that the PCR primers are DNA primers and become incorporated into the newly synthesized DNA strand during PCR. Why is this so cool? Because we have the ability to introduce new DNA at either end of the gene. This is exactly what we are going to do. We are going to add Restriction Enzyme (RE) recognition sites for 2 unique REs at either end of the folA gene by incorporating these RE recognition sites at the 5′ ends of each primer. In this way we have designed primers to PCR amplify our folA gene and we can manipulate this amplicon later using restriction enzymes!

  
    [image: Step 1 - PCR amplify folA gene using specific primers flanking the start and end of the gene]
  

  Step 2: Restriction Enzyme (RE) digestion of the folA amplicon and pET26b plasmid using two unique restriction enzymes (RE-1 and RE-2).

  
    [image: Restriction Enzyme (RE) digestion of the folA amplicon and pET26b plasmid using two unique restriction enzymes (RE-1 and RE-2).]
  

  This step allows us to generate restriction-enzyme-specific “sticky ends” which direct the insertion of the folA gene into the pET26b plasmid. We will learn a lot about these sticky ends in chapter 2 of this course.

  This leads us to step 3:

  Step 3: Insert the RE-digested folA gene into the RE-digested pET26b plasmid using the molecular glue known as DNA ligase.

  
    [image: Step 3: Insert the RE-digested folA gene into the RE-digested pET26b plasmid using the molecular glue known as DNA ligase.]
  

  And job done! Of course, we do need to check that we successfully cloned our folA gene into the pET26b plasmid. How? Why using Restriction Enzyme mapping and Sanger sequencing techniques!

  




  
  





Part D: Protocol PCR


  
  
    It is now time to PCR amplify the folA gene. Please review “Part B: amplification of folA using PCR” chapter prior to tackling this protocol. 
  

  
    [image: Step 1 - PCR amplify folA gene using specific primers flanking the start and end of the gene]
  

  
    
      
        
          Prior to this lab, we 
        
        
          
            introduce
          
        
        
          our students (working alone or in small groups) to primer design by asking our students to collaborate together in one of our Team Think Tanks (refer specifically to Team Think Tank 2: Primer Design). If you wish to learn more about our Team Think Tanks, 
        
        click here
        
          .
        
      
    
  

  
    
      Please note, Instructors should also design and optimize  a second set of primers.
    
  

  
    
      Before beginning this lab, 
    
  

  
    You will use the PCR primers you designed in one reaction, and the PCR primers designed by your instructor in the second reaction.
  

  
    
      Please click this hyperlink to access the Chapter 1 virtual lab bench
    
  

  
    
      Please click this hyperlink to see how we set up the thermocycler (aka. PCR Machine)
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	 Materials and Reagents
  
 	 Reagents:  	Materials:  
 		Template plasmid DNA: pMAC1-folA
	5 U/uL Taq DNA polymerase
	10 X PCR Buffer: 100mM Tris – HCl pH 8.3, 500 mM KCl, 20 mM MgCl2
	10 mM dNTP solution mix – 2.5 mM each of dATP, dCTP, dGTP, dTTP

 	Nuclease-free water

 	100 μM Forward PCR primer (designed by the BBS teaching labs)

 	100 μM Forward and Reverse PCR primers designed by you

  
 		Thermocycler
	200 μL thin-walled sterile PCR tubes
	Thermocycler conditions for PCR amplification of folA primers designed by the BBS teaching lab:

 	95 oC for 5 min
	95 oC for 30 sec
	60 oC for 30 sec
	72 oC for 1 min
	Go to step 2, 29 times
	72 oC for 10 min
	Hold at 4 oC

  
  

  
    [image: ]
  

  
    [image: How do we determine DNA concentration? The nanodrop is a spectrophotometer that requires a very small sample volume (2 µL), which is placed on a pedestal and read. This spectrophotometer is ideal for nucleic acid concentration determination. You can convert your absorbance readings to actual concentrations using these very useful, empirically determined, conversion factors: The concentration at an A260 of 1.0 for: Double stranded DNA = 50 µg/mL Single stranded DNA = 33 µg/mL Single stranded RNA = 40 µg/mL]
  

  
    
      Please click this hyperlink to see how we use the microspectrophotometer (aka. Nanodrop)
    
  

  
    DNA can be quantified by measuring the absorbance at 260 nm using a spectrophotometer. This is a happy consequence of the fact that purines and pyrimidines have a conjugated double-bond system that absorb light in the ultraviolet spectrum (260 nm). There is a simple conversion formula used by scientists in the lab, which states that on average, an absorbance reading of 1 (i.e. 1 A260) at 260 nm is ~ = to 50 µg/mL double-stranded DNA. 
  

  
    
      Given this conversion factor, please calculate your working concentrations for the sample of template DNA, knowing that the sample was measured at 260nm. 
    
  

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=549#h5p-26

  

   

  
    Reagents must be kept on ice. Prior to the start of your experiments acquire a bucket of ice. Discuss with your instructor how you will label your PCR tubes. Record your tube labels in your lab notebook. Please note, the PCR tube has a very small area for writing on the cap (do not write on the side of the tube as it will rub off when placed in the Thermocycler). 
  

  
    You will be given the primers that you have designed and manufactured by a scientific company, primers will be lyophilized (i.e. freeze-dried so they appear in crystalline form). 
  

  
    Please calculate the amount (µL) of nuclease-free water needed to re-suspend (i.e. dissolve the freeze-dried primer DNA into a solution) the lyophilized PCR primers to a final concentration of 100 µM each. 
  

  
    Record pertinent information and calculations in your lab notebook.
  

  
    1.  Add the calculated amount of nuclease-free water to each tube of lyophilized primers. Once added, vortex the tubes for 1-2 minutes (make sure you fasten the cap securely before you start to vortex your sample). 
  

  
    
      2. Prepare a 1/10 dilution of each stock primer by taking 2 fresh, microcentrifuge tubes and labeling them appropriately as forward and reverse primers. 
    
  

  
    
      For each primer, please dilute 1/10 from the stock primer tube into the fresh microcentrifuge; a total volume of 30 µL each. 
    
  

  
    
      In your lab notebook answer the 2 questions.
    
  

  
    
      1. How many µL of stock primer do you need to add to each tube? 
    
  

  
    
      2. How many µL of water do you need to add to each tube (final volume = 30  uL)?
    
  

  
    These 2 diluted primers will be used as your forward and reverse primers for one of your two reactions.
  

   

  
    
      PCR components: 50 µL total volume 
    
  

  
    Copy the chart in your lab notebook and fill it in.
  

  	Place a checkmark beside each item added to each tube. Please add reagents in the same order presented in the table, starting with water.
  
 	Reagents
  	Added to 
 PCR tube 1 
 (Instructor designed primers)
  	Added to 
 PCR tube 2
 (Student-designed primers)
  
 	36.5 µL nuclease-free water
  	 
  	 
  
 	5 µL 10X PCR buffer stock 
 (final working concentration = 1X)
  	 
  	 
  
 	5 µL dNTP mixture
  	 
  	 
  
 	1 µL forward primer
 (ensure you add the correct primer to the correct tube)
  	 
  	 
  
 	1 µL reverse primer
 (ensure you add the correct primer to the correct tube)
  	 
  	 
  
 	1 µL template DNA
  	 
  	 
  
 	0.5 µL Taq DNA polymerase
  	 
  	 
  
  

   

  
    
      Practical lab considerations
    
     
  

  
    [image: ]
  

  
    (Image created by Felicia, centrifuge obtained from Presenter Media © 2009-2021 Eclipse Digital Imaging, Inc.)
  

  
    Once finished, please clean up your work area. Properly dispose of reagents properly and safely as specified by your lab mentor, and please wash your hands.
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Chapter 2 - Restriction enzyme digestion reactions and agarose gel electrophoresis




Chapter 2 Lab Overview and Background Information


  
  
    
      Learning Outcomes: Upon completion of this lab, students will gain practical experience in: 
    
  

  
    	
      
        Working with restriction enzymes 
      
    

    	
      
        Preparing an agarose gel and in loading DNA samples 
      
    

    	
      Interpreting DNA gels
    

  

  In this lab you will conduct the following workflow:

  
    	Check to see if your PCR was successful. How? Using agarose gel electrophoresis. You will load a small sample from your PCR tubes on an agarose gel, then your DNA bands will be separated based on size using the electrophoresis technique. You will also analyze the NdeI/XhoI digested pET26b plasmid as a control to ensure that the restriction enzymes are functional.

  

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=574

  

  2. You have now PCR amplified your folAgene. Congratulations!!!! The PCR products containing your amplicons (amplicon: technical term for amplified or replicated nucleic acids) must now be digested with the 2 restriction enzymes (REs) you engineered in your primers as 5’ extensions: NdeI and XhoI.

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=574

  

  
    This will create two distinct sticky ends, which will allow us to control the direction of inserting our folA gene into the pET26b plasmid. This process is referred to as directional cloning (1). These restriction enzymes are present in the pET26b (2) multiple cloning site and should position your folA gene in the proper orientation with respect to the T7 promoter. Remember that the 5’to 
    
      
        3’ gene sequence translates to the  N-terminal to 
      
    
    C-terminal direction in a protein sequence. These samples will not be loaded on the agarose gel. We will store these samples until the next lab (chapter 3). 
  

  
    
      
        Restriction Enzyme (RE) Basics
      
    
  

  
    The discovery of restriction endonucleases (or, more simply, restriction enzymes) revolutionized molecular biology (3-6). Using these enzymes scientists can “cut”, or “digest”, DNA at specific sites. The sizes of the resulting DNA fragments can be determined, providing a map of the DNA. Importantly, under the right conditions, the DNA fragments that result from digestion with restriction endonucleases can be joined, or ligated, to other DNA fragments. Such recombination is the basis of a phrase used to describe a significant aspect of biochemistry and molecular biology: “recombinant DNA technology”. In this lab, you will learn how to recombine fragments generated by these enzymes (7).
  

  
    [image: attack of the bacteriophage decorative image]
  

  
    Restriction enzymes are produced mainly by bacterial cells and are used to degrade various forms of DNA. This includes foreign DNA from bacteriophages, thus such endonucleases “restrict” entry of foreign DNA into a bacterial host. 
  

  
    Restriction enzymes are useful for molecular cloning because they recognize specific sequences and cut double-stranded DNA. There are four main types of restriction enzymes available, but we will focus only on one basic type for this course: type II restriction enzymes.
  

  
    For example, EcoRI is a restriction enzyme (RE) readily available for purchase from companies such as New England Biolabs (NEB) or Thermo Fisher Scientific. EcoRI recognizes a specific hexanucleotide sequence, G*AATTC, and the enzyme cleaves at the asterisk point (yellow arrowhead in the image).
  

  
    [image: EcoRI DNA cleavage site showing the DNA palindrome 5' GAATTC 3'. Both the sense and antisense strands are shown, and the yellow arrowheads depict the EcoRI cleavage sites between the G and A nucleotides of both DNA strands. Scissors are used to indicate the cleavage at these sites by EcoRI.]
    One thing to note is that restriction enzymes recognize palindromic sequences, meaning that these sequences are the same on opposite strands when read in the 5’ to 3’ direction. In our EcoRI example to the left, GAATTC can be read on both DNA strands as long as you read each strand in the 5’ to 3’ direction. This is a unique feature that allows for specific cleavage of both DNA strands. 
  

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=574

  

  
    Also, note that the naming of restriction enzymes tells you a lot about where this enzyme initially came from. EcoRI can be broken down as follows: the first 3 letters abbreviate the organism source, in this case, Escherichia coli (E. coli); the next letter represents the strain, in this case the R strain of E. coli; the Roman numeral gives us insight into the order of discovery. In this case, EcoRI was the first restriction enzyme to be discovered from the R strain. Remember that in science the name of an organism, compound, enzyme, etc. contains a LOT of history so instead of memorizing names… look them up and see how they were derived!
  

   

  
    
      Agarose Gel Electrophoresis
    
  

   

  
    
      
        DNA is super small and not readily visible to the naked eye. As such, once we “cut” our DNA with restriction enzymes we will obtain a number of different DNA fragments. These fragments are typically different in size: some are short and some are long. However, since we cannot see DNA we cannot easily separate the different sized DNA pieces … or can we? Enter a cool technique called agarose gel electrophoresis. 
      
    
  

   

  
    
      
        T
      
    
    he main component of this technique is a slab of gel. That’s right, a gel. Though this gel is not made up of Jell-O, it is very similar in concept to Jell-O. You can actually look at a slab of Jell-O and a slab of agarose and you will note many similarities: both slabs are jelly-like substances that can be soft or firm depending on their temperature. Now the main ingredient in Jell-O is gelatin. The main ingredient in an agarose gel is agarose. 
  

  
    [image: agarose gel slab decorative image]
  

  
    Schematic diagram of an agarose gel. Image created by Felicia.
  

  
    [image: Chemical structure of agarose]
  

  
    Agarose is a linear polymer made up of the repeating unit of agarobiose: a disaccharide composed of alternating residues of D-galactose and 3,6-anhydro-L-galactopyranose. Agarose polymers create a meshwork through which DNA migrates when an electric field is applied. Because DNA has a negative charge it will migrate towards the positive pole in an electric field (electrophoresis). The agarose matrix serves as a “molecular sieve” that will separate larger DNA fragments from smaller fragments. 
  

  
    
      There are several factors that influence the rate of migration of DNA through agarose gels. These are highlighted in the table below (adapted from Sambrook, 2001, page 5.4-5.7, (3)). 
    
  

  
    In this lab, you will use agarose gel electrophoresis to visualize and analyze the results of your PCR amplification. You will prepare your own gels and gain experience in interpreting DNA gels.
  

  	Molecular size of DNA
  	Double-stranded (ds) DNA molecules migrate through the gel at rates inversely proportional to log10 of base pairs. Therefore, the larger the DNA fragment, the slower the rate of migration through an agarose gel.
  
 	Concentration of agarose
  	The resolution of DNA fragments in a gel depends on agarose concentrations. Typically, agarose gels are made in the 0.7 % – 2 % concentration range. The lower range of agarose concentrations is better for the separation of larger DNA fragments and results in a greater distinction between bands that are close in size. 
  
 	Conformation of DNA
  	Superhelical circular, nicked circular and linear forms of DNA migrate at different rates in an agarose gel. The order of migration between the 3 forms depends on a number of factors, from agarose concentration to buffer ionic strength, etc. Thus, it is always important to run an “uncut DNA” and “linearized DNA” control whenever working with circular vectors.
  
 Want to read more about this? check out this super helpful article from Bitesize Bio: How to Identify Supercoils, Nicks and Circles in DNA Plasmid Preps
  
 	Presence of GelRed in the gel.
  	 “GelRed is a sensitive, stable, and environmentally safe fluorescent nucleic acid dye designed to replace the highly toxic ethidium bromide (EtBr) for staining dsDNA, ssDNA, or RNA in agarose gels or polyacrylamide gels”. Check out this great video that compares GelRed with EtBr (gold standard): Gel Red versus Ethidium Bromide
  
  

  
    In agarose gel electrophoresis, DNA is typically added into each well of a freshly prepared agarose gel slab.
  

  
    [image: Agarose gel slab showing the individual wells and a micropipette depicting the loading of DNA samples in each well on the gel.]
  

  
    Image created by Felicia. 
  

   

  
    The agarose slab is placed in an electrophoresis tank which contains one negative and one positive electrode at either end of the gel. We can then take advantage of the overall negative charge character of the DNA backbone in order to separate DNA fragments of different sizes by applying a current running from negative to positive. DNA will readily migrate towards the positive end. The agarose matrix itself will function as a sieve to impede migration of DNA fragments of varying sizes. In this system, smaller DNA fragments migrate faster towards the positive electrode. 
  

  
    
      
        However, DNA is not visible to the naked eye while an agarose gel is running.  Thus there we need to use other methods to monitor how electrophoresis is progressing.  To accomplish this, scientists typically add tracking dyes to their samples (the resulting dye has a blue appearance).  These dyes are visible to the naked eye and migrate through the gel in a manner similar to the DNA molecules.  The sample buffer that you will be using (see the “Materials” section later on) includes two tracking dyes: xylene cyanol FF and bromophenol blue.  While the migration rates of these dyes relative to the migration of DNA fragments of specific lengths varies with changes in the percentage of agarose in the gel, there is still a general correlation between dye migration and DNA migration.  For agarose gels between 0.7 and 1.7 % agarose; xylene cyanol, light blue color, migrates at approximately the same rate as a linear double-stranded piece of DNA that is ~ 4 kbp (kilobase pair) in length. Bromophenol blue, dark blue color, migrates at approximately the same rate as a DNA fragment that is ~ 300 bp long (3). 
      
    
  

  
    To visualize the actual DNA bands in the gel, the DNA itself must be stained with a dye. In our case, you will be using GelRed which is added to the liquid form of the agarose gel right before it is poured into the gel casting tray. The dye itself will intercalate with DNA fragments and fluoresce when exposed to UV light. This is why it is very important to wear your UV-protective safety goggles when conducting this last step. In our lab we will be using a UV transilluminator which bypasses the need for us to look directly into the UV light. Instead, we will be visualizing the results using a camera and a laptop, however the UV light will still be employed in this process therefore safety measures must be followed at all times. Below are some examples of possible results.
  

  
    [image: Typical agarose gel electrophoresis results]
  

  
    Possible agarose gel results. DNA samples were digested with BamHI (B), EcoRI (E), HindIII (H) or no restriction enzyme (-) and run on an agarose gel. Gels were visualized following DNA staining. 
  

  
    Figures were adapted from Micklos, David A., and Greg A. Freyer. DNA science; a first course in recombinant DNA technology. Cold Spring Harbor Laboratory Press, 1990, pp. 274.
  

   

  
    
      Centrifugation 
    
    – in this lab you will also be using the technique of centrifugation to “pellet” your reaction. Throughout our experiments we will be employing this technique quite a bit, thus it is important to take a moment and understand its basic use. For this lab our only concern is ensuring that our different mixture components are thoroughly mixed and brought to the bottom of our microcentrifuge tube for easy access. In later labs we will be utilizing this technique to separate our bacterial cells from growth media, as well as other uses. 
  

   

  




  
  





Chapter 2 background - expected DNA band sizes


  
  
    
      
        Helping students understand how to determine DNA fragment sizes following RE digestion reactions makes for a great Team Think Tank. Please check out Team Think 3: Restriction Enzyme Digests located in the Teacher Resources section.  If you wish to learn more about our Team Think Tanks, 
      
      click here
      
        .
      
    
  

  
    What are your expected DNA band sizes? 
  

  This question is actually quite complex and requires knowledge of the DNA sequence for both pET26b plasmid and the E. colifolA gene (and sequence of the DNA primers used in the PCR). OK, let’s unpack this, starting with the pET26b plasmid.

  The pET26b plasmid sequence can be sourced from many locations. One such location is the AddGene portal: pET26b sequence 

  The sequence can be processed using molecular cloning software. There are many molecular cloning software programs available, and some are free to use. We recommend SnapGene. This is a paid software but it does have a basic, freeware version called SnapGene viewer.

  
    [image: This is a map generated from the actual pET26b DNA sequence. Note the different features of the plasmid, and their base pair (bp) location on the plasmid. The pET26b plasmid is a circular, covalently-closed double-stranded DNA, 5360 bp in length. Main features are: the T7/lac promoter – this is the main event! An inducible promoter (i.e. we control when this promoter is off or on). We are cloning our folA gene downstream of this promoter. NdeI and XhoI - the two Restriction Enzymes (RE) we are using to clone our folA gene downstream of the T7/lac promoter. Note the bp position in brackets beside each RE. This indicates the bp position of the cut site for each RE. 6xHis – this is an engineered tag consisting of the codon for the amino acid histidine repeated six times. Why? Because this 6xHis tag will be used later for protein purification. KanR gene, selectable marker – the kanamycin resistance gene is situated downstream of a constitutive promoter (i.e. always on) and is used as a selectable marker for bacterial transformations. Ori – the origin of replication for the pET26b plasmid lacI – a gene that expresses the Lac repressor, a protein used to control the T7/lac promoter.]
  

  This is a map generated from the actual pET26b DNA sequence. Note the different features of the plasmid and their base pair (bp) location on the plasmid. The pET26b plasmid is a circular, covalently-closed double-stranded DNA, 5360 bp in length.

  The main features are:

  
    	the T7/lac promoter – this is the main event! An inducible promoter (i.e. we control when this promoter is off or on). We are cloning our folA gene downstream of this promoter.

    	NdeI and XhoI – the two Restriction Enzymes (RE) we are using to clone our folA gene downstream of the T7/lac promoter. Note the bp position in brackets beside each RE. This indicates the bp position of the cut site for each RE.

    	His 6x-tag – this is an engineered tag consisting of the codon for the amino acid histidine repeated six times. Why? Because this His 6x-tag will be used later for protein purification.

    	kanR gene, selectable marker – the kanamycin resistance gene is situated downstream of a constitutive promoter (i.e. always on) and is used as a selectable marker for bacterial transformations.

    	Ori – the origin of replication for the pET26b plasmid

    	lacI – a gene that expresses the Lac repressor, a protein used to control the T7/lac promoter.

  

  And so, based on this map we can say the following:

  Full length pET26b plasmid = 5360 bp

  pET26b plasmid previously digested with NdeI and XhoI =? To answer this question let us zoom in on the pET26b plasmid map and look at the actual sequence surrounding the NdeI and XhoI restriction enzyme DNA recognition sites:

  
    [image: A zoomed in section of the pET26b DNA sequence showing the NdeI and XhoI DNA recognition sites relative to the T7/lac promoter and 6xHis tag.]
  

  The yellow highlighted area contains the DNA fragment cleaved out following NdeI/XhoI digestion of the pET26b plasmid. We can count the number of base pairs (bp) in this area to determine the fragment size cleaved out of the plasmid. We typically report the base pair sizes relative to the sense strand (5’ to 3’) only. This is to standardize our reporting system, however, we need to keep in mind that we are cleaving both strands of the DNA using restriction enzymes NdeI and XhoI. If we count base pairs (using the bp numbers on the right as a guide) we can see that the NdeI cuts at exactly the 5070 bp position (remember, we report the bp position relative to the sense strand only). We can physically count the base pairs in the yellow highlighted area (there are 128 bps) before we reach the first “c” in the XhoI DNA recognition site, which cuts at exactly bp 5198. This process for determining DNA fragment sizes works well, but it is time-consuming. Instead, we can take a shortcut based on the information provided in the original, pET26b circular plasmid map shown above. The position of the restriction enzymes (NdeI and XhoI) relative to the T7/lac promoter is clearly indicated… but so are the base pair cut sites! Woohoo!!!!!! Note the numbers in brackets beside each restriction enzyme. These are the same bp positions as we determined using the actual sequence. Well now, this is just simple math. Let’s take a look using this basic diagram or our pET26b plasmid.

   

  
    [image: Example of circular DNA cut with 2 restriction enzymes (in this case NdeI and XhoI). This results in 2 DNA fragments.]
  

  Upon successful cleavage of both strands of DNA using restriction enzymes NdeI and XhoI: We will obtain two, linear DNA fragments. Why two? Because we are cutting a circular, covalently closed piece of DNA. Based on this diagram, we obtain the following DNA fragments following cleavage with our RE’s:

  DNA fragment 1 – small fragment (yellow highlighted section in our sequence diagram, above). To calculate the fragment size we simply need to subtract the bp difference between the two REs: 5198 bp – 5070 bp = 128 bp.

  DNA fragment 2 – a large fragment (and our desired DNA fragment as it contains all the features of the plasmid. This is the fragment we will use to “glue” our folA gene). The size of this fragment can be calculated in multiple ways, but the easiest way is to subtract the size of DNA fragment 1 from the total size of the fragment, therefore: 5360 bp – 128 bp = 5232 bp.

   

  Another more complex way to determine the size of DNA fragment 2 is to follow the fragment from bp1, all the way along to the first cut site at 5070 bp. From this information you know the fragment is at least 5070 bp in size, plus that little extra bit between the XhoI cut site (5198 bp) and the end of the plasmid (5360 bp). You can easily calculate this small bit of fragment as follows: 5360 bp – 5198 bp = 162 bp. To calculate the size of DNA fragment 2: 162 bp + 5070 bp = 5232 bp. Nice!

  When conducting RE digestion reactions of this type, you can think of the reaction as a “closed system”, meaning the sizes (in bp) of the DNA fragments generated after RE digestions should always add up to the size (in bp) of the starting DNA piece being digested. In our case: 128 bp + 5232 bp = 5360 bp. Job done!

   

  OK, now it’s time to look at our folA amplicon expected DNA band sizes before and after RE digestion reactions. Remember that we first PCR amplified our folA gene using primers containing NdeI and XhoI RE DNA recognition sites. We added these RE DNA recognition sites at the 5′ end of each primer. Directionality matters here! If we orient ourselves by once again referring to the sense strand (5′ to 3′) of folA, then we would like the NdeI DNA recognition site to be at the 5′ end of this strand, and the XhoI recognition site at the 3′ end of the sense strand. This is important because it places the folA gene in the pET26b plasmid in the proper orientation with respect to the T7/lac promoter.

  
    [image: golA gene amplicon showing the NdeI and XhoI DNA recognition sites. For NdeI - CATATG (cut between A and G on both strands). For XhoI - CTCGAG (cut between C and T on both DNA strands).]
  

   

  The E. coli folA gene sequence can be obtained from multiple sources, but we have provided the link to the folA sequence from the EcoCyc database (11) Click here to obtain the E. coli folA DNA sequence To obtain the sequence, click on the link, then click on “get nucleotide sequence” on the right side of the window.

   

  
    [image: folA amplicon map created using the SnapGene molecular cloning software.]
  

  Please note that the folA sequence map was changed to incorporate the instructor-designed primers. Thus, the current map displays the folA amplicon following PCR amplification.

  Instructor designed primers:

  Forward (or sense) primer: 5′ CGGCAGCCATATGATCAGTCTGATTGCGGC 3′

  Forward (or antisense) primer: 5′ GTGCTCGAGCCGCCGCTCCAGAATCT 3′

  Note: our reverse primer leaves out the stop codon, therefore our folA gene amplicon does not have a stop codon. Why? Think about our end goal- to insert the folA gene into the pET26b plasmid downstream of the T7/lac promoter and to fuse the His 6x-tag to the 3′ end of our gene such that this tag becomes incorporated in the translated protein product. This His 6x-tag is very important for our goal of purifying the folA protein product. Well, we can’t fuse these two pieces of DNA and expect a combined protein product if we don’t take out the stop codon from the end of our folA gene. Once the ribosome starts to translate our mRNA it will not skip the stop codon! No worries though, as there is a built-in stop codon right after the His 6x-tag sequence in the pET26b plasmid. Check out the pET26b zoomed-in sequence, above, to see for yourselves! Pretty neat!

  All right, now that we better understand our system we can get to the expected DNA band sizes for the folA amplicon:

  Undigested folA amplicon – 496 bp (as shown in the map, above. This number might differ slightly depending on the student-designed primers)

  NdeI/XhoI digested folA amplicon – well, this is a bit tricky. Based on the schematic diagram, below, we obtain 3 DNA fragments upon successful RE digestion of folA. Why 3 fragments and not 2 fragments? Because this starting DNA sample is linear, not circular.

  
    [image: Example of linear DNA cut with two restriction enzymes to generate three DNA fragments. In this example, NdeI (cuts at position 9 base pairs) and XhoI (cuts at position 488 bp). folA amplicon total size = 496 bp.]
  

  DNA fragment 1 size = 9 bp

  DNA fragment 2 size = 488 bp – 9 bp = 479 bp

  DNA fragment 3 size = 496 bp – 488 bp = 8 bp

   

  All right, let’s load these samples on an agarose gel and check out our expected results following agarose gel electrophoresis!

  
    [image: hypothetical agarose gel result created using the SnapGene molecular cloning software.]
  

  All right, a couple of points worth mentioning:

  
    	Small DNA fragments are often hard to detect.

    	Undigested pET26b plasmid is migrating at a molecular weight much lower than its predicted size of 5360 bp. Why? This is because covalently-closed-circular (CCC) DNA tends to migrate differently than linear DNA. There are many reasons for this, but one main reason pertaining to our project is that we obtain our plasmid DNA by isolating it from bacteria. This is because bacteria are amazing machinery for propagating (or making multiple copies) plasmid DNA, so it stands to reason that we would use bacteria to make lots of plasmids. The only thing left is to burst open the bacteria and purify the plasmid DNA (a process called alkaline lysis miniprep, which you will be performing in Chapter 4). The only caveat is that bacteria will take this CCC plasmid DNA and package it tightly, hence we obtain supercoiled DNA. This supercoiled CCC DNA will usually migrate faster through the agarose matrix than its linear counterpart, and will often show up as a DNA band situated lower than the expected band size. Want to learn more about this process?

  

  Check out the following video:

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=1246

  

  Check out the following blog article: How to Identify Supercoils, Nicks and Circles in DNA Plasmid Preps

  




  
  





Protocol for preparing NdeI and XhoI Double Digest Reactions


  
  
    
      Please click this hyperlink to access the virtual lab bench
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	  Materials and Reagents
 
  
 	 Reagents:  	Materials:  
 	For RE digests: 	NdeI and XhoI restriction enzymes (REs) – 10 U/µL stock, each
	10 X Buffer R*
	pET26b plasmid DNA – provided for you (100 ng/uL) 
	folA amplicon (obtained from your PCR, chapter 1) 

 For agarose gel electrophoresis:
 	1 X Tris Acetate EDTA (TAE) electrophoresis buffer (50 X TAE stock: 2 M Tris-Acetate, 0.05 M EDTA, pH 8.3)
	Agarose  (powder)
	6 X DNA loading buffer (10 mM Tris-HCl (pH 7.6), 0.03 % bromophenol blue, 0.03 % xylene cyanol FF, 60 % glycerol and 60 mM EDTA. The working concentration for this is 1X  
	1 kb DNA ladder Ready to Use 
	10 000 X GelRed (working concentration is 0.25 X)

  * Our lab uses RE reagents from Thermo Fisher Scientific. Buffer R was chosen as the components are compatible with the NdeI/XhoI double digest. The correct buffer can be chosen using the Thermo Fisher Scientific Double Digest Calculator. There are many other companies that sell RE reagents. Please follow the RE buffer recommendations of the company you choose to purchase RE reagents from.
 		Heat block
	500 mL Erlenmeyer Flask
	1.5 mL sterile micro-centrifuge tubes
	Agarose gel submarine unit
	Power Supply 
	Fixed position combs 
	Microwave
	Oven-safety gloves and face shield

  
  

  
    Please make sure that you work with liquids in your designated work surface. Do NOT work over your books! Always stay alert and UNDERSTAND what you are doing and WHY you are doing it!
  

  What are we accomplishing in today’s protocol?

  
    	We would like to set up NdeI/XhoI RE double digestion reactions to generate NdeI and XhoI sticky ends in our folA amplicon:

  

  
    [image: Image showing overview of lab: digest folA gene with NdeI and XhoI to generate folA containing RE sticky ends flanking the gene.]
  

  Once the RE digestion reaction is complete, we will store these reaction tubes until next lab.

  2. We would like to visually confirm that we were successful in PCR amplifying our folA gene using both the instructor-designed primers and the student-designed primers. We will accomplish this task by loading a small sample of our PCR on an agarose gel, separating the DNA bands (based on size) using agarose gel electrophoresis, and visualizing the DNA bands stained with GelRed. We should see something along these lines:

  
    [image: hypothetical agarose gel result created using the SnapGene molecular cloning software.]
  

  
    
      TWO NdeI/XhoI restriction digest reactions will be set-up using the two different folA PCR amplicons (folA amplicon obtained with the instructor-designed primers, and the folA amplicon obtained with the student-designed primers). Please note, both folA amplicons contain the exact same folA gene sequence. The only difference is the primer design. In addition, 2 control restriction digests of pET26b plasmid will also be assembled.
    
  

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=589#h5p-28

  

   

  
    1. Set up the restriction digests in separate 1.5 mL micro-centrifuge tubes using the conditions outlined below (please note the volume differences between these reaction conditions). Prior to the lab, calculate the water and 10X RE buffer volumes required if your final working concentration of the RE buffer is 1X. Please copy the completed table containing all 4 reactions (a through d) in your lab notebook.
  

  
    
      
        
          
            	a. Digestion reaction conditions for pET26b (cut control)
 Set up 1 reaction tube / mentor team
  	b. Digestion reaction conditions for pET26b (uncut control)
 Set up 1 reaction / mentor team
  
 	µL
  	H20
  	µL 
  	H20
  
 	            10 µL 
  	pET26b plasmid
  	10 µL 
  	pET26b plasmid
  
 	                µL 
  	10X RE buffer R
  	µL 
  	10X RE buffer R
  
 	    1 µL 
  	NdeI
  
 	       0.5 µL 
  	XhoI
  
 	20 µL total volume
  	20 µL total volume
  
 	c.Digestion reaction conditions for PCR amplicon (instructor designed primers)
  	d. Digestion reaction conditions for PCR amplicon (student designed primers)
  
 	µL
  	H20
  	µL
  	H20
  
 	            10 µL 
  	PCR amplicon
  	            10µL 
  	PCR amplicon
  
 	                µL 
  	10X RE buffer R
  	                µL 
  	10X RE buffer R
  
 	    1 µL 
  	NdeI
  	    1µL 
  	NdeI
  
 	       0.5 µL 
  	XhoI
  	       0.5 µL 
  	XhoI
  
 	50 µL total volume
  	  50 µL total volume     
  
  

          

          
            2. Reactions “a” and “b” above will be loaded on the agarose gel while reactions c and d will be saved for the lab outlined in chapter 3. As such, students should set up reaction “a” and “b” first, followed by reactions “c” and “d”. 
          

          
            
              3. Place your restriction digest reactions at 37°C for 30 minutes. Please use the provided timer to time your reaction. Please do NOT use your phones in the lab! 
            
          

          
            
              4. After the 30-minute incubation, spin down your samples in a micro-centrifuge for 5 seconds at the maximum speed. Please ask your instructor for help with this step. 
            
          

          
            
              5. Tubes from reactions c and d can be stored in the -20 °C freezer box until you are ready to use them again in the next lab. Make sure you label these tubes appropriately as you have one freezer box/ lab mentor (i.e. do not label your tubes with generic labels like 1, 2, etc. Record the label of each tube in your lab notebook.
            
          

          
            
              6. For reaction a and b, prepare your DNA samples for loading on the agarose gel by adding 4 µL of 6X DNA loading buffer to each of the 2 digestion reaction tubes. 
            
          

          
            
              7. You will also run a sample of your undigested PCR mixture (from the previous lab, chapter 1) on the gel to determine if you obtained a successful PCR product. Remove a 15 µL sample of your undigested PCR mixture from the previous lab (chapter 1) and add it to a clean 1.5 mL micro-centrifuge tube. Add 3 µL of 6X DNA loading buffer to each tube. 
            
          

          
            8. Vortex your tubes and spin down your samples in a micro-centrifuge for 5 seconds at the maximum speed. Set aside for loading on the agarose gel.
          

        

        
          
            Please click this hyperlink to access a short video on how to balance microcentrifuge tubes
          
        

      

    

     

     

  

  




  
  





Protocol for Preparing 1 % Agarose Gels


  
  
    
      Please click this hyperlink to access the virtual lab bench
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	  Materials and Reagents
 
  
 	 Reagents:  	Materials:  
 	For RE digests: 	NdeI and XhoI restriction enzymes (REs) – 10 U/µL stock, each
	10 X Buffer R*
	pET26b plasmid DNA – provided for you (100 ng/uL) 
	folA amplicon (obtained from your PCR, chapter 1) 

 For agarose gel electrophoresis:
 	1 X Tris Acetate EDTA (TAE) electrophoresis buffer (50 X TAE stock: 2 M Tris-Acetate, 0.05 M EDTA, pH 8.3)
	Agarose  (powder)
	6 X DNA loading buffer (10 mM Tris-HCl (pH 7.6), 0.03 % bromophenol blue, 0.03 % xylene cyanol FF, 60 % glycerol and 60 mM EDTA. The working concentration for this is 1X  
	1 kb DNA ladder Ready to Use 
	10 000 X GelRed (working concentration is 0.25 X)

  * Our lab uses RE reagents from Thermo Fisher Scientific. Buffer R was chosen as the components are compatible with the NdeI/XhoI double digest. The correct buffer can be chosen using the Thermo Fisher Scientific Double Digest Calculator. There are many other companies that sell RE reagents. Please follow the RE buffer recommendations of the company you choose to purchase RE reagents from.
 		Heat block
	500 mL Erlenmeyer Flask
	1.5 mL sterile micro-centrifuge tubes
	Agarose gel submarine unit
	Power Supply 
	Fixed position combs 
	Microwave
	Oven gloves and face shield

  
  

  
    For our specific agarose gel apparatus, we will make a total of 120 mL agarose gel suspension per gel cast. Our agarose gels have 20-lane combs. Please note that this protocol will change depending on your specific agarose gel apparatus. Students will prepare one 120 mL agarose gel during the 30-minute restriction enzyme digest incubation. 
  

  
    1. Weigh out the appropriate mass of agarose into a 500 mL Erlenmeyer flask and add 120 mL of 1X TAE electrophoresis buffer. 
  

  
    Empty 2L bottles and a small aliquot of 50 X TAE will be provided. Using these reagents designated students should make 2 L of 1 X TAE. Please note it is not necessary for every student to make this solution; this will ultimately be dictated by class size. Prior to the start of the lab, each student is responsible for calculating the amount of 50 X TAE and water required to make a 2 L bottle of 1 X TAE. Please complete this calculation in your lab notebook prior to the lab time. 
  

  
    
      2. To mix, gently swirl the contents of the flask. Please stopper the top of the Erlenmeyer flask with a wad of paper towels so as to avoid spillage and evaporation during microwaving. Please ask your instructor for help with this step. 
    
  

  
    
      3. To dissolve the agarose, heat the 120 mL agarose solution in a microwave for about 2 minutes on high (this step requires training and supervision from your instructor and proper safety precautions: face shield). Point the open mouth of the flask away from your face and gently swirl the solution to ensure proper mixing (use oven gloves to handle flask). If the agarose is not completely dissolved heat again for 30 seconds on high. Monitor your flask when heating to avoid the solution boiling over. Once the agarose is dissolved wait for 30 seconds for the solution to cool and use oven gloves to remove the hot agarose from the microwave. Point the open mouth of the flask away from your face and gently swirl the solution to ensure proper mixing. Carefully take the flask back to your bench and alert the students in your team that the flask contains hot liquid. 
    
  

  
    
      4. Allow the agarose to cool to 60 °C. In the meantime, set up the gel apparatus with assistance and training from your instructor. 
    
  

  
    5. Once the solution has reached ~60 °C, ask your instructor to add 3 µL of GelRed. Pour the agarose gel solution into the gel casting tray. Remove any bubbles (a small pipette tip is good for this) and place the comb into position (20 lanes/ comb). The gel will take 20-30 minutes to solidify. Once the gel is solidified remove the tape from both ends of the casting tray before placing it in the running apparatus (please make sure that gel does not slide out of the casting tray when you are removing the tape). Add 1 X TAE buffer to submerge the gel (You will also need ~ 600 mL of 1X TAE to submerge the agarose gel once solidified). Your lab instructor can help you with this step.
  

  
    
      Please click this hyperlink to access a short video showcasing an agarose gel
    
  

   

   

  




  
  





Protocol for loading your DNA samples


  
  The purpose of this protocol is to load your DNA samples on the agarose gel you prepared, and separate the DNA by size (or molecular weight) using electrophoresis.

  
    [image: Agarose gel slab showing the individual wells and a micropipette depicting the loading of DNA samples in each well on the gel.]
  

  
    
      Helping students understand how to draw hypothetical gels showcasing the results of their experiments is a great way to bring all these different theoretical and practical components together. It also makes for an amazing  Team Think Tank. Please check out Team Think 3: Restriction Enzyme Digests located in the Teacher Resources section. If you wish to learn more about our Team Think Tanks, click here.
    
  

  A successful result should look like the following hypothetical gel (please note, in this example we are using the Thermo Scientific™ GeneRuler 1 kb Plus DNA Ladder, however you can choose any DNA ladder type from any company, as long as the DNA ladder is compatible with the DNA band sizes you are visualizing).

  
    Take a moment to organize the gel loading. Each student will load two lanes (please note: room must be left on the gel for loading the 1kb DNA ladder). Depending on the number of lanes, multiple students should be able to utilize the same gel. 
  

  
    
      •One lane for the 1 kb DNA ladder  
    
  

  
    
      •One lane for the undigested PCR amplicon 1 sample (instructor primers)
    
  

  
    
      •One lane for the undigested PCR amplicon 2 sample (student-designed primers) 
    
  

  
    
      Each gel must also have:
    
  

  
    
      •One lane for the NdeI/XhoI digested pET26b plasmid 
    
  

  
    
      •One lane for the un-digested pET26b plasmid 
    
  

  The undigested/digested pET26b lanes serve as controls to test for the quality of our plasmid sample, and to ensure our REs are properly digesting our DNA.

   

  
    [image: hypothetical agarose gel result created using the SnapGene molecular cloning software.]
  

  The DNA bands seen in the undigested folA amplicons are most likely unused primers (i.e. extra forward and reverse primers that were not incorporated in the polymerase chain reaction).

  These bands could also be “primer-dimers”. A term typically referred to DNA primers that anneal to one another due to some level of sequence complementarity. The resulting DNA duplex can serve as a template for Taq DNA polymerase. This is an unwanted scenario as it serves to deplete the reaction of primers and polymerase without yielding the desired product.

  
    [image: Taq DNa polymerase binding to two primers that annealed to one another and using the annealed primers as template DNA.]
  

  
    Protocol:
  

  
    1. Work out the loading order for all the students using the agarose gel (a lane sign-up sheet works best). Make sure to record the order in your lab notebook.
  

  	Lane #
  	Content (student initials and sample content)
  	Lane #
  	Content (student initials and sample content)
  
 	1
  	 
  	11
  	 
  
 	2
  	 
  	12
  	 
  
 	3
  	 
  	13
  	 
  
 	4
  	 
  	14
  	 
  
 	5
  	 
  	15
  	 
  
 	6
  	 
  	16
  	 
  
 	7
  	 
  	17
  	 
  
 	8
  	 
  	18
  	 
  
 	9
  	 
  	19
  	 
  
 	10
  	 
  	20
  	 
  
  

  
    2. Before loading, your instructor will check to see that you have assembled the gel electrophoresis apparatus correctly (i.e. removed the combs and submerged the gel in 1X TAE buffer). 
  

  
    
      3. Load 15 µL of your DNA samples in the sample lanes and 5 µL of 1 kb DNA ladder in your marker/ladder lane (your instructor will demonstrate how to load your samples). Please be timely with your loading so as to avoid sample diffusion. Also, please be efficient. Bring one pipette (P20), one tip box and one waste disposal bin to the agarose gel loading station. Each student will use this pipette to load their samples, thereby cutting down on the time it takes to bring your own supplies to the bench. 
    
  

  
    
      4. Once everyone has loaded their samples, your instructor will run the gel at 100 V for 50 minutes. 
    
  

  
    
      5. Your instructor will remove the agarose gel and safely carry it to the UV transilluminator or gel dock. Please follow your instructor so you can visualize the gel on the computer screen. Your instructor will place the agarose gel on the transilluminator, close the shutter and turn on the UV light (please note, a blue light transilluminator, or a Gel-Doc system can also be used to visualized the DNA bands). Students are not allowed to operate the UV transilluminator. Your gel image will be visible on the TV screen at the front of the lab.
    
  

  
    6. Prior to leaving, safely dispose of the agarose gel, rinse the gel apparatus, and ensure you retain your PCR tubes and restriction digest reactions (reactions c and d only) in your team’s freezer box. Do NOT discard your digested PCR products!!  
  

  
    
      Once you are finished please wash your hands!
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Chapter 3 - PCR amplicon purification, DNA ligation, and transformation




Chapter 3 Lab Overview and Background Information


  
  
    
      
        Learning Outcomes: 
      
      
        
          Upon completion of this lab, students will gain experience in:
        
      
    
  

  
    	
      
        
          setting up ligation reactions
        
      
    

    	
      
        
          using a PCR purification kit
        
      
    

    	
      
        
          extracting pertinent information from a kit manual to fit specific lab work conditions
        
      
    

    	
      
        
          using sterile technique when working with bacteria
        
      
    

    	
      
        transforming and plating bacteria
      
    

  

  
    
      Required Readings
    
  

  
    	
      
        
          PureLink™ Quick Gel Extraction and PCR Purification Combo Kit manual. In this course we are using the following kit for DNA purification: Link to manual 
        
      
      
         Once you have entered the manual, scroll to the bottom of the page and navigate to documents, manuals, and protocols. 
      
    

    	
      
        
          The Basics: How Does DNA Ligation Work? Link to article
        
      
    

    	
      Plasmids 101: Common Lab E. coli Strains. Link to article
    

  

  
    In this lab you will be performing three separate techniques as part of the lab workflow. Each technique fits perfectly into the overall concept of molecular cloning (1). The techniques include:
  

  
    	
      DNA purification (we will be using a direct purification procedure, not the typical purification from an excised agarose gel slice)
    

    	
      DNA ligation
    

    	Bacterial transformation (2) – the resulting ligation reaction products are introduced into E. coli DH5α bacteria using a technique called the heat shock transformation method (2).  The E. coli DH5αcells that you will be provided with were treated with calcium chloride to make them chemically competent (i.e. able to take up foreign DNA). At the end of the lab, you will plate the transformed cells on LB agar plates containing the appropriate antibiotic.

  

  
    [image: Workflow depicting all three techniques in this chapter. Purify workflow: Use a commercially available kit with silica-gel spin column technology to purify the NdeI/XhoI double digested folA amplicon. Ligate workflow: incubate purified/digested folA amplicon with purified/digested pET26b plasmid (this is provided for you by the instructor) with T4 DNA ligase. The ligation reaction should produce pET26b-folA plasmid DNA. Workflow transform: incubate ligation reaction with E. coli DH5alpha cells and plate on LB-agar plates supplemented with kanamycin. This should produce colonies of cells transformed with plasmid DNA.]
    Figure created by Felicia.

  

  
    And so, let’s take stock of where we are thus far in our molecular cloning project: 
    we have PCR amplified the folA gene and digested it with NdeI/XhoI (See Chapter 2). 
  

  
    [image: PCR amplify the folA gene and digest it with NdeI/XhoI]
  

  
    The above image gives us a very clear, conceptual idea of this process. However, before proceeding to the ligation step, we need to first purify the digested gene products from all other components in the reaction. Why? Well, let’s take a look inside the NdeI/XhoI digested folA amplicon reaction tube to see what we have:
  

  
    [image: What's in your tube?]
  

  Wow! Why do we have so many things in our tube? Well, let’s look back at the reagents we added to the tube last lab:

  
    	PCR amplicon – this sample itself has multiple components, the very same components of your PCR: pMAC1-folA DNA template, Forward Primer (FP), Reverse Primer (RP), Taq DNA polymerase, dNTPs, PCR buffer.

    	NdeI and XhoI restriction enzymes

    	RE digestion buffer

  

  
    
      Purification of NdeI/XhoI Double-Digested folA Amplicon DNA
    
  

  To purify DNA from all other components, scientists typically use one of two techniques:

  
    	Directly purify DNA from the reaction tube using a “spin column”. This is a silica-based semipermeable membrane that readily binds nucleic acids while allowing all other components to flow through the membrane. This technique is super fast, especially if you are not too worried about separating different types of DNA from the mixture.

  

  
    [image: Add binding buffer to the sample of folA PCR amplicon previously digested with NdeI and XhoI. Apply entire sample to the spin column and allow DNA to bind. Spin, then wash column, then elute DNA in fresh tube]
  

  2. Separate the DNA on a gel using agarose gel electrophoresis, physically cut out the DNA band from the agarose using a scalpel, dissolve the gel slice, and use the above “spin column” technology to purify DNA. This technique has a few more steps, but it is very useful if you want to isolate a DNA fragment of a specific size from the reaction mixture.

  
    [image: Excise DNA band from agarose gel slab using a scalpel. Dissolve gel and apply to spin column. DNA will bind column. Wash column and elute DNA in fresh tube]
  

  
    For our specific case, we will use the direct DNA purification technique to purify the double-digested folA gene product. Why? Because the technique is relatively fast and efficient, and we are not too concerned with the small DNA fragments that also have compatible RE sticky ends as they are so small (7-9 bp). These DNA fragments will most likely not co-purify with our desired folA DNA fragment, and they will most likely not get in the way of our downstream DNA ligation reactions. In our lab we provide you with already digested/purified pET26b plasmid, but if this was not provided for you, then you would need to first separate this reaction on an agarose gel to remove the 128 bp DNA fragment generated form the NdeI/XhoI double digest. This is because the 128 bp fragment also has compatible sticky ends and can get in the way of our ligation reaction.
  

   

  
    
      Ligation of Extracted Vector and Insert
    
  

  
    Following purification of your digested 
    
      folA
    
     gene
    , the folA gene insert will be ligated into the NdeI/XhoI digested pET26b plasmid (provided for you) using the enzyme T4 DNA ligase. 
  

  
    
      [image: ]
    
  

  
    [image: diagram showing the ligation reaction process. Incubate NdeI/XhoI digested/purified folA and pEt26b plasmid with T4 DNA ligase.]
  

  
    Image created by Felicia. Scissors and glue clipart obtained, with permission, from Presenter Media © 2009-2021 Eclipse Digital Imaging, Inc.
  

  
    How will this happen? By mixing the insert (aka. digested folA gene amplicon) and backbone (aka. digested pET26b plasmid DNA) into a reaction tube. Both DNA fragments have overhanging ends (aka. sticky ends) that are the result of the NdeI/XhoI digestion reaction. Each DNA fragment has a different overhang on either end because two different restriction enzymes were used. Since both DNA samples were digested with the same two restriction enzymes, the overhangs are compatible with each other and will hybridize to each other.
  

  
    [image: Diagram showing the initial binding of two compatible sticky ends (the DNA strands anneal through hydrogen bonding between the nucleobases). Ligase then creates phosphodiester bonds in the backbone of each DNA strand, fusing the fragments together]
  

  
    The T4 DNA ligase enzyme will then catalyze a chemical reaction that will create a phosphodiester bond in the backbone of each DNA strand, fusing the fragments together. 
  

  
    [image: Diagram showing the structural mechanism of phosphodiester bond creation - condensation reaction]
  

  
    Please refer to the AddGene molecular cloning guide: Ligations for more information on this process and some invaluable tips and troubleshooting techniques (4). Click here to access the AddGene guide.
  

   

  
    Ligation reactions can sometimes go wrong. One of the more common ways for this to happen is that the plasmid produced after transforming bacteria with the ligation reaction, (the ligation “product”) ends up being unmodified (i.e. undigested) with no insert. This can happen if the backbone plasmid re-ligates onto itself, forming a functional plasmid capable of transforming bacteria even though it contains no insert (let alone the insert you want). How can this happen if you have digested with 2 restriction enzymes with incompatible ends? This is not a likely scenario, unless:
  

  
    	
      
        
          The digested pET26b plasmid was not fully digested by both restriction enzymes (think about your agarose gel: can you see a ~128 bp fragment?). 
        
      
    

    	
      
        
          Your digested pET26b plasmid is contaminated with undigested covalently closed circular (CCC) plasmid. You were provided with a sample of already digested/purified pET26b plasmid but you do not know the quality of this preparation.
        
      
    

  

  
    
      
        Think ahead of time about what kind of control reaction you might perform to identify whether or not this is happening with your ligation reaction?
      
    
  

  
    
      
        Introducing DNA into a Bacterial Cell
      
    
  

  
    [image: Schematic diagram describing the transformation protocol. The ligation reaction containing pET26b-folA (or backbone pET26b, or other ligation products) is transformed into the E. coli DH5alpha chemically competent cloning strain using chemical transformation. ]
    Schematic diagram describing the transformation protocol. The ligation reaction containing pET26b-folA (or backbone pET26b, or other ligation products) is transformed into the E. coli DH5α chemically competent cloning strain using chemical transformation. Image created by Felicia.

  

  
    Bacterial transformation is a complex process. In this procedure, a specific strain of 
    E. coli
    is artificially made competent (chemically). This generally implies that the bacteria are forced to contain temporary “adhesion zones” in their membranes making the membranes “leaky”. This will allow the plasmid DNA to enter the cells. Once inside, the plasmid DNA can replicate as the bacteria divide and multiply (2).
  

  
    
      Please click here to see a video on bacterial transformations
    
    

    
      Transforming Bacteria video obtained from PBS Learning Media. Rights to use this asset do not expire. Asset Copyright: © 2011 WGBH Educational Foundation. All Rights Reserved. Media Credits Animation by Digizyme Inc., www.digizyme.com. Created with Molecular Maya (mMaya) by Yan Liang, Evan Ingersoll, Campbell Strong, Jeannie Park, and Gaël McGill. Source: Produced by WGBH and Digizyme, Inc. Project funded by Amgen Foundation
    
  

   

  
    To ensure that the plasmid DNA will remain in the E. coli, the cells are grown on LB (Lysogeny Broth) (8-11) supplemented with antibiotic (in this case kanamycin). This creates a selective pressure on the E. coli to hold on to the plasmid as the bacteria that have not taken up the plasmid will be sensitive to the antibiotic kanamycin. Thus, in order for this synthetic bacterial transformation to occur, 2 major areas must be considered: 
  

  
    1. Type of plasmid vector used,
  

  
    2. Strain of E. coli used.
  

   

  
    So let’s look at these requirements a bit more closely:
  

   

  
    
      
        The basic requirements of the vector (in our case this is a plasmid): 
      
    
    
      
        The plasmid MUST contain an origin of DNA replication and its associated control elements. “In plasmids, the origin of replication is a defined segment of DNA several hundred base pairs in length: Its set of associated cis-acting controlling elements contains sites for diffusible plasmid- and host-encoded factors involved in initiation of DNA synthesis. A plasmid replicon can therefore be defined as the smallest piece of plasmid DNA that is able to replicate autonomously and maintain normal copy number” (excerpt taken directly from reference 13). The pET26b plasmid copy number is based on the pBR322 ori (pMB1 replicon) and therefore maintains around 15-20 copies/ cell (14). To read a review on the creation of the pBR322 plasmid vector see Balbas et al., 1986, (15).
      
    
  

  
    
      
        The plasmid MUST contain a resistance gene. This gene is constitutively expressed in the cell. In this case, the resistance gene is kanamycin. This means that the plasmid contains a gene whose protein product will inactivate the antibiotic kanamycin (which will be supplemented in the growth media). The antibiotic kanamycin is a member of the aminoglycoside family of antibiotics which diffuses easily through the outer-membrane porin channels of Gram-negative bacteria like E. coli (13). It is then transported through the inner membrane and functions in the cytosol to inhibit protein synthesis by interacting with specific ribosomal proteins (16). Thus, bacteria that do NOT harbor a resistance mechanism to this antibiotic will not survive on LB-agar plates supplemented with kanamycin. Bacteria that have successfully acquired your plasmid (pET26b- folA) will have the kanR (R stands for Resistance) gene on a constitutively-expressed promoter, which will transcribe and translate one of the 7 aminophosphotransferases (APHs). APH functions to 
        inactivate kanamycin
        , thus these bacteria can grow on LB-medium supplemented with kanamycin (13). Note that the resistance gene allows the bacteria containing the pET26b plasmid to grow and thus selects for bacteria that have successfully been transformed with this plasmid vector. This is the system we are using in our project, but in science there are thousands upon thousands of bacterial plasmid vectors in use today, containing many different types of resistance mechanisms to ampicillin, streptomycin, tetracycline, etc. These plasmid vectors also contain different replicons and thus it is important to know what each component of a vector does to determine the optimal combination for your particular experimental design. In other words, the world does not end at the pET vector system … it is just the beginning.
      
    
  

   

  
    
      
        Choosing the E. coli strain of choice
      
    
  

  
    
      
        It is important to first determine what the ultimate goal of your experiment is. In your case, your goal is to transform the freshly ligated pET26b- folA plasmid into E. coli, allow the E. coli cells to grow and isolate larger quantities of your pET26b- folA plasmid. Ultimately you want to make more plasmid product in order to check that it contains your gene of interest and store it for future purposes. This means that you must choose an E. coli strain that has been optimized to fit this goal. Another important goal (which you will have in chapters 6-7) is to over-express the protein product by transcribing and translating your folA. This will require another strain of E. coli that contains an inducible system which has something to do with the T7 promoter currently present upstream of your gene in the pET26b plasmid system. This will be discussed in Chapter 6. And so … complexity arises at the level of E. coli strain selection. Let’s take a closer look at what this means. 
      
    
  

  
    
      
        Remember, we are still in the “recombinant DNA cloning” world, which relies heavily on artificial systems … better yet … systems that we have manipulated and optimized to yield a particular product. Take E. coli for example … what do we mean by strains? In our laboratory world there are lots of laboratory strains of E. coli engineered for specific laboratory purposes; from producing large quantities of vector DNA, to producing large quantities of recombinant proteins, etc. Follow this link to look at some of the strains available for lab use, complete with their genotypes (17): click here to access link
      
    
  

  
    
      
        The majority of these laboratory strains were derived from E. coli K-12. This strain was originally isolated from the stool of a convalescent diphtheria patient in 1922 and passaged for 50 years (in the bacteriology department at Stanford University) prior to its use in biotechnology (19, 20, 13). From this parental strain, several derivatives were engineered, each with a specific purpose. A great paper by Durfee (2008) and colleagues describes the workhorse that is E. coli DH10B (18). Look it up and give it a read. 
      
    
  

  
    
      
        Familiarize yourself with the genotype of your strain as it will let you know whether it is compatible with your plasmid DNA. For example, some plasmids require the presence of certain host proteins that might have been deleted from a strain variant. Some strains are engineered to contain genomic copies or antibiotic resistance mechanism. These strains will do you no good if your vector contains the same antibiotic resistance mechanism.
      
    
  

  
    
      
        Sterile/Aseptic Technique
      
    
  

  
    
      
        This lab will be the first time in this course that you work with living cultures that need to be kept alive.  As such, you need to learn some basic principles about how to prevent your cultures from becoming contaminated, and how to do so safely. This will primarily depend on if your lab uses Bunsen burners or not. The LB-agar plates are supplemented with kanamycin and have already been poured for you. The LB-agar was sterilized by autoclaving the media prior to pouring the plates. You will be using sterile plastic cell spreaders to spread the E. coli DH5a
      
    
    cells evenly across the LB agar plate. Care must be taken not to expose the LB-agar to the open environment for longer than is necessary. Please ensure that you do not touch the LB-agar or the sterile end of the cell spreader that will be used to spread the bacterial cells. Please refrain from breathing or talking over the exposed LB-agar. Your lab instructor will discuss proper aseptic technique practices, depending on your specific facilities.
  

  The following videos demonstrates proper aseptic technique using a Bunsen burner:

  
    Click here for Addgene video
  

  
    Click here for Bio-Rad video
  

   

  Many labs (such as ours) have moved away from using an open flame to decrease the risk of accidental fires. In these labs we maintain sterility through proper handling of reagents, use of appropriate disinfectants such as 70% ethanol and use of designated biosafety cabinets.

  




  
  





Protocol for NdeI/XhoI RE digested folA amplicon purification


  
  
    In this lab, you will purify the folA DNA from your 2 restriction enzyme digest reactions using the PureLink™ Quick Gel Extraction and PCR Purification Combo Kit. A sample of previously digested pET26b plasmid will be provided for you. You will then set up 2 ligation reactions of the folA gene and digested/purified pET26b. Please read the PureLink™ Quick Gel Extraction and PCR Purification Combo Kit manual found here
    . Scroll to the bottom of the page and go to documents, manuals, and protocols. Please note; this website also contains the (M)SDS information required for each buffer in the kit. The manual can also be downloaded from the company website. Please focus on the overall description of the system (note the disclaimer that this system is not designed to purify supercoiled plasmid DNA) and the components of the manual targeted specifically towards PCR purification.
  

  
    System overview, PCR purification: “To purify DNA fragments from PCR reactions, or restriction digests using the PureLink® Quick Gel Extraction and PCR Purification Combo Kit, mix the PCR product with Binding Buffer to adjust conditions so that they are optimal for subsequent double-stranded (ds)DNA binding to the PureLink® Clean-up Spin Column. Purifying DNA is based on the selective binding of dsDNA to silica-based membrane in the presence of chaotropic salts. The dsDNA binds to the silica-based membrane in the column. Remove impurities by thoroughly washing the column with Wash Buffer. Elute the dsDNA in low salt Elution Buffer or water”. (3)
  

  
    [image: Silica gel membrane technology]
    Figure adapted by Felicia. Silica gel membrane (unbound and DNA bound) image by Squidonius (talk) – Own work (Original text: self-made), Public Domain, https://commons.wikimedia.org/w/index.php?curid=23065458.

  

  
    Please make sure you pay attention to page 3 of the manual (3), the kit specifications. Is your fragment size and reaction volume compatible with this system? Please reflect on this question and write your response in your lab notebook. 
    Also, read through and take notes on the “method” section of the manual. Please note, buffers B2 and W1 already have isopropanol and ethanol added to them. Read through and write down the PCR purification protocol (you will be using a centrifuge) in your lab notebook prior to the lab time. Please make sure you understand the order of steps and why you are conducting them. 
  

   

  
    Following DNA purification, you will use spectrophotometry to determine the concentration of purified DNA.
  

   

  
    
      Please click this hyperlink to access the virtual lab bench
    
  

   

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	  Materials and Reagents
  
 	 Reagents:  	Materials:  
 		Binding Buffer (B2) – already contains isopropanol


 	Wash Buffer (W1) – already contains ethanol

  		PureLink clean up spin columns
	PureLink Wash Tubes
	1.5 mL sterile micro-centrifuge tubes
	Heat block

  
  

  
    
      Prior to coming to the lab – read the PureLink™ Quick Gel Extraction and PCR Purification Combo Kit manual found here:
    
  

  Click on “documents”, scroll down to “manuals and protocols”,  and download the “PureLink Quick Gel Extraction and PCR Purification Combo Kit” manual.

  
    Prior to the lab time, please write out the PCR purification protocol in your lab notebook. Please include reagents/equipment, safety considerations, and the step-by-step protocol (you will be using a centrifuge).
  

  The following workflow highlights the main protocol outlined in the manual:

  
    [image: Workflow for purifying DNA using commercial spin column kit]
  

  Following purification, please set aside 2 uL of purified DNA to determine the concentration using the Nanodrop. The protocol for the SimpliNano is as follows:

  The SimpliNano is a UV/Visible instrument used to measure low volumes of macromolecules such as DNA, RNA, and proteins.

  
    The following image was created by Felicia. The image depicts a photograph of the Simply-Nano spectrophotometer used in our teaching labs. Other spectrophotometer brands are available for purchase, but we are describing the protocol using this specific brand as it is the brand of instrument we use in our lab space. [image: Photograph of nanodrop, including the sample port.]
  

  
    	Turn on the Nanodrop, and select desired program i.e. Select “1” for concentration and purity check for DNA samples.

  

  
    [image: Nanodrop step by step protocol.]
  

  
    	Set the specifications required for your program, such as dilution factors and units. Press left or right to scroll through options on one setting or press down to scroll to the next setting.

    	Before measurement, inspect the sample port for cleanliness. You may use a Kimwipe dampened with water to clean the sample port prior to sample loading.

    	Pipette 2.0 µL of the reference solution (i.e. a blank, such as nuclease-free water) into the sample port. Ensure the reference solution is in the center of the port, and in contact with both port probes. Do not introduce bubbles into the sample. Gently place the black cover on the sample port.

  

  
    [image: Examples of proper and improper pipetting of DNA sample on the nanodrop sample port.]
    Image created by Felicia. SimplyNano sample port pictures courtesy of Felicia. All other clipart provided by Presenter Media, © 2009-2021 Eclipse Digital Imaging, Inc.

  

  Please note in the above images that the sample (a blue liquid in this example) is gently pipetted into the center of the probe without touching the tip of the pipette to the actual probe (left image). Note that the liquid sample is in contact with both port probes and no air bubbles were introduced (right image).

  5. Press the [image: ]key twice.

  6. Gentle remove the sample or solution with a dry Kimwipe.

  7. Load 2.0 µl of DNA sample.

  8. Press the [image: ]key.

  9. Gently remove the sample or solution with a dry Kimwipe, or a dampened Kimwipe if required.

  10. Repeat steps 8-10 for all samples while recording values.

  The nano-spectrophotometer has a 0.5 mm path length.

  




  
  





Protocol for ligating the folA gene into the pET26b plasmid


  
  Let’s take a moment to recap the purpose of this protocol: to ligate the NdeI/XhoI digested and purified folA gene (already performed in the previous protocol) into the NdeI/XhoI digested and purified pET26b plasmid (purified and provided to you).

  
    [image: Ligate workflow: incubate purified/digested folA amplicon with purified/digested pET26b plasmid (this is provided for you by the instructor) with T4 DNA ligase. The ligation reaction should produce pET26b-folA plasmid DNA.]
    Ligate workflow: incubate purified/digested folA amplicon with purified/digested pET26b plasmid (this is provided for you by the instructor) with T4 DNA ligase. The ligation reaction should produce pET26b-folA plasmid DNA.

  

  This diagram depicts our desired result, but we need to take a moment to reflect on this ligation reaction. Assuming all our reagents (i.e. T4 DNA ligase) are working properly, there are really only two things we need to keep in mind when designing hypothetical results for a ligation reaction: the NdeI restriction enzyme sticky ends are compatible only to other NdeI sticky ends and not to XhoI sticky ends. Same idea for XhoI RE sticky ends. Analyzing the diagram, above, we see these assumptions to be true.

  Also, we need to keep in mind that the ligase enzyme does not distinguish between the insert (aka. folA gene) ends and the plasmid (aka. pET26b) ends. Ligase will not pick an NdeI sticky end from our gene and an NdeI sticky end from our plasmid to ligate these together. The ligase enzyme binds to and creates phosphodiester bonds between two DNA compatible sticky ends.

  
    [image: Diagram showing the initial binding of two compatible sticky ends (the DNA strands anneal through hydrogen bonding between the nucleobases). Ligase then creates phosphodiester bonds in the backbone of each DNA strand, fusing the fragments together]
  

  This latter realization should make us pause when designing a ligation reaction experiment. Why the pause? Because we can see multiple possible ligation reaction combinations that are not all our desired product. In fact, let’s take a look at a few such combinations (keeping the compatible sticky end rules in place):

  
    [image: Diagram showing four different possible results from the ligation reaction.]
  

  And so, a ligation reaction – though simple in concept – needs to be thoughtfully designed before we can implement it. At its core we need to increase the probability that an insert (in our case the folA gene) will interact with a vector (in our case the pET26b plasmid) and the two compatible sticky ends will anneal long enough for ligase to “glue” the two fragments together. Over the years scientists have developed a formula to help increase the probability of a desired result. This molar ratio formula requires knowledge of: insert size (in bp) and amount (in ng), vector size (in bp) and amount (in ng). Typically we set up multiple ligation reactions with different insert:vector ratios (i.e. 1:1, 2:1, 3:1). Hopefully one of these reactions will yield our desired ligation result.

  
    [image: ]
  

  Let’s go through a practical example that allows us to implement this ligation formula.

  In this example we have the following:

  pMAC plasmid vector = ~ 10 000 bp

  Gene insert = ~ 700 bp

  The concentration of pMAC plasmid was measured using a nanodrop. The absorbance(at 260nm)of 2.0 was determined.

  The concentration of the gene insert was measured using a nanodrop. The absorbance (at 260nm) of 0.6 was determined.

  Based on this information we first need to calculate the concentration of both DNA fragments. We can use the following conversion:

  Abs. (260nm) of 1 = 50 ug/mL double-stranded DNA (50 ug/mL = 50 ng/uL)

  
    Concentration of pMAC plasmid:
  

  Abs. (260nm) of 1 = 50 ng/uL

  Abs. (260 nm) of 2 = ?

  Solving for ? We obtain 100 ng/uL

   

  
    Concentration of gene insert:
  

  Abs. (260nm) of 1 = 50 ng/uL

  Abs. (260 nm) of 0.6 = ?

  Solving for ? We obtain 30 ng/uL

  Now that we know the concentrations of both DNA fragments we can move on to the second part of this example. Let’s say we would like to set up a ligation reaction such that we use 200 ng of pMAC plasmid DNA and an insert:vector ligation ratio of 3:1.

  Using our ligation equation:

  
    [image: ]
  

  and solving for the gene insert amount we obtain 14 ng.

  This means we add 14 ng of our gene insert and 200 ng of the pMAC plasmid DNA in our ligation reaction to obtain a 1:1 insert:vector ligation ratio.

  If we want a 3:1 insert to vector ration, then we need to multiply 14 ng x 3, therefore 42 ng of our gene insert.

  The only thing left is to convert our amounts into volumes. How? Using the concentrations we calculated earlier.

  Want: 3:1 insert to ligation ratio, therefore:

  42 ng gene insert : 200 ng pMAC plasmid vector

  Let’s tackle the vector volume first:

  pMAC plasmid concentration = 200 ng/uL. We need 200 ng plasmid. What volume do we need? We can tackle this two ways.

  first way to look at this problem: let’s think it through. For every 1 uL we have 200 ng of plasmid. So, how many uL do we need to add to our ligation in order to obtain 200 ng final amount? The answer is 1 uL. No need to plug anything into an equation.

  Second way to look at this problem:

  
    [image: ]
  

  Now let’s tackle the insert volume calculation using the same reasoning as above.

  The concentration of the folA gene insert is 30 ng/uL and we want a total of 42 ng in our ligation reaction. This works out to 1.4 uL of our gene insert.

  Need to go over this example one more time? Check out this video: Example – ligation calculation

  
    
      Please click this hyperlink to access the virtual lab bench
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	  Materials and Reagents
  
 	 Reagents:  	Materials:  
 		Vector DNA: NdeI/XhoI digested/purified pET26b plasmid (1/10 dilution of 200 ng/µL stock, already diluted when provided to you). 
	Insert DNA: folA amplicons (previously digested and purified) – stock concentration previously determined by student using a nanodrop

 	T4 DNA ligase, 5U/µL
	5X T4 DNA ligase buffer  – 250 mM Tris-HCl (pH 7.6), 50 mM MgCl2 , 5 mM ATP, 5 mM DTT, 25 % (w/v) polyethylene glycol-8000 

  		1.5 mL sterile micro-centrifuge tubes
	Heat block

  
  

  
    Once you have purified your digested PCR product, aliquot the following amounts into a sterile 1.5 mL micro-centrifuge tube as shown in the chart below. Based on the determined folA concentration, please fill in the volume of insert  and water required for a 3:1 insert:vector ratio. 
  

  
    [image: ]
  

  	Tube 1– folA insert (obtained using student-designed primers) ligated into pET26b
  	Tube 2 – folA insert (obtained using instructor primers) ligated into pET26b
  
 	Reagent
  	Volume
  	Reagent
  	Volume
  
 	vector DNA
  	4.0 μL
  	vector DNA
  	4.0 μL
  
 	folA insert DNA
  	??? μL
  	 folA insert DNA
  	??? μL
  
 	5X ligase buffer
  	3.0 μL
  	5X ligase buffer
  	3.0 μL
  
 	T4 DNA ligase
  	0.5 μL
  	T4 DNA ligase
  	0.5 μL
  
 	water
  	??? μL
  	water
  	??? μL
  
 	total volume: 15 μL
  	total volume: 15 μL
  
  

   

  
    [image: ]
  

  	Tube 3– Control ligation reaction with no insert DNA
  
 	Reagent
  	Volume
  
 	vector DNA
  	4.0 μL
  
 	insert DNA
  	0.0 μL
  
 	5X ligase buffer
  	3.0 μL
  
 	T4 DNA ligase
  	0.5 μL
  
 	water
  	7.5 μL
  
  

  
    Incubate at room temperature (on your bench) for 20-30 minutes.
  

   

  Want to know more about ligation reactions? Check out this awesome resource from Addgene!

  




  
  





Protocol for bacterial transformation - heat shock method


  
  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=651

  

  Right, so what is the readout of a bacterial transformation? Formation of bacterial colonies on an LB-agar plate. Check out the following LB-agar plate result. Use your mouse button and scroll from right to left to see the formation of bacterial colonies 24-hour post incubation of the transformed E. coli DH5α cells. Super cool!

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=651#h5p-5

  

   

  OK, so what’s in a bacterial colony? Well, to understand this we first need to know what a colony is. As the name implies, a colony is a cluster of individual E. coli DH5α cells. As can be seen from the following image, bacterial colonies appear on the surface of the LB-agar plate. Each colony is composed of individual E. coli cells that are genetically identical. This is the key to the entire transformation process, and one of the main reasons for growing transformed cells on solid (aka. agar) media versus liquid media: to isolate colonies of genetically identical cells.

  
    [image: Diagram showing the definition of a bacterial colony: multiple bacterial cells that are genetically identical]
    Image created by Felicia.

  

  In our system we use use kanamycin to select for E. coli cells harboring our desired plasmid (pET26b). In theory, all bacterial cells that have not been successfully transformed with our plasmid should not grow on LB-agar plates supplemented with kanamycin. Why? Because the plasmid contains the kanamycin resistance gene upstream of a constitutively expressed promoter. As soon as the plasmid enters the bacterial cell, the KanR protein is expressed and inactivates the antibiotic kanamycin. These cells will survive and continue to divide over time giving rise to bacterial colonies. All other cells should be inhibited by the antibiotic.

  
    [image: Diagram showing two scenarios. Scenario 1 - E. coli cell successfully transformed with pET26b plasmid, which contains a kanR gene downstream of a constitutive promoter. The kanR gene is transcribed and translated to produce the KanR protein. KanR binds to and inactivates the antibiotic kanamycin, which is supplemented in the growth media. Cell survives and continues to divide. Scenario 2: E. coli cell unsuccessfully transformed with the pET26b plasmid. Kanamycin supplemented in the growth media enters the cell and binds to the ribosomes. Protein synthesis is inhibited. Cell does not survive.]
  

  Want to know more about antibiotic resistance genes? Check out this blog from Addgene:

  
    Plasmids 101: Antibiotic Resistance Genes
  

  This is great news as it means a few of our possible ligation products will be automatically streamlined by the bacterial cell. For example, the folA concatemers do not have a kanR gene, therefore these ligation products will not yield bacterial colonies. The same goes for pET26b plasmid concatemers. These ligation results are not only extremely rare, but they contain two origins of replication, which makes DNA replication quite difficult to control. Want to know more about the origin of replication? Check out this blog from Addgene: Plasmids 101: Origin of Replication

  
    
      PRIOR to the lab
    
    , draw out the hypothetical results you expect to see from your 3 reactions (i.e. draw a Petri dish and whether or not you expect to see colonies). Briefly explain your hypothetical result for each reaction. You will discuss these during the lab time.
  

  
    [image: decorative image]
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  
    
      Please click this hyperlink to access the virtual lab bench
    
  

  	  Materials and Reagents
  
 	 Reagents:  	Materials:  
 		Ligation reactions


	E. coli DH5α chemically-competent cells
	LB media- contains 10 g Tryptone, 5 g yeast extract, 10 g NaCl/ liter of liquid media.
	LB agar plates supplemented with 50 µg/mL kanamycin

  		42 °C Heat block
	Cell Shaker 
	Bacterial cell spreader (disposable)
	1.5 mL micro-centrifuge tubes

  
  

  
    
      Please make sure that you work with the liquids on your designated work surface. Do NOT work over your books! Always stay alert and UNDERSTAND what you are doing and WHY you are doing it!
    
  

  
    1. Obtain aliquots of E.coli DH5α chemically-competent cells (each aliquot contains 50 µL of chemically competent cells).
 
  

  
    
      2. Thaw the E. coli DH5α chemically-competent cells on ice. This is important as thawing away from ice can reduce ability of the cells to uptake foreign DNA.
    
  

  
    
      3. Add 2.5 µL of your ligation reaction to 1 aliquot of the E. coli DH5α cells . Repeat this step for your subsequent ligation reactions. Make sure you label your micro-centrifuge tubes appropriately.
 
    
  

  
    
      4. Place aliquots of E. coli DH5α cells on ice for 10-20 minutes. 
    
  

  
    
      6. Heat shock the cells by placing the aliquots of E. coli DH5α cells in a 42 °C heat block for 42 seconds.
 
    
  

  
    
      7. Quickly remove the E. coli DH5α cell aliquots and place them on ice for 2 minutes.
 
    
  

  
    
      8. Using proper aseptic technique, add 450 µL of sterile LB to each aliquot and place tubes in the 37 °C cell shaker for 20-30 minutes.
    
  

  Fun Fact: SOC (aka. Super Optimal broth with Catabolite repression) medium can be used at this step in place of LB medium. SOC medium is similar to LB, with the addition of other salts and glucose to increase transformation success (20).

  
    
      9. During the 37 °C incubation, obtain your LB agar plates (containing kanamycin) and allow them to warm to room temperature. Label the plates as shown:
    
  

  
    
      
        [image: Image showing proper labeling of Petri dish (agar side is labeled).]
      
    
  

  Fun fact: we cannot plate the entire 500 µL cell mixture as the volume is too large and will overwhelm our LB-agar plate. We have two options here:

  
    	Remove a 100 uL sample of our cell suspension and plate this sample on our LB-agar plate. This works extremely well unless your goal is to introduce all the cells on the plate.

    	Concentrate the cells in our reaction tube into 100 µL of LB, then plate the entire volume on LB-agar plates. This is the option we will be using.

  

  
    
      10. After the 20-30 minute incubation, please spin down the cells at 10,000 RPM for 1 minute. During this time take out a fresh, 1.5 mL microcentrifuge and label it “Sup” for supernatant. Place the empty tube in your tube rack for future use. Following centrifugation your cells will be concentrated at the bottom of the tube in the pellet. This means we can change the volume of our LB medium from 500 uL to 100 µL prior to resuspending the cell pellet in the medium. Resuspension means pipetting up and down in the LB medium until the cell pellet is distributed evenly in the liquid medium.
 
    
  

  
    [image: Image showing pellet and supernatant terminology]
  

  
    
      11. Gently pipette out the supernatant taking care not to disturb the pellet. It is OK if you leave behind a few µL of LB; you do not need to get rid of all the liquid. Place the LB in the freshly prepared tube labeled “Sup”.
 
    
  

  
    
      12. Remove 100 µL of LB from the tube labeled “Sup” and add this to your pellet tube. Re-suspend (i.e. mix) your cell pellet by pipetting up and down several times. Take care not to introduce bubbles in your mixture (don’t go to the second stop when mixing as this will introduce bubbles).
    
  

  
    
      13. Pipette all 100 µL  of the transformation reaction onto each plate using proper sterile technique and spread around using a sterile bacterial cell spreader.
    
  

  
    
      14. Leave the plates right side up on the bench. The plates will be transferred to the 37 °C incubator at a later time. Remover your plates the following day. A colony from each of your test plates will be picked for you and grown in LB media (supplemented with 50 µg/mL kanamycin) for the following week. You will be able to look at your plates the following lab week to make observations.
 
    
  

  
    
      
        Please click this hyperlink to access the video: bacterial transformation (plating cells)
      
    
  

  
    
      
        
          Clean your work surface, dispose of biological in the appropriate Biohazard disposal containers and wash your hands in the designated hand-washing sink.
        
      
    
  

  
    Record what did and did not grow on the agar plates, along with any relevant observations of the growth. You will not be able to make these observations during the laboratory period, but they must eventually be recorded and appropriately analyzed.
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Chapter 4 - Plasmid DNA purification: minipreparations (aka. alkaline lysis minipreps)




Chapter 4 Lab Overview and Background Information


  
  
    
      Learning 
      
        Outcomes: 
      
      
        Upon completion of this lab, students will gain practical experience in:
      
    
  

  
    	
      
        Isolating plasmid DNA from bacteria
      
    

    	
      
        Reading and understanding how to use the PureLink® Quick Plasmid Miniprep Kit
      
    

    	
      Extracting pertinent information from a kit manual to fit specific lab work conditions
    

  

  
    
      Required Readings
    
  

  
    
      
        PureLink® Quick Plasmid Miniprep Kit manual found here
      
    
  

  
    
      Scroll to the bottom of the page and go to: documents, manuals and protocols. Please note; this website also contains the (M)SDS information required for each buffer in the kit. 
    
  

  
    
      
        BiteSizeBio blog post – The Basics: How Alkaline Lysis Works 
      
    
  

  Following bacterial transformation (chapter 3) we should have bacterial colonies on the LB-Agar-Kan50 ug/mL plates. However, what’s in your colony? Remember that the main goal of this entire project thus far is to clone the folA gene in the pET26b plasmid. The colonies on the LB-agar plate hopefully contain said plasmid: pET26b-folA. Given our understanding of possible ligation reaction products we cannot tell for sure if we successfully cloned our folA gene: at least not by looking at the colonies. We need to isolate the plasmid DNA from each colony (remember that a colony is a clump of genetically identical cells). The other complication is that we need considerably more cells for our plasmid isolation technique than we currently have in a standard colony of cells. To address both points we need to physically pick each individual colony of cells and introduce it (aka. inoculate) into fresh, sterile LB media supplemented with kanamycin. 

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=660

  

  Following overnight incubation of the inoculated liquid LB media tubes, cells are isolated and lysed (aka. burst) and the plasmid DNA is isolated.

  
    The task for this lab is highlighted in the following figure.
  

  
    [image: Workflow of the alkaline lysis miniprep procedure.]
    Image created by Felicia. 

  

  
    The main goal of this procedure is to isolate purified plasmid from individual bacterial colonies in order to:
  

  
    	
      
        Test that the purified plasmid does indeed contain the folA gene. This will be tested in the next lab (chapter 5) using restriction enzyme mapping.
      
    

    	
      
        Use the engineered pET26b – folA plasmid to transform another strain of E. coli designed to over-express the protein product (DHFR) encoded by folA (chapters 7-10). 
      
    

  

  
    
      
        Alkaline Lysis Miniprep Isolation of DNA from Bacteria
      
    
  

  
    
      “Alkaline lysis, in combination with the detergent SDS (sodium dodecyl sulfate), has been used for more than 20 years to isolate plasmid DNA from E. coli. Exposure of bacterial suspensions to the strongly anionic detergent at high pH opens the cell wall, denatures chromosomal DNA and proteins, and releases plasmid DNA into the supernatant. Although the alkaline solution completely disrupts base pairing, the strands of closed circular DNA are unable to separate from each other because they are topologically intertwined. As long as the intensity and duration of exposure to OH- is not too great, the two strands of plasmid DNA fall once again into register when the pH is returned to neutral. During lysis, bacterial proteins, broken cell walls, and denatured chromosomal DNA become enmeshed in large complexes that are coated with dodecyl sulfate. These complexes are efficiently precipitated from solution when sodium ions are replaced by potassium ions. After the denatured material has been removed by centrifugation, native plasmid DNA can be recovered from the supernatant” (excerpt obtained directly from reference (1), “preparation of plasmid DNA by alkaline lysis with SDS” chapter, page 1.31).
    
  

  
    
      In preparation for the miniprep procedure, cells are grown and harvested as described in the image below:
    
  

  
    
      
        [image: Image showing workflow for cell growth and harvesting of cells.]
      
    
    Image created by Felicia. Centrifuge and tube containing bacteria clipart obtained from Presenter Media © 2009-2021 Eclipse Digital Imaging, Inc.
  

  
    Once you obtain a cell pellet, the next 3 steps involve lysing the cells, denaturing the DNA and renaturing the plasmid DNA which will now be found in the supernatant. Descriptions are adapted from (1, 5).
  

  
    [image: Image showing workflow of cell lysis and neutralization.]
    Image created by Felicia. Clipart obtained, with permission, from Presenter Media © 2009-2020 Eclipse Digital Imaging, Inc.

  

  

  
    Following cell lysis the supernatant containing plasmid DNA needs to be separated from the white, fluffy precipitate. This is accomplished by centrifuging the sample and keeping the supernatant.
  

  
    [image: Image showing workflow for separation of plasmid from cellular debris.]
  

  
    Now it’s time to purify and concentrate the plasmid DNA. This will be accomplished using a spin column. This involves a silica-based resin and the addition of the supernatant containing plasmid DNA, along with chaotropic salts. The resulting DNA will selectively bind to the silica resin, while all other impurities are washed away. The plasmid DNA is eluted form the silica resin with the addition of elution buffer. This is exactly the same concept as described in chapter 2, PCR purification kit.
  

  
    [image: Workflow of alkaline lysis miniprep protocol]
  

  
    
      You will be using the PureLink® Quick Plasmid Miniprep Kit to isolate your target plasmid from E. coli DH5α cells. The concept behind this kit is based on the original alkaline lysis method, (2). Please make sure that you go to the Thermo Fisher Scientific site and read the manual, SDS and other information to understand the use of this kit, safety considerations, possible troubleshooting considerations, protocol, etc.
    
  

   

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=660#h5p-27

  

  




  
  





Protocol for Alkaline Lysis Miniprep


  
  
    
      Please click this hyperlink to access the virtual lab bench
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	  Materials and Reagents
  
 	 Reagents:  	Materials:  
 		Resuspension Buffer R3 – 50 mM Tris-HCl, pH 8.0; 10 mM EDTA 
	RNase A – 20 mg/mL in Resuspension Buffer R3
	Lysis Buffer L7 – 200 mM NaOH, 1% w/v SDS 
	Precipitation Buffer N4
	Wash Buffer W9, ethanol already added 
	E. coli DH5α cells harboring pET26b-folA

  		Micro-centrifuge 
	1.5 mL sterile micro-centrifuge tubes
	Spin columns
	Heat block

  
  

  
    1. Step 1 will be done for you: Inoculate LB-medium with a single colony. Grow to saturation (overnight).
  

  
    
      2. Write down the protocol from the PureLink® Quick Plasmid Miniprep Kit manual prior to coming to the lab. Make sure you include the safety considerations when working with the buffers specified in the manual. You will be using a centrifuge to purify your plasmids. Each student will miniprep 1 reaction. 
    
    
      Each student will pellet 1.4 mL of bacterial culture/miniprep. Also, please note that the final elution step will change. Instead of 75 µL of TE buffer, you will add 40 µL of nuclease free water.
    
  

  
    
      Once you are finished please wash your hands!
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Chapter 5 - Plasmid DNA mapping using restriction enzymes




Chapter 5 Lab Overview and Background Information


  
  
    
      Learning 
      
        Outcomes: 
      
      
        Upon completion of this lab, students will gain practical experience in:
      
    
  

  
    	
      
        Selecting restriction enzymes for diagnostic purposes
      
    

    	
      
        Loading DNA samples onto an agarose gel
      
    

    	
      Interpreting DNA agarose gels
    

  

  
    In this lab you will be using the same techniques introduced in chapter 2, but for a slightly different purpose. Let’s recap:
  

  
    Our goal thus far has been to clone the E. coli folA gene downstream of the T7/lac promoter in the pET26b plasmid. Following the ligation reaction and subsequent bacterial transformation and alkaline lysis miniprep, we now have a micro-centrifuge tube with purified plasmid DNA … but did we achieve our goal? As discussed in chapter 3, the bacterial colonies should contain our plasmid, but we have no way of knowing if our folA gene was successfully cloned in the plasmid. In fact, we are probably looking at two possible scenarios in our purified plasmid tube. Scenario 1, which is our desired result, or scenario 2, which is our undesired result.
  

  
    [image: Two possible transformation results. Scenario 1: plate of colonies contains the desired result - pEt26b-folA plasmid. Scenario 2: plate of colonies contains undesired result, pEt26b plasmid]
  

  Ans so, it’s time to get creative and repurpose already learned techniques for new uses. We will start with REs. The first time we used REs to undergo directional cloning of our folA gene into the pET26b plasmid. This time around we will use REs to solve a DNA puzzle. We already know that REs “cut” at specific DNA sequences (aka. palindromes), and we can use molecular cloning software to predict exact DNA fragments following RE digestion reactions. And so, we can use these features to create unique DNA fragment “fingerprints” specific to each of our two DNA plasmids in the above scenarios.

  The workflow is as follows:

  
    
      Restriction enzyme mapping as a means to verify your purified plasmid
    
  

  
    [image: Workflow for chapter 5 - need to distinguish between pET26b and pET26b-folA using restriction enzyme mapping followed by agarose gel electrophoresis.]
  

  
    Image created by Felicia.
  

  
    Schematic diagram of the restriction enzyme digests mapping strategy for determining the presence of folA in pET26b.
  

  
    
      Want to learn more about RE mapping? 
    
    
      
        Check out the module here
      
    
  

   

   

  




  
  





Protocol for mapping DNA with restriction enzymes


  
  
    
      Prior to this lab, we introduced students to the process of restriction enzyme mapping by asking our students to collaborate together in one of our Team Think Tanks. If you wish to learn more about our Team Think Tanks, click here.
    
  

   

  What are we accomplishing in today’s protocol? Check out the following video!

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=686

  

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=686#h5p-29

  

  
    
      Please click this hyperlink to access the virtual lab bench
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

   

  	  Materials and Reagents
 
  
 	 Reagents:  	Materials:  
 	For RE digests: 	NdeI, PvuI and XhoI restriction enzymes (REs) – 10 U/µL stock, each
	10 X Buffer R*

 For agarose gel electrophoresis:
 	1 X Tris Acetate EDTA (TAE) electrophoresis buffer (50 X TAE stock: 2 M Tris-Acetate, 0.05 M EDTA, pH 8.3)
	Agarose  (powder)
	6 X DNA loading buffer (10 mM Tris-HCl (pH 7.6), 0.03 % bromophenol blue, 0.03 % xylene cyanol FF, 60 % glycerol and 60 mM EDTA. The working concentration for this is 1X  
	1 kb DNA ladder Ready to Use 
	10 000 X GelRed (working concentration is 0.25 X)
	pET26b backbone plasmid (100 ng/uL) 

  * Our lab uses RE reagents from Thermo Fisher Scientific. Buffer R was chosen as the components are compatible with the NdeI/XhoI double digest. The correct buffer can be chosen using the Thermo Fisher Scientific Double Digest Calculator. There are many other companies that sell RE reagents. Please follow the RE buffer recommendations of the company you choose to purchase RE reagents from.
 		Heat block
	500 mL Erlenmeyer Flask
	1.5 mL sterile micro-centrifuge tubes
	Agarose gel submarine unit
	Power Supply 
	Fixed position combs 
	Microwave
	Oven-safety gloves and face shield

  
  

  
    
      Please make sure that you work with liquids in your designated work surface. Do NOT work over your books! Always stay alert and UNDERSTAND what you are doing and WHY you are doing it!
    
  

  
    You will need to perform 2 RE digestion reactions of your miniprepped sample in order to confirm
     whether or not folA is present in the pET26b plasmid. The first reaction is a double digest using the restriction enzymes NdeI and XhoI. The second reaction is a single digest using the restriction enzyme PvuI. 
    Please note; each reaction should contain 10 uL of purified plasmid DNA in a total reaction volume of 20 uL.
  

  
    1. Set up the restriction digests in separate 1.5 mL Eppendorf tubes using the conditions outlined below (please note the volume differences between these reaction conditions). Prior to the lab calculate the water and 10X RE buffer volumes required if your final working concentration of the RE buffer is 1X. You also need to set up 2 additional control reactions. You will digest the pET26b backbone vector provided with NdeI/XhoI and PvuI.
  

  	Tube 1: NdeI/XhoI double digest
  	 	Tube 2: PvuI single digest
  
 	??? µL
  	H20
  	??? µL
  	H20
  
 	10 µL
  	plasmid DNA
  	10 µL
  	plasmid DNA
  
 	??? µL
  	10X RE buffer R
  	??? µL
  	10X RE buffer R
  
 	1 µL
  	NdeI
  	1 µL
  	PvuI
  
 	0.5 µL
  	XhoI
  	20 µL total volume
  
 	20 µL total volume
  
 	 
 	Tube 3: pET26b (NdeI/XhoI cut control)
  	 	Tube 4: pET26b (PvuI cut control)
  
 	??? µL
  	H20
  	??? µL
  	H20
  
 	5 µL
  	pET26b DNA
  	5 µL
  	pET26b DNA
  
 	??? µL
  	10X RE buffer R
  	??? µL
  	10X RE buffer R
  
 	1 µL
  	NdeI
  	1 µL
  	PvuI
  
 	0.5 µL
  	XhoI
  	20 µL total volume
  
 	20 µL total volume 
  
  

  
    1. Place your restriction digest reactions at 37 °C for 30 minutes.
  

  
    
      2. After the 30 minute incubation, spin down your samples in a micro-centrifuge for 5 seconds at maximum speed.
    
  

  
    
      3. Prepare your DNA samples for loading on the agarose gel by adding 3 µL of 6X DNA loading buffer to each of the digestion reaction tubes.
    
  

  
    4. Resuspend all your samples and spin down your samples in a micro-centrifuge for 15 seconds at the maximum speed. Set aside for loading on the agarose gel.
  

  
    
      Protocol for Agarose Gel Electrophoresis – 
    
    
      While your digest reaction is incubating, please make a 1% agarose gel,  using the protocol from chapter 2
    
  

  




  
  





Protocol for Loading your DNA Samples


  
  
    Take a moment to organize the gel loading, please note that you must leave room on the gel for loading the 1 kb DNA ladder. Again the number of students utilizing each gel will vary based on class size and the number of combs used when the gel is poured. Minimally the gels must include the following conditions:
  

  
    	
      
        One lane for the (NdeI/XhoI) digested plasmid (obtained from the miniprep reaction, lab 4)
      
    

    	
      
        One lane for the (PvuI) digested plasmid (obtained from the miniprep reaction, lab 4) 
      
    

  

  
    
      Each gel must also have:
    
  

  
    	
      
        One lane for the NdeI/XhoI digested pET26b plasmid
      
    

    	
      
        One lane for the PvuI digested pET26b plasmid
      
    

    	
      One lane for the DNA ladder
    

  

  
    1. Work out the loading order for all the students that will be using the gel (a lane sign-up sheet works best). Make sure to record the order into your lab notebook (below):
  

  
    [image: ]
  

  	Lane #
  	Content (student pair initials and sample content)
  	Lane #
  	Content (student pair initials and sample content)
  
 	1
  	 
  	11
  	 
  
 	2
  	 
  	12
  	 
  
 	3
  	 
  	13
  	 
  
 	4
  	 
  	14
  	 
  
 	5
  	 
  	15
  	 
  
 	6
  	 
  	16
  	 
  
 	7
  	 
  	17
  	 
  
 	8
  	 
  	18
  	 
  
 	9
  	 
  	19
  	 
  
 	10
  	 
  	20
  	 
  
  

  
    2. Before loading, your instructor will check to see that your gel electrophoresis apparatus is assembled correctly correctly (i.e. removed the combs and submerged the gel in 1X TAE buffer).
  

  
    
      3. Load 15 µL of your DNA samples in the sample lanes and 5 µL of 1 kb DNA ladder in your marker/ladder lane (your instructor will demonstrate how to load your samples). Please be timely with your loading so as to avoid sample diffusion.
    
  

  
    
      3. Once everyone has loaded their samples, your instructor will run the gel at 100 V for 30 minutes.
    
  

  
    
      4. Your instructor will remove the agarose gel and safely carry it to the UV transilluminator. Please follow your instructor so you can visualize the gel (be sure to wear proper UV-protection for this step). Your mentor will place the agarose gel on the transilluminator, close the shutter and turn on the UV light. Your gel image will be visible on the screen. 
    
  

  
    5. Prior to leaving, safely dispose of the agarose gel, rinse the gel apparatus, and ensure you retain your miniprep tubes in your team’s freezer box. Do NOT discard your miniprep tubes!! All other reaction tubes can be discarded in the Biohazardous waste containers.
  

  
    
      Once you are finished please wash your hands!
    
  

   

   

  




  
  





Chapter 6 - DHFR protein expression, cell lysis and buffer preparation




Chapter 6 Lab Overview and Background Information


  
  
    
      
        Learning Outcomes: 
        Upon completion of this lab, students will gain practical experience in: 
      
    

  

  
    	
      
        Calculating concentrations and amounts
      
    

    	
      
        
          Making solutions 
        
      
    

    	
      
        Graphing a bacterial growth curve
      
    

    	
      
        
          Bacterial cell lysis techniques
        
      
    

    	
      
        Handling bacterial cell cultures
      
    

  

  
    
      
        E. coli Dihydrofolate Reductase (DHFR) 
      
      
        
          
            Protein Expression
          
        
      
    

     

  

  
    
      
        
          
            This lab serves as the start of your bacterial protein expression and purification journey. In this course you will be expressing and purifying the E. coli Dihydrofolate Reductase (DHFR) protein. 
          
        
      
    

    

    
      
      A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=191

    

     

    
      
        
          
            For more information on general protein production and purification concepts please read review papers on the 
          
          
            lac
          
          
             promoter 
          
          
            (1) 
          
          
            and bacterial expression systems 
          
          
            (2).
          
          
             
          
           
        
      
    

     

  

  
    
      
        
          
            In this lab you will use a special strain of E
          
          
            . coli
          
          
             cells – E
          
          
            . coli
          
          
            BL21(DE3) 
          
          
            (3)(4)
          
          
             – previously transformed with the pET26b-
          
          
            folA
          
          
             plasmid. Your 
          
          
            folA
             
          
          
            gene will be transcribed and translated to yield your protein of interest: DHFR. Additionally, you will lyse the bacteria and store the resulting lysates for the next lab: purification of your DHFR protein of interest using nickel affinity column chromatography.
          
           
        
      
    

  

  
    
      
        
           
        
      
    

  

  
    
      
        E. coliis a major star in the world of Biotechnology as it is a widely used system in both academic and commercial applications to produce recombinant proteins (5). In order for this system to work, it must be coupled to DNA recombinant technology (chapters 1-5), which allows you to genetically engineer your gene of interest into a chosen plasmid designed for optimal protein expression. Your plasmid is pET26b from Novagen(6) and is designed to express your gene of interest in a T7-compatible E. coli expression strain (namely, E. coliBL21(DE3)) (4). 
      
    

    
      [image: pET26b plasmid map generated using the SnapGene molecular cloning software]
    

    
      You will be using a regulated (inducible) system to control the expression of  your DHFR protein. This system incorporates a number of features found in both the pET26b plasmid and the BL21-DE3 strain of E. coli.
    

     

    
      [image: Specific features of the T7/lac inducible system.]
    

  

  
    Image created by Felicia Vulcu.
  

  
    
       
    

  

  
    
      
        The term “inducible” promoter system comes into play when we look at the regulation of the LacI repressor protein. In fact, this idea initially originated from the lac operon. Let us take a moment to get re-acquainted with the lac operon:
      

       

      

      
        
        A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=191

      

      This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

      
        
          In these types of systems, an inducer – typically in the form of a chemical – is applied to the system. The purpose of the inducer is to bind to the 
          LacI
           repressor protein and induce a conformation change in 
          LacI
           such that it is released from the promoter. This means that the promoter site is now free and 
        
        
          
            is 
            recognized and bound by RNA polymerase and other transcription factors. The moral of this story is: if no 
            LacI is
             bound to the promoter, transcription of your 
          
          
            folA
             gene of interest
          
          
             can 
            occur
            . 
          
        
      

    

    
      
        
          
            So, to recap: i
            n the absence of an inducer, the 
            LacI 
            protein
             is expressed and
             bound to the T7/
          
          
            lac
          
          
             promoter on the 
            pET26b 
            plasmid
            , theref
            ore 
            no 
            DHFR 
            protein expression occurs 
          
          
            
              (1-2, 6)
            
          
          
            . 
          
          
            In chapters 1-5 you cloned your 
          
          
            gene of interest downstream
          
          
             of this T7/
          
          
            lac
          
           promoter and so your DHFR proteins of interest will only be expressed once the LacI repressor protein is removed by the addition of an inducer (in your case the inducer molecule is called IPTG).
        
      

      
        Now on to the special features of your E.coli BL21(DE3) cells which allow this specific inducible promoter system to work. Thus far we have largely ignored the T7 part of the T7/lac promoter name. We only looked at the regulation of the promoter itself, but this is just one of two important pieces of a promoter. The second piece is the DNA region of the promoter recognized by RNA polymerase. The endogenous E. coli RNA polymerase typically recognizes a specific DNA sequence in the promoter regions of all E. coli promoters. This makes sense as it needs to transcribe a whole bunch of genes, so having a similar recognition sequence in the promoter is efficient.  Now our promoter has a specific designation to it: T7. This promoter sequence was engineered specifically for your pET26b plasmid and was initially taken from a bacteriophage promoter sequence. A bacterio…what? Well, you can think of bacteriophages as bacterial viruses. These viruses (or phages as we like to call them in the bacterial world) infect bacteria specifically. Bet you never thought bacteria could get the flu! (nerd joke). Anyway, this is actually a really cool field because scientists have been studying these phages for a very long time. Actually, the techniques you are using in this course would not have been possible without understanding phages; and more importantly, how bacteria defend against phages. We visited one such defense mechanism in our discussion of restriction enzymes (RE). However, phages have also evolved their own mechanisms to manipulate bacteria. You must remember that phages (and viruses) infect a cell and then start manipulating the host cell’s machinery to make more copies of their own DNA and their own proteins. To do this, phages will often have their own RNA polymerase gene and, when expressed, the phage RNA polymerase will only recognize the phage promoter regions. So in our T7 expression system, we borrowed 2 items from a T7 bacteriophage: 1) a T7 promoter sequence which is recognized only by a T7 RNA polymerase, and 2) the T7 RNA polymerase gene. The T7 promoter sequence was genetically engineered into the pET26b plasmid as we saw previously.
      

      
        
          The T7 RNA polymerase gene was genetically engineered into the chromosomal DNA of 
        
        
          
            E. coli
          
          
            BL21(DE3) cells. This T7 RNA polymerase gene was inserted in the chromosomal DNA of this specific strain of 
          
          
            E.coli
          
          
            , downstream of a 
          
          
            lac
          
          
             promoter system. This 
          
          
            lac
          
          
             promoter system is recognized by endogenous 
          
          
            E.coli
          
           RNA polymerase and is also regulated by the LacI repressor in exactly the same fashion as described above. 
        
      

      
        [image: Schematic of E. coli BL21(DE3) cell highlighting the outer membrane, periplasm, inner membrane, cytoplasm, circular chromosomal DNA, and T7 RNA polymerase gene engineered downstream of the lab promoter. The lacI gene is also engineered in the chromosome downstream of a constitutive promoter.]
      

       

      
        
          
            
              
                
                  So
                   to recap: our 
                
                
                  E. coli
                
                
                   BL21(DE3) cells have been genetically engineered to express T7 RNA polymerase. This T7 RNA polymerase ONLY recognizes the T7 promoter sequence.
                
              
            

          

        

      

    

  

  

  
    [image: E. coli BL21(DE3) cells have been genetically engineered to express T7 RNA polymerase by knocking in the T7 RNA polymerase gene into the cell’s chromosome under the control of a lac inducible promoter system. This cell strain also contains the lacI gene which expresses the LacI repressor. In the absence of an inducer the LacI repressor binds to the lacI promoter and inhibits binding of the endogenous E. coli RNA polymerase. In this scenario, T7 RNA polymerase is not expressed.]
    Image created by Felicia.

  

  

  
    
      So now, let’s take another look at what’s happening in our pET26b-folA transformed E. coli BL21 (DE3) cells in 2 possible scenarios:
    

    
      1. the absence of an inducer (in our case this inducer is called IPTG)
    

    
      2. the presence of inducer (IPTG)
    

     

    
      
        Scenario 1: Absence of inducer (IPTG) 
      
    

  

  
     
  

  
    [image: In the absence of IPTG (inducer), the LacI repressor protein is expressed from both the chromosomal gene and the pET26b gene locations and binds to the lac operator portion of both the T7/lac promoter (on pET26b) and lac promoter (on chromosome). In this scenario, there is no T7 RNA polymerase protein expression and no expression of your folA gene of interest (in your case, the protein product is DHFR).]
  

  

  
    
      In the absence of IPTG (inducer), the LacI repressor protein is expressed from both the chromosomal gene and the pET26b gene location
    
    
      
        s
         and binds to the 
      
      
        lac
      
      
         operator portion of both the 
      
      
        T7/lac
      
      
         promoter (on pET26b) and 
      
      
        lac
      
      
        promoter (on chromosome). In this scenario, there is no T7 RN
        A
         polymerase protein expression and no expression of your 
      
      
        folA gene of interest
      
      
         (in your case, the protein product is DHFR).
      
       
    
  

  
    
      
        
          
            
               
            
          

          
            
              
                
                  
                    Scenario
                    
                       2
                      : Presence of inducer (IPTG)
                    
                     
                  
                
              
            
          

        

      

      

    

  

  
    [image: In the presence of IPTG (inducer), the LacI repressor protein binds IPTG and undergoes a conformational change which results in the release of LacI from promoters. Focusing on the chromosome: the LacI repressor protein no longer obstructs the lac promoter and it can be recognized and bound by the endogenous E. coli RNA polymerase. Transcription and eventual translation of T7 RNA polymerase occurs. Focusing on the pET26b plasmid: once expressed,T7 RNA polymerase can recognize and bind to the T7/lac promoter (remember that only T7 RNA polymerase will recognize and bind this T7 promoter sequence). This leads to the transcription and eventual translation of your gene of interest (aka. DHFR). ]
  

  
    
      Image created by Felicia.
    

    
      In the presence of IPTG (inducer), the LacI repressor protein binds IPTG and undergoes a conformational change which results in the release of LacI from promoters. Focusing on the chromosome: the LacI repressor protein no longer obstructs the lac promoter and it can be recognized and bound by the endogenous E. coli RNA polymerase. Transcription and eventual translation of T7 RNA polymerase occurs. Focusing on the pET26b plasmid: once expressed,T7 RNA polymerase can recognize and bind to the T7/lac promoter (remember that only T7 RNA polymerase will recognize and bind this T7 promoter sequence). This leads to the transcription and eventual translation of your gene of interest (aka. DHFR). 
    

  

  
    
      E. coli Cell Growth 
    
  

  
    E. coli grows and divides through a process called binary fission. In this process, the cell grows to twice its normal size and then divides in half to produce two identical daughter cells (11). Each of these cells divides to form two new cells and so on. As such, this type of growth is called exponential growth (2n, where n = the number of generations). Typically, E. coli cells divide every 20-30 minutes to yield a new generation. And so, after 10 hours you would have 20 generations of E. coli in your liquid culture. This is actually a great system for studying evolution in a test tube. In fact, research from the Lenski lab utilized this principle to study mutation rates in E. coli following its growth over 10 000 generations (12).
  

  
    [image: cell growth curve. Time (x-axis) versus number of cells (y-axis). Growth is divided into 4 phases: lag phase, log (exponential) phase, stationary phase, death phase.]
  

  
    Figure 3: a graphical representation of a microbial growth curve showing the 4 phases of population growth. Graph adapted from: Bauman, Robert W. Microbiology: with diseases by body system-2nd edition (11).
  

   

  
    
      
        
          When bacteria are inoculated into liquid medium there are 4 distinct phases to a population’s growth:
        
      

    

  

  ” Lag phase – cells are adjusting to the new environment; actively synthesize enzymes and other required material to utilize the nutrients in their new environment. Cell division is not prominent in this phase.

  
    Log (exponential) phase – phase of rapid chromosome replication, growth and reproduction. This is a very important phase for laboratory purposes as the metabolic rate of these cells is at a maximum, protein production is at a maximum and this is the time to induce recombinant protein expression.
  

  
    Stationary phase – rate of reproduction decreases as nutrients are depleted and waste accumulates.
  

  Death phase – if nutrients are not added and waste nor removed, a population reaches a point at which cells die at a faster rate than they are produced.” (11) Adapted from: Bauman, Robert W. Microbiology: with diseases by body system-2nd edition. ISBN 978-0-321-51341-0

   

  
    
      P
    
    
      
        
          ractically speaking, how do we measure the number of cells over time? We can’t just count the cells because they are 
          really small
           (we need a microscope to see individual cells) and dividing 
          really fast
          . One way to do it is to count the number of cells in a small sample (using viable plate counts or microscope counts) and then estimate the number of cells in a large sample from the data obtained.  For our experiments, it is not necessary to do direct cell counts as we can use another property of a growing cell culture: turbidity. Fresh LB media presents as a clear orange color, but as our 
        
        
          
            E. coli
          
        
        
           culture begins to grow, the media becomes more and more turbid 
        
        
          (13).
        
         
      
    
  

  
    [image: Four tubes showing an increase in turbidity as the cell culture is incubated over time. The optical density measurements show an increase in value over time.]
  

  
    
      
        
          
            We can take advantage of this visual change and measure the turbidity of the culture over time using a spectrophotometer. The greater the concentration of bacteria within a broth, the 
            more light
             will be scattered.  
          
        
      
    

    
      [image: Two Erlenmeyer flasks containing LB (flask 1) and an actively growing culture of E. coli (flask 2). Flask 1 shows no turbidity/ cloudiness. Flask 2 shows high turbidity/cloudiness.]
    

     

    
      
        
          
            Because bacteria are, in essence, colorless they do not absorb light. This function is usually reserved for pigmented cells (green and purple phototrophic bacteria) or dissolved dyes (Coomassie). You can generate a curve like the one above, only the y-axis is now an O.D. measurement (or measurement of turbidity). However, keep in mind the controls. You need to ensure that you only measure the OD of your cells and not your orange-brown pigmented media. You need to first measure the media (without cells) and “blank” your spectrophotometer with this measurement.
          
        
      
    

  

   

  
    
      [image: cell growth curve. Time (x-axis) versus optical density at 600 nm (y-axis). Growth is divided into 4 phases: lag phase, log (exponential) phase, stationary phase, death phase.]
    

    
      
        Empirically, in our system 
      
      
        
          E. coli
        
        
           will reach mid-log phase when the O.D. reaches 0.4-0.8. However, this ALL DEPENDS on the starting culture conditions!!! Therefore, this rule is not always true for every culture you will ever grow. 
        
      
    

  

  




  
  





Protocol for DHFR-His-6x Protein Expression


  
  
    
      Please click this hyperlink to access the virtual lab bench
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	  Materials and Reagents
  
 	 Reagents:  	Materials:  
 		An actively growing culture of BL21(DE3) E. colicells previously transformed with pET26b-folA plasmid. 

  
 		Spectrophotometer
	50 mL conical tubes 
	50 mL polypropylene centrifuge tubes
	Centrifuge and rotor
	Pipette pumps 
	Serological pipettes (plastic, disposable)

  
  

  The main goal of chapters 6-7 is to successfully express and purify DHFR-His-6x. The steps involve:

  
    	Expressing DHFR-His-6x protein by growing E. coli BL21(DE3) cells and inducing DHFR-His-6x protein expression using IPTG (Chapter 6)

    	Harvesting cells by centrifugation (Chapter 6)

    	Lysing cells using BugBuster TM reagent (Chapter 7)

    	Purifying DHFR-His-6x using Ni-NTA affinity column chromatography (Chapter 7)

  

  The workflow is as follows:

  
    [image: Workflow for expressing and purifying DHFR-His-6x protein using Ni-NTA affinity chromatography]
    Image created by Felicia Vulcu and Vivian Leong. Centrifuge clipart obtained, with permission from Presenter Media, © 2009-2021 Eclipse Digital Imaging, Inc.

  

  In this lab we will be expressing and harvesting cells using centrifugation. Once harvested, cell pellets will be stored in the -80 0C freezer until next lab.

  
    [image: Workflow showing cell harvesting using centrifugation]
  

  Protocol for DHFR-His-6x protein expression in E. coli BL21(DE3) cells.

  
    1. Inoculate 5 mL of LB media containing 0.05 mg/mL kanamycin (10 mL of 50 mg/mL stock solution of kanamycin) with a single colony of E. coli BL21(DE3) harboring the pET26(b)-folA plasmid.
  

  
    
      
        Click here to see how to properly streak an LB-agar plate 
      
    
  

   

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=212#h5p-6

  

  
    2. 
    
      Allow culture to grow overnight at 37 ˚C, shaking at 200 rpm in the large shaking incubators. 
    
  

  
    
      3. In the morning, inoculate 500 mL of LB media containing 0.05 mg/mL of kanamycin with the 5 mL overnight starter culture. 
    
  

   

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=212#h5p-7

  

  
    
      4. Incubate in the large shaker at 37 ˚C, shaking at 200 rpm until OD (600nm) reaches 0.6-0.8. NOTE: This step should take about 2-3 hours. During this time, OD (600nm) measurements are taken every 20-30 minutes, as follows:
 
    
  

  
    
      5. Place 1 mL of LB media containing 0.05 mg/mL of kanamycin in a  Spectrophotometer cuvette. This will serve as the blank.
    
  

  
    
      6. Every 20-30 minutes, carefully remove 1 mL from the culture inoculated in step 3 and place in a Spectrophotometer cuvette. 
    
  

   

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=212#h5p-8

  

  
    
      7. Measure the optical density of the E. coli cells in the cuvette at 600 nm using a spectrophotometer. Set the instrument to zero absorbance with the reagent blank prepared in Step 5. Record the data and plot a growth curve.
    
  

  
    [image: ]
  

  
    
      8. When the OD600 of the cell culture is between 0.6 and 0.8 induce the culture by adding IPTG to a final concentration 1 mM (1 M IPTG stock solution). 
    
  

  
    
      9. Continue to incubate the cell culture in the shaking incubator at 37 ˚C, shaking at 200 rpm, for 1-3 hours depending on experimental conditions. 
    
  

  
    
      10. Obtain 1, 50 mL polypropylene tube, label it using labeling tape (place the tape over the cap, please) and weigh the empty tube (with lids on). Record the weight of each tube in your notebook and include the weights on the label. 
    
  

  11. Transfer 40 mL of the culture (actively growing E. coli BL21(DE3) expressing DHFR-His-6x) into the labeled tube. Please use the pipette aids supplied. Please ensure your tubes are balanced prior to loading them in the centrifuge.

  
    
      12. Place your tubes in the JA 17 rotor (do not forget to balance your tubes in the centrifuge!) and ask for assistance with programming the centrifuge. You will centrifuge your samples at 5,000 rpm for 10 minutes at 4°C. 
    
  

  
    
      13. Once the cells have been pelleted carefully decant the medium and dispose of the supernatant in the waste beakers provided (the contents of this tube will be disposed of in the liquid Biological waste container at the end of the lab period).  
    
  

  
    
      14. Repeat steps 11-13.
    
  

  
    
      Preparation, Inoculation, Induction, and Cell Lysis Video
    
  

   

   

   

   

  




  
  





Protocol for Buffer Preparation


  
  
    There are three buffers that need to be prepared for your protein purification experiment: an equilibration buffer, a wash buffer, and an elution buffer. We have optimized each buffer for the protein purification experiment. The three buffers are:
  

  	Equilibration Buffer
 50 mM NaH2PO4, pH 8.0
 150 mM NaCl
  	Wash Buffer
 50 mM NaH2PO4, pH 8.0
 150 mM NaCl
 10 mM imidazole
  	Elution Buffer
 50 mM NaH2PO4, pH 8.0
 150 mM NaCl
 250 mM imidazole
  
  

  Note that all three buffers have the same concentration of sodium phosphate (provides the buffering component) and sodium chloride (used in the purification process to decrease non-specific ionic interactions between the protein of interest and the stationary phase). The buffers differ in the chemical imidazole. Note the large increase in concentration of imidazole from the wash to elution buffer. The importance of this will be explained in chapter 7. All three buffers are used during the protein purification lab (chapter 7), but we typically prepare the buffers in advance and store them in the cold room (40C fridge). It is recommended that the imidazole is added to these buffers on the day of the purification process to prevent degradation of this chemical as it is the key to proper removal of DHFR-His-6x from the stationary phase of the column. In the following protocol we describe the entire process of buffer preparation. In practice we ask our students to partially prepare the buffers with the exception of imidazole, store the buffers until the next lab, and complete the buffer preparation prior to the purification process. 

  In our lab course each pair of students conducts a protein purification experiment. For our setup we provide each pair of students with 10-20 mL of each buffer, but we ask a team of students to prepare 150 mL of each buffer and divide the resulting buffer between student pairs.

  
    
      Please click this hyperlink to access How to Make Buffers
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	    Materials and Reagents
  
 	 Reagents:  	Materials:  
 		1 M NaH2PO4 pH 8.0 liquid stock buffer
	Solid NaCl
	2 M imidazole liquid stock

  		Stir bar
	Stir plate
	500 mL beaker
	Graduated cylinder
	50 mL Conical tubes 
	Weigh boat and spatula

  
  

  
    Ensure that you properly label all prepared solutions and store them in the appropriate containers as dictated by your instructor. You will be preparing 3 buffers (150ml each):
  

  	Equilibration Buffer
 50 mM NaH2PO4, pH 8.0
 150 mM NaCl
  	Wash Buffer
 50 mM NaH2PO4, pH 8.0
 150 mM NaCl
 10 mM imidazole
  	Elution Buffer
 50 mM NaH2PO4, pH 8.0
 150 mM NaCl
 250 mM imidazole
  
  

  
    
      Preparing Buffers:
    
  

  
    1.Prior to coming to the lab calculate the amount of stock reagents you will need to prepare 150 mL of each buffer. Please record this in your lab notebook.
  

  
    
      Note that it is not necessary for every student to make each of the buffers listed. The total amount will be dictated by the number of students and this should be discussed with the instructor at the beginning of the lab. Students can work in pairs or small groups to prepare the reagents.
    
  

  
    2.Create proper labels for each buffer: include the full buffer name, the date it was prepared, your lab instructor name, lab section, proper handling instructions, see SDS. 
  

  
    3. Prepare your buffers keeping in mind all the safe handling requirements for each chemical used. 
  

  4. Once prepared, safely aliquot each buffer in the provided 50 mL conical tubes that have been properly labeled and store buffers at 40C.

  Please wash your hands prior to leaving the lab.
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Chapter 7 - DHFR protein purification using Ni-NTA affinity chromatography




Chapter 7 Lab Overview and Background Information


  
  
    
      Learning Outcomes: Upon completion of this lab, students will gain practical experience in: 
    
  

  
    	
      
        Affinity column chromatography 
      
    

    	
      
        Pouring and running a column 
      
    

  

  
    
      Cell lysis
    
  

  
    
      Before a protein can be purified it must first be extracted from the host organism. This is usually done by lysing the host organism. In this lab, we used bacteria as the host organism. Bacteria can be lysed by a variety of methods. One common way to lyse bacteria is through mechanical cell lysis. This can be done using a French press or a sonicator. A French press is an apparatus that lyses cells by passing them through a needle-thin valve under high pressure. Once the cells pass through the valve the pressure drops, this creates shear stress that disrupts the membrane. A sonicator emits high-frequency sounds waves that disrupt the membrane. Bacteria can also be lysed with the aid of a detergent. A detergent solubilizes the membrane lipid bilayer which subsequently leads to cell lysis. In this lab you will use a BugBuster protein extraction reagent from Novagen to lyse E. coli BL21(DE3) cells that over-expressed your DHFR-His-6x protein. BugBuster is detergent-based and Novagen asserts that BugBuster is “capable of cell wall perforation without denaturing soluble protein” (1).
    
  

   

  
    In this lab you will purify your DHFR-His 6x tagged protein using affinity column chromatography.
  

  
    
      
        Protein Purification: Ni-NTA Affinity Chromatography
      
    
  

  
    
      Chromatography is a technique utilized in biotechnology to purify biological molecules such as proteins. The main goal of the technique is separation. Chromatography separates a complex mixture into individual, separate components. 
    
  

  
    
      
        Some basic chromatography terminology: 
      
    
  

  
    	Mobile phase – encompasses the solvent (usually a buffer) and the mixture of molecules requiring separation.

    	Stationary phase – some form of matrix (such as the resin in a column) through which the mobile phase travels.

    	Hardware – used to run a successful column chromatography experiment.

  

  
    [image: Schematic diagram showing basic hardware of column chromatography. Retort stand, clamp, column, resin, collection tubes]
    Image created by Felicia

  

  
    	Column bed (or resin bed) – mass/volume of resin/beads within a column.

    	
      
        Void volume – volume of the space between beads. In essence, it is the volume of the mobile phase. For example, if the stationary phase occupies 45% of the total column volume, the void volume would be 55% of the total column volume. 
      
    

    	
      
        Exclusion limit – upper limit of a bead (or resin) type. This is the size above which proteins will elute in the void volume of the column. 
      
    

  

  
    
      
        Some Common Types of Chromatography: 
      
    
  

  
    
      •Gel filtration (or size exclusion) chromatography (2) – Gel filtration chromatography separates a mixture of molecules (let’s say proteins) based on size. The stationary phase usually contains microscopic beads (complete with a hole in them) which are packed into a column. When a mixture of molecules in a mobile phase is gently applied to the top of this column (very gently) the larger molecules quickly pass around the beads and make it to the bottom first. The smaller molecules enter the tiny holes in the beads and travel more slowly down the column. In this type of chromatography, the larger the molecule the faster it will travel down the column. The smaller the molecule the more time it needs to travel in and out of each hole in the beads. You can purchase different stationary phases that have varying hole sizes so you can choose whichever stationary phase (aka. resin) best fits your protein purification needs. 
    
  

   

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=251#h5p-10

  

  
    
      
    
  

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=251#h5p-11

  

  

  
    
      •Affinity chromatography (this is the type of chromatography you will be using in this lab)(3) – contains stationary phase (resin) that is coupled to something (an antibody, a metal, etc.) which binds your molecule/protein of interest. This is really cool because you can add your molecule/protein mixture to this resin and your protein of interest will bind to the stationary phase and thereby remain stationary. After washing the resin in the column you just need to elute (or un-bind) your protein/molecule of interest and voila: pure protein. 
    
  

  
    
      •Ion exchange chromatography (4) – this plays on the overall pI (isoelectric point) of the protein/molecule of interest you are trying to purify from a mixture. The resin can be either positively charged or negatively charged. 
    
  

  
    
       
    
  

  
    
      In this lab you are using affinity chromatography. To recap, affinity column chromatography is a separation technique in which your protein of interest can be isolated based on its specific interaction with a particular ligand that has been immobilized on a column matrix. You will be purifying two proteins from their respective cell lysates: DHFR-His-6x. The hexa-histidine (His 6x) tag has an affinity for nickel (5,6). This interaction can be manipulated by packing a column with an inert resin (let’s say agarose or sepharose) that has been pre-loaded with nickel. After adding your cell lysate to the column, you will wash away all other unwanted proteins that have not bound the column and elute your DHFR-His 6x proteins using one of a number of different elution techniques that release your histidine tags from the matrix. In your case this happens to be imidazole. 
    
  

  
    
      Workflow for purifying DHFR-His (6) protein using Ni-NTA affinity chromatography:
    
  

   

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=251

  

  




  
  





Protocol for cell lysis


  
  
    
      Please click this hyperlink to access the virtual lab bench
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	    Materials and Reagents 
  
 
 	 Reagents:  	Materials:  
 		An actively growing culture of BL21 (DE3) E. coli cells that have been transformed with your pET26-folA plasmid.
	25 units/mL benzonase nuclease
	Protease inhibitors	1 mM PMSF (phenylmethylsulfonyl fluoride)
	1 mM benzamidine



  		50 mL polypropylene centrifuge tubes
	Floor centrifuge and rotor
	Room temperature shaker
	50 mL conical tubes

  
  

   

  
    1. Add BugBuster TM protein extraction reagent at a 5/1 ratio (i.e. 5 mL of reagent for every 1 g of wet cell pellet). If your pellet weighs less than 1 gram, please add 5 mL of protein extraction reagent. 
  

  
    
      2. Re-suspend the cell pellet in the protein extraction reagent (please ensure that your cell pellet is fully re-suspended in solution, not just detached off the side of the tube). You can re-suspend the pellet by pipetting it up and down in the solution added.
    
  

  
    
      3. Incubate the re-suspended cells at room temperature for 20 minutes in the shaker at low speed.
    
  

  
    
      4. Combine all re-suspended cell suspensions/ lab mentor into one, 50 mL polypropylene tube (choose any one tube from your lab mentor team). To pellet the cellular debris, spin the lysed cells at 16,000 x g for 30 minutes at 4 ˚C in the refrigerated floor centrifuge.
    
  

  
    
      5. Each lab pair: remove your specific volume of supernatant from the combined tube and transfer the supernatant into one, 50 mL Conical tube. Make sure you label the tube appropriately.
    
  

  
    
      6. Place cell lysate on ice. Proceed to the column chromatography step (in practice we ask our students to prepare the column while lysing cells).
    
  

   

  




  
  





Protocol for DHFR Protein Purification


  
  
    
      Please click this hyperlink to access the virtual lab bench
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	   Materials and Reagents 
 	 Reagents:  	Materials:  
 		Buffers (made by you)	Equilibration Buffer
	Wash Buffer
	Elution Buffer


	Ni-NTA (nickel-nitrilo triacetic acid) matrix	50 % slurry in 30 % ethanol



  		Retort Stand
	Disposable Column
	A beaker for collecting waste 
	1.5 mL micro-centrifuge tubes
	10 mL Disposable columns with lids and stoppers
	Plastic Transfer pipettes

  
  

  
    
      Please make sure that you work with liquids on your designated work surface. Do NOT work over your books! Always stay alert and UNDERSTAND what you are doing and WHY you are doing it! 
    
  

  
    NOTE: Never let the column run dry!! This will introduce air bubbles and lower the efficiency of your purification procedure.
  

  
    
      •Please note students can work in pairs or small groups for purification (one column per student is not necessary)
    
  

  
    
      •Prior to purification, make sure all of the following buffers have been prepared:
    
  

  
    
      A. Equilibration Buffer – 50 mM NaH2PO4, pH 8.0; 150 mM NaCl. 
    
  

  
    
      B. Wash Buffer – 50 mM NaH2PO4, pH 8.0; 150 mM NaCl; 10 mM imidazole. 
    
  

  
    
      C. Elution Buffer – 50 mM NaH2PO4, pH 8.0; 150 mM NaCl; 250 mM imidazole. 
    
  

  
    
      Get ice. Keep all buffers, cell lysate, samples collected ON ICE!
    
  

  
    
      Buffer preparation: 
    
  

  
    
      Please add the correct amount of imidazole to each of your 3 purification buffers. Aliquot prepared buffers into 50 mL conical tubes, as follows. These volumes are sufficient for one column purification procedure:
    
  

  
    
      
        Buffer tube 1: ~ 20 mL Equilibration buffer 
      
    
  

  
    
      
        Buffer tube 2: ~ 20 mL Wash buffer 
      
    
  

  
    
      
        Buffer tube 3: ~ 20 mL Elution buffer 
      
    
  

  
    
      You will use these buffers for your protein purification experiment, below. 
    
  

  
    [image: Workflow showing disposable column and how to apply the cleared lysate on the column using a plastic transfer pipette.]
  

  
    
      
        Please click this hyperlink to view the purification experiment process
      
    
  

  
    1.Label all collection tubes (micro-centrifuge tubes). Make sure you label tubes accordingly as all tubes in your lab mentor team go into the same freezer storage box, so labels like 1,2,3, etc. are not appropriate.
  

  
    
      	DHFR sample tube label:
  	 
 	Cell lysate:
  	Elution 1:
 
 
 	Flow Through:
  	Elution 2:
 
 
 	Wash 1:
 
 	Elution 3:
  
 	Wash 2:
  	 
  
  

       

    

  

  
    2. Remove the top closure of the 1 mL (packed resin volume) nickel column. (Please DO NOT throw out the closure as you will need it at the end of the lab period to recap the column).
  

  
    
      
        
          
            3. Flush the storage solution (20% ethanol) from the column by gently pipetting 5 mL of water onto the side of the bed using a plastic transfer pipette (take care not to disturb the bed too much). This will remove the ethanol in the storage buffer that currently surrounds the resin. Ethanol needs to be removed prior to adding the equilibration buffer as it can precipitate chemicals in the buffer itself.
          
        

        
          
            4. Place a waste beaker under the column, open the stopper at the bottom of the column, and let the column drain into the beaker.  Drain the column until less than 1-2 mm of buffer remains above the bed.  Add the stopper to the bottom of the column.
          
        

        
          
            5.Gently apply 5 mL of equilibration buffer onto the side of the resin bed using a plastic transfer pipette and let the column drain into the beaker.  Drain the column until less than 1-2 mm of buffer remains above the bed.  Add the stopper to the bottom of the column. 
          
        

        
          
            6. Reserve 100 µL of the cell lysate into a fresh 1.5 mL micro-centrifuge tube previously labeled. This sample will be used for SDS-PAGE and Bradford assay analyses.
          
        

        
          
            7. Gently apply the remaining cell lysate on to the side of the resin bed using a plastic transfer pipette. 
          
        

        
          
            8. Place a 1.5 mL microcentrifuge tube under the column.  Open the stopper and collect a 1 mL sample of the flow-through. Allow the remaining cell lysate to flow through the column and into the waste beaker before moving on to step 9.
          
        

        
          
            9. Gently apply 5 mL of wash buffer onto the side of the resin bed using a plastic transfer pipette.
          
        

        
          
            10. Place a new 1.5 mL microcentrifuge tube under the column.  Open the stopper and collect two, 1 mL samples of the wash in two separate tubes. The remaining wash buffer can be collected in the waste beaker.
          
        

        
          
            11. Gently apply 5 mL of elution buffer onto the center of the resin bed using a transfer pipette. Add the stopper to the bottom of the column.
          
        

        
          
            12. Open the stopper.  Collect three, 1 mL factions into sterile 1.5 mL microcentrifuge tubes, previously labeled.
          
        

        
          
            13. Dispose of the column as instructed by your lab mentor.
          
        

         

        
          
          An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=258#h5p-12

        

        
          
            At the end of this lab you should have 
          
          
            
              7 
            
          
          fractions:
        

      

    

  

   

  
    
      
        	Fractions collected:
  
 	1) A 100 µL sample of the cell lysate collected.
  
 
 	2) A 1 mL sample of the flow-through.
  
 
 	3-4) Two, 1 mL samples of the wash fraction.
  
 
 	5-7) Three, 1 mL elution fractions.
  
  

      

    

    

    

    
      
        
          Once you are finished please wash your hands!
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Chapter 8 - DHFR protein quantitation (the Bradford assay)




Chapter 8 Lab Overview and Background Information


  
  
    
      
        Bradford Assay Learning Outcomes: 
      
      
        Upon completion of this lab, students will gain practical experience in:
      
    
  

  
    	
      
        
          Using a plate reader
        
      
    

    	
      
        
          Making serial dilutions
        
      
    

    	
      
        
          Performing a Bradford assay
        
      
    

  

  
    
      Protein Quantification: Bradford Assay
    
  

  
    
      You will continue on your DHFR protein purification journey by conducting a Bradford assay (1) to quantify the protein concentration in your samples. This is necessary in order for you to set up your protein crystal trays properly. It is important to know the exact amount of DHFR protein you will add to your protein crystals so that your results are reproducible. In this lab you will use the Bradford method to determine the concentration of the samples you saved from your Ni-NTA protein purification experiment.  You will also use bovine serum albumin (BSA) as a standard protein.
    
  

  
    
      The Bradford (dye-binding) assay is based on the observation that the absorbance maximum for an acidic solution of the dye Coomassie Brilliant Blue G-250 shifts from 465 nm to 595 nm when binding (adsorption) to basic amino acids occurs.  The absorbance increase at 595 nm is monitored and can be directly related to the amount of protein present (adapted from, (1), page 69). What does this mean in a practical sense? Your solution will turn from reddish/brown (little to no protein present) to a vibrant blue color (protein is present: the darker the blue color, the more protein you have in your reaction).
    
  

  
    [image: Schematic showing Bradford reagent color change as protein concentration increases.]
  

   

  
    
      Advantages of the Bradford assay are: the stability of the dye-protein complex avoids the precise timing required for other methods. This assay, however, is subject to considerable protein-to-protein variation and non-linearity is often observed at high protein concentrations.
    
  

  
    
      
        The Beer-Lambert Law
      
    
  

  
    
      The Beer-Lambert law relates the difference in the intensity of incident light and transmitted light to the concentration of an absorbing chromophore in a given path length (2):
    
  

  
    
      A = εbc, where A = Absorbance
    
  

  
    
      ε = molar absorptivity (L*mol-1*cm-1)
    
  

  
    
      b = path length (cm)
    
  

  
    
      c = molar concentration (mol*L-1)
    
  

  
    
       
    
  

  
    
      The linear relationship between absorbance (A) and concentration (c) breaks down when:
    
  

  
    	
      
        The solution becomes very non-ideal (at high concentrations of chromophore)
      
    

    	
      
        Chemical processes occur, such as side reactions (dissociation, association, solvolysis)
      
    

  

   

  
    
      In this lab we will use both of these concepts to determine the concentration of total protein in our samples.
    
  

  
    	
      
        We will add Coomassie Brilliant Blue dye to a small amount of each protein sample obtain from the Ni-NTA purification experiment.
      
    

    	
      
        We will use a spectrophotometer (in the form of a microplate reader) to measure the absorbance at 595 nm. This measurement will allow us to determine the concentration of total protein in our samples by creating a standard curve which follows the linear relationship principle of the Beer-Lambert law (the linearity must be present in the standard curve otherwise we cannot directly correlate absorbance at 595 nm with concentration of protein). When plotting the values on the standard curve, you must ensure that you only use the linear portion of the curve to calculate your protein concentration. This relationship does not hold if your standard curve is not linear.
      
    

  

  
    
      The equation of a line is as follows (2):
    
  

  
    
      
        Y = mX + b
      
    
  

  
    
       
    
    
      Where m = slope, and b = y-intercept
    
  

  
    
      For your standard curve, the Y-axis is absorbance and the X-axis is concentration (or amount of your known protein samples). Therefore, the equation of the line is (2)
    
  

  
    
      
        A = mC + b
      
    
  

  
    
      Depending on the nature of data collection/analysis, the Y-intercept is normally zero due to the fact that at zero concentration of protein the instrument has been adjusted to an absorbance of zero OR your data has been adjusted to account for the background readings (such as your blank). Thus the equation of the line reads (2):
    
  

  
    
      A = mC
    
  

  
    [image: Schematic showing a typical graph of known protein concentration (x-axis) versus absorbance measurement (y-axis). The graph shows a linear part and a plateau. The linear range of protein concentration/absorbance is used to generate an equation of the line.]
    Image created by Felicia.

  

  

  
    So let’s look at this equation carefully. What determines the steepness of the slope? In some cases, the slope can be very steep indicating a dramatic absorbance change over a concentration range (2). In other cases, the slope may not be very steep. So obviously the nature of the analyte is a huge determining factor (2). The other main factor affecting the slope is the path length (the width of the cuvette holding the sample). If the light has to pass through a longer path, then there is more absorbing material present and more of the light will be absorbed (2). Thus the equation above can actually be written as A = εbC, bringing us back to the famous Beer-Lambert Law. 
  

  
    
       
    
  

  
    
      The BSA standard curve – Bovine Serum Albumin (BSA) will be used as your protein for creating a standard curve using the colorimetric Bradford assay. You will first need to serially dilute a stock concentration of BSA. A serial dilution is different from a regular dilution because it is a STEPWISE dilution of a substance in solution. For example, let’s say you have a 10 mg/mL solution of BSA and you need to make a dilution at a final concentration of 100 ng/mL. Your final volume is 1 mL. How do you make this dilution? Well, if you do the math, you have 100 ng = 0.1 µg = 0.0001 mg = 1 x 10-4 mg.
    
  

   

  
    
      If we use:
    
  

  
    
      CiVi = CfVf   (whereby i= initial and f = final)
    
  

  
    
      We have:
    
  

  
    [image: ]
  

  
    
      OK, now going back to your pipetting basics: what is the smallest volume you can accurately/precisely pipette? By our recollection it is 0.5 µL. That’s 500 nL and you need to measure 10 nL. See the problem? 
    
    
      One way to get around this is to conduct a serial dilution. Let’s say final volume for each stepwise dilution is 1 mL and you will make 3, 1/10 dilutions. This means that from your stock of 10 mg/mL BSA you will conduct one dilution (1/10) to a final concentration of 1 mg/mL. Let’s calculate:
    
  

   

  
    
      CiVi = CfVf
    
  

  
    [image: ]
  

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=282

  

  
    
      This means that you will take 100 µL of your 10 mg/mL BSA stock and add it to 900 µL solvent (in this case water) to make your final desired concentration of 1 mg/mL BSA (total volume of 1 mL)
    
  

  
    
       
    
  

  
    
      Now repeat this process, only this time you ignore the 10 mg/mL BSA stock solution (it doesn’t exist as far as you’re concerned) and you use your newly created 1 mg/mL BSA solution as your new STOCK solution. You want another 1/10 dilution of this, so your final concentration will be 1/10 = 0.1 mg/mL BSA in a final volume of 1 mL. Let’s calculate:
    
  

  
    
      CiVi = CfVf
    
  

  
    [image: ]
  

  
    
      This means that you will take 100 µL of your 1 mg/mL BSA stock and add it to 900 µL solvent (in this case water) to make your final desired concentration of 0.1 mg/mL BSA (total volume of 1 mL).
    
  

  
    
       
    
  

  
    Are you starting to see a pattern? Now repeat this for the 3rd and final time, only this time you use 0.1 mg/mL as your stock. Let’s look at this in diagram form (much easier to see):
  

  
    [image: Image showing the CiVi=CfVf calculations for three serial dilutions: 1 mg/mL, 0.1 mg/mL, 0.01 mg/mL]
  

  
    So your final dilution will have a final concentration of 0.01 mg/mL or 10 µ
    
      g/mL. If we go back to our original problem (making 1 mL at a final [100 ng/mL]) we now need to add 10 µL of our 10 µg/mL stock (much more doable with our pipettes)!
    
  

   

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=282#h5p-15

  

  
    
      
    
  

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=282#h5p-17

  

  

  Once the BSA serial dilutions are made, Bradford reagent (aka. Coomassie dye) is added to a small sample of each known BSA concentration and incubated to allow for binding of the Coomassie dye to the protein, and color development. The absorbance at 595nm is measured for each sample using a spectrophotometer. The data is then plotted such that the BSA concentration is on the x-axis and the absorbance values on the y-axis. The test protein samples are then measured and the relative total protein concentration of the test samples is extrapolated from the linear part of the BSA standard curve:

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=282

  

  In this lab we will be conducting the following BSA standard curve using a 96-well plate setup. The numbers in each well refer to the final BSA concentration in the well. Please note that each reaction is set up in triplicate to check for reproducibility. The colors reflect typical color development following addition of Bradford reagent and incubation.

  
    [image: Schematic of a 96-well plate showing color development following addition of Bradford Reagent to known concentrations of BSA.]
  

  Following absorbance readings at 595 nm we should obtain the following data table:

   

  
    
      	[BSA mg/mL] 	 Abs 595 (replica 1) 	Abs 595 (replica 2) 	Abs 595 (replica 3) 
 	2 	1.129 	1.029 	0.987 
 	1 	1.012 	0.987 	1.031 
 	0.5 	0.757 	0.665 	0.762 
 	0.25 	0.510 	0.476 	0.554 
 	0.125 	0.363 	0.327 	0.380 
 	0.0625 	0.312 	0.262 	0.306 
 	0.0312 	0.272 	0.258 	0.274 
 	0.0156 	0.256 	0.245 	0.252 
 	0 	0.242 	0.232 	0.239 
  

    

  

  
    When reporting the final values, watch your significant digits. How many digits should you report before you lose confidence in the numbers you are reporting?
  

  
    
      
         
      
    
  

  
    But what about the blank (0 BSA) absorbance value? This value is our background reading in the absence of any protein (quick tip: when measuring the absorbance values of your protein samples, any absorbance value equal or less than the blank absorbance value indicates the absence of protein in your sample). 
  

  One way to treat our current data set is to subtract the blank absorbance value from all our absorbance readings. To do this, simply subtract the average blank (0 BSA) value from every absorbance value for all your BSA samples (tip: you must also subtract this value from any other samples you test, such as your protein purification samples). The average 0 BSA absorbance value from the three replica samples equals 0.238. Subtracting 0.238 from all your absorbance readings yields the following.

  

  	[BSA mg/mL] 	 Abs 595 (replica 1) 	Abs 595 (replica 2) 	Abs 595 (replica 3) 
 	2 	0.891 	0.791 	0.749 
 	1 	0.774 	0.749 	0.793 
 	0.5 	0.519 	0.427 	0.524 
 	0.25 	0.272 	0.238 	0.316 
 	0.125 	0.125 	0.089 	0.142 
 	0.0625 	0.074 	0.024 	0.068 
 	0.0312 	0.034 	0.020 	0.036 
 	0.0156 	0.018 	0.007 	0.014 
 	0 	0.004 	-0.006 	0.001 
  

  
    Next we need to calculate the average absorbance value for each BSA concentration, but we also need a way to report how precise the values are for each BSA concentration. Theoretically, all three absorbance values for each BSA concentration should be the same. However, in practice, lots of technical and experimental errors can occur so for each absorbance value we also need to report how close the values are to one another. To do this we calculate the standard deviation of all three absorbance values for each BSA sample and obtain the following:
  

  	[BSA mg/mL] 	Abs 595 (replica 1) 	Abs. 595 (replica 2) 	Abs. 595 (replica 3) 	Average Abs. 	St. Dev. 
 	2 	0.891 	0.791 	0.749 	0.811 	0.073 
 	1 	0.774 	0.749 	0.793 	0.772 	0.022 
 	0.5 	0.519 	0.427 	0.524 	0.490 	0.055 
 	0.25 	0.272 	0.238 	0.316 	0.276 	0.039 
 	0.125 	0.125 	0.089 	0.142 	0.119 	0.027 
 	0.0625 	0.074 	0.024 	0.068 	0.056 	0.027 
 	0.0312 	0.034 	0.020 	0.036 	0.030 	0.009 
 	0.0156 	0.018 	0.007 	0.014 	0.013 	0.006 
 	0 	0.004 	-0.006 	0.001 	0.000 	  
  

  
     

  

  
    Graphing the average absorbance values (and calculated standard deviations) you will obtain the following graph (see below). You can then choose the linear part of the curve (this is the sensitivity range for your assay) and construct a linear trendline, complete with the equation of the line. You can use this equation to input your experimental absorbance values for all your unknown protein concentrations. This is what we mean when we talk about standard curves.
  

  
    [image: Graph of BSA concentration (x-axis) versus absorbance at 595 nm (y-axis). The graph was generated using the data from the tables.]
  

  
    Image created by Felicia Vulcu using Microsoft Excel.
  

  
    
      
        Equation of the line: 
      
      
        Y=1.001X
      
    
  

  
    
      R2 = 0.9975 (a measure of how closely your experimental data matches a linear relationship: the closer to 1, the more closely associated your data points are to a linear relationship).
    
  

  




  
  





Protocol for Bradford Assay


  
  
    
      Please click this hyperlink to access the virtual lab bench
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	  Materials and Reagents
  
 	 Reagents:  	Materials:  
 	Protein: 	2 mg/mL BSA (Sigma-Aldrich)
	Sample fractions from protein purification lab
	Phosphate Buffered Saline (PBS) -137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 2 mM KH2PO4

  For Bradford Assay:
 	Diluted Bradford reagent (Bio-Rad Protein Assay Dye Reagent) – contains Coomassie Brilliant Blue G-250, phosphoric acid and methanol.

  
 		Multiskan Plate Reader with Accent Software
	96-well plate
	Kimwipes
	5 mL micro-centrifuge tubes
	1.5 mL micro-centrifuge tubes

  
  

   

  
    
      Please make sure that you work with liquids in your designated work surface. Do NOT work over your books! Always stay alert and UNDERSTAND what you are doing and WHY you are doing it!
    
  

  
    
      
        
          
             
          
        
      
    
  

  
    You will be determining the total protein concentration in the flow through, wash, and elution fractions from your DHFR protein purification procedure. Please note that the Bradford assay reports total protein concentration. This assay cannot be used to identify if the protein is DHFR-His-6x protein.
  

  
    
      
         
      
    
  

  
    
      Please click this hyperlink to watch the multichannel pipette video
    
  

  
    
      	
        
          Using PBS as your dilution buffer, make 7, 200 µL serial dilutions (1/2) from the stock BSA standard (2 mg/mL). These serial dilutions are performed in 7, 1.5 mL micro-centrifuge tubes. Prior to the lab, please calculate the resulting BSA standard concentrations (in mg/mL). Below is a schematic diagram of this serial dilution. 
          
            Prior to the lab time, please complete the step-by-step calculations for the first 3 dilutions (note: we have already provided a sample calculation for dilution 1).
          
        
      

    

  

  
    [image: Schematic of seven serial dilutions that need to be completed prior to the lab time.]
  

   

  
    
      	In your notes, please fill in the diluted BSA sample concentrations required for your standard curve:

    

  

  	BSA
 Dilution
  	BSA concentration, Cf (mg/mL)
  
 	0
  	2
  
 	1
  	 
  
 	2
  	 
  
 	3
  	 
  
 	4
  	 
  
 	5
  	 
  
 	6
  	 
  
 	7
  	 
  
  

  
    
      
        
          
            
              Please click this hyperlink to watch the  Bradford Procedure Video
            
          
        
      
    
  

   

  
    	
      Please use the provided 96-well plate map, procedural video, and written protocol to set up the 96-well plate:
    

  

  
    
      
        
          [image: 96-well plate setup for this experiment.]
        
      
    
  

   

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=293

  

  
    	Prior to setting up the 96-well plate, make any necessary dilutions for each protein purification sample tube. The dilutions depend on the experimental setup. We recommend the following dilutions:

  

  	FT U/D – Flow Through sample, undiluted 
 	FT 1/10 – Flow Through sample, 1/10 dilution. This dilution is typically falls within the linear range of the Bradford assay. Don’t forget to take this dilution into account when calculating the total protein concentration in the original, undiluted sample tube. 
 	W1 U/D – Wash 1 sample, undiluted 
 	W2 U/D – Wash 2 sample, undiluted 
 	E1 U/D – Elution 1 sample, undiluted 
 	E1 1/2 – Elution 1 sample, 1/2 dilution. This dilution is typically falls within the linear range of the Bradford assay. Don’t forget to take this dilution into account when calculating the total protein concentration in the original, undiluted sample tube. 
 	E2 U/D – Elution 2 sample, undiluted 
 	E2 1/2 – Elution 2 sample, 1/2 dilution. This dilution is typically falls within the linear range of the Bradford assay. Don’t forget to take this dilution into account when calculating the total protein concentration in the original, undiluted sample tube. 
 	E3 U/D – Elution 3 sample, undiluted 
 	E3 1/2 – Elution 3 sample, 1/2 dilution. This dilution is typically falls within the linear range of the Bradford assay. Don’t forget to take this dilution into account when calculating the total protein concentration in the original, undiluted sample tube. 
  

  
    
      	
        
          Add 10 µL of each dilution (BSA and protein purification samples collected) into each designated well of a 96-well plate. Each reaction should be set up in triplicate to ensure accuracy.
        
      

      	
        
          Pipette 10 μL of your PBS dilution buffer into 3 wells. This will serve as the reagent Blank as there is no protein added to these wells. The measured absorbance will be your background “noise”. 
        
      

      	
        
          Add 200 μL of diluted Protein-assay dye reagent to the previously loaded wells. Leave undisturbed on your blue underpad for 5 minutes.
        
      

    

  

  
    
      
        
          
            Please click this hyperlink to watch the Plate Reader Video
          
        
      
    
  

  
    
      	
        
          With the assistance of your instructor, measure the absorbance of the samples in your 96-well plate using the Multiskan Plate Reader. This step MUST be conducted in the presence of your instructor.  The raw data should be saved and can be used to calculate aa standard curve.. Please note: when calculating the concentrations using the standard curve, you do not need to take into account the 200 µL of Bradford reagent you added to each well. The only dilutions you need to account for are your BSA and protein purification sample dilutions.
        
      

    

  

   

  
    
      
        
      
    
  

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=293#h5p-20

  

  

  
    
      	
        
          Properly dispose of the plate according to your lab procedures
        
      

    

    
      Once you are finished please wash your hands!
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Chapter 9 - Protein visualization: Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)




Chapter 9 Lab Overview and Background Information


  
  
    
      
        Learning Outcomes: 
      
      
        Upon completion of this lab, students will gain practical experience in:
      
    
  

  
    	
      
        Setting up SDS-PAGE apparatus
      
    

    	
      
        Preparing samples and loading polyacrylamide gels
      
    

    	
      
        Running SDS-PAGE gels
      
    

    	
      
        Coomassie staining polyacrylamide gels
      
    

  

  
    In the previous labs you purified your DHFR-His-6X tagged protein and determined the total protein concentration of key samples collected throughout the purification procedure.  Next you will visualize the purification by running samples of all the fractions collected on an SDS-PAGE gel.
  

  
    
      
        Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
      
    
  

  
    
      To learn more about the results of your protein purification, the protein content of your fractions will be analyzed using sodium dodecyl sulfate-polyacrylamide gel electrophoresis, commonly referred to as SDS-PAGE (1, 2). This electrophoresis method is a powerful separation technique used routinely in almost all biochemical laboratories. During this lab you will use precast SDS-PAGE gels, prepare your protein samples for loading on the gel, load your gels, run your gels (electrophoresis) and stain the resulting gels in a Coomassie solution.
    
  

  
    
      
        General theory of SDS-PAGE (1-5)
      
    
  

  
    
      This technique is related to molecular sieving chromatography in that the size of a protein is estimated by its migration through a gel matrix.  In this case the gel matrix is continuous and the migration of proteins occurs under the influence of an electrical field.  This migration depends on the molecular mass of the protein. The net charge and shape of the protein are standardized in SDS-PAGE. How does this occur? Mainly through the actions of SDS, reducing agents, and sample boiling. 
    
  

  
    
      SDS is a detergent that binds to proteins, disrupts their non-covalent structure and shape, dissociates them into polypeptide chains (in the case of multimeric proteins) and imposes comparable shapes and charge densities.
    
  

  
    [image: chemical structure of sodium dodecyl sulfate. Second panel shows a folded (native) protein, then SDS and heat are added, the protein is linearized. SDS coats the protein. Charge of protein is proportional to the molecular weight.]
  

  
    
       Thus, in SDS-PAGE the relative electrophoretic mobility of a protein is determined only by its mass, since SDS binding makes all proteins negatively charged to almost the same extent.
    
  

  
    
       
    
  

  
    
      The type of SDS-PAGE performed in this experiment is known as discontinuous.  Discontinuous refers to the use of two different gel systems: a stacking gel and a separating gel. The discontinuous component of this system also refers to the type of buffer used in the gel versus the electrophoresis tank (aka. electrode buffer).  The stacking gel, which is the first gel that the sample enters, is at a lower polyacrylamide concentration and a lower pH than the separating gel. This allows molecules of similar size to “stack” into bands of similar size (a phenomenon known as isotachophoresis).  The sample then enters the separating gel, which further separates the molecules.  The use of a discontinuous system allows for greater separation of molecules.  
    
  

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=306

  

  
    
      After a current has been applied for a time, the gel is usually stained to indicate the presence and migration pattern of proteins.  Common staining procedures include Coomassie Brilliant Blue and silver staining.  Keep in mind that SDS-PAGE is just one of many gel electrophoresis techniques.
    
  

  How does this SDS-PAGE gel differ from an agarose gel?

  
    	The gel matrix is composed of acrylamide and bis-acrylamide, not agarose.

    	A chemical reaction must occur for the gel matrix to form. This reaction is called a polymerization reaction … actually it’s called a vinyl addition polymerization catalyzed by free radicals (9, 10).

    	Two additional chemicals are required for the polymerization reaction to occur: ammonium persulfate (APS) and Tetramethylethylenediamine (TEMED). When mixed together TEMED accelerates the rate of radical formation in APS, which moves on to convert acrylamide monomers into free radicals (7, 10). These acrylamide monomers react with other acrylamide monomers thus starting the polymerization chain. Once in awhile these polymer chains react with bis-acrylamide forming a crosslink. This is why bis-acrylamide is often referred to as a crosslinker. In practice, the concentration of bis-acrylamide relative to acrylamide monomers dictates the gel matrix pore size (7, 10).

  

  
    
      
        [image: Schematic showing acrylamide monomers (horizontal bars) and bis-acrylamide molecules crosslinking the monomers at various points (vertical bars).]
      
    
  

   

  
    
      Protein sample preparation: prior to running the SDS-PAGE gel, protein samples must be prepared. To do this, a loading dye is added to the protein samples. The loading dye contains a number of chemicals -in addition to the detergent SDS – designed to help in the process of electrophoretic separation. For example, addition of β-Mercaptoethanol (β-Me) (or dithiothreitol (DTT)) serves to break disulphide bonds when present in proteins and hence separates polypeptide chains linked originally by disulphide bonds. 
    
  

  
    [image: Chemical mechanism of the oxidation and reduction of two cystine residues]
  

   

  
    
      In SDS-PAGE, proteins are usually treated with these reagents and boiled to help denature the proteins.  Before loading on the gel one more variable need to be accounted for: the AMOUNT of protein loaded in each lane. The proteins are then separated by passage through the polyacrylamide gel matrix (prepared by polymerizing acrylamide in the presence of cross-linking agents) in an electrical field.  
    
  

  
    
      Following SDS-PAGE, the gel is stained using Coomassie dye to visualize the protein bands. 
    
  

  
    
       
    
  

  
    Protein amounts: Like every other technique in science, the SDS-PAGE technique has a detection RANGE that depends on the type of gel used and the staining procedure. And so, a proper amount of protein to load on the gel depends on the distribution of proteins in the mixture. For example, if you have a samples comprised of multiple proteins, then around 20-50 µg of total protein should suffice in a minigel system. However, if the sample consists of only one protein (one band) then 20 µg would look like a “blob” on the gel (6). Here is an example of results obtained by undergraduate students at Rice University. Note that gel on the left was “overloaded” with total protein amounts that exceeded the 20-50 µg range, while the gel in the middle was under-loaded with protein amounts far less than the desired range. The gel on the right contained protein amounts around 20 µg, however keep in mind that this amount may be too much depending on the distribution of proteins in the sample:
  

   

  
    [image: Actual SDS-PAGE Coomassie stained gel images.]
  

  
    (Image obtained from: http://www.ruf.rice.edu/~bioslabs/studies/sds-page/denature.html, (6))
  

   

  
    
      
        
          Expected results: what are expected results 
        
        
          
            from
          
        
        
          your purification experiment (following SDS-PAGE and Coomassie staining). Please include a hypothetical gel drawing in your lab notebook with expected results prior to your lab day. Briefly describe your expected results.
        
      
    
  

   

   

  

  

  




  
  





Protocol for Preparing SDS-PAGE Gels


  
  
    
      Please click this hyperlink to access the virtual lab bench
    
  

  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	  Materials and Reagents
  
 	 Reagents:  	Materials:  
 		Precast polyacrylamide gel (4-15% gradient gel)
	10X SDS Running Buffer ) – 300 mM Tris, 1.92 M glycine, 1 % (w/v) SDS
	2X Laemmli Sample Buffer – 62.5 mM Tris-HCl, pH 6.8, 25 % (v/v) glycerol, 2 % (w/v) SDS, 0.01 % (w/v) bromophenol blue, 0.5 % (v/v) β-mercaptoethanol
	BioSafe Coomassie Stain
	Prestained Protein Ladder 

  		Gel Running Apparatus
	1.5 mL micro-centrifuge tubes
	Hot plate

  
  

  
    
                                                      
    
     
  

  
    
      	
        
          	

        

      

    

  

  
    
      
        Protocol for preparing and loading protein samples
      
    

  

  
    
      
         Protein molecular weight marker (only one marker lane/gel)
      
    
  

  
    	
      
        One sample of the cell lysate collected
      
    

    	
      
        One sample of the flow-through 
      
    

    	
      
        Wash fraction 1 sample
      
    

    	
      
        Wash fraction 2 sample
      
    

    	
      
        Elution fraction 1 sample
      
    

    	
      
        Elution fraction 2 sample 
      
    

    	
      
        Elution fraction 3 sample 
      
    

  

  
    
      Prior to the lab, please use your Bradford assay data and calculate the amount (in µg) of protein you will be loading in each of your elution fraction samples. 
    
  

  
    
      2.    You will be given a Tupperware container to store your gels in.  It may be necessary for more than one student to share a Tupperware container. This means that you need to be able to tell your gel apart from the other gels in the container. The best way to do this is to move the marker lane to different spots on the gel for each lab bench. So, if you have a 15-lane gel, you can claim which lane on the gel your marker will reside in. Please keep in mind that the gels are transparent and there is no way of telling if it is flipped. What do we mean by this? Let’s look at all possible combinations for placing the marker (which will look like multiple blue bands so really easy to distinguish) in each lane:
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      3.    Using 1.5 mL Eppendorf tubes, aliquot 15 µL of the above samples and 15 µL of 2X SDS-PAGE loading buffer into each tube.  When you are done return your protein fractions to the -20 °C freezer.
    
  

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=310#h5p-22

  

  
    
      
    
  

  
    
    An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=310#h5p-23

  

  

  
    
      4.    Boil your samples for 2-3 minutes.  Take care when adding and removing samples from the hot plate. The hot plate is HOT which means that the sample tubes are hot so please use the tweezers provided to handle the tubes.
    
  

  
    
      5.    Give your tubes a quick spin (~1-2 sec) in a micro-centrifuge to spin down any condensation that may have formed during boiling.
    
  

  
    
      6.    Your instructor will show you how to load the wells. You should load 15 µL of sample/well.  For your marker lane, load 5 µL of prestained protein ladder.  Let your instructor know when you are ready to run your gels (note that two gels are run in one electrophoresis tank).
    
  

   

  
    
      
        Protocol for gel electrophoresis
      
    
  

  
    
      Your instructor will help everyone get their gels ready to run by setting up the electrophoresis tank.  Please pay attention: they will go over the basics.
    
  

  
    
      The electrodes will be connected:  (-) ve black, (+) ve red.  Turn on and adjust the voltage to 170 volts (this is the maximum voltage).  The run time for the gels is approximately 45 minutes. Please be careful as this is a high voltage instrument. Do NOT touch the instrument while it is running, do not run the instrument in the presence of water on the bench top. 
    
  

  
    
       
    
  

  
    	
      
        When the dye front is at the very bottom of the separating gel (90 % migration), YOUR instructor WILL turn the voltage to zero and then turn the power supply off and unplug the instrument. Remove the electrode assembly, unclamp the assembly and gently remove the gel sandwich. Using a gel releaser (green instrument provided), gently break the seal between the two plates and remove the gel (the stacking gel can be discarded in a paper towel and placed in the biohazardous waste).  Your mentor will help you with these steps.  Caution must be exercised because polyacrylamide gels are fragile.
      
    

    	
      
        Place your gels in water (within a sandwich-sized Tupperware). Your gels will be stained, dried and a picture of the gel will be posted on the course learning management system sometime during the following day . 
      
    

  

  
    
      Please click this hyperlink to see what the gel looks like
    
  

  
    
      
         
      
    
    
      Once you are finished please wash your hands!
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Chapter 10 - Crystallizing and visualizing DHFR protein crystals




Chapter 10 Lab Overview and Background Information


  
  Setting up DHFR Protein Crystals using the Sitting Drop Method

  
    
      Learning Outcomes: Upon completion of this lab, students will gain practical experience in: 
    
  

  
    	
      
        Setting up crystal trays 
      
    

    	
      Visualizing protein crystals
    

  

  
    Protein crystallization conditions
  

  The process of protein crystallization begins with the protein sample. The protein sample must be very pure, and in relatively high concentration. In addition to the purity of DHFR, we will need to determine the method of crystallization. The most common crystallization methods are salt or pH screens. This means that by using an increasing gradient of salt, pH or a combination of the two, you should hopefully produce a crystal. Your protein crystals would then be taken to a lab to perform X-ray crystallography, which would produce diffraction data that can be used to determine the structure of the protein in question. Though this last process is outside the scope of this lab it is important to understand how X-ray crystallography works once the conditions for obtaining a positive/workable protein crystal are determined. 

  Prior to the lab time, please watch the following videos:

  
    	
      
        
          Understanding Crystallography – Part 1: From Proteins to Crystals
        
      

    

    	
      
        
          Understanding Crystallography – Part 2: From Crystals to Diamond
        
      

    

  

  
    
      This project was initiated by past students in 2011-2012 with the successful purification of DHFR followed by a ~ 10 % success rate in using specific conditions to produce DHFR protein crystals. 
    
  

  
    
      You will also set up a positive control (Lysozyme protein) in order to test the crystallization conditions. You will be testing only one condition with the hopes of increasing the success rate of both the positive control and DHFR.
    
  

  The first step towards x-ray crystallography is to crystalize our protein. As discussed in the introductory videos, we need to create crystals of regularly-arranged protein molecules in order to obtain high-quality x-ray diffraction data.

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=421

  

  The process of protein crystallization is very complex as many variables can affect the quality of the protein crystal (aka. ordered arrangement of protein molecules) (3, 5, 6). As discussed previously, the quality of purified protein samples (i.e. purity and concentration of protein sample) is extremely important as the starting material for protein crystallization. The next step involves the crystallization conditions themselves. To form protein crystals we first need an appropriate closed system, or chamber that allows for vapor diffusion. The idea of vapor diffusion is very straightforward. The main goal is to slowly remove (or evaporate) water from the protein sample and supersaturate the remaining sample, meaning the concentration of protein increases in the sample and slowly crystalizes (i.e. precipitates… but in an ordered arrangement of molecules). There are two main vapor diffusion methods used in the lab: 1. hanging drop method and, 2. sitting drop method. We will be using the sitting drop method (3, 5, 6).

  Sitting drop vapor diffusion (3, 5, 6)

  In this method the closed system is a small chamber containing a shelf on which the protein sample is placed, and a piece of transparent sealing tape on top of the chamber. A protein sample is prepared by mixing the purified protein with a small amount of precipitant. A buffer containing a much higher concentration of precipitant is added to the bottom of the chamber (called the reservoir buffer). The chamber is sealed with transparent tape and left undisturbed.

  

  
    
    A video element has been excluded from this version of the text. You can watch it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=421

  

  Over time a new equilibrium is established in the closed chamber as water evaporates from the drop (low precipitant concentration) into the reservoir buffer. The result in an increase in overall protein concentration in the protein drop (remember that concentration is a ratio of solute over total volume. As the volume decreases with water leaving the drop, the resulting concentration of protein increases). This is sometimes referred to as an increase in supersaturation. The creation of this supersaturated state is absolutely essential for the development of protein crystals(3, 5, 6).

  
    
      In our course, we are using a tray containing multiple sitting drop chambers. Once set up, each tray is sealed and
    
    
      placed at room temperature for one week. Protein crystals will be monitored using a stereo microscope to visualize each well in the tray. You will be looking for protein crystals like the ones described in the figure below:
    
  

  
    [image: Actual protein crystal data]
  

  
    Typical protein crystal results obtained from students in our course. Image made by Felicia.
  

   

   

   

   

  




  
  





Protocol for setting up DHFR protein crystals


  
  
    [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
  

  	  Materials and Reagents
  
 	 Reagents:  	Materials:  
 		Protein Samples of DHFR – the cleanest and most concentrated elution fraction
	Buffer A – 0.1 M Sodium Acetate, pH 4.8 
	Well Solution – 10 % Sodium Chloride in Buffer A 
	Lysozyme Solution – 25 mg/mL in Buffer A

  
 		Intelli-PlateTM 24-4 well (one per bench)
	Zeiss Stemi 305 zoom stereo microscope

  
  

   

  
    
      Protocol for setting up Intelli-PlateTM
    
  

  
    You will be using the Intelli-PlateTM system to set up protein crystal drops using the sitting-drop method.
  

  
    [image: Schematic diagram of a sitting drop plate]
  

  
    Figure 1: Schematic diagram of Intelli-PlateTM (Image created by Felicia Vulcu.)
  

  
    [image: Schematic diagram of one row in a sitting drop plate]
  

  
    Figure 2: Schematic diagram showing 1 row of the Intelli-PlateTM containing the 6 different sections. Please note, each row on the plate is labeled A-D and each section is labeled 1-6. Each section contains 4 wells and 1 reservoir buffer. (Image created by Felicia Vulcu.)
  

  
    
      
        Please click this hyperlink to watch How to set up the Intelli-Plate
      
    
  

   

  
    Please note that multiple students can utilize one Intelli-PlateTM
  

   

  
    Intelli-plate section:
  

  
    
       
    
  

  
    
      
        Ensure you have labeled the plate PRIOR to loading. 
      
    
  

  
    
       
    
  

  
    
      
        1. Add 600 µL Well Solution to each reservoir.
      
    

  

  
    
       
    
  

  
    
      
        For each section on the plate:
      
    
  

  
    
       
    
    2. Row A will include the positive control protein solution containing Lysozyme. Prepare a mix of 50% lysozyme solution, 50% well solution to a total volume of 40 µL in a newly labelled microcentrifuge tube.  Aliquot 3 µL into each sample well; 4 wells per section, 12 wells total.
  

   

  
    
       
    
    3. Rows B and C will contain the DHFR protein samples you chose to test from your protein purification experiment. Combine 5 µL DHFR protein sample 1, 5 µL Buffer A and 10 µL Well Solution. Aliquot 3 µL into each sample well, 4 wells total.
  

   

  
    
       
    
    4. Row D will contain the provided DHFR sample (4 mg/mL concentrated. Combine 5 µL DHFR protein sample 1, 5 µL Buffer A and 10 µL Well Solution. Aliquot 3 µL into each sample well, 4 wells total.
  

  
    [image: Setup of the sitting drop plate for this experiment]
  

   

  
    When all team members have loaded their samples on the plate, your instructor will help you apply the sealing film. Ensure you have labeled the side of the plate for identification next week.
  

  
    
       
    
  

  
    Plates will be incubated at room temperature for 1 week. 
  

  

  




  
  





Checking your DHFR Protein Crystals


  
  
    
      Protocol for Visualizing your Protein Crystals 
    
  

  
    	
      
        Collect your Intelli-PlateTM
      
    

    	
      
        Place the tray under the Zeiss Stemi 305 zoom stereo microscope objective. Move the tray to visualize all the wells.
      
    

    	
      
        Once crystals are detected, a picture will be taken and provided digitally. 
      
    

    	
      Once you are finished please wash your hands in the designated hand-washing sink. Please discuss the relevance of your results with your instructor.
    

  

  
    
      
        Please click this hyperlink to observe crystals
      
    
  

  
    Let us take a look at how lysozyme crystal grow!  
     
  

  
    [image: Thumbnail for the embedded element "Lysozyme crystal growth"]
    A YouTube element has been excluded from this version of the text. You can view it online here: https://ecampusontario.pressbooks.pub/biochem2l06/?p=434
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Bonus Chapter - Bacterial Cell Inhibition Assay




Overview and Background Information


  
  
    In this lab, you will embark on an independent journey using bacterial cells to test the inhibition potential of an antibiotic. S
    cientists often use a relatively simple experimental setup to determine if an antibiotic inhibits the growth of bacterial cells. This can be performed in a liquid culture by exposing a constant number of bacterial cells to increasing concentrations of the antibiotic, allowing these cells to grow overnight, and measuring their growth using a spectrophotometer (optical density). The optical density is then graphed as a function of antibiotic concentration and the lowest concentration of the antibiotic that shows a visible growth inhibition in the bacterial cells is called the minimum inhibitory concentration (MIC) (1). This metric does not give you specific insight into the mechanism of the antibiotic (i.e. how the antibiotic is able to achieve inhibition), but it does provide useful information with respect to whether or not the antibiotic can indeed inhibit bacterial cell growth, and the concentration range at which the antibiotic is effective in the experimental setup described. Speaking of mechanism, what do we mean when we say that an antibiotic will “inhibit” the growth of bacteria? Generally speaking we can understand “inhibit” to mean preventing or limiting the replication of bacteria, but the term is a bit more complicated. 
    Antibiotics can be broadly classified as bactericidal, meaning that the antibiotic actually kills the bacteria, or bacteriostatic which indicates that the antibiotic inhibits bacterial cells from reproducing/growing, but does not necessarily kill them.  
  

  
    
      
        
          
            
            An interactive H5P element has been excluded from this version of the text. You can view it online here:
https://ecampusontario.pressbooks.pub/biochem2l06/?p=445#h5p-24

          

        

      

    

    
      
        
          In this lab you will use two strains of 
        
      
      
        
          
            
              E. coli
            
            
               cells:
            
          
          
             
          
        
      
    

  

  
    
      
        
          
            Strain 1: Wild Type (WT) – 
          
          
            E. coli
          
          
            K12 cells. This cell line is susceptible to the antibiotic (Ant) that we will be using in this experiment. The concept here is to see at what concentration of antibiotic (Ant) we can begin to detect inhibition of bacterial cell growth. This can be accomplished by exposing a set concentration of bacterial cells to increasing concentrations of antibiotic. We allow the cells to grow overnight, then we check their growth using spectrophotometry. The idea here is to measure the turbidity (or cloudiness) of the cell suspension and correlate this to cell growth. The higher the turbidity (cloudiness), the higher the cell growth. Cell suspensions are placed in a spectrophotometer and the optical density (at 600 nm) is measured. 
          
        
      
    

     

    
      
        
          
            Optical density is typically described as a measurement of the amount of light scattered by the cell culture, rather than the amount of light absorbed (the latter is referred to as absorbance). We can then graph the optical density (O.D.) for each antibiotic concentration, and we should see the following trend:
          
        
      
    

    
      [image: Schematic of a bar graph showing data trends when antibiotic concentration (x-axis) is graphed versus optical density (y-axis)]
    

    
      Based on this hypothetical data, we can see a high O.D. measurement (indicating bacterial cell growth) when no antibiotic is present (0 mg/mL antibiotic condition). This is completely expected and serves as our positive control indicating that bacterial cells are growing in our culture conditions. Increasing the concentration of antibiotic to 1-2 mg/mL also does not appear to severely affect cell growth inhibition. However, when we test the 3 mg/mL antibiotic condition we can observe a very high inhibition of bacterial cell growth as compared to our 0 mg/mL control. You can calculate a fold change between these two values by stating the following: the O.D. at 0 mg/mL antibiotic = ~ 0.65. The O.D. at 3 mg/mL antibiotic = ~ 0.15. The fold change = 0.65/0.15 = ~ 4-fold decrease in bacterial cell growth between the two conditions.
    

    
      
        This type of experiment is usually more than sufficient to illustrate dose-inhibition in a cell-based assay. However, we will also provide you with a second strain of cells to test. 
      
    

    
      Strain 2: WT-AntR – E. coli K12 cells transformed with a plasmid containing an antibiotic resistance gene. This antibiotic resistance gene is downstream of a constitutive promoter (always on). Cells expressing this AntR protein are much more resistant to the antibiotic we will be using in this experiment as the AntR protein deactivates the antibiotic supplemented in the experimental media. Of course, at really high concentrations of antibiotic in the media, even an AntR protein will not be enough to inhibit cell growth. What will your graph look like if you test the same antibiotic concentrations with this strain and compare your results with the results from strain 1?
    

  

  
     

     

     

  

  




  
  





Protocol for Bacterial Cell Inhibition Assay


  
  
    
      
        
          
            
              Please click this hyperlink to access the virtual lab bench
            
          
        

        
          [image: Lab Safety - please contact your institution's health and safety office prior to implementing the laboratory procedure outlined. Comply with all laboratory safety regulations in accordance with your institution's health and safety office.]
        

        	  Materials and Reagents
  
 	 Reagents:  	Materials:  
 			Antibiotic (Ant) stock solution – 250 mg/mL 

	Strain 1 (WT) – Actively growing culture of E. coli K12 cells




 	Strain 2 (WT-AntR)Actively growing culture of E. coli K12 cells transformed with a plasmid expressing the antibiotic resistance gene (same antibiotic resistance gene as the antibiotic tested in this experiment)


  		96-well plate (VWR)
	Multiskan Plate Reader with Accent Software
	Shaking incubator
	1.5 mL microcentrifuge tubes
	Kimwipes

  
 
  

         

      

    

  

  
    
      
        1. The final concentration of antibiotic for each well is shown below. You will be adding a set volume of antibiotic per well (20 µL), along with 180 µL of bacterial cell culture for a total volume of 200 µL in each well. Your stock concentration of antibiotic is 250 mg/mL. This is a very concentrated stock! This means that you need to first make working stocks for each final concentration of antibiotic. Prior to the lab, calculate how you will prepare the antibiotic working stocks to a final volume of 200 µL for each final concentration of antibiotic. You already have the working stock for your 25 mg/mL final concentration of antibiotic.
      

      
        
          2. Please use serial dilutions to make the remaining 6 working stocks (G-B).  This means that you will use sample H working stock as your stock solution to make sample G. You will then use sample G as your stock to make sample F, etc. Please note that the sample designation corresponds to the row number on your 96-well plate. Your INSTRUCTOR will double check your numbers before you start on the lab. 
        
      

      
        
          3. Table 1
        
        : Preparation of Antibiotic stock solution:
      

      	Sample
 (aka. row on the plate)
  	Final concentration of antibiotic/well
  	Working stock concentration (mg/mL)
  	Calculate how to make the working stock concentrations (200 µL final volume)
  
 	B
  	5 µg/mL 
  	0.05
  	 
  
 	C
  	50 µg/mL 
  	0.5
  	 
  
 	D
  	500 µg/mL 
  	5
  	 
  
 	E
  	1 mg/mL
  	10
  	 
  
 	F
  	5 mg/mL
  	50
  	 
  
 	G
  	10 mg/mL
  	100
  	 
  
 	H
  	25 mg/mL
  	250
  	Already provided
  
  

    

  

   

   

   

   

   

   

   

   

  
    Step 4 will be conducted for you by the kind folks in the Biochemistry teaching labs
  

  
    
      
        4. Cultures of E. coli strain 1 and 2 will be grown overnight to saturation. 
      
    
  

  
    
      5. Cultures will be diluted to an OD600 of 0.1 using LB. Your lab instructor will show you how to do this.
    
  

  
    
      
        
          6. Ensure that your 96-well plate is clearly labelled on the side of the plate, not on the lid, before adding anything to the plate. This includes your initials, date, instructor name, lab day, contents of the plate AND any safety considerations.
        
      
    
  

  
    
      7. Prepare 200 µL of each Antibiotic working stock solution by serial dilution (Table 1). You will be given 200 µL of 250 mg/mL Antibiotic.
    
  

   

  
    The table and schematic diagram below outlines the cultures and antibiotic concentrations that you will be adding to each well.
  

  
    	Lab pair – Plate Setup
  
 	E. coli strain 1: WT
  	E. coli strain 2: WT-AntR
  
 	control reactions (-ANT) * 
  	Wells A1, A3, A5
  	o
  	control reactions (-ANT) * 
  	Wells A7, A9, A11
  	
  
 	+ ANT (0.005 mg/mL) **
  	Wells B1, B3, B5
  	o
  	+ ANT (0.005 mg/mL) **
  	Wells B7, B9, B11
  	
  
 	+ ANT (stock 0.05 mg/mL) **
  	Wells C1, C3, C5
  	o
  	+ ANT (stock 0.05 mg/mL) **
  	Wells C7, C9, C11
  	
  
 	+ ANT (stock 0.5 mg/mL)**
  	Wells D1, D3, D5
  	o
  	+ ANT (stock 0.5 mg/mL)**
  	Wells D7, D9, D11
  	
  
 	+ ANT (stock 1 mg/mL)**
  	Wells E1, E3, E5
  	o
  	+ ANT (stock 1 mg/mL)**
  	Wells E7, E9, E11
  	
  
 	+ ANT (stock 5 mg/mL) **
  	Wells F1, F3, F5
  	o
  	+ ANT (stock 5 mg/mL) **
  	Wells F7, F9, F11
  	
  
 	+ ANT (stock 10 mg/mL) **
  	Wells G1, G3, G5
  	o
  	+ ANT (stock 10 mg/mL) **
  	Wells G7, G9, G11
  	
  
 	+ ANT (stock 25 mg/mL) **
  	Wells H1, H3, H5
  	o
  	+ ANT (stock 25 mg/mL) **
  	Wells H7, H9, H11
  	
  
 	  * (–ANT wells) – Add 180 µL of the bacterial culture to each well. Add 20 µL of water to each well, in place of the antibiotic.
 ** (+ ANT wells) – Add 180 µL of the bacterial culture to each well. Add 20 µL of appropriate working antibiotic stock solution to each well. Please note that the antibiotic stocks refer to the final concentrations in the well
 *** (contamination control wells) – Add 200 µL of LB to each well.
  
  

    
      [image: Setup of the 96-well plate for this experiment]
    

  

  
    8. Incubate your plate in the 37°C incubator. Your plate will be read at the end of the day and again in the morning.
  

  
    
      Once you are finished please wash your hands!
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Teacher Resources


  
  Under construction

  






Teacher resources: An overview


  
  This course was designed to introduce 2nd year biochemistry students to the process of designing and implementing a research project. Throughout this process we focus on two types of experiments performed in the research laboratory:

  
    	Preparatory experiments – these experiments help us prepare our reagents/system for our data generating experiments. Examples include molecular DNA cloning, protein purification, enzyme assays, etc. In these experiments we do not measure a variable or test a piece of our hypothesis. Instead, we use our scientific toolkit to construct all the reagents needed for our main experiments.

    	Data generating experiments – these experiments are the main stars in our research. We work hard to get to these experiments! Importantly, the data generated from these experiments actually inform the hypothesis that we seek to test.

  

  In this introductory biochemistry course most of our experiments fall under the preparatory experiments description. In this way, we stress the importance of proper experimental design and emphasize how each experiment fits together to achieve a desired goal (i.e. clone a gene, purify a protein). The course culminates in two data-generating experiments (protein crystallization in Chapter 10 and cell based antibiotic inhibition assays in the Bonus Chapter) that lead into the start of a research project focused on antibacterial drug discovery. This is the overarching theme of the course, and is the third branch on our workflow.

  
    [image: Flowchart showing the three parts of the lab course project: part 1, DNA cloning, part 2, protein expression, purification setup of protein crystals, part 3 overarching theme of drug discovery.]
  

  We thread this theme throughout the course to help our students understand how we piece different experiments together to formulate a testable hypothesis. In the past we used the concept of antibiotic resistance (namely DHFR point mutations that lead to antibiotic resistance) to show our students how they can design a research project with the aim of discovering new DHFR-specific antibiotics using strategies like high throughput screening, rational drug design, etc.

  Undertaking and completing a research project can be a daunting endeavor for undergraduates, so in order to focus and streamline this process we compiled a list of skills often used by researchers in their day-to-day work. Ultimately, we decided to focus our course on two main skill sets:

  
    	Communication skills

    	Technical skills

  

  The development of technical skills (aka “lab hands”) is the chief goal of the first 11 chapters of this resource. Importantly, we focus on continuity in the research process, with the product of one chapter often serving as the starting material for the experiments in the proceeding chapter. In this way students students skills (and confidence!) are built in stepwise process throughout the term. In this chapter we will now turn our attention to communication skills and the strategies we employ to foster this other critically important research.

  Communication skills – these include both written and oral communication, but they also include the process of reflection. As researchers we often stop and reflect on our work at many stages throughout the research process. We can certainly teach the scientific method to our students, but do we practically apply the principles of scientific method? To achieve this, we seek to instill in our students the following basic framework for tackling research questions:

  
    [image: Diagram showing three phases to experimental design, along with descriptions for each phase.]
  

  We use many different teaching practices to enhance communication skills, such as:

  
    [image: Diagram describing examples of communication skills in this course]
  

  Team Think Tank (T3) – As the name implies, the T3 is a set of team-based exercises designed to take our students through the process of reflection in the context of research design. The T3 emphasizes not only content, but also transferable skills such as teamwork, collaboration, positivity, resilience, and creativity. We designed a series of T3 exercises at specific, key points of the course to emphasize:

  
    	Experimental design – teams design PCR primers, restriction enzyme reactions, etc.

    	Data analysis – teams analyze data, discuss results, construct scientific data figures, figure captions.

    	Presentation preparation – teams work together to construct presentation slides with immediate input from instructor/teaching staff.

  

  The next chapters provide select examples from our team think tanks.

   

  




  
  





Team Think Tank 1 – Getting to know your team


  
  
    Team Think Tank (T3) examples:
  

  T3-1 – getting to know your team. The key to successful T3s is to establish a positive, nurturing team environment. The T3 described in this chapter was designed specifically for that purpose and functions as a team icebreaker. Generally speaking, for each think tank, a team is tasked with working together to complete a worksheet with guidance from the course instructor and instructional team. The worksheet included many elements, some of which are highlighted below. This particular worksheet was adapted from the following article: Oakley, B., Felder, R. M., Brent, R., & Elhajj, I. (2004). Turning student groups into effective teams. Journal of student centered learning, 2(1), 9-34.

  
    Part 1 – Welcome to the team!
  

  For the first 30-45 minutes of this think tank, please come together as your assigned team and go through the following team considerations. Team Considerations: teamwork is at the heart of almost any career you can think of. Teamwork is extremely important in science as it leads to collaboration, sharing of ideas and overall creativity. Teamwork is an extremely rewarding experience as long as all individuals are dedicated to the teamwork process. To this end, it is important to get to know your team members and ensure you have a clear line of communication with one another. Our team will work together through the think tanks/labs and presentations throughout the course. We will also work together to construct scientific data figures and figure captions.  As such, we should start thinking about some practical considerations:

  
    	
      
        	What is my assigned team name?

        	Who are my team members (names), include your lab mentor as part of your team?

        	How are we going to communicate with one another (MS Teams, Zoom, Facebook, email, etc.)?

        	What do we need to take into consideration when setting up meeting times (i.e., time of day, is it being recorded, etc.)?

        	What is an acceptable time window for responding to one another?

        	How long will the meetings last (this is very important, keep it short and straight to the point):

        	What is the team policy on attendance of meetings?

        	What are the expectations for individual preparation prior to each meeting?

      

    

  

  
    	And now for our team roles (you can revisit these at any time). The best way to function as a cohesive team is to designate team roles. These roles will help you plan and execute effective team meetings. You can keep the same people in the roles, but we recommend switching up the people in these roles for different tasks. Please also make sure that everyone contributes to this process. Here are some examples of team roles that should be filled. You can create other roles that will fit your needs if you wish, but you should minimally cover these roles. One person can certainly fit more than one role!

  

  
    	
      
        	Role 1 – a person (or persons) is needed to coordinate the team meeting process.

        	Role 2 – a person (or persons) is needed to record meeting minutes and help the coordinator with the completion of each meeting agenda.

        	Role 3 – a person (or persons) is needed to monitor progress and ensure everyone is on the same page with respect to understanding the work being accomplished by the team.

      

    

  

  
    	Team conflicts – how will you manage these? To get you started on this, please download and read the following article: Oakley, B., Felder, R. M., Brent, R., & Elhajj, I. (2004). Coping with hitchhikers and couch potatoes on teams. Journal of Student Centered Learning, 2(1), 32-34. Discuss the article, specifically the two terms as they pertain to teamwork: hitchhiker and couch potato. How would you deal with hitchhikers and couch potatoes on your team?

  

  
    Part 2: Research project concept map. 
  

  Your challenge is to design a team concept map aimed at describing the course research project you are about to embark on. Your best resources are: this lab manual and your lab course instructor and instructional team. The concept map should highlight:

  
    	
      
        	What is the main purpose of the course research project?

        	What are the main objectives?

        	What are the main experimental techniques and how do they tie into one another?

      

    

  

  You will have 1 hour to complete this task. You will then present your concept map to your peers in an informal 2-minute presentation.

   

   

  




  
  





Team Think Tank 2 - Designing PCR primers


  
  
    Team Think Tank (T3) examples:
  

  
    
      T3-2: Designing PCR primers.
    
  

  The purpose of this think tank, is to provide students with the opportunity to collaborate to design their own primers to amplify their gene of interest (folA). In our course we actually do order these primers and have students use them alongside an optimized set. Overall, this exercise serves to give students more ownership and autonomy in the experimental process. Typically, we would complete this exercise during scheduled tutorial/class time one week in advance of when the primers are actually needed (Chapter 1: Part B).

  As a team, please complete the following questions. Please tackle the questions in the order they are shown.

  Question 1:

  
    	What are Restriction Enzyme compatible cohesive ends? Provide an example.

    	What is an Isoschizomer? Provide an example.

    	You are using 2 restriction enzymes, NdeI and XhoI, in your  cloning project. Please write out their DNA recognition sequence (show the cut site for each enzyme and specify the 3’ and 5’ DNA ends) for each of these enzymes. Please write both the sense and antisense strands for each.

    	What are the optimal conditions for the NdeI/XhoI double digestion reaction using Buffer R? (use the Thermo Scientific DoubleDigest program: Click here to access the double digest calculator

    	What does “Cleavage efficiency close to the termini of PCR fragments” mean? Why are we concerned about this? Do NdeI/XhoI require special considerations when designing the primers?

  

  Question 2:

  
    	The folA DNA sequence is shown below

  

  
    [image: folA DNA sequence]
  

  Using this sequence information, please design 2 PCR oligonucleotides (~18-24 bp each, not including any 5’ extensions) containing an NdeI site and an XhoI site engineered at each end of the folA gene as 5’ extensions.

  
    	The NdeI site will be part of the sense primer and the XhoI site will be part of the antisense primer.  Please pay close attention to the direction of your promoter and the His-tag, which is already built into your plasmid (which is C-terminal; therefore, remove your stop codon).  Use the provided folA and pET26b sequence information to ensure your primers maintain the folA gene in frame with the His-tag.

    	Write out the forward and reverse primer sequences. Underline the 5’ extension sequences.

  

   

  Question 3: Use the GenScript oligo calculator to report the following:

  
    	Melting temperature of each primer (the melting temperatures need to be within 0-4 ºC of one another).

    	Annealing temperature for each primer (remember that the annealing temperature is typically calculated as follows: melting temp – 5 ºC)

  

  Question 4:

  
    	Complete the schematic below to show where on the folA gene these primers will anneal (please include the 5’ extensions and sizes, label the 2 strands both with correct termini, 5’ or 3’, and “sense” and “antisense” labels, etc.). Continue this schematic to show the first 2 cycles of PCR. A cycle, by definition, includes annealing of primers, extension of primers and resulting products from the extension reaction. After cycle 1 you should have 4 DNA fragments (including parental strands) and after cycle 2 you should have 8 DNA fragments (including parental strands).

  

  P.S. – do not write the actual DNA sequences: just lines will suffice.

  
    [image: folA gene schematic highlighting the sense and antisense strand]
  

  Question 5:

  
    	Using your lab manual (Chapter 1) list the PCR conditions you would use to amplify your folA gene from the pMAC1 plasmid. Be specific about: 	the concentration of reagents
	the temperature and duration of each PCR step
	what is a typical concentration range for:  template DNA, forward primer, reverse primers, magnesium, dNTP, Taq DNA polymerase)?



    	Using the lab manual background information (Chapter 1) as a reference guide, briefly describe the temperature and duration of each PCR step. Consider what your system-specific temperatures/durations are.

  

  
    	
      
        	
          
            	
              
                	Initial DNA denaturation

                	Denaturation

                	Primer annealing

                	Extension

                	Final extension

              

            

          

        

      

    

  

  Question 6

  
    	You are given a 1/1000 dilution of your template pMAC1-folA DNA. The initial concentration of undiluted pMAC1-folA is 811 µg/mL. You will need to add a total of 1 µL of the diluted pMAC1-folA stock to your PCR reaction. Please calculate the total amount of pMAC1-folA DNA (in ng) you are adding to your PCR reaction (show your math).

  

  Question 7

  
    	Report the size of your amplified product, folA (in base pairs) as well as the size of your NdeI/XhoI digested folA fragment. Please make sure you explain how you obtained these numbers. Draw the expected band sizes of the hypothetical agarose gel shown below and briefly explain each lane. Given this information, will you be able to tell the difference between the digested and undigested folA DNA fragment?

  

  




  
  





Team Think Tank 3 - Restriction enzyme digests


  
  
    T3-3: Restriction enzyme digests. 
  

  The objective of this think tank is to help you understand the setup of a standard restriction enzyme digestion protocol. We are using resources from the company New England Biolabs (NEB) for this question, but this question can be adapted to include information from other scientific companies.

  As a team, please complete the following questions. Please tackle the questions in the order they are shown.

  Question 1: Using the following New England Biolabs (NEB) video as a guide: Standard Protocol for Restriction Enzyme Digests, please write out a step-by-step protocol for setting up a standard Restriction Enzyme (RE) digest reaction using the following restriction enzyme: EcoRI. The general protocol guidelines can be found here.  The plasmid DNA concentration is 0.3 μg/μL and you would like to use a total of 1 µg of DNA in your reaction. You would also like to add 10 units (U) of EcoRI per reaction and you have a stock tube of EcoRI at 10, 000 U/mL.

  
    	NEB provides different versions of the same RE. You can purchase the native/conventional RE- For EcoRI you can find the information here – or you can purchase the High Fidelity (HF) version of EcoRI (information found here). Please describe the main difference between these 2 versions. Create a table showcasing a side-by-side comparison of the EcoRI/EcoRI HF REs and the differences with respect to these REs. Here you can look at incubation time, star activity, etc. To help with this here is a great video describing star activity.

  

   

  Given the provided folA and pET26b sequence information, please answer the following questions:

  
    [image: folA gene map with RE DNA recognition sites. Map generated using the SnapGene molecular cloning software.]
  

  
    [image: pET26b map with RE DNA recognition sites. Map generated using the SnapGene molecular cloning software.]
  

  Question 2:

  
    	What do you obtain from cutting the pET26b plasmid with NdeI and XhoI (show your math and describe ALL fragments you will obtain: tell us where the numbers are derived from)? Use the base pair positions given in the vector map as your actual cut site. Assume 100% digestion efficiency:

  

  Question 3:

  
    	What do you obtain from cutting the folA gene fragment with NdeI and XhoI (show your math and describe ALL fragments you will obtain: tell us where the numbers are derived from)? Assume 100% digestion efficiency. Highlight the fragment that contains your gene. Knowing that you are using the 1kb DNA ladder (see below) which of the 3 fragments obtained will you be able to clearly visualize on a 1% agarose gel?

  

  Question 4:

  
    	What do you obtain from ligating the two fragments together to obtain pET26b-folA? Draw the resulting plasmid (please adjust the NdeI, XhoI sizes accordingly). The plasmid must contain the T7 promoter and location of the His-tag that will be utilized in your construct (base pair positions are not necessary for these 2, just their location relative to the folA gene). The plasmid should also include the size of the folA gene. What is the size of your newly constructed plasmid? Please show your math and clearly explain how you obtained your final plasmid.

  

   

  
    	On your pET26b-folA plasmid diagram, please highlight the new bp positions for PvuI (both in the plasmid and in the gene) and explain how you achieved these numbers (please show your math!)

  

  
    [image: pET26b-folA schematic]
  

  Question 5: Please create a hypothetical agarose gel result containing the outcomes of your double restriction digest for the following samples:

  
    	
      
        	
          
            	1kb DNA ladder

            	pET26b plasmid cut with NdeI/XhoI

            	pET26b plasmid cut with PvuI

            	pET26b-folA plasmid cut with NdeI/XhoI

            	pET26b-folA plasmid cut with PvuI

            	pET26b-folA plasmid cut with PvuI/ NdeI/XhoI.

            	pET26b-folA plasmid cut with PvuI/ PvuII.

          

        

      

    

  

  At the bottom of the gel you need to state each fragment (for each lane) and describe how you obtained this number (show your math). If you have already calculated band sizes in previous questions, please refer to that question. You do not need to recalculate.

  The hypothetical agarose gel image is provided. Please use this gel template to add your bands.

  
    [image: agarose gel slab schematic]
  

  




  
  





Team Think Tank 4 - Impromptu speaking exercise: What's for dinner?


  
  
    Team Think Tank (T3) examples:
  

  
    
      T3-4: What’s for dinner? (impromptu speaking exercise)
    
  

  This workshop aims to help you develop your speaking, confidence, and overall presentation skills.

  How? Working in teams of two, you will have exactly 3 minutes to deliver a memorable presentation teaching your audience your favorite recipe. Now this doesn’t have to be a food recipe! It can be a recipe for making friends, recipe for purifying your protein, recipe for having fun, etc. – the possibilities are endless!

  You will have 15 minutes at the beginning of this workshop to get organized before presentations start.

  The idea here is to give you experience with respect to speaking in public. This is a fun activity. There are no marks associated with it so please do not worry. This is also a safe space.

  Please note: though creativity and fun are at the forefront of this presentation, this is still a professional environment. As such, please be mindful of the topics you choose to engage with, make sure there is no swearing, stay away from charged topics, and please do not attempt any physical stunts (like jumping, leaping, etc.), which can be unsafe. Thank you.

  Guidelines for setting up your memorable impromptu speech (these are just guidelines to get you started, you can certainly deviate from this script):

  
    	First sentence: Be very clear, concise: “today we will describe…”

    	Attention grabber: Provide a brief story/anecdote, humorous experience, etc. – something that will draw the audience in and to pique their interest about your topic

    	Main body: Detail the recipe

    	Conclusion: Reference back to attention getter

  

  Remember: we’re looking for quality, not quantity!!!

  And don’t forget to have FUN!!!!!! This is a safe space!

  




  
  





Team Think Tank 5 - Data analysis


  
  
    Team Think Tank (T3) examples:
  

  
    
      T3-5: Data analysis. 
    
  

  During this think tank you will work in pairs to to analyze the data you have generated to-date and to design a proper, scientific figure and figure caption, along with a short discussion (this can be in point form).

  Please bring your laptop/tablet for this think tank. You will be required to work together to produce a:

  
    	data figure (complete with figure caption)

    	materials and methods section

    	discussion section

  

  The team think tank is divided into the following sections:

  
    	For the first 30 minutes of the think tank you will discuss with your instructor the main requirements for each section. Come up with a plan for tackling each section and an overview of what you would like to highlight in each section. Here are some resources to help you with this task. Please make sure you’ve gone over these resources prior to the think tank:

  

  
    	
      
        	
          
            	Short video on designing figures/figure captions for this course: click here

            	Rougier, N. P., Droettboom, M., & Bourne, P. E. (2014). Ten simple rules for better figures. PLoS computational biology, 10(9), e1003833.

            	Annesley, T. M. (2010). Who, what, when, where, how, and why: the ingredients in the recipe for a successful Methods section. Clinical chemistry, 56(6), 897-901.

          

        

      

    

  

  
    	For the next 1 hour you will work in pairs to analyze and prepare your specific data figure. Each lab pair will construct their own figure/figure caption/ discussion.

    	Each lab pair will then showcase their work to each other in a short, 5-minute presentation. The lab mentor may comment and provide feedback, which students can use to change their figure. At the end of this section, the entire lab mentor team will choose one of these assignments to hand in for marking.

  

  




  
  





Assessment example: Presentations


  
  
    Assessment introduction
  

  In this course you are embarking on an exciting journey into the world of biomedical sciences and will make use a number of amazing techniques that have been instrumental in solving real world problems. For this assignment, working in teams, you will prepare a presentation on an assigned topic. Your task is to present an overview of the assigned topic to your audience, and highlight its main uses and applications. Please note that there are multiple bullet points listed under each set of instructions. Depending on the size of the class/number of groups you can assign individual bullet points to groups to avoid redundancy in presentations.

  
    Guidelines
  

  Each team is to prepare an enthusiastic and engaging 10-minute PowerPoint presentation. A 10-15 minute question period will follow each presentation. These questions will test the team’s knowledge of the content in their presentation. Any content shown on the slides is fair game for questions – so be sure to design your slides with great care! It is expected that each team member understands every aspect of every slide presented. We do not have a strict policy on exactly who in the team presents. We will leave this up to each team to decide, but we would like more than one person to present. What we are strict on is equal individual participation. Everyone in the team must participate equally in the design and delivery of each presentation. To this end, everyone in the team is equally responsible for the question period. This is a team mark, however this only occurs if we (the instructors) are satisfied that everyone in the team contributed equally to this assessment type. Individual marks can be given to individuals not contributing appropriately throughout this process.

  What we are we look for in a presentation?

  
    	Well-constructed slides (diagrams made by the students, clear, aligned properly, good use of color and text, consistency throughout)

    	Pace and logical flow: a presentation that flows seamlessly between slides and concepts (we are especially focused on the use of slide content and its integration in the presentation – do not use your slide as a backdrop, meaning you talk without referring and pointing to your slides)

    	An engaging talk (meaning that the content is very well presented and keeps the audience’s attention throughout), a professional scientific talk (no gimmicks, no role playing), etc.

  

  
    Presentation layout
  

  Remember our expectation is that this is a professional scientific presentation, however the structure and organization of the slides are ultimately at each group’s discretion. Aside from the technique and specified bullet points (see below) which will be posted for each team, each presentation:

  
    	Must have a white background (no templates, no sound: if you want to use animation you may do so, but please make sure that it does not interfere with your presentation)

    	A title on each slide (descriptive title that summarizes the main point of the slide. Slide titles like “results” are not descriptive enough)

    	Slide numbers on all slides (top right hand corner, please)

    	Large font size. Minimal writing/slide (use diagrams whenever possible)

    	Make sure you balance your text/figure/blank space ratios.

    	Diagrams, DIAGRAMS, DIAGRAMS (must be large, easy to see, labeled properly, referenced properly). The best diagrams are the ones you create yourself. If the diagram is very similar to another source please make sure you reference (adapted from: ref.). Diagrams should be in color.

    	No notes during presentation (you may not read your presentation from index cards or any other notes)

    	An acknowledgement slide (acknowledging your audience, peers and anyone else who helped you along the way)

    	References: you need to reference all sources. Please do not use the numerical reference style in presentations as it is not as informative and can break up the flow of your presentation. Typically, the reference is placed at the bottom left or right hand corner of each slide. You can decrease the font size. Use the first author’s name, followed by “et al.”, the name of the journal, year of publication, volume number and first page. For example: Dean et. al., Cell, 2006, 31, 95. Also, please provide a reference list slide at the end of the presentation.

  

  
    Guidelines for non-presenters
  

  You will be part of the audience. Please make sure that you pay attention to other presentations, you do not talk or use laptops/phones during other presentations, please ask questions or provide insightful comments during the Q/A period for other presentation. Above all, please be respectful and professional when other people are presenting!

  
    Topic Assignments
  

  
    Topic 1: Restriction Enzymes
  

  As a team you will have a maximum of 10 minutes to give us a brief overview of your topic, with particular emphasis on some of the following components (assigned by team). The presentation needs to introduce the topic and flow seamlessly into your specific topic focus. Please be creative, engaging, but keep in mind that this is a professional scientific presentation:

  Instructions:

  
    	
      
        	
          
            	Describe the history of restriction enzymes and how they were discovered

            	Discuss the importance of REs in molecular DNA cloning and biotechnology – use a specific example like the production of insulin or antibodies

          

        

      

    

  

  
    Resources:
  

  
    	
      
        	
          
            	Loenen, Wil AM, et al. “Highlights of the DNA cutters: a short history of the restriction enzymes.” Nucleic acids research 1 (2013): 3-19.

            	Roberts, Richard J. “How restriction enzymes became the workhorses of molecular biology.” Proceedings of theNational Academy of Sciences 17 (2005): 5905-5908.

            	Artificial restriction enzymes: https://www.genengnews.com/topics/omics/revolutionizing-biotechnology-with-artificial-restriction-enzymes/

          

        

      

    

  

  
    Topic 2 Polymerase Chain Reaction (PCR)
  

  Instructions:

  
    	
      
        	
          
            	Briefly outline the PCR technique

            	Describe how the PCR was discovered, and the importance of PCR in molecular DNA cloning and biotechnology

            	Provide an overview of quantitative PCR and its significance/impact – especially in COVID-19 testing

          

        

      

    

  

  
    Resources:
  

  
    	
      
        	
          
            	Garibyan, L., & Avashia, N. (2013). Research techniques made simple: polymerase chain reaction (PCR). The Journal of investigative dermatology, 133(3), e6.

            	
              http://bitesizebio.com/13505/the-invention-of-pcr/
            

            	Mullis, Kary B. “The unusual origin of the polymerase chain reaction.” Scientific American 4 (1990): 56-61.

            	Wilhelm, J., & Pingoud, A. (2003). Real‐time polymerase chain reaction. Chembiochem, 4(11), 1120-1128.

          

        

      

    

  

  
    Topic 3: Bacterial Transformation
  

  Instructions:

  
    	
      
        	
          
            	What is “bacterial transformation”?

            	Provide a general overview of chemical transformation and electroporation for plasmid uptake into bacteria, and its importance in molecular DNA cloning and biotechnology (Team L01/2/3-C main focus)

            	Discuss using bacteria to deliver drugs: http://sitn.hms.harvard.edu/flash/2017/microbial-physicians-delivering-drugs-bacteria/ (Team L01/2/3-I main focus)

          

        

      

    

  

  
    Resources: 
  

  
    	
      
        	
          
            	Yoshida, Naoto, and Misa Sato. “Plasmid uptake by bacteria: a comparison of methods and efficiencies. “Applied microbiology and biotechnology 5 (2009): 791.

            	Chan, W. T., Verma, C. S., Lane, D. P., & Gan, S. K. E. (2013). A comparison and optimization of methods and factors affecting the transformation of Escherichia coli. Bioscience reports, 33(6), e00086.

            	
              http://www.thermofisher.com/ca/en/home/life-science/cloning/cloning-learning-center/invitrogen-school-of- molecular-biology/molecular-cloning/transformation/competent-cell-basics.html
            

            	Wegmann, U., Carvalho, A. L., Stocks, M., & Carding, S. R. (2017). Use of genetically modified bacteria for drug delivery in humans: Revisiting the safety aspect. Scientific reports, 7(1), 2294.

          

        

      

    

  

  
    Topic 4: Sanger sequencing
  

  Instructions:

  
    	
      
        	
          
            	Describe the overall concept of the Sanger sequencing technique

            	Discuss The impact of Sanger sequencing on molecular DNA cloning (here I would discuss the human genome project and its impact on propelling DNA sequencing techniques) (Team L01/2/3-D main focus)

            	Provide an overview of 2nd and 3rd generation sequencing techniques/ The impact of these sequencing techniques on personalized medicine (Team L01/2/3-J main focus)

          

        

      

    

  

  
    
      Resources: 
    
  

  
    	
      
        	
          
            	Kchouk, Mehdi, Jean-François Gibrat, and Mourad Elloumi. “Generations of Sequencing Technologies: From First to Next Generation.” Biology and Medicine 3 (2017).

            	Heather, James M., and Benjamin Chain. “The sequence of sequencers: the history of sequencing DNA. “Genomics 1 (2016): 1-8.

            	França, L. T., Carrilho, E., & Kist, T. B. (2002). A review of DNA sequencing techniques. Quarterly reviews of biophysics, 35(2), 169-200.

            	https://www.genome.gov/human-genome-project

          

        

      

    

  

  
    Topic 5: DNA aptamers
  

  Instructions:

  
    	
      
        	
          
            	Describe what DNA aptamers are – tie in the work conducted by Dr. Yingfu Li (https://www.yingfulilab.org/?page_id=157)

            	Discuss The process for generating DNA aptamers (SELEX). How can aptamers be used as diagnostics for diseases (brief overview only)?

            	Discuss how aptamers can be utilized as therapeutics: provide 1-2 examples.

          

        

      

    

  

  
    Resources: 
  

  
    	
      
        	
          
            	Xing, H., Hwang, K., Li, J., Torabi, S. F., & Lu, Y. (2014). DNA aptamer technology for personalized medicine. Current opinion in chemical engineering, 4, 79-87.

            	Chen, C., Zhou, S., Cai, Y., & Tang, F. (2017). Nucleic acid aptamer application in diagnosis and therapy of colorectal cancer based on cell-SELEX technology. NPJ precision oncology, 1(1), 37.

            	Keefe, A. D., Pai, S., & Ellington, A. (2010). Aptamers as therapeutics. Nature reviews Drug discovery, 9(7),537.

            	Kaur H, Bruno JG, Kumar A, Sharma TK. Aptamers in the Therapeutics and Diagnostics Pipelines. Theranostics2018; 8(15):4016-4032. doi:10.7150/thno.25958

            	Nimjee, S. M., White, R. R., Becker, R. C., & Sullenger, B. A. (2017). Aptamers as therapeutics. Annual review of pharmacology and toxicology, 57, 61-79.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6035745/

          

        

      

    

  

  
    Topic 6: CRISPR/Cas9 technology
  

  Instructions:

  
    	
      
        	
          
            	Describe how this system originated and how it works – history and mechanism

            	Describe its uses in gene editing and other uses

            	Highlight the absolute power and impact of this discovery

            	Consider the ethics of using this technology on humans: https://www.sciencenewsforstudents.org/article/crispr-enters-its-first-human-trials

          

        

      

    

  

  
    
      Resources: 
    
  

  
    	
      
        	
          
            	Thurtle‐Schmidt, D. M., & Lo, T. W. (2018). Molecular biology at the cutting edge: A review on CRISPR/CAS9gene editing for undergraduates. Biochemistry and Molecular Biology Education, 46(2), 195-205.

            	H Wang, H., La Russa, M., & Qi, L. S. (2016). CRISPR/Cas9 in genome editing and beyond. Annual review of biochemistry, 85, 227-264.

            	A great resource from a company explaining this technology: https://www.abmgood.com/marketing/knowledge_base/CRISPR_Cas9_Introduction.php
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Clear drop or clear with fibers, dirt, etc.
Bad indication.

Precipitates, part 1.
Good indication if protein is stable - could
mean the protein is forming very fine crystals

Precipitates, part 2.
Can be a bad indication because it can mean protein is
denatured and has “crashed” out of solution.
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Lid: please do NOT label the lid
as you can easily lose track of
your cell strains in a stack of
plates.

Base: please label the
outside periphery of the
base with the following: type
of plate and antibiotic, date;
cell type, type of ligation;
initials. Please do NOT write
across the plate.

Petri dish
(LB-agar kan®0ws/mt )

Example of a labeled Petri dish base
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| Cycle 1
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By the end of cycle 2 you already have 2 of your
3° 5" desired amplified products (fo/A only). The pink and
5 ——————mm 3° @ | green ends indicate the incorporation of the
forward and reverse primer sequences in the newly
S 3 amplified folA gene sequence. In this example the
3 ——— 5’ ® " primer sequences were 100% complementary to the
. . | folAgene, howeveryou can add other, exogenous
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Cycles 3- continued ...

Very powerful technique! These 2 DNA segments
will be amplified in the remaining 25-28 cycles to
outcompete all other DNA fragments in the reaction
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1. Resuspend (resuspension buffer or solution 1)

U = |

Buffer contains:

Tris — buffering capacity

EDTA - chelates divalent cations
(these cations typically function to
stabilize the cell wall and maintain
DNase activity)

Glucose — maintains osmotic pressure
RNase A — degrades RNA once cells
are lysed

2. Lyse (lysis buffer or solution I1)

Buffer contains:

NaOH - breaks down cell wall
and disrupts hydrogen bonds
between DNA bases. This
resultsin DNA denaturation
into single stranded (ss)DNA.
SDS — detergent that stabilizes
and solubilizes cell membrane
and denatures many cellular
proteins.

3. Neutralization (neutralization or precipitation
buffer or solution Il1)

|
Buffer contains:

Potassium acetate pH4.8-5: serves to
decrease the alkalinity of the
preparation and reform the hydrogen
bonds between the complementary
ssDNA bases. In this step we must
consider the small size of the plasmid
DNA in comparison to chromosomal
DNA. The plasmid dsDNA is readily
dissolved in solution but the large
genomic DNA is tangled in a
meshwork of denatured cellular
proteins and other cellular debris
(mainly driven by hydrophobic
interactions). This results in a white,
fluffy precipitate.
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Fun fact: this is a condensation reaction (release of a water molecule)
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Rest position —
First stop NN f !

Second stop .

Forward Pipetting technique

1. Press the push button to the first stop.

2. Dip the pipette tip into the solution and slowly release the push button. Wait 1 second
and withdraw the tip from the liquid.

3. Dispense the liquid into the receiving tube by gently pressing the push button to the
first stop and then press the push button to the second stop. This action will empty the
tip. Remove the tip from the tube.

4. Release the stop button to the rest/ready position.
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Thumbwheel

Image created by Felicia. Pictures courtesy of Vivian Leong
Stop button obtained from Presenter Media, © 2009-2020 Eclipse Digital Imaging, Inc. V

If you encounter resistance when
turning the thumbwheel, STOP. You
might be forcing the volume above or
below the limits of the pipettor.
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Workflow for expressing and purifying DHFR-His-6x protein using Ni-NTA affinity chromatography

Dilute your cel culture,
allow cels to grow and
induce expression of DHFR-
His 6x (0.0, s~ 06)

T

Lyse cells with Bug Buster Spin lysed cells in 50 mi

Grow overight culture Lrge Erenmeyer fask Following DHER-His-6x
Of . coll BL21 DE3 cells contaiieg actively growing £ induction, spi clls downinso  (Nsis bufer)supplemented  POyproBYiene tubes |
wansformed with . ot ’ o DN protense and save the “cleae
e ol cels expresing DHFR His 6x ™ polypropylene tube v o s ol

hasic pipete

Disposable chromatography ———.
column <

1mI NENTA resin

Obtain cleared ysate from Retort stand
freezer. Thaw lysate fully.
Centrifuge if necessary.

Apply cleared lysate to the column
using a plastic pipette, and collect
fractions as indicated in the protocol.

Prepare Ni-NTA packed column
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MW = GeneRuler™ 1 kb Plus DNA Ladder
1 = uncut pET26b plasmid

2 = pET26b plasmid digested with Ndel
and Xhol (5232 bp, 128 bp)

3 = folA amplicon, undigested (496 bp)

Image created using SnapGene
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How do we determine DNA concentration?

The nanodrop is a spectrophotometer that requires a very small sample
volume (2 pL), which is placed on a pedestal and read. This spectrophotometer
is ideal for nucleic acid concentration determination. You can convert your
absorbance readings to actual concentrations using these very useful,
empirically determined, conversion factors:

The concentration at an Ay, of 1.0 for:

QDouble stranded DNA = 50 pg/mL

Qsingle stranded DNA = 33 pg/mL

Qsingle stranded RNA = 40 pg/mL

Image courtesy of Vivian®
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Silica gel membrane (negatively
charged) in absence of DNA. Water
forms hydration layer around silica
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Fun facts

Polymerase chain reaction

@ The forward and reverse primers are DNA primers, not RNA
primers

© Primers flank the start and stop of your gene

© Whenever you design primers you need to keep in mind one
important rule: DNA polymerase adds nucleotides ONLY to a
free 3’ hydroxyl. Therefore, to design primers you immediately
go to the 3’ ends of each template DNA strand and add your
primers. Always go to 3.

© One cycle of PCRinvolves:

<+ DNA denaturation (~ 95°C)

<%+ Primer annealing (¥ 50-70°C, depends entirely on the
composition of your primers)

%+ Primer extension (~ 72°C, depends on the type of
thermostable DNA polymerase you are using)
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Phase 1: pen-to-paper (design
experiment on paper - research and
obtain knowledge on experiment)

O Knowledge of why you are
performing this experiment

Q Research on the experimental
setup, understanding the purpose
of all reagents/biologicals, etc.

O Firm grasp on the readout of the
experiment, limitations, proper
experimental window for
determining meaningful data

Q Al safety considerations and other
practical considerations

O Proper understanding of equipment
usage/safety/etc.

O Step-by-step protocol

Phase 2: implement experiment

Q Follow step-by-step protocol.

Q This phase requires a ot of
experience as you need to actively
apply your theoretical knowledge
(from phase 1) into practice. Speed,
accuracy, precision, dexterity,
experience, intuition, etc. all play a
major role here.

QO Take copious notes to record all
deviations from the written
protocol (no matter how
insignificant they may seem). This
step is imperative towards the
success of your experiment

Phase 3: critical analysis of
experimental data

O Analyze raw data collected from the
experiment — always have your
protocol and observations with you
when analyzing data

O Implement theoretical knowledge
(from phase 1) and practical
considerations (from phase 2) to
properly interpret your results

O Make changes to protocol and
repeat experiment

Please remember, the separation of these three concepts into distinct phases is somewhat artificial. When
conducting research, you are constantly revisiting all three phases at the same time.
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Note that in both this basic
sketch and the map diagram
(above) the base pairs are
counted clockwise from 1 bp to

DNA fragment 2 5360 bp.

pET26b (5360 bp)
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Fun facts:

Notice that the folA gene name is italicized. That's because there are some
general rules for writing gene and protein names. Let's go over some of these
“rules” for our specific case: bacterial gene and protein names.

Typically (though not always):

Gene name abbreviations are italicized. This differs from protein names.
Protein names are not italicized.

Gene and protein nomenclature can be quite species-specific. For our case,
gene abbreviations tend to contain a 3-letter mnemonic (lower case) hinting
to the pathway the gene product is involved in (i.e. folA, “fol” for folate
pathway). The 4t letter is of ten used to identify the gene if more than one
gene is involved in the pathway (i.e. A, B. C, etc.)

Protein name abbreviations are usually the same as their corresponding
gene, but the first letter is usually upper case and no italics are involved.
This is not always the case. For example, the protein product of folA is

That's right, these are just some of the fun facts surrounding gene and protein

nomenclature. It can get quite complicated®
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Tube 1 result Tube 2 result Tube 3 result
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Workflow: purify, ligate, transform

Ndel sticky end Xhol sticky end
TATG Cc
A GAGCT CATATG! ICTCGAG

GTATAC! GAGCTC
Ligate (T4 DNA ligase)

+ e

Xhol sticky end

PET26b-folA

Ndel sticky end

Ndel/Xhol double digested
PET26b plasmid
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Tube 1
folA PCR amplicon +
restriction enzymes
(Ndel and Xhol)
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Tube 1
folA PCR amplicon +
restriction enzymes
(RE-1 and RE-2)

Tube 2

PET26b plasmid +

restriction enzymes
(RE-1 and RE-2)

Step 2

“Cut” or digest both the folA gene and the pET26b plasmid with RE-1 and RE-2.

pET26b plasmid

pET26b plasmid
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Image created using SnapGene
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Step 1
PCR amplify folA gene
using specific primers
flanking the start and end
of the gene

folA

PMAC1-folA

Our E. coli folA gene is currently found in a plasmid
that does not have the features we need for our
goal of expressing the folA protein, DHFR. This is
our starting material in this course. However, you

can start from anywhere as long as you have a
sample of DNA containing your folA gene of
interest. In fact, you can even start with a sample of
genomic E. coli DNA.

l = RE 1 DNA recognition site

l = RE 2 DNA recognition site

falA

:.u-

1, dy e

A folA
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Empty well. This is created by
pouring the liquefied agarose
mixture in a casting tray, along with a
comb (shown below) which serves to
create indentations in the gel. These
serve as wells (they do not penetrate
the entire width of the agarose gel)
which house the DNA samples.

~Agarose gel slab
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Absorbance measurement (A)

Each happy face (©) represents an absorbance reading (A) of a known protein
concentration sample (C).

Fit the 5 data points to a linear
regression model and calculate
the equation of the line:

A=mC
R? =0.99999

R? s a statistical measure of how

close the measured data are to the

fitted linear regression line (using
only the 5 points in this example)

@) Typically, the closer to 1, the better
the fit between the measured data
points and the fitted line

© ©

Note that the first 5 points (©) follow a
linear trendline (yellow line) for a
specific protein concentration range, but
points 6-7 are on the plateau. The
plateau indicates the saturation of the
system. At this absorbance/protein
concentration range, the Beer-Lambert
law no longer holds and you cannot use
these points to determine an unknown
protein concentration.

Known protein concentration (C)
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Tip types

1= P10 disposable tip. To be used on P10 pipettes
2 = P20, P100, P200 disposable tip. To be used on P20, 100, 200 pipettes
3 = P1000 disposable tip. To be used on P1000 pipettes.
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COMMUNICATION
SKILLS

Molecular cloning

PRESENTATIONS

QTeam-based presentation on biomedical applications
of molecular cloning techniques =
SCIENTIFIC WRITING

QElectronic lab notebooks (ELNs)
QScientific design of figures/captions

T? - IDEA GENERATION
QDesign various lab experiments
QData analysis and figure presentation

INTERACTIVE CLASS TOPICS AND VIRTUAL
LAB SIMULATIONS

( develop writing/presentation/project design skills) | )
QUnderstand project design and implementation

QTheory meets practice

QScientific writing

QVirtual lab simulations as pre-labs

QClass discussions on how to design

presentations

Protein expression/purification/ crystallization
and cell-based inhibition assay

PRESENTATIONS

0 Team-based presentations on theory/practice of techniques
implemented in-lab, and future techniques such as high-throughput
screening. Final presentation on data acquired throughout the course
and future work.

SCIENTIFIC WRITING
QElectronic lab notebooks
QScientific figures/captions
QReport

T? - IDEA GENERATION 5

> QConcept maps/flowcharts and presentations

QData analysis and figure presentation
QUnderstand feedback

INTERACTIVE CLASS TOPICS
( develop writing/presentation/project design skills)
QRefine scientific writing and presentation skills
QData acquisition and visualization

QResearch project design

Clipart provided with permission from Presenter Media, © 2009-2021 Eclipse Digital Imaging, Inc.
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froe—
NX: How could we obtain this ligation result?
Given that the Ndel and Xhol sticky ends are not compatible, this result can occur if:
1. Only one of the two restriction enzymes was functional. This would result in only one RE
cutting the plasmid, and therefore re-ligation is possible.
2. RE digestion was successful, but a small amount of “undigested” plasmid DNA
contaminated the sample, typically occurs during the excision step from the agarose gel.

How could we obtain this ligation result?

[N] _folA [XIX] folA [NINI] folA TX] Ifwearein excess of this DNA fragment in our reaction we can end
up with insert molecules ligating to one another.

folA concatemers

How could we obtain this ligation result?
If we are in excess of the digested plasmid in our reaction we can end up with
plasmid molecules ligating to one another.

77 promoter

folA

Our desired product!!!!
Although, we can envision another possible unwanted product containing folA
concatemers inserted in our pET26b plasmid.

PET26b-folA
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E. coli BL21 (DE3) cell (not to scale) E. coli BL21 (DE3) cell (not to scale)

E. coli BL21(DES3) cells have been genetically
engineered to express T7 RNA polymerase by
knocking in the T7 RNA polymerase gene into
the cell’s chromosome under the control of a lac
inducible promoter system. This cell strain also
contains the facl gene which expresses the Lacl
repressor.

In the absence of an inducer the LacT repressor
binds to the /acl promoter and inhibits binding of
the endogenous E. coli RNA polymerase. Tn this

scenario, T7 RNA polymerase is not expressed.
Chromosomal DNA Chromosomal DNA.
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Purification
[ R
3 column

Collection
tube

| Load supernatant from the lysis step onto
the spin column

| Centrifuge for 1 minute

Discard liquid from collection tube.

{ Add Wash Buffer (W9)

Centrifuge for 1 minute and discard liquid
i from collection tube.

Centrifuge 1 minutes. Discard collection
 tube.

lace purification column into fresh
microcentrifuge tube.

{ Add Elution Buffer (TE) to the center of the
filter inside the column.

| Incubate 1 minute at room temperature

i Centrifuge 2 minutes to elute DNA
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pET26b-folA

Plasmid size:
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E. coli BL21 (DE3) cell (not to scale)

Endogenous E. coli RNA " Once expressed from the chromosomal
polymerase can recognize and copy, T7 RNA polymerase can now
== bind to the promoter site. End | recognize and bind the T7 promoter:
Endogenous result: transcription and eventual T7RNA | transcription and eventual translation
l translation of T7 RNA polymerase. ‘

of your folA gene.

pET26b-folA

4
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bp
20,000
10,000 —
70002 T
5000— =— L
4000~ T -
3000”7 1 = GeneRuler™ 1 kb Plus DNA Ladder
20007 2 = undigested PCR amplicon 1 sample (496 bp,
1500 T~ instructor primers)
1000— S 3 = undigested PCR amplicon 2 sample (496 bp,
5733_ - student-designed primers)
200 — [ 4 = digested pET26b plasmid (5232 bp, 128 bp)
ggg: - 5 = undigested pET26b plasmid (supercoiled)
75— —

Image created using SnapGene
What are these

bands?
Let’s think: what’s
in your tube?





OEBPS/assets/oerterm1lab8pic8-1024x670.png
= 00000000
100000000
100000000
455000000
455000000
05000000
- QEEEEEEE
405200000,
409290200,
400006000,
0/0.0.66.0.06),
1000606006,

. W N O w8 5






OEBPS/assets/oerterm1lab8pic2-300x274.png
10 1x107*
S L I o
TmL mE

10mg (2) = 1x 10*mg (1 mL)

_1x107 e (Iml)
104

?=1x10"°mL =0.01puL =10nL






OEBPS/assets/ideal-gel.png
Bandssmearedin anes
o0 much ONA Raced

vy bandsin 3l anes | Buferused to make gl
rod pecipratein

Spreadoutbands Long

sictrophores time

Laned bubbie distorted
sectrophoress

Bands compressed
Shon skctiopharsis

Faintbandsinzness
andHdetolos DN,

Smearing nallbands:
Current NoT disribed
sven

Faintbandsinalanes
beow detection imit






OEBPS/assets/oerterm1lab1-picture3-1024x366.png
PCR amplify folA
Insert into pET26b plasmid DNA

DADAL__fia [DAUNA folA A Plasmid DNA

pET26b-folA
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Ndel Xhol

7 promoter
Transcription start

pET26b-folA H

Original backbone plasmid (pET26b) New plasmid containing your original backbone plasmid

+ your folA gene

~ Need to distinguish between these two vectors using
restriction digest mapping followed by gel electrophoresis

g

o N
§¢ &
NN
S5 $£8

Dropout fragment
(occurs if the new plasmid contains your fol4 gene)
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Absorbance (595 nm)

‘We will not be using the 1 and 2 mg/mL BSA absorbance data for 2 reasons:
1. These values fall outside the linear range of the assay

1.000 2. We only have 2 data points spanning a very large concentration range (0.5-2 mg/mL).
0.900 [ N \
0.800
¢ +
0.700
y = 1.001x

0600 R2 =0.9975

0.500 +’

0.400
0.300 Linear part of the assay. This coincides with a BSA
0.200 concentration range of ~ 0-0.5 mg/mL.
0100 .
0.000 Ié
0 02 04 06 08 1 12 14 16 18 2

BSA concentration (mg/mL)
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E. coli BL21 (DE3) cell (not to scale)

Outer membrane
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= Periplasm
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Inner membrane

Cytoplasm

Chromosomal DNA
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Tubel
RE-digested folA PCR
amplicon + RE-
digested pET26b
plasmid + DNA ligase

pET26b plasmid

DNA ligase

PET26b-folA
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95°0C
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Stir stick: use a stir

bar/stick/vortex (whichever
method is appropriate) to evenly
distribute solute in solvent.

Solute: substance
dissolved in a solution
(example: these green

salt cubes)

Solvent: substance in
which solute is
dissolved
(example: water)

Solute in solvent: this is NOT a
solution as the solute (salt
cubes) is not evenly distributed
throughout the solvent (water).

‘mixture in which one or
more substances is (are)
dissolved in another.

Image and clipart created by Felda.
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Keypad
Number

@ iy

Absorbance /
Concentration

o)

Protein A280

w

Description

Concentration and purity check for DNA samples.

Concentration and purity check for RNA samples.

Concentration and purity check for
Oligonucleotide samples.

Concentration measurement at a single wavelength
based on a factor entered or calculated from a

single standard.

Concentration and purity check for protein samples.

Image obtained from the SimplyNano™ user manual (05-2014) © 2013-2014
General Electric Company. All rights reserved. First published October 2013
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Proper pipetting of DNA
sample in the sample
port. Note that the
liquid is touching both
sample probes and no
air bubbles are evident.

Improper pipetting of

DNA sample in the //

sample port. Note that | /
the liquid is NOT

touching both sample \ /

probes.
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true value—average measured value

true value x100%

Percent error (19):
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HO‘-I-I-I-I-I-I- Reverse or antisense primer

3" 5¢

Forward or sense primer 5’ WOH

3 template DNA strand containing your DNA of interest 5
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| Pick 1 colony from the LB-agar kan°“&/™ plate and
L ) inoculate it into liquid LB-medium supplemented
with kanamycin. This step will be done for you.

Allow the colony to grow overnight, thus increasing
the number of E. coli DH5a cells producing the
plasmid DNA. This step will be done for you.

. Isolate the bacterial cells and expose them
~ “  toAlkaline Lysis using a Miniprep kit
(PureLink Quick Plasmid Miniprep Kit)

Continue the purification process

PlasmidDNA |,/ until your plasmid DNA is purified.
(PET26b-folA)
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PCR tube

A closer look inside the reaction

mssss DNA primers
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polymerase

(]

Ve @
m/\‘ o
- o

\

\_/
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DNA template
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No turbidity/ Lysogeny broth E. coli cell culture High turbidity/
cloudiness cloudiness
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3

3
5 3

T DTN —

3 template DNA strand containing your DNA of interest 5

aq DNA polymerase

Newly synthesized DNA strands are
shown. Please note that the DNA
primers become incorporated as
part of each newly synthesized
DNA strand. Also, these newly
synthesized DNA strands can
become templates in the next PCR
cycle. Super awesome!

(EXTENSION STEP) The polymerase (such as Tag DNA polymerase) is now able to make

copies of each strand starting from each primer.
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E. coli cell culture E. coli cell culture E. coli cell culture E. coli cell culture

time =0 hours time =4 hours time =5 hours time = 12 hours
0.D. (go0nm = 0.001 0.D. (g000m = 0100 0.D. (s000m) = 0.800 0.D. (g00m = 1.900

Low turbidity High turbidity
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Inducible T7lac promoter (2, 7) comprised of a
lac operator sequence just downstream of the T7
promoter. This system was designed based on
the original lac promoter/operon system (2).

Transcription of this operon is therefore
regulated through an inducible system (2).

l

The lac gene s a key component of the inducible 77/lac
promoter system. The acl gene is downstream of a
constitutive promoter (always on) . Once the plasmid is in
e—{cells, the lacl gene expresses the Lacl repressor protein
Lacl recognizes and binds specifically to the sequence of
the lac operon and blocks RNA polymerase from binding
o this promoter site: this turns off expression of any
downstream Open Reading Frames (ORFs) like your fold.
1

PET26b-folA

/

PET26b-folA

S
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E. coli DHFR protein of

interest
. e
4l;\‘ ~ . \ .
DNA PROTEIN FUTURE WORK
(cloning) (DHFR Protein-His tag) Where dﬁe‘rﬂ;e? go from
e e S/
TR ) e
Design strategy: Small scale DHFR protein
PCR amplify folA gene and expression in E. coli Drug discovery theme
insert gene in pET26b BL21(DE3) expression e v
expression plasmid strain
e e .
,/77\‘

DHFR protein purification
using affinity
chromatography

) ——

Protein crystallization

Cell-based antibiotic dose
response assay
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Your plasmid (vector)
‘Must contain:

1. Replicon (pBR322 ori)
2. Resistance gene (Kan®)
3. fold gene

Ndel Xhol

Jold Outer membrane

Periplasm.

Cytoplasm
Chromosbrs DA

Inner membrane

Plasmid DNA oril
(PET26b-folA) E. coli strain: DHS«
Excellent for propagating plasmid.
Contains no inducible expression systems.
Contains chromosomal deletions of recombination systems.
Lol T Contains mutations which inactivate endonucleases that
Transformation normally degrade plasmid DNA.
N

l Plate on LB-agar plates supplemented with kanamycin

LB = Lysogeny-broth, which is a nutrient-rich medium required
for growth of E. coli.
Agar is a gelatinous substance derived from seaweed.
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37-72°C

Primers anneal
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TInitial stock BSA solution
2mg/mL
(you can only dip into this once)

<
Dilution |

172, therefore half the
original stock concentration

Dilution2
172, therefore half the
original stock concentration

Dilution 3
172, therefore half the
original stock concentration

-«

CiVi = CfVf calculation: CiVi = CfVf calculation: CiVi= CfVf calculation:
Ci=2mg/mL 172 dilution
(therefore 2 mg/mL /2 =
Img/mL)
V=200 L
mg/mL
Vi=x
2 mg/mL (x) = Img/mL (200pL)
x=100 L

Final volume: 100 uL
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Excise DNA band
from agarose gel

Agarose gel slab

Dissolve gel and apply
to spin column
DNA will bind column

Wash column
Elute DNA in fresh tube
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=Add reagents to the bottom of the tube, NOT
to the side.

=Start with the highest volume reagent (usually
water) and finish with the polymerase.

=Do NOT pipette up and down to mix (too small
of a volume: introducers lots of error).

=Pipette SLOWLY so as to ensure transfer of all
liquid

=Change pipette tips between each delivery

/ ////
/
-

*Keep reagents on ice at all times.

*Once all reagents are added to the tube, close the
cap and flick the bottom of the tube a few times to
ensure proper mixing.

*Tap tube (or centrifuge) to ensure all contents are
settled into the bottom of the tube.

*In your lab notebook, click the box next to each
step as you complete it.
*Keep track of everything you are adding to the tube.
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Disposable
chromatography

column —

Prepare Ni-NTA packed column

Apply cleared lysate to
the Ni-NTA resin.

Retort stand

~ Plastic transfer
pipette

Apply cleared lysate to the column
using a plastic transfer pipette, and
collect fractions as indicated in the
protocol.
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Step 1:

Transformed E. coli DH5a
cells (hopefully harboring
your plasmid of interest)
were plated on LB-agar plates
supplemented with 50 pg/mL
kanamycin (to maintain the
plasmid in the cells). Plates
were incubated overnight at
37°C and one individual
colony (white circle
highlighted by box) was
picked and placed in a tube
containing 5 mL liquid LB
media supplemented with 50
pg/mL kanamycin.

2 i
)

Tubes containing your
cell suspension were
incubated overnight at
37°C. This step allows for
propagation of a large
number of cells
containing your plasmid
of interest. These cells
are theoretically
genetically identical as
they were cultured from
a single colony.

Supernatant —
contains liquid medium

Pellet —
contains cellular paste

Step 3:

Prior to the alkaline lysis protocol, E. coli DH5a cells
containing your plasmid must be harvested from the
liquid LB (to remove the excess media from the
system). This is done by centrifugation, which allows
for the separation of the liquid medium (supernatant)
from the cells (pellet). Bacterial cells are very tough
and do not typically break open by centrifugation.
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Tm =2°C x (A+T) +4°C x (C+G)
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Scenario 1

Desired result!

Scenario 2

Undesired result!

@ wp

Ndel Xhol

folA

Plasmid DNA
(pET26b-folA

KanR

Ndel | Xhol

/Plasmid DNA
(pET26b)

ori

KanR

ori
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= ) = »

Dilute your cell culture, £
allow cells to grow and LI J
induce expression of DHFR- @
His-6x (0.D. goonm ™ 0.6)
Grow overnight culture Large Erlenmeyer flask Following DHFR-His-6x Store cell pellet in -80 °C
of E. coli BL21 DE3 cells containing actively growing E. induction, spin cells down in 50 freezer
transformed with coli cells expressing DHFR-His-6x mLpolypropylene tube

PET26b-folA
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Image created by Felicia. Structures drawn using ChemDrav: rime
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Ndel/Xhol digested folA PCR
amplicon (~ 50 uL total volume)

l

Purification

[ _ N

column

Collection
tube

Add 4 volumes of Binding Buffer (B2) to

tube (50 ul reaction tube, therefore 4 x
50ulL = 200 ulL Buffer B2). Mix.

Add entire sample from the previous step
to the PureLink® Purification column
situated inside a collection tube.
Centrifuge for 1 minute

Discard liquid from collection tube

Add Wash Buffer (W1)

Centrifuge for 1 minute and discard liquid
from collection tube.

Centrifuge 2-3 minutes. Discard collection

tube.

lace purification column into fresh
microcentrifuge tube.

dd Elution Buffer (E1) to the center of the

ilter inside the column.
entrifuge 1 minute to elute DNA
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E. coli DH5a cell

Kanamycin

Eq h>‘

Kanamycin
resistance protein

E. coli cell successfully transformed with pET26b plasmid, which
contains a kanR gene downstream of a constitutive promoter. The

kanR gene is transcribed and translated to produce the KanR protein.

KanR binds to and inactivates the antibiotic kanamycin, which is
supplemented in the growth media.

Cell survives and continues to divide

E. coli DH5a cell

Ribosome
— .

Kanamycin ‘

E. coli cell unsuccessfully transformed with the pET26b plasmid.
Kanamycin supplemented in the growth media enters the cell and
binds to the ribosomes. Protein synthesis is inhibited.

Cell does not survive
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amount of solute (grams, moles, etc.)

Concentration =
TOTAL solution volume
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Bacterial colony E. coli DH5a cell

LB-agar plate
Supplemented with kanamycin
Each colony contains thousands/millions of

genetically identical E. coli cells.
Key here is: genetically identical.
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mean volume (experimentally measured), Vs = selected value
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DNA primers anneal due to sequence
complementarity

Tag DNA polymerase binds and begins replication
using the primer sequence as template DNA
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bp position on the.

PET26h plsmid
Sensesrand - same strand continues over 4 nes
' : ¥
5’gcgtagaggatcgagatctcgatcccgcgaaattaatacgactcactataggggaattgtgagcggataacaattcccctctagaaata;
sos0
_3'cgeatctectagetet
trat t t -
totafacttratggacgacggctggegacgacgaccagacgacgaggagegacgggtcggec:
grafacgttatggacgacggetggegacgacgaccagacgacgaggagegacgggteggecy
s2z0

->
ctgagatccggetgctaacaaageccgaaaggaagetgagttggetgetgccaccgetgageaataactageataaccecttggggecte 37

gactctaggccgacgattgtttcgggotttccttcgactcaaccgacgacggtggcgactegttattgatcgtattggggaaccecggag s’
a

Asterisk indicates a top codon
used i protein translation),
which n this case has been
engineered after the xis (stop
codon =tga)

s310
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Display
On/Off button

sample port (cover on)

sample is pipetted in
this port, containing
the two port probes

sample port (cover off)
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What'’s in your tube?

(@)

PMACI plasmid

5'CA
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Taq DNA

Polymerase
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Notice how the units
cancel out. Always,

always follow the units ©

10 m, 1m,
c X? (volume inmL) = 4

mL A

10mg x? = 1mg(mL)

X 1y({(final desired volume)
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