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ABT 496 EXPERIMENTAL TECHNIQUES IN BIOTECHNOLOGY

Spring Semester 2005 (3-4 credit hours)

Tues./Thurs. 1:00 to 5:00 PM

Rm. 109 Plant Science Building

Instructor: 
Dr. Joe Chappell, Agronomy Dept, 301B Plant Science Building, 257-5020 x80775 (office), x80805 (lab), chappell@uky.edu, Office hours by appointment.

Assistant Instructor:  New faculty hire within the College of Agriculture

DESCRIPTION: A laboratory techniques course designed to give students the technical skills and conceptual understanding necessary to critically examine biological systems at the molecular level. The course will emphasize the principles of chemistry, biochemistry and molecular biology as applied to a model system for laboratory investigations. Lecture and laboratory, 4 hours twice per week.

Prerequisite: BIO150 series (Introductory Biology) and AGR 360 (Genetics), or consent of instructor.

WEEK
TOPIC

1
Tissue cultures and sterile techniques.  Sub-culturing of tobacco cell suspension cultures 

2
Induction treatment using attenuated pathogen and chemical characterization of phytoalexins.  Isolation, separation and detection of chemical compounds by TLC and Bioassays. 

3 Use of gas chromatography (GC) to quantify chemical compounds and mass   spectrometry (MS) to chemically identify compounds, specifically the sesquiterpenes produced by tobacco cells in response to the induction treatment.  A biosynthetic pathway for sesquiterpenes will be rationalized, and an assay for a key enzyme in sesquiterpene biosynthesis will be designed. 

4 Measurement of a sesquiterpene synthase enzyme activity. Preparation of protein extracts, measuring enzyme activity, quantification of extractable protein and expressions (calculations) of enzyme activity. 

Lab report #1 due xx/xx, covering experiments of weeks 1-4
5 
Isolation of a sesquiterpene synthase cDNA. Based on previous DNA sequence deposits in GenBank, total RNA will be isolated and used in reverse transcription-polymerase chain reactions with appropriate designed primers to generate a full-length synthase cDNA.  

6
Cloning and sequencing of the synthase cDNA. Insertion of the PCR amplification product into a plasmid vector, bacterial transformation, plasmid isolation and DNA sequencing to verify isolation of the correct gene.

7
Functional characterization of the synthase cDNA. Insertion of the cDNA into a bacterial expression plasmid, transformation of appropriate bacterial host cells, and induced expression of the synthase cDNA in the host cells.

8
Measuring synthase enzyme activity in bacteria. Preparation of bacterial lysates and measurement of synthase enzyme activity. Purification of synthase enzyme from bacterial lysates via affinity chromatography. 

9
Characterization of the synthase enzyme expressed in bacteria by determination of kinetic constants for the synthase enzyme and reaction product analysis by GC/MS.   

10
Spring Break

11
Qualification of the synthase enzyme purified from bacteria by SDS-polyacrylamide gel electrophoresis.

Lab report #2 due xx/xx, covering experiments of weeks 5-11

12
Creating a mutation via PCR mutagenesis. Primer design, PCR amplification, and bacterial transformation with the mutated synthase cDNA. 

13
Verification of mutagenesis. Plasmid isolation and DNA sequencing. 

14.
Measuring synthase enzyme activity in bacteria. Preparation of bacterial lysates and measurement of synthase enzyme activity.  

15 Characterization of the mutant synthase enzyme expressed in bacteria. Purification of mutant enzyme from bacterial lysates via affinity chromatography, determination of kinetic constants for of the mutant enzyme and reaction product analysis by GC/MS.     

16
Catch-up week

Lab report #3 due xx/xx, covering experiments of weeks 11-16
Students’ evaluations will be based on the following criteria:

1. Classroom participation (20% of total)

This portion of your grade will be based on a demonstration of your technical skills, participation and interaction in classroom discussions, and your attendance and the quality of questions (2 recommended) you pose at the ABT 395 Independent Study Project presentations (April xxth, 2005).   These are subjective assessments by Dr. Chappell;

2. Protocols, results, worksheets, homework assignments, quizzes, exams (20% of total, approximately 2 to 5% per assignment)
These written activities will be evaluated both objectively and subjectively. There are certain aspects of these assignments that require accuracy and precision, others that have a qualitative nature (demonstrating conceptual understanding) to them. These assignments will be evaluated by Dr. Chappell and possibly a teaching assistant; 

3. Lab reports (60% of total, 3 @ 20% each) 

Lab reports should contain a short narrative that explains the overall purpose of the experiments and a discussion of the results (interpretation, extrapolation and conceptualization of the results) with regards to the experimental design (details of how the experiments were done). Remember, flow diagrams and cartoon models can be helpful in conveying procedures and ideas. Experimental results should be presented in properly formatted graphs and tables, and a good discussion of the results often entails a contrast and comparison to previously published work. 

Lab reports will be evaluated objectively for accuracy, precision, and completeness, and subjectively for conceptual understanding by Dr. Chappell with possible assistance from a teaching assistant.

Evaluation form for ABT 495 laboratory reports

1. Conceptual understanding (10 pts)

Is there an understanding of how and why experiments were set-up the way they were?


Is there a conceptual understanding for how experiments were designed?


Is there an appreciation for how experimental results relate to the Biology?

2. Organization, clarity and QUALITY OF RESULTS (10 pts)


logical flow of information


explanation of how data derived


Are figures and tables complete, understandable (figure legends, etc.)?


How good are the results (looks and accuracy)? 

3. Calculations and data manipulations (10 pts)


explanation of how data manipulated


accuracy for such manipulations

4. Extrapolations and interpretations (10 pts)


Has the data been used to make inferences?


Were inferences supported/justified by reference to data?

Has outside information been incorporated into the discussion? Have similar/dissimilar concepts from the literature been cited?

Components of a General Laboratory Report
Title, date, name

Introduction (purpose or hypothesis being tested)(1-2 paragraphs)

Experimental Procedures (general outline, flow diagrams work well)(1-2 pages)

Data (distilled) presented in tables and figures(1-2 pages)

Discussion of the results (interpretations, extrapolations, inferences, contrasts and comparisons) (1-2 pages)

Appendix: sample calculations
Grading Scale 

Grades will be based on the following scale (percent of total possible points): 94 –100% - A; 84-93% - B; 70-83% - C; 60-69 – D; <60 – E. However, Dr. Chappell reserves the right to curve the grading scale down. Important reminder: Dr. Chappell adheres to the UK definitions of grades given in the Bulletin: Grade A represents exceptionally high achievement as a result of aptitude, effort, and intellectual initiative; Grade B represents a high achievement as a result of ability and effort; and Grade C represents satisfactory achievement for undergraduates. 
Readings:

The emphasis of this course is on original research, hence assigned and suggested readings will relate largely to primary literature. 

Papers relevant to the experiments and the experimental protocols

1.  Chappell, J., and Nable, R. (1987). Induction of Sesquiterpenoid Biosynthesis in Tobacco Cell- Suspension Cultures by Fungal Elicitor, Plant Physiology 85, 469-473.

2. Vögeli, U., and Chappell, J. (1988). Induction of sesquiterpene cyclase and suppression of squalene synthetase activities in plant cell cultures treated with fungal elicitor, Plant Physiology 88, 1291-1296.

3. Vogeli, U., Freeman, J. W., and Chappell, J. (1990). Purification and Characterization of an Inducible Sesquiterpene Cyclase from Elicitor-Treated Tobacco Cell-Suspension Cultures, Plant Physiology 93, 182-187

4. Vögeli, U., and Chappell, J. (1990). Regulation of a sesquiterpene cyclase in cellulase-treated tobacco cell suspension cultures., Plant Physiology 94, 1860-1866.

5. Facchini, P. J., and Chappell, J. (1992). Gene Family for an Elicitor-Induced Sesquiterpene Cyclase in Tobacco, Proceedings of the National Academy of Sciences of the United States of America 89, 11088-11092.

Useful reference books:

Experimental organic chemistry : a balanced approach, macroscale and microscale. Jerry R. Mohrig et al., New York : W.H. Freeman and Company, 1998.

Experimental organic chemistry: standard and microscale. Laurence M. Harwood, Malden, MA : Blackwell Science, 1999.

Introduction to modern experimental organic chemistry. Royston M. Roberts et al., New York: Holt, Rinehart and Winston,1974.

Spectrometric identification of organic compounds. Robert M. Silverstein (Robert Milton), New York : Wiley, 1998

Biochemistry. Lubert Stryer, New York: W.H. Freeman,1988

Principles of biochemistry. Albert L. Lehninger, New York, N. Y.: Worth Publishers,1982

Genes VII. Benjamin Lewin, New York : Oxford University Press, 2000

Molecular cloning : a laboratory manual. J. Sambrook, E.F. Fritsch, T. Maniatis, Cold Spring Harbor, N.Y.: Cold Spring Harbor Laboratory, 1989.

Current protocols in molecular biology. edited by F. M. Ausubel et al., New York: Greene Pub. Associates and Wiley-Interscience : J. Wiley, c1987-

Useful websites: (special note – websites can be informative and easy to access, but should be used as an adjunct to textbooks which are much more rigorous and carefully proofed)
http://orgchem.colorado.edu/hndbksupport/ochemlabtech.html - a great chemistry website, describes TLC, partitioning, extracts

http://ehs.uky.edu/radiation/KYReg/radman.html, http://ehs.uky.edu/radiation/isotopes/genreq.html - radiation safety info provided by UK.

www.wdv.com/CellWorld/Biochemistry/BioChem5104/VoetNotes12.html, www.indstate.edu/thcme/mwking/enzyme-kinetics.html -  introductions to enzymes and enzyme kinetics

www.dnalc.org/resources/resources.html - The DNA learning laboratory at Cold Spring Harbor is a terrific source of illustrations for molecular biology and genetics. Take a look at the sites DNA from the beginning and Biology Animation library. 

http://infosrv1.ctd.ornl.gov/TechResources/Human_Genome/publicat/primer/prim2.html#f11a - a site developed as part of the human genome sequencing project. The particular site you will see dealing with the techniques of cloning DNA. 

Protocol I

Culturing of Plant Cell Suspension Cultures
Purpose: Plant cells can be grown under sterile conditions as suspension or callus cultures and given the appropriate hormonal supplements to the growth media can be induced to regenerate into an entire plant. This phenomenon is unique to plants and is termed totipotency. Cell cultures (plant, animal, microbial, etc.) also offer advantages for certain types of experimental manipulations because the culture conditions are easily manipulated. This protocol details procedures necessary for the maintenance of plant cell suspension cultures.

1. Preparation of Murashige and Skoog nutrient media - 1 liter


4.3 gm MS salts (contains essential salts, nitrogen, potassium, phosphorus, etc.)


2 ml Gamborg's vitamins


5 ml  0.2 mg/ml 2,4-dichlorophenoxyacetic acid (hormone)


30 gm sucrose


dissolve mixture in 800 ml distilled or purified water


adjust pH to 5.4-5.6


bring volume to 1 liter


dispense into Erlenmeyer flasks (50 ml/250 ml flask, 100 ml/500, 200 ml / 
  
1 l)


autoclave 20 min.


For plates, add 8 gm agar before autoclaving

2. Wipe down laminar flow hood with 70% ethanol

3. Flame tops of flasks 

4. Dilute cell cultures with fresh media if necessary

5. Dispense cultures into flasks containing fresh media (25 ml culture into 50 ml  fresh 
media

6. Shake cells at approximately 100 rpm (provides aeration)

7. Subculture the cultures whenever the cultures appear to deplete media source. 

Protocol II

Induction of Plant Defense Responses
Purpose:  Attempts to investigate plant defense responses are complicated by two factors. One, the interaction is generally limited to a very few cells and thus, biological material to examine is limiting.  Two, it is often difficult to discern if a response is derived from the plant or the pathogen when investigating an intact system.  Fortunately, plant defense responses to microbial pathogens can be stimulated by challenging plant cell cultures with cell surface components or extracellular proteins of fungal pathogens.  The pathogen derived factors that can induce plant defense responses are referred to as elicitors (they elicit a response).  The following protocol describes an induction treatment of tobacco cell suspension cultures to cellulase, a fungal extra-cellular enzyme isolated from Trichoderma viride.

1. Preparation of Cellulase. Dissolve 1 mg of T.v. cellulase in 1 ml water and then filter sterilize

2. Using standard sterile technique and working in the laminar flow hood, add 8 µl of 1µg/µl cellulase to a set number of microtiter wells., followed by 4 ml of approximately 4 day old tobacco cell suspension culture. (Calculate the final cellulase concentration)

3. At designated times from 1 to 24 h, separate and collect the media and cells using a Büchner funnel and miracloth. Both samples should be frozen for later analysis.

Protocol III

Extraction of Media for Phytoalexins (antimicrobial compounds)
Purpose: One of the defense responses plants mount to pathogen challenge is the production of anti-microbial compounds referred to as phytoalexins. These anti-microbials accumulate in intra- and extra-cellular spaces. The purpose of this protocol is to extract and concentrate the phytoalexins produced by elicitor-induced tobacco cell cultures, and to carryout a preliminary examination of the phytoalexins by thin-layer chromatography (TLC).

Extraction Procedure
Equipment: 

pear shaped collection flasks




separatory funnel




glass pipettes




rotoevaporator




autosampler vials




positive displacement pipetters (if available)

Solvents:

chloroform




hexane

Protocol
1. Rinse collection flasks and separatory funnels with chloroform

2. Pipette 10 ml of media sample into separatory funnel with closed stopcock.

3. Add 20 ml chloroform, secure glass stopper, invert funnel, open stopcock, and gently shake for 15 sec.

4. Close stopcock, invert funnel, remove glass stopper and let stand for 1 to 2 min.

5. Drain lower phase into collection flask

6. Repeat extraction

7. Secure collection flask with chloroform extract onto rotoevaporator. Evaporate to dryness

8. Resuspend dried extract with 200 µl hexane and transfer to autosampler vials.

Thin-Layer Chromatography (TLC) Procedure
Equipment: 

silica thin-layer sheets




chromatography tank




glass atomizer




spray box




positive displacement pipetters (if available)

Developing solvent:
cyclohexane:acetone (1:1)

Indicator reagent:
1.4 g vanillin




40 ml methanol




250 µl H2SO4
Protocol
1. Mark TLC plate with pencil (1.5 cm up from bottom, 1.5 cm spacing)

2. Spot 20 µl aliquots of samples and allow samples to dry

3. Develop TLC plate until solvent has moved 7 cm past application zone. Remove plate and dry.

4. Spray plate with indicator reagent and heat with hair dryer for color development.

5. Describe the results.

Protocol IV

Bioassay for Phytoalexins (antimicrobials)
Purpose: The observation of extracellular compounds produced by plants in response to pathogen challenge is not sufficient to concluded that these compounds are defense compounds. Bioassays are a means of assessing the relative toxicity of the putative phytoalexins. 

Cladosporium cucumerium bioassay
Equipment: 

TLC plates




incubation chamber




plates of Cladosporium cucumerium



cheesecloth




glass atomizer




spore harvesting media

Protocol
1. Run samples on TLC plates as in previous laboratory.

2. Allow the TLC plate to dry. Should not be able to smell any solvent.

3. Harvest Cladosporium spores. Using 3-5 plates of fungi, flood first plate with harvesting buffer, scrape mycelium mat into solution, swirl, pour onto next plate, and repeat above procedure. Filter mycelium extract through 4 layers of cheesecloth. 

4. Pour spore suspension into atomizer and spray TLC plate until it is almost saturated. 

5. Incubate the TLC plate in a moist, dark environment for 5 to 10 days at room temperature.

Protocol V

Gas Chromatography and Mass Spectrometry
Purpose: In the previous experiment, organic extracts of the extracellular media from control and elicitor-treated cells were examined by TLC. That analysis provided a qualitative analysis for changes in the extracellular components, but did not give any information about the relative abundance nor the identity of the compounds. Gas chromatography is a sensitive method for the separation and quantitative analysis of compounds that can be volatilized. Coupled with Mass spectrometry, GC-MS can provide key information to elucidate chemical structures while requiring only minute amounts (ng to µg) of sample. Of course, other techniques such as NMR can provide more definitive identification, especially with regards to stereo isomers, but these methods often require very large amounts of purified compound (mg) for analysis. The objectives for this laboratory are: 1. Establish a standard curve relating GC detection to absolute amounts of hexadecane (a standard provided); 2. Quantify the amount of any new compounds appearing in the media of elicitor-treated cells; 3. Use GC-MS data to predict a structure for the new compound(s) appearing in the extracts of the elicitor-treated cells; and 4. Propose a biochemical pathway for the synthesis of these compound(s).

Equipment: 
Gas Chromatograph


GC-MS data sheets


10 µg/ml hexadecane in hexane


hexane

Protocol

Group A
1. Make solutions of hexadecane at 2, 10 and 50 ng/µl. 

2. Inject 0.5 µl samples of hexadecane solutions into GC

3. Plot peak areas versus amounts of hexadecane

Group B

1. Resuspend chloroform extracts with 200 µl of an external standard (hexadecane)

2. Inject 0.5 µl of samples

3. Calculate and plot the amount of new compound(s) present in the extracts from control and elicitor-treated cells. 

Protocol VI

Enzyme Assay for Sesquiterpene Cyclase
Purpose: The above experiments have demonstrated that elicitor-induced tobacco cell cultures accumulate the extracellular sesquiterpenoid capsidiol. From the structure of capsidiol, one can predict that this compound is derived via a branch pathway off the central isoprenoid biosynthetic pathway. Furthermore, since control cells do not accumulate capsidiol, one might speculate that the machinery for sesquiterpene biosynthesis is present only in induced cell cultures. To test this hypothesis, we will learn how to prepare cell-free extracts and to measure the activity of sesquiterpene synthase, a putative key enzyme for sesquiterpene biosynthesis.

1. Prepare homogenization buffer ; 100 mL


1M K.P.buffer(7.0)

   8 mL


glycerol


 20 mL


100 mM Meta bisulfate
 10 mL


  (sodium meta sulfate)


200 mM MgCL2

7.4 mL


ß-ME



100 µL


Na ascorbic acid

     0.2g

2. Grind samples(0.5g) with 2 mL Homo. buffer 

3. Centrifuge at maximum speed for 5 min and save supernatant for assay.

4. Assay

                         -3H-FPP; 0.1 µL/50 µL assay -5 pmoles (1-200,000 dpm)

                         -Cold FPP; 0.5 µL/50 µL assay - 1.84 nmoles



Master Mix; for 10 samples

                            Hot   FPP  0.1 x10  = 1 µL

                            Cold FPP    0.5  x10   = 5 µL

                            Rx. buffer  38 x10  =380 µL



Reaction buffer;  

5 mL



250 mM   Tris 7.0
1.25 mL/ 1M Tris 7.0(FW 121)




50 mM    MgCL2
1.25 mL/ 0.2M MgCL2






2.5 mL/H2O 

       
Assays;(Total volume = 50 µL)





blank

   A

  B

                   sample            
  0

  2

  5 µL

                   Rx. buffer      
10      
  
  8

  5 µL

                   Master Mix.    
40 

40

40 µL    



incubate for 15 min. at room temperature.

5. Add 150 µL hexane , vortex briefly and spin for 10 sec.

6. Remove 100µL hexane phase to another eppendorf tube containing a small amount of silica 
gel(230-400 Mesh)

7. Centrifuge for 10 sec.

8. Transfer 50µL to scintillation vial, determine radioactivity and calculate enzyme activity 
(nmoles of product formed/hr)

Protocol VII

Protein Determination Using Bradford Dye binding Assay
Purpose: In the last lab, the sesquiterpene synthase enzyme activity in cells collected at various times after elicitor-treatment was determined. Such determinations require the homogenization of cell samples, but there was no way of knowing whether each sample was homogenized to the same extent or if protein was extracted with the same efficiency. To correct for variation in extraction efficiency, enzyme activity data is often expressed on a per mg of protein basis. This serves to normalize data between samples and allows for easier comparison of data between experiments. 

1. Prepare a standard curve using BSA as the standard protein of known concentration.


FOR EXAMPLE: range should be from 0.01 to 10 µg protein



blank
1
2
3
4


BSA (x µg/µl)
0
2.5
5

10
25 µl




H2O
800
797.5
795

790
775 µl


Dye
200
200
200

200
200 µl

Use the blank sample to zero the ABS function of the spectrophotometer to 595 nm. Then read experimental samples. 

2. Repeat the above procedure except use the supernatant samples you generated in the last laboratory period. Try 5 and 10 µl samples to begin with.

3. Calculate the protein concentration (µg/µl) for the supernatant samples using the standard curve.

4. Using the specific activity of FPP used for the enzyme assays and the protein concentrations determined in this laboratory, calculate the level of cyclase enzyme activity per sample in terms of nmoles of product formed per mg protein • hour. Plot these values against time after elicitor addition. 

Protocol VIII
ISOLATION OF TOTAL RNA

The induction of synthase enzyme activity in elicitor-treated cells is suggestive that expression of the synthase gene might also be induced. This in turns means that the synthase mRNA could be absent from control cells but present in induced cells.  Since one of our goals is to manipulate the synthase gene as a means of generating new anti-microbial compounds, RNA from elicitor-treated cells becomes an ideal source for a full-processed (no introns) copy of the synthase gene.  To isolate a full-length cDNA for the sesquiterpene synthase, high quality RNA must first be isolated and subsequently converted to double-stranded DNA. The dsDNA sesquiterpene synthase would then be available for cloning, bacterial expression studies and other manipulations. In the next few  lab periods, you are to isolate high quality RNA from elicitor-treated cells, then to use reverse transcription-polymerase chain reaction to convert it into the more stable dsDNA form, followed by cloning of this DNA into a plasmid vector.  

NOTE:  RNA preparations are very labile, especially to RNases which can contaminate almost all materials and solutions. All materials and solutions (expect organic solutions) should be autoclaved prior to use, and gloves should be worn at all times during the isolation procedure. 

Trizol RNA Extraction
1.  Grind 0.5 g of tissue to a fine powder in liquid nitrogen with a mortar and pestle.

2. Transfer the sample to a 1.5 ml eppendorf tube containing 750 µl of Trizol (reagent for extraction of RNA from cells, contains detergent and phenol). Mix the sample as it thaws.

3. Incubate the mix at room temperature for 5 minutes.  Add 150 µL of chloroform, and vortex for 30 seconds.  Incubate at room temperature for 3 minutes.  Centrifuge at room temperature 11,500 rpms for 15 minutes to separate the phases.  The RNA is in the aqueous phase.

4.  Transfer the aqueous phase to a new 1.5 mL tube.  Add 375 µL of isopropanol and vortex briefly.  Incubate at room temperature for 10 minutes.  Centrifuge at 11,500 rpms for 20 minutes to pellet the RNA.

5.  Remove the supernatant with a pipetman being careful not to disturb the pellet.  Wash the pellet with 500 µL of room temperature 70% ethanol.  Centrifuge 5 minutes to collect the pellet. Repeat this 70% ethanol wash.

6.  Remove all of the supernatant with a pipetman, again being careful not to disturb the pellet.  Dry the pellet for 5 to 10 minutes in a 70°C heating block.

7.  Dissolve the pellet in 100 µL of sterile, RNase-free 1XTE buffer by pipeting and place in a 70°C heating block for 10 minutes. Place the RNA samples on ice.   

8.  Determine the concentration of the RNA by adding 10 µL of an RNA sample to 590 µL of H2O, and reading the absorbance at 260 nm. Assuming 40 µg of RNA per ml has an Abs. 260 = 1.0, calculate the concentration of your RNA samples. 

9. If the RNA samples are not at least 2.5  µg/µl, ethanol precipitate 10 to 15 µg aliquots of each RNA sample in preparation for the next lab period. Add 1/10 vol. 3 M NaAcetate to 1 vol. of RNA sample, plus 2 vol of ethanol. 

Protocol IX
AMPLIFICATION OF THE SYNTHASE mRNA USING RT-PCR

In order to express a synthase gene in bacteria, a copy of the synthase gene without introns is necessary. Since the synthase mRNA is by definition a processed version of the synthase gene (does not contain introns), the following experiment is to isolate and convert the synthase mRNA into copy or complimentary double-stranded DNA. This will be accomplished using reverse transcriptase to convert all the mRNA into single copy DNA, then to use this mixture for the selective amplification of the synthase specific cDNA using PCR, the polymerase chain reaction. 

Reverse transcription (RT) Reaction

1. Combine in a sterile 0.5 mL eppendorf tube

RNA



x µl (5 µg total RNA)

Oligo dT primer

1 µl (20 pmols of primer)

Water



x µl to a total of 12 µl

2. Heat to 65oC for 10 min.

3. Tap spin at full speed in microfuge and allow the sample to equilibrate to room temperature

4. Add

RNAse inhibitor

1 µl

5xRT buffer


4 µl

100 mM DTT


2 µl

10 mM dNTPs


1 µl

RTase



1 µl

Incubate at 42oC for 1 hr

5. Heat for 15 min at 700C, cool it down on ice, then add 1 µl RNase H for 20 min at 370C.

Polymerase Chain Reaction (PCR) assay

1st strand cDNA template
3 µl

Forward primer

1 µl (50 pmols)

Reverse primer
1 µl (50 pmols)

10x PCR buffer
5 µl

10 mM dNTPs
1 µl

50 mM MgCl2
1.5 µl

Taq polymerase
1 µl (2 units of activity)

Water
to 50 µl

5. A typical PCR program follows, however, optimum conditions must be determined empirically depending on your template, primers, etc.

PCR 50 program:

step1: 92C 1'30"

step2: 50C 2'

step3: 72C 2'

step4: repeat steps 1-3 34-36 times

step5: 72C 10'

step6: 4C  indefinitely

step7: End

6. Check 5 µl samples on a 1% agarose gel in the next lab period.
Preparing a gel
1. Weigh out 0.4 gm of agarose and transfer to 125 ml erlenmyer flask.

2. Add 40 ml of 1X TAE (this is a buffer salt solution)

3. Heat in a microwave oven, med to low power for 1-3 min. Mix the agarose solution half way through the heating cycle. Make sure all the agarose is in solution before proceeding to the next step. Add  2 µl of a 10 mg/ml ethidium bromide solution.

4. Pour the melted agarose into the gel molding tray. Make sure the ends of the tray are sealed and that a comb (wide or slim tooth) is in position.

5. Allow the gel to set for 10 to 20 min. Then submerge the gel in the electrophoresis tank containing 1X TAE buffer. 

Loading the gel
1. Mix 5 µl of PCR reaction product with 5 µl H2O and 2 µl of loading dye (contains glycerol and a tracking dye).

2. Load 10 µl aliquots of the samples into a well. You should also load a molecular weight standard - a sample containing DNA molecules of different, but known sizes.

Electrophoresis
1. Connect the gel box electrical leads to the power supply. Black to black and red to red. 

2. Turn on the power and adjust the voltage to 150 volts. A typical run takes approximately 20-30 min. You can tell if your gel is running properly if the blue tracking dye migrates into the gel. 

3. View the gel on the UV light box and take a picture of your gel. Using the gun-camera, place the hood over the UV light, turn on the UV light and pull the trigger.  Pull your exposure from the camera, wait 60 seconds, then reveal the picture.
Protocol X

CLONING THE CYCLASE PCR FRAGMENT

Any fragment of DNA can be conserved, amplified and manipulated if it is cloned into an appropriate plasmid vector. In the following experiments, the cyclase PCR fragment will be ligated into a plasmid vector, recombinant DNA molecules will be selected on the basis of a gene disruption phenotype and the cloned DNA characterized by DNA sequencing. The method we will be using is known as TA cloning and is based on unique feature of Taq polymerases.  The Taq polymerases used in the PCR adds a single deoxyadenosine to the 3’-ends of an amplified DNA fragment in a template-independent fashion. This means the PCR fragments have one extra 3’-A overhang, which can be used to facilitate cloning into a linearized plasmid having a single 3’-T overhang. 

One more technical point for consideration is the efficiency of ligation. In principle, if one incubates an isolated PCR amplification product with the cloning vector, then one has a greater chance of obtaining the correct ligation product and less of none specific ligation products. For this reason, we will first gel purify the PCR amplification product generated in the previous lab.

Gel purification of a PCR fragment

1. Prepare a 1% agarose gel with a wide tooth comb

2. Prepare sample for electrophoresis. Mix 40 µl of the PCR mixture with 10 µl of tracking dye. 

3. Load 15 µl aliquots of this sample in 3 neighboring wells of the agarose gel and electrophoresis for 20 to 30 min. Do not forget to run a molecular weight standard.

4. View the gel on a UV light box and excise the correct “band” using a scalpel. Minimize the size of the gel slice (trim off excess agarose). 

5. Weigh the gel slices – maximum weight is 100 mg

6. Add 300 µl of extraction DNA buffer and incubate at 500C for 10 min or until the gel slice has dissolved.  (If the buffer changes from a yellow color to orange, add 10 µl of 3 M NaAcetate

7. Place spin column (QIAquick) in a 2 ml collection tube, add the dissolved gel solution, spin for 1 min

8. Wash column with 0.75 ml of wash buffer – spin for 1 min.

9. Discard flow-through and spin the column again for 1 min.

10.  Place the column in a clean 1.5 eppi tube, add 25 µl of elution buffer to the center of the column, wait 2 min, then spin 1 min. The eluate contains the isolated PCR fragment. 

Ligation of the PCR fragment
1. Pipetting and aliquoting of solutions, mix in separate eppi tube


A
B

DNA samples
PCR fragment
1.0 µl
-




pGEM vector
1.0 µl
1.0 µl



Ligase Buffer

4.0 µl
4.0 µl

water

1.0 µl
2.0 µl

Ligase

1.0 µl
1.0 µl



3. Incubate the reactions for 1 hour at room temperature.

Transformation of bacteria

1. Add 100 µl of competent cells to the remaining 5 µl of the ligation reactions. As a positive control for the transformation, transform bacteria with undigested pGEM plasmid as well (use 1 µl plasmid, 100 µl of cells)

2. Incubate the reactions for 10-30 minutes on ice.

3. While the tubes are incubating, obtain petri plates (1 LB and 1 LB+amp for each ligation/transformation), label them accordingly and spread 200 µl of XGAL indicator solution and 100 µl of IPTG inducer solution onto each plate. Let the plates air dry (open) in the transfer hood.

4. Heat shock the cells. Remove all three tubes from the ice and immediately incubate them at 37-42oC for 2 minutes.

5. Add 200 to 400 µl of liquid LB media to each tube, mix and allow cells to recover for 1 to 60 minutes at room temperature with periodic gentle shaking. The longer you can allow the cells to recover the better, but if time is short, simply proceed to step 6.

6. Spread 200 µl of each sample onto the appropriate petri plates.

7. Invert all the plates and place them in a 37oC incubator overnight.

Picking colonies for mini-preps
1. Score the plates for growth and blue/white selection the following day (plates can be put into the refrigerator for a few days before scoring them if necessary).

2. Pick 2 single colonies from the selection plate and transfer the bacteria to sterile incubation tubes containing liquid LB +amp media. Incubate the tubes in a shaking incubator overnight at 37oC. Which colonies did you choose and why?

Isolation of plasmid DNA (using Wizard kit)
1. Transfer 1 mL of bacterial culture to a 1.5 mL of eppendorf and centrifuge for 5 minutes at maximum speed. Pour off the supernatant and blot the inverted tube on a paper towel to remove excess media.

2. Add 250 µl of Cell Resuspension Solution and completely resuspend the cell pellet by pipetting (Important!!).

3. Add 250 µl of Cell Lysis Solution and mix by inverting the tube 4-6 times (Don’t vortex).  Incubate 5 minutes at room temperature.

4. Add 10 µl of Alkaline Protease Solution and mix by inverting the tube 6 times. Incubate for 5 minutes at room temperature.

5. Add 350 µl of Neutralization Solution and immediately mix by inverting the tube 6 times (Don’t vortex)

6. Centrifuge the bacterial lysate at maximum speed for 10 minutes at room temperature.

7. Transfer the cleared lysate (approx. 850 µl) to the Spin Column. Avoid disturbing or transferring any of the white precipitate with the supernatant.

8. Centrifuge the supernatant at maximum speed for 1 minute. Remove the Spin Column from the tube and discard the flowthrough from the Collection Tube. Reinsert the Spin Column into the Collection Tube. 

9. Add 750 µl of Column Wash Solution to the Spin Column.

10. Centrifuge at maximum speed for 1 minute at room temperature. Remove the Spin Column from the tube and discard the flowthrough. Reinsert the Spin Column into the Collection Tube.

11. Repeat the wash procedure using 250 µl of Column Wash Solution.

12. Centrifuge at maximum speed for 2 minutes at room temperature.

13. Transfer the Spin Column to a new, sterile 1.5 mL eppendorf tube. If the Spin Column has Column Wash Solution associated with it, centrifuge again for 1 minute at maximum speed.

14. Add 70 µl of sterile dH2O to the Spin Column and incubate 1 minute. Elute the plasmid DNA by centrifugation at maximum speed for 1 minute.

15. Store at -20oC.

Digestion of the DNA Sample with restriction enzymes

1. Pipetting and aliquoting of solutions


eppi tubes


1
2



DNA sample

8 µl
8 µl




Reaction Buffer

1 µl
1 µl



Restriction Enzyme
EcoR1
1 µl
  -

H2O

  -
1 µl



2. Incubate the reactions for 30-120 minutes at 37oC.

3. Add 2 µl of Tracking Dye to each sample

(Optional: Freeze the samples at -20oC (freezer compartment of your refrigerator) until the next class period.)

4. Examining the DNA digestion fragments by gel electrophoresis and determine the fragment sizes in base pairs 

Protocol XI

DNA SEQUENCING

There are many ways for verifying that a cloned DNA fragment corresponds to a particular gene. One relies on the ability of the cloned DNA when expressed in bacteria to generate a new protein of known function. This is most often done with enzymes. However, this method is not always feasible because of technical reasons (Can you think of few?). A second means is to complement a genetic mutant (Can you explain this?). A third is to demonstrate that the DNA sequence of a cloned fragment predicts a polypeptide that is identical to the one of interest. In the current experiment, you are to determine the DNA sequence of the fragment cloned in a previous experiment, and to determine if this DNA fragment corresponds to that for a sesquiterpene cyclase gene.

DNA Sequencing: We do not have time for each group to sequence DNA clones manually, but instead will use automated sequencing to obtain the sequence for at least one clone per group. You will then examine the DNA sequences using a variety of computer programs and sites, as well as a manual inspection/interpretation. 

Sequencing

To prepare the sequencing reactions for plasmid DNA:

1. For each reaction add the following reagents to a separate eppendorf tube: 

Template


400 ng

Primer


100 ng (10 pmole)

Bigdye reagent


2 µl

(chain termination nucleotide mix)

H20



to 10 µl

2. Mix well with a pipetman.

3. Place the tubes in a thermal cycle and run the following program:

950C 5 min

950C 15 sec

500C 15 sec

60vC 4 min

30 cycles steps 2-5

40C hold

5. Spin down the tubes briefly.

6. Add 80 µl of 75% isopropanol.

7. Close the tubes and vortex briefly.

8. Leave the tubes at room temperature for 15 minutes (~20 hours) to precipitate     the extended products.

9. Place the tubes in a microcentrifuge and mark their orientations. Spin the tubes for 20 minutes at maximum speed. 

10. Carefully and slowly aspirate the supernatants with micropipette for each sample and discard. Pellets may or may not be visible. Note, the supernatants must be removed completely to remove unincorporated dye terminators.

11. Add 250 µl of 75% isopropanol to the tubes, and vortex them briefly.

12. Place the tubes in the microcentrifuge in the same orientation as in step 9, and spin for 20 minutes at maximum speed.

13. Aspirate the supernatants carefully and slowly, as in step 10.

14. Dry the samples in a heat block or thermal cycler at 90oC for 1min.

15. Add 20 µl of Template Suppression Reagent to each sample pellet.

16. Vortex for 30 sec and spin the samples briefly.

17. Heat the samples at 95oC for 2 minutes, then chill on ice for 2 minutes. 

18. Cut off the tube lid and replace with a rubber septum.

19. Place on ice until ready to use.

20. Load the samples on the sequencing machine.
21. The DNA sequence you obtain needs to be analyzed in several ways.

First, you want to know if the gene segment isolated in class actually encodes for a sesquiterpene cyclase. To do this you will use the databases available at the National Center for Biotechnology Information, or ncbi. Find this web site (www.ncbi.nlm.nih.gov) and familiarize yourself with it. You can search life science literature, look at any number of genome sequencing projects, or determine if the DNA fragment you isolated is similar to anything reported in the literature up to now. Use the Blast sequence comparison program at the ncbi site for the first level of analysis. 

Secondly, can the DNA sequence you isolated be conceptually translated into a protein with similarity, identity to the cyclase protein? Translate the sequence you obtained into a predicted protein, then compare (align) it to the cyclase protein sequence in GenBank. Did you find any differences? What do these mean?

Protocol XII

SUB-CLONING THE CYCLASE PCR FRAGMENT

Previous experiments have focused on the amplification of the cyclase mRNA in an RT-PCR assay, cloning that cDNA into a plasmid vector and then determining the DNA sequence of the isolated fragment. Sequence analysis provides one means for verifying the isolation of the cyclase gene and now we will develop a functional analysis of the cloned DNA. This means expressing the cyclase gene in bacteria and demonstrating that the bacteria produce a novel sesquiterpene cyclase enzyme activity. In order for the bacteria to express a foreign gene (i.e. the cyclase cDNA), transcription of the gene must be directed by an appropriate prokaryotic promoter and the produced RNA must contain an appropriate ribosome binding site to initiate translation. Therefore, we will now sub-clone the cyclase cDNA into a specialty plasmid designed for optimal bacterial expression.   

Sub-cloning the cyclase cDNA requires preparing both the bacterial expression plasmid and the cDNA. For the expression plasmid, this entails digesting the plasmid with suitable restriction enzymes and gel purifying the plasmid. For the cDNA, this entails amplifying the entire cDNA fragment with appropriate restriction sites on the PCR primers, digesting the PCR product and purifying digested DNA sample. The isolated plasmid and PCR fragment will then be ligated and transformed into competent E. coli cells.   

Preparation of the pET28 plasmid DNA 

1. Pipetting and aliquoting of solutions

plamid sample (400-600 ng)
x µl





Reaction Buffer (#2)

1 µl




Restriction Enzymes
(Nde1/Xho)
1 µl
  

H2O

  to 10 µl total




2. Incubate the reactions for 30 minutes at 37oC.

Gel purification of a digested plasmid

1. Prepare a 1% agarose gel with a wide tooth comb

2. Prepare the sample for electrophoresis - add 4 µl of tracking dye. 

3. Load entire sample in 1 well of the agarose gel and electrophoresis for 20 to 30 min. Do not forget to run a molecular weight standard.

4. View the gel on a UV light box and excise the correct “band” using a scalpel. Minimize the size of the gel slice (trim off excess agarose). 

5. Weigh the gel slices – maximum weight is 100 mg

6. Add 300 µl of extraction DNA buffer and incubate at 500C for 10 min or until the gel slice has dissolved.  (If the buffer changes from a yellow color to orange, add 10 µl of 3 M NaAcetate

7. Place spin column (QIAquick) in a 2 ml collection tube, add the dissolved gel solution, spin for 1 min

8. Wash column with 0.75 ml of wash buffer – spin for 1 min.

9. Discard flow-through and spin the column again for 1 min.
10. Place the column in a clean 1.5 eppi tube, add 20 µl of elution buffer to the center of the column, wait 2 min, then spin 1 min. The eluate contains the isolated PCR fragment.

11. Freeze the sample until it is used for ligation. 

Preparation of the cyclase PCR fragment 

Polymerase Chain Reaction
1. Prepare a 1:20 dilution of template DNA (e.g. plasmid DNA) and dilute primers to a concentration of 100 to 500 µg per mL

2. Combine the following in a 500 µL eppendorf tube:


A
B
C

DNA template (100 ng)
X µl
X µl
X µl

primer 1(25 ng/µl)
1 µl
0
1 µl

primer 2 (25 ng/µl)
0
1 µl
1 µl

2.5 mM dNTPs
1 µl
1 µl
1 µl

10x buffer
5 µl
5 µl
5 µl

50 mM MgCl2
1.5 µl
1.5 µl
1.5 µl

water
adjust to a final volume of 50 µl

Taq DNA polymerase 
1µl
1µl
1µl

3. A typical PCR program follows, however, optimum conditions must be determined empirically depending on your template, primers, etc.

PCR 50 program:

step1: 92C 1'30"

step2: 50C 2'

step3: 72C 2'

step4: 30 times

step5: 72C 10'

Digestion of the PCR product

PCR sample (~16 µl)

x µl





Reaction Buffer (#2)

2 µl




Restriction Enzymes
(Nde1/Xho)
2 µl
  

H2O

  to 20 µl total




Incubate the reactions for 30 minutes at 37oC.

Purification of a digested PCR fragment

1. Add 300 µl of extraction DNA buffer to the digested PCR mix and incubate at 500C for 10 min. If the buffer solution changes from a yellow color to orange, add 10 µl of 3 M NaAcetate

7. Place spin column (QIAquick) in a 2 ml collection tube, add the extraction DNA solution-mix, and spin for 1 min

8. Wash column with 0.75 ml of wash buffer – spin for 1 min.

9. Discard flow-through and spin the column again for 1 min.
10. Place the column in a clean 1.5 eppi tube, add 20 µl of elution buffer to the center of the column, wait 2 min, then spin 1 min. The eluate contains the isolated PCR fragment.

11. Freeze the sample until it is used for ligation. 

Ligation of the NdeI/Xho digested PCR fragment into the NdeI/Xho digested pET28 expression plasmid
1. Pipetting and aliquoting of solutions, mix in separate eppi tube


A


DNA samples
PCR fragment
1.0 µl





pET vector
1.0 µl




Ligase Buffer

5.0 µl


water

2.0 µl


Ligase

1.0 µl




2. Incubate the reactions for 1-24 hours at room temperature.

Transformation of Novablue bacteria (special cells for expression of cDNAs)

1. Add 50 µl of competent cells to the the ligation reactions. As a positive control for the transformation, transform bacteria with a previously prepare pET28-cyclase plasmid as well (use 1 µl plasmid, 50 µl of cells)

2. Incubate the reactions for 10-30 minutes on ice.

3. While the tubes are incubating, obtain petri plates (1 LB and 1 LB+kan for each ligation/transformation), label them accordingly.

4. Heat shock the cells. Remove all three tubes from the ice and immediately incubate them at 37-42oC for 2 minutes.

5. Add 300 µl of liquid SOS media to each tube, mix and allow cells to recover for 1 to 60 minutes at room temperature with periodic gentle shaking. The longer you can allow the cells to recover the better, but if time is short, simply proceed to step 6.

6. Spread 100 µl and 200 µl aliquots of each sample onto LB and LBkan plates, respectively. 

7. Invert all the plates and place them in a 37oC incubator overnight.

Picking colonies for functional testing of cyclase gene expression
1. Score the plates for growth (plates can be put into the refrigerator for a few days before scoring them if necessary).

2. Pick 4 single colonies from the selection plate and transfer the bacteria to sterile incubation tubes containing liquid LB +kan media. Incubate the tubes in a shaking incubator overnight at 37oC. (Don’t forget a control bacterial culture – cells that contain an “empty” pET vector). 

Protocol XII

SCREENING TRANSFORMED BACTERIA FOR EXPRESSION OF THE CYCLASE GENE

In the previous laboratory, we inserted a full-length cyclase cDNA into the bacterial expression plasmid pET-28. This should result in the cDNA positioned downstream of the T7 inducible promoter, which regulates the transcription rate of the inserted gene. This recombinant plasmid was then transformed into competent E. coli and the transformation mix plated onto selection media (nutrient rich media containing the antibiotic kanamycin). Colonies of bacteria can only appear on these plates if they contain the pET plasmid, but this does not guarantee that the plasmid will contain the inserted cyclase cDNA. In a previous experiment we isolated plasmids from these selected bacteria colonies and demonstrated that they contain “inserts” of DNA by restriction mapping and DNA sequencing. In the current experiment, we will screen the recombinant colonies for functional expression of the cyclase cDNA by growing up bacterial colonies in liquid media, inducing expression of the inserted cDNA fragment, then determining if the bacteria contain a new enzyme activity, the activity for sesquiterpene synthase.

Induction of bacterial gene expression

1. Inoculate 25 µl of an over-night culture into 2 ml of liquid LB broth containing kanamycin at 50 µg/ml. 

2. Grow the cultures at 25 to 28oC for 2 to 3 hours, or until the cultures get into exponential growth (O.D.600 =0.6-0.8).

3. Add IPTG to 0.5 mM and continue incubating for an additional 5+ hours at 25 to 28oC. 

Measuring cyclase enzyme activity in bacterial cells

1. Make sure your cell cultures are labeled appropriately so that we can track back to each individual culture later. 

2. Centrifuge 1 ml of cell culture for 5 min a 15,000 rpm. 

3. Decant supernatant and freeze pellet in liquid nitrogen. Thaw and completely resuspend pellet in 200 µl of lysis buffer (50 mM Tris, pH 7.5, 250 mM NaCl, 5% v/v glycerol, 1 mM DTT, 1 mM PMSF). 

4. Add 5 µl of 100 mg/ml lysozyme, mix by inverting and incubate at 4oC for 30 min.  

5. Add 2 µl of 25 units/ml benzonase , mix by inverting and incubate at 4oC for 15 min. 

6. Centrifuge lysate at 15,000 rpm for 15 min. 

7. Transfer supernatant to a clean eppi tube. 

8. Cyclase Assay

                         -3H-FPP; 0.1 µL/50 µL assay -5 pmoles (200,000 dpm)

                         -Cold FPP; 0.25 µL/50 µL assay – 0.92 nmoles



Master Mix; for 10 samples

                            Hot   FPP  0.1 x10  = 1 µL

                            Cold FPP    0..25  x10   = 2.5 µL

                            Rx. buffer  30 x10  =300 µL



Reaction buffer;  

5 mL



250 mM   Tris 7.0
1.25 mL/ 1M Tris 7.0(FW 121)




50 mM    MgCL2
1.25 mL/ 0.2M MgCL2






2.5 mL/H2O 

       
Assay  each bacterial supernatant;  (Total volume = 50 µL)





blank

   A

  B

                   supernatant           0

  10

  20 µL

                   Rx. buffer      
20      
  
  10

  0 µL

                   Master Mix.    
30 

30

30 µL    



incubate for 15 min. at room temperature.

9. Add 150 µL hexane , vortex briefly and spin for 10 sec.

10. Remove 100µL hexane phase to another eppendorf tube containing a small amount of silica 
gel(230-400 Mesh)

11. Centrifuge for 10 sec.

12. Transfer 50µL to scintillation vial and  determine radioactivity.

13. Determine protein concentration in each sample using the Bradford dye binding assay. 

14.  Calculate enzyme activity (nmoles of product formed/hr•mg protein) for each bacterial culture and identify cultures expressing high levels of cyclase enzyme activity. 
Protocol X

PURIFICATION OF THE SESQUITERPENE CYCLASE ENZYME EXPRESSED IN E. coli
Our long-range objective is to engineer the sesquiterpene cyclase enzyme with a new catalytic function. This means generating a genetic mutation within the cyclase gene such that the encoded protein catalyzes a biochemical reaction resulting in a new reaction product. However, we need to evaluate the wildtype enzyme before generating such a mutant. This will provide a reference for evaluating and assessing the mutant.  Such evaluations include determining kinetic constants and reaction product profiles via GC-MS, and these evaluations are best accomplished using purified enzyme. 

Typical means for purifying a protein from a mixture such as a cellular homogenate or lysate rely on a protein's size, charge, hydrophobicity, isoelectric point and affinity for various ligands. In the experiment below, we have engineered a sequence of six histidine residues onto the amino-terminus of the cyclase protein and will purify the protein based on its affinity for nickel bound to a resin matrix. The hexa-histidine residues selectively and with reasonable specificity chelate (interact electrostatically with) the nickel resin while other proteins do not. The bound cyclase protein is then eluted from the resin using imidazole which competes with the hexa-histidine tag of the cyclase protein for binding to the nickel ligand. 

Induction of bacterial gene expression:

1. Inoculate 1 ml of an over-night culture into 100 ml of liquid LB broth containing kanamycin at 50 µg/ml. 

2. Grow the cultures at 25 to 28oC for 2 to 3 hours, or until the cultures get into exponential growth (O.D.600 =0.6-0.8).

3. Add IPTG to 0.5 mM and continue incubating for an additional 5+ hours at 25 to 28oC. 

4. Collect 20 ml aliquots of cells by centrifugation, decant growth media and freeze cells at –800C until used for purification.

Preparation of cell lysate:
1. Thaw and completely resuspend pellet in 1 ml of lysis buffer (50 mM Tris, pH 7.5, 250 mM NaCl, 5% v/v glycerol, 1 mM DTT, 1 mM PMSF). 

2. Add 20 µl of 100 mg/ml lysozyme, mix by inverting and incubate on ice for 30 min.  

3. Add 8 µl of 25 units/ml benzonase , mix by inverting and incubate on ice for 15 min. 

4. Centrifuge lysate at 15,000 rpm for 15 min. 

5. Remove supernatant to clean eppi tube. 

Purification: 

1. Mix 900 µl of supernatant in clean eppi tube and add 400 µl of nickel affinity resin. Keep the tube on ice, but gently invert to mix every couple of minutes for 15 min. 

2. Load sample directly onto a column bed and collect the flow through. (Make sure the columns run – run water through the columns. Make sure it has a good flow rate (>5 ml/min)) 

3. Wash the column with 2x with 0.5 ml of wash buffer (20 mM Tris, pH 7.9, 0.5 M NaCl, 5 mM imidazole) and collect the eluate

4. Elute the column with 0.5 ml aliquots of the wash buffer containing the following concentrations of imidazole 


i.   25 mM imidazole


ii.  100 mM imidazole


iii. 250 mM imidazole


iv. 500 mM imidazole 


v.  500 mM imidazole

Enzyme assay:

Determine cyclase activity in the initial supernatant and various fractions.

                         -3H-FPP; 0.1µL/50 uL assay -5 pmoles (200,000 dpm)

                         -Cold FPP; 0.25µL/50 uL assay - 0.25 µg (molecular wt. 433 g/mole)



Master Mix; for 10 assays

                            Hot   FPP  0.1 x10  = 1 µL

                            Cold FPP    0.25  x10   = 2.5 µL

                            Rx. buffer  30 x10  = 300 µL



Reaction buffer;  

5 mL
   


250 mM   Tris 7.0    1.25 mL/ 1M Tris 7.0

     


50 mM    MgCL2   
1.25 mL/ 0.2M MgCL2
                                    
      

2.5 mL/H2O 

1. Assays;(Total volume = 50 uL)





blank

supernatant/fraction



                   sample            
0              

20 µL

                   Rx. buffer      
20      


0 µL

                   Master Mix.    
30 

 
30µL    





incubate for 15 min. at room temp.

2. Add 150 µL hexane , vortex briefly and spin for 10 sec.

3. Remove 100µL hexane phase to another eppendorf tube containing a small amount of silica 
gel(230-400 Mesh)

4. Centrifuge for 10 sec.

5. Transfer 50µL to scintillation vial, determine radioactivity and calculate enzyme activity 
(nmoles of product formed/hr)

6. Determine protein amounts in the initial supernatant and each fraction using the Bradford dye assay (10 to 100 µl aliquots)

7. Construct a protein purification table

Protocol XIII

Qualitative assessment of cyclase gene expression in bacteria and purification of the cyclase protein 
Your previous experiments demonstrated that E. coli cells transformed with a cyclase cDNA could express this new enzyme activity and that this enzyme activity could be purified from the bacterial lysate based on a hexa-histidine purification tag on the amino terminus of the protein. The following experiment will help you document both of these observations visually. In essence, protein samples are electrophoresized on polyacrylamide gels contain SDS where proteins are separated on the basis of size. The individual proteins are visualized by staining with Coomassie Blue.    

Gel Electrophoresis
1. Preparing a SDS polyacrylamide gel. 


A. The separating gel
11%


30% acrylamide
3.5 ml


4X running buffer
2.5 ml


water
3.4 ml


TEMED
20 µl



mix gently (do not shake!)


10% ammonium persulfate
50 µl

mix and add to glass plate sandwich, fill to 1 cm below teeth of comb, 

and overlay with isopropanol. When separating gel is polymerized, 

remove isopropanol, rinse interface with water, and carefully dry 

with Whatmann paper


B. The stacking gel

5%

30% acrylamide
855 µl


4X stacking buffer
1.25 ml


water
3.0  ml


TEMED
10 µl



mix and degas


10% ammonium persulfate
25 µl



Fill glass sandwich and add comb.

2. While the stacking gel is polymerizing, prepare the samples to be run on the gel. A preferred sample is prepared by mixing 50 µg protein in 25 µl with 15 µl of a 2X loading buffer. Samples are heat denatured at 95oC for 3 to 5 min.

3. When the gel has polymerized, remove the comb, rinse wells with water and assemble the apparatus for electrophoresis. Add 1X tank buffer to the gel and buffer reservoirs, and then load samples.

4. Electrophoresis at 32 mAmps (constant current) until the voltage reaches 150 volts. Then run the gel at 175 Volts (constant voltage) until the tracking dye reaches the leading edge of the gel. 

5. Stain the gel with Coomassie Blue and destain. 

Examine the gel for expression of the cyclase protein (a control lysate sample will be provided). 

Protocol XI

Determination of Km and Vmax for sesquiterpene cyclase
To accurately compare the wildtype and any mutant enzyme activity to another, one must measure the enzyme activities at substrate concentrations above the Km. The Vmax is another characteristic of an enzyme which influences ones ability to detect enzyme activity in an in vitro assay. In this exercise, you will use a purified sesquiterpene cyclase preparation  to determine these physical constants for the wildtype enzyme.  

1. Prepare reagents:


enzyme: prepare dilution of 1/100 with reaction buffer


FPP (cold)(1 µg/µl, 433 gm/mole): prepare dilutions of 1/10; 1/100; 1/1,000; 
1/10,000 with reaction buffer


3H-FPP (2.5 pmole/µl): prepare a dilution 1/100 with reaction buffer


Reaction buffer:  

5 mL
   

250 mM   Tris 7.0    
1.25 mL/ 1M Tris 7.0(FW121)

     

50 mM    MgCL2   
1.25 mL/ 0.2M MgCL2
                                    
      

2.5 mL/H2O 

2. Assays(Total volume = 50 µL)




BG
1
2
3
4
5
6
7
8
9
10
11
12
13

enzyme 

0
10
10
10
10
10
10
10
10
10
10
10
10
10  

cold FPP 


1/10    

10
10
3
1

1/100    




10
3
1






1/1000   
 






10
3
1

1/10000   

 








10
3
1

3H-FPP
 
10
10
10
10
10
10
10
10
10
10
10
10
10
10

Reaction buffer to 50 µl per sample

3. Incubate for 30 min. at room temperature

4. Add 150 µL hexane , vortex briefly and spin for 10 sec.

5. Remove 100µL hexane phase to another eppendorf tube containing a small amount of silica 
gel(230-400 Mesh)

6. Centrifuge for 10 sec.

7. Transfer 50µL to scintillation vial, determine radioactivity and calculate enzyme activity 
(nmoles of product formed/hr) for each sample. Determine Km and Vmax. 

Protocol XIX

Reaction Product Profiling
The characterization of any enzyme includes identifying the reaction product generated  by the enzyme. In our case, this means determining the structure of the reaction product generated when the sesquiterpene cyclase is incubated with its substrate FPP. This is also necessary in our case because our goal is to alter the enzyme (using site-directed mutagenesis) such that the mutant enzyme produces a new reaction product, which in turn may be a precursor to a new, more effective antibiotic. 

1. Incubations (should be done in glass GC vials):






control


experimental



Purified enzyme            

0              

10 µL (equivalent 250 ng)

Rx. buffer      



40      


30 µL

FPP (1 µg/µl, 433 gm/mole)
10 

 
10µL    





incubate for 20 min. at room temp.

2. Using glass syringe, add 150 µL hexane (clean hexane), vortex briefly and spin for 10 sec.

3. Remove 100µL hexane phase to a fresh glass GC vial

4. Inject 1µl aliquots onto GC-MS and determine product retention time and MS.

Protocol XX

Site-Directed Mutagenesis

One may want to generate site-specific mutations for several reasons. If one is studying promoters, regions of genes that regulate gene expression, then creating mutations within the promoter region of the gene and testing the mutants will help identify those sequence responsible for regulating transcription of the gene. If one is studying enzymes, then generating changes in the amino acid sequence of the protein can help elucidate the contribution of amino acids to  the function of the enzyme. One may also want to generate mutations within an enzyme in hopes of creating a new enzymatic function. The latter is the intent of the following laboratory exercises with the ultimate objective of generating an altered enzyme capable of generating an altered reaction product, which might be used in the production of a new or novel antimicrobial compound.  

Site-directed mutagenesis is a method for introducing changes into the sequence of isolated DNA molecules. The method relies on the use of oligonucleotide primers to “introduce” specific mutations (primer design), Taq polymerase to synthesize copy DNA of a template DNA incorporating the mutant oligo, and Dpn1, a restriction enzyme that digests only methylated DNA (prepared from E. coli cells), but not the in vitro synthesized DNA. 

Quikchange mutagenesis

1. Mix the following reagents together:

10x reaction buffer


5 µl

cyclase plasmid DNA (20 ng)

x µl

For primer (100 ng/µl)

1.25 µl

Rev primer (100 ng/µl)

1.25 µl 

dNTP mix 



5 µl

H2O




to 49 µl 

Pfu Turbo Taq polymerase

1 µl (2.5 units)

2. Incubate in the following PCR program (Note the long extension time. Normal extension times are .5 to 2 min. Why do you think it is so long in this case?)

PCR 50 program:

step1: 
95C 30"

step2: 
95C 30"

step3: 
55C 1'

step4: 
68C 7'

step 5: 
repeat 2-4 14 times

step6: 
68C 10'

Digestion of methylated DNA

1. Add 1 µl of Dpn 1 and Incubate 60 minutes at 37oC.
Transformation of bacteria

1. Add 1 µl of the digested DNA mix to 50 µl of competent cells.

2. Incubate the reactions for 10-30 minutes on ice.

3. While the tubes are incubating, obtain petri plates (1 LB and 1 LB+kan for each ligation/transformation), label them accordingly. 

4. Heat shock the cells. Remove tubes from the ice and incubate them at 37-42oC for 2 minutes.

5. Add 500 µl of liquid LB media to each tube, mix and allow cells to recover for 1 to 60 minutes at room temperature with periodic gentle shaking. The longer you can allow the cells to recover the better, but if time is short, simply proceed to step 6.

6. Spread 200 µl of each sample onto the appropriate petri plates.

7. Invert all the plates and place them in a 37oC incubator overnight.

Picking colonies for mini-preps
1. Score the plates for growth the following day (plates can be put into the refrigerator for a few days before scoring them if necessary).

2. Pick 4 single colonies from the selection plate and transfer the bacteria to sterile incubation tubes containing liquid LB +amp media. Incubate the tubes in a shaking incubator overnight at 37oC. 

Isolation of plasmid DNA (using Wizard kit)
1. Transfer 1 mL of bacterial culture to a 1.5 mL of eppendorf and centrifuge for 5 minutes at maximum speed. Pour off the supernatant and blot the inverted tube on a paper towel to remove excess media.

2. Add 250 µl of Cell Resuspension Solution and completely resuspend the cell pellet by pipetting (Important!!).

3. Add 250 µl of Cell Lysis Solution and mix by inverting the tube 4-6 times (Don’t vortex).  Incubate 5 minutes at room temperature.

4. Add 10 µl of Alkaline Protease Solution and mix by inverting the tube 6 times. Incubate for 5 minutes at room temperature.

5. Add 350 µl of Neutralization Solution and immediately mix by inverting the tube 6 times (Don’t vortex)

6. Centrifuge the bacterial lysate at maximum speed for 10 minutes at room temperature.

7. Transfer the cleared lysate (approx. 850 µl) to the Spin Column. Avoid disturbing or transferring any of the white precipitate with the supernatant.

8. Centrifuge the supernatant at maximum speed for 1 minute. Remove the Spin Column from the tube and discard the flowthrough from the Collection Tube. Reinsert the Spin Column into the Collection Tube. 

9. Add 750 µl of Column Wash Solution to the Spin Column.

10. Centrifuge at maximum speed for 1 minute at room temperature. Remove the Spin Column from the tube and discard the flowthrough. Reinsert the Spin Column into the Collection Tube.

11. Repeat the wash procedure using 250 µl of Column Wash Solution.

12. Centrifuge at maximum speed for 2 minutes at room temperature.

13. Transfer the Spin Column to a new, sterile 1.5 mL eppendorf tube. If the Spin Column has Column Wash Solution associated with it, centrifuge again for 1 minute at maximum speed.

14. Add 70 µl of sterile dH2O to the Spin Column and incubate 1 minute. Elute the plasmid DNA by centrifugation at maximum speed for 1 minute.

15. Store at -20oC.

Digestion of the DNA Sample with restriction enzymes (to verify the plasmid DNA)

1. Pipetting and aliquoting of solutions



      eppi tubes



1
2



DNA sample


8 µl
8 µl




Reaction Buffer


1 µl
1 µl



Restriction Enzyme mix(Nco/Xho)

1 µl
  -

H2O

 
 -
1 µl



2. Incubate the reactions for 30-120 minutes at 37oC.

3. Add 2 µl of Tracking Dye to each sample

4. Examining the DNA digestion fragments by gel electrophoresis and determine the fragment sizes in base pairs 

5. Pick appropriate plasmids for DNA sequencing and determine DNA concentration by absorbance readings at 260 nm.

Protocol XXI

DNA Sequencing

The best way to confirm that you have introduced the “designed” mutation is to sequence the DNA. In this experiment, you are to determine the DNA sequence of the cyclase gene again, but only that region surrounding and including that proposed mutation site. The primers for these sequencing reactions must be designed accordingly and you should again annotate the obtained DNA with these features and the site of mutation. 

Sequencing reactions

To prepare the sequencing reactions for plasmid DNA:

1. For each reaction add the following reagents to a separate eppendorf tube: 

Template


400 ng

Primer


100 ng (10 pmole)

Bigdye reagent


2 µl

(chain termination nucleotide mix)

H20



to 10 µl

2. Mix well with a pipetman.

3. Place the tubes in a thermal cycle and run the following program:

950C 5 min

950C 15 sec

500C 15 sec

60vC 4 min

30 cycles steps 2-5

40C hold

5. Spin down the tubes briefly.

6. Add 80 µl of 75% isopropanol.

7. Close the tubes and vortex briefly.

8. Leave the tubes at room temperature for 15 minutes (~20 hours) to precipitate     the extended products.

9. Place the tubes in a microcentrifuge and mark their orientations. Spin the tubes for 20 minutes at maximum speed. 

10. Carefully and slowly aspirate the supernatants with micropipette for each sample and discard. Pellets may or may not be visible. Note, the supernatants must be removed completely to remove unincorporated dye terminators.

11. Add 250 µl of 75% isopropanol to the tubes, and vortex them briefly.

12. Place the tubes in the microcentrifuge in the same orientation as in step 9, and spin for 20 minutes at maximum speed.

13. Aspirate the supernatants carefully and slowly, as in step 10.

14. Dry the samples in a heat block or thermal cycler at 90oC for 1min.

15. Add 20 µl of Template Suppression Reagent to each sample pellet.

16. Vortex for 30 sec and spin the samples briefly.

17. Heat the samples at 95oC for 2 minutes, then chill on ice for 2 minutes. 

18. Cut off the tube lid and replace with a rubber septum.

19. Place on ice until ready to use.

20. Load the samples on the sequencing machine.
21. Analyze and report the DNA sequence as you did previously.

Protocol XXII

Expression of Mutant Cyclase Gene in Bacteria

 The previous experiments have confirmed that the cyclase gene is appropriately inserted into a bacterial expression vector and that the gene has harbors a site-specific mutation. We suspect (hypothesize) that this mutation will change a site-specific amino acid within the encoded protein and that this mutation will alter the proteins catalytic activity. The next few experiments are designed to document the enzymatic properties of the mutant enzyme, which will be compared to the wildtype enzyme. 

Transformation of Novablue bacteria (special cells for expression of cDNAs)

1. Based on the previous restriction enzyme analysis and DNA sequence information for the recombinant plasmids, choose 2 plasmids that you think harbor the site-specific mutation. Add 50 µl of competent cells to 1 µl of each plasmid. 

2. Incubate the reactions for 10-30 minutes on ice.

3. While the tubes are incubating, obtain petri plates (1 LB and 1 LB+kan for each ligation/transformation), label them accordingly.

4. Heat shock the cells. Remove all three tubes from the ice and immediately incubate them at 37-42oC for 2 minutes.

5. Add 300 µl of liquid SOS media to each tube, mix and allow cells to recover for 1 to 60 minutes at room temperature with periodic gentle shaking. The longer you can allow the cells to recover the better, but if time is short, simply proceed to step 6.

6. Spread 100 µl and 200 µl aliquots of each sample onto LB and LB+kan plates, respectively. 

7. Invert all the plates and place them in a 37oC incubator overnight.

Picking colonies for functional testing of cyclase gene expression
1. Score the plates for growth (plates can be put into the refrigerator for a few days before scoring them if necessary).

2. Pick 2 single colonies from each of the selection plates (total of 4 colonies representing 2 different plasmids) and transfer the bacteria to sterile incubation tubes containing liquid LB+kan media. Incubate the tubes in a shaking incubator overnight at 37oC. (Don’t forget a control bacterial culture – cells that contain an “empty” pET vector). 

Protocol XXIII

Screening Transformed Bacterial Line for Expression of the Mutant Cyclase Gene

For reasons not always obvious, so transformed lines of bacteria express foreign genes better than others. The goal of this experiment is to identify the bacterial lines that best expresses cyclase enzyme activity. 

Induction of bacterial gene expression

1. Inoculate 25 µl of an over-night cultures into 2 ml of liquid LB broth containing kanamycin at 50 µg/ml. 

2. Grow the cultures at 25 to 28oC for 2 to 3 hours, or until the cultures get into exponential growth (O.D.600 =0.6-0.8).

3. Add IPTG to 0.5 mM and continue incubating for an additional 5+ hours at 25 to 28oC. 

Measuring cyclase enzyme activity in bacterial cells

1. Make sure your cell cultures are labeled appropriately so that we can track back to each individual culture later. 

2. Centrifuge 1 ml of cell culture for 5 min a 15,000 rpm. 

3. Decant supernatant and freeze pellet in liquid nitrogen. Thaw and completely resuspend pellet in 200 µl of lysis buffer (50 mM Tris, pH 7.5, 250 mM NaCl, 5% v/v glycerol, 1 mM DTT, 1 mM PMSF). 

4. Add 5 µl of 100 mg/ml lysozyme, mix by inverting and incubate at 4oC for 30 min.  

5. Add 2 µl of 25 units/ml benzonase , mix by inverting and incubate at 4oC for 15 min. 

6. Centrifuge lysate at 15,000 rpm for 15 min. 

7. Transfer supernatant to a clean eppi tube. 

8. Cyclase Assay

-3H-FPP; 0.1 µL/50 µL assay -5 pmoles (200,000 dpm)

-Cold FPP; 0.25 µL/50 µL assay – 0.92 nmoles

Master Mix; for 10 samples

Hot   FPP  0.1 x10  = 1 µL

Cold FPP    0..25  x10   = 2.5 µL

Rx. buffer  30 x10  =300 µL

Reaction buffer;  

5 mL
250 mM   Tris 7.0
1.25 mL/ 1M Tris 7.0(FW 121)

50 mM    MgCL2

1.25 mL/ 0.2M MgCL2
2.5 mL/H2O 

9. Assay  each bacterial supernatant;  (Total volume = 50 µL)

blank

   A

  B

supernatant           0

 10

  20 µL

Rx. buffer      
  20      
 10

    0 µL

Master Mix.      30 

 30

  30 µL    

incubate for 15 min. at room temperature.

10. Add 150 µL hexane , vortex briefly and spin for 10 sec.

11. Remove 100µL hexane phase to another eppendorf tube containing a small amount of silica 
gel(230-400 Mesh)

12. Centrifuge for 10 sec.

13. Transfer 50µL to scintillation vial and  determine radioactivity.

14. Determine protein concentration in each sample using the Bradford dye binding assay. 

15.  Calculate enzyme activity (nmoles of product formed/hr•mg protein) for each bacterial culture and identify cultures expressing high levels of cyclase enzyme activity. 
Protocol XXIV

Purification of the Mutant Sesquiterpene Cyclase Enzyme Expressed in E. coli
As performed for the wildtype cyclase enzyme, we will evaluate the kinetic properties and reaction product specificity of the mutated cyclase enzyme. This is best accomplished using purified enzyme, which is not contaminated with confounding enzyme activities found in the E. coli cells (can you think of one such enzyme activity?). Once again, we will also take advantage of an N-terminal hexa-histidine tag to purify the cyclase enzyme activity. 

Induction of bacterial gene expression

1. Inoculate 1 ml of an over-night culture into 100 ml of liquid LB broth containing kanamycin at 50 µg/ml. 

2. Grow the cultures at 25 to 28oC for 2 to 3 hours, or until the cultures get into exponential growth (O.D.600 =0.6-0.8).

3. Add IPTG to 0.5 mM and continue incubating for an additional 5+ hours at 25 to 28oC. 

4. Collect 20 ml aliquots of cells by centrifugation, decant growth media and freeze cells at –800C until used for purification.

Preparation of cell lysate

1. Thaw and completely resuspend pellet in 1 ml of lysis buffer (50 mM Tris, pH 7.5, 250 mM NaCl, 5% v/v glycerol, 1 mM DTT, 1 mM PMSF). 

2. Add 20 µl of 100 mg/ml lysozyme, mix by inverting and incubate on ice for 30 min.  

3. Add 8 µl of 25 units/ml benzonase , mix by inverting and incubate on ice for 15 min. 

4. Centrifuge lysate at 15,000 rpm for 15 min. 

5. Remove supernatant to clean eppi tube. 

Purification 

1. Mix 900 µl of supernatant in clean eppi tube and add 400 µl of nickel affinity resin. Keep the tube on ice, but gently invert to mix every couple of minutes for 15 min. 

2. Load sample directly onto a column bed and collect the flow through. (Make sure the columns run – run water through the columns. Make sure it has a good flow rate (>5 ml/min)) 

3. Wash the column with 2x with 0.5 ml of wash buffer (20 mM Tris, pH 7.9, 0.5 M NaCl, 5 mM imidazole) and collect the eluate

4. Elute the column with 0.5 ml aliquots of the wash buffer containing the following concentrations of imidazole 

i. 25 mM imidazole

ii. 100 mM imidazole

iii. 250 mM imidazole

iv. 500 mM imidazole 

v. 500 mM imidazole

Enzyme assay


Determine cyclase activity in the initial supernatant and various fractions.

                         -3H-FPP; 0.1µL/50 uL assay -5 pmoles (200,000 dpm)

                         -Cold FPP; 0.25µL/50 uL assay - 0.25 µg (molecular wt. 433 g/mole)



Master Mix; for 10 assays

                            Hot   FPP  0.1 x10  = 1 µL

                            Cold FPP    0.25  x10   = 2.5 µL

                            Rx. buffer  30 x10  = 300 µL



Reaction buffer;  

5 mL
   


250 mM   Tris 7.0    1.25 mL/ 1M Tris 7.0

     


50 mM    MgCL2   
1.25 mL/ 0.2M MgCL2
                                    
      

2.5 mL/H2O 

1. Assays;(Total volume = 50 uL)





blank

supernatant/fraction



                   sample            
0              

20 µL

                   Rx. buffer      
20      


0 µL

                   Master Mix.    
30 

 
30µL    





incubate for 15 min. at room temp.

2. Add 150 µL hexane , vortex briefly and spin for 10 sec.

3. Remove 100µL hexane phase to another eppendorf tube containing a small amount of silica 
gel(230-400 Mesh)

4. Centrifuge for 10 sec.

5. Transfer 50µL to scintillation vial, determine radioactivity and calculate enzyme activity (nmoles of product formed/hr)

6. Determine protein amounts in the initial supernatant and each fraction using the Bradford dye assay (10 to 100 µl aliquots). Report your findings in the form of a purification table.

7. Select the most active fraction and dialyze the sample overnight against 1 L of  50 mM HEPES, pH 7.5, 5 mM MgCl2, 1 mM DTT  with at least one change of buffer. 

8. After dialysis, remove sample to clean eppi tube, add an equal volume of glycerol, mix well, remove an aliquot for protein determination and store the remainder of sample at –80oC 

Protocol XXV

Enzyme Kinetic Characterization of the Mutant Sesquiterpene Cyclase
Using the purified mutant enzyme, we will determine the Km and Vmax for the C440S mutant.

1. Prepare reagents:


enzyme: prepare dilution of 1/100 with reaction buffer


FPP (cold)(1 µg/µl, 433 gm/mole): prepare dilutions of 1/10; 1/100; 1/1,000; 
1/10,000 with reaction buffer


3H-FPP (2.5 pmole/µl): prepare a dilution 1/100 with reaction buffer


Reaction buffer:  

5 mL
   

250 mM   Tris 7.0    
1.25 mL/ 1M Tris 7.0(FW121)

     

50 mM    MgCL2   
1.25 mL/ 0.2M MgCL2
                                    
      

2.5 mL/H2O 

2. Assays(Total volume = 50 µL)




BG
1
2
3
4
5
6
7
8
9
10
11
12
13

enzyme 

0
10
10
10
10
10
10
10
10
10
10
10
10
10  

cold FPP 


1/10    

10
10
3
1

1/100    




10
3
1






1/1000   
 






10
3
1

1/10000   

 








10
3
1

3H-FPP
 
10
10
10
10
10
10
10
10
10
10
10
10
10
10

Reaction buffer to 50 µl per sample

3. Incubate for 30 min. at room temperature

4. Add 150 µL hexane , vortex briefly and spin for 10 sec.

5. Remove 100µL hexane phase to another eppendorf tube containing a small amount of silica 
gel(230-400 Mesh)

6. Centrifuge for 10 sec.

7. Transfer 50µL to scintillation vial, determine radioactivity and calculate enzyme activity 
(nmoles of product formed/hr) for each sample. Determine Km and Vmax. 

8. Compare to kinetic values determined for wildtype enzyme

Protocol XXVI

Determination of the Reaction Product Specificity of the Mutant Enzyme
1. Incubations (should be done in glass GC vials):






control


experimental



Purified enzyme            

0              

10 µL (equivalent 250 ng)

Rx. buffer      



40      


30 µL

FPP (1 µg/µl, 433 gm/mole)
10 

 
10µL    





incubate for 20 min. at room temp.

2. Using glass syringe, add 150 µL hexane (clean hexane), vortex briefly and spin for 10 sec.

3. Remove 100µL hexane phase to a fresh glass GC vial

4. Inject 1µl aliquots onto GC-MS and determine product retention time and MS.

5. How is the reaction product of the mutant enzyme different from generated by the wildtype enzyme? What does this suggest about the mechanistic functioning of the mutant enzyme? 

Protocol XXVII

Qualitative Assessment of Bacterial Expression of the Mutated Cyclase Gene and Purification of the Mutant Enzyme

Assessment of the mutant cyclase enzyme could be effected by low level expression of the mutant cyclase gene in bacteria and poor recovery and/or contamination of the purified cyclase enzyme. The current experiment will use polyacrylamide gel electrophoresis to assess these 2 parameters. This experiment will also use Coomassie Blue staining to gain a sense of how the cyclase protein compares to total protein levels and an immunodetection method to follow and evaluate the cyclase protein itself.  

Gel Electrophoresis
1. Preparing a SDS polyacrylamide gel. 


A. The separating gel
11%


30% acrylamide
3.5 ml


4X running buffer
2.5 ml


water
3.4 ml


TEMED
20 µl



mix gently (do not shake!)


10% ammonium persulfate
50 µl

mix and add to glass plate sandwich, fill to 1 cm below teeth of comb, 

and overlay with isopropanol. When separating gel is polymerized, 

remove isopropanol, rinse interface with water, and carefully dry 

with Whatmann paper


B. The stacking gel

5%

30% acrylamide
855 µl


4X stacking buffer
1.25 ml


water
3.0  ml


TEMED
10 µl



mix and degas


10% ammonium persulfate
25 µl



Fill glass sandwich and add comb.

2. While the stacking gel is polymerizing, prepare the samples to be run on the gel. A preferred sample is prepared by mixing 50 µg protein in 25 µl with 15 µl of a 2X loading buffer. Samples are heat denatured at 95oC for 3 to 5 min.

3. When the gel has polymerized, remove the comb, rinse wells with water and assemble the apparatus for electrophoresis. Add 1X tank buffer to the gel and buffer reservoirs, and then load samples.

4. Electrophoresis at 32 mAmps (constant current) until the voltage reaches 150 volts. Then run the gel at 175 Volts (constant voltage) until the tracking dye reaches the leading edge of the gel. 

5. After electrophoresis, disassemble the gel sandwich and cut the gel into its 2 halfs. Stain one half of the gel with Coomassie Blue and destain (general protein stain). 

Immunodetection of cyclase protein -Transferring Protein from a Gel to a Nitrocellulose Membrane

1.  When gel is finished running, disassemble the apparatus and prepare the transblotter for  protein transfer to nitrocellulose. Have ready before the gel is finished running the following cut to exactly the size of the gel: 1 piece of nitrocellulose and 4 pieces of Whatmann 3mm paper

2.  Assembling the transfer sandwich. In order of bottom to top: 2 pieces of 3mm soaked with transfer soln; nitrocellulose soaked with transfer soln; the gel, and 2 pieces of 3mm soaked in transfer soln. 

3.  Transfer the proteins from the gel to the nitrocellulose membrane by electrophoresis at 25 volts (constant voltage) overnight.

Immunodetection of the Cyclase Protein

1. After transfer of the proteins to the membrane, disassemble the transfer apparatus and place the membrane in blocking solution (5% dried milk in a Tris-buffered saline solution), and agitate for a minimum of 30 min. Add anti-his antibody at 1/1000 dilution and continue incubation overnight. 


1x TBS: for 1 liter
2.4 gm Tris





29 gm NaCl, pH 7.5

2. Wash blot 5 times with 1x TBS

3. Add 25 ml of blocking solution (5% dried milk in 1x TBS), add 25 µl of goat anti-mouse antibody conjugated with alkaline phosphatase (AP), and continue incubation for 1 hour with gentle agitation.

4. Wash blot 5 times with 1x TBS.

5. Prepare AP substrate


a. dissolve 1 mg 5-bromo-4-chloro-3-indolyl phosphate (BCIP) in 200 µl dimethyl 

formamide (DMF)

b. dissolve 10 mg nitro blue tetrazolium (NTB) in 70 µl DMF and add 3x 10 µl water while mixing


c. Combine BCIP, NBT and 1.5 ml 10x AP buffer, bring to 15 ml with water



10x AP buffer: for 100 ml
12.1 gm Tris







5.8 gm NaCl







1 gm MgCl2, pH 9.5

6. Wash blot 1 time with 1x AP buffer

7. Add AP substrate to blot and incubate 10 to 30 min for color development. Stop by washing the blot with water.
