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Department of Chemistry at Lehman College City University of New York  
 
Biochemistry Laboratory, CHE 447, Syllabus, Spring 2011. 
 
Instructor: Cristina C. Clement, Ph.D., Chemistry Department, Lehman College, 
CUNY 
 
Cell: 347-243-9023 
Email: cclement_us@yahoo.com 
 
Required textbooks:  
 
Alexander J. Ninfa and David P. Ballou.(2010) Fundamental Laboratory Approaches 
for Biochemistry and Biotechnology.   John Wiley & Sons, Inc., USA.  
 
CLASS MEETINGS 
 
Tuesdays and Thursdays, 6:00 – 8:50 pm, Davis Hall. 
 
COURSE OBJECTIVE 
 
The primary objective of this course is for students to (1) learn fundamental approaches 

for experimentally investigating biochemical problems, (2) learn the theoretical 

foundations for the methods used, and (3) understand the applicability of the biochemical 

methods to realistic situations.  

 

Topics covered in this course include methods for the isolation, UV-VIS of proteins and 

nucleic acids, purification, and characterization of proteins and nucleic acids, DNA 

recombinant technology, characterization of enzyme kinetics; and manipulation of 

macromolecular structures from databases using contemporary visualization software. 

 
Laboratory Hazards 
 
Some of the chemicals used in this laboratory are harmful if inhaled or ingested. 
 
  Always wear safety glasses in the Biochemistry Laboratory! Reading eye glasses no 
longer suffice as suitable safety protection for the eyes. 
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  Wear suitable clothing in the Biochemistry Laboratory. Sandals and shorts (unless 
covered by a lab coat) are not permitted in the lab. 
 
  Wear latex gloves when working with dangerous biochemicals. 
 
  Do not allow laboratory chemicals to enter your mouth or small cuts or scratches on 
your hands. Latex gloves are available for daily use to avoid this problem and to prohibit 
contamination of laboratory experiments. 
 
  Do not inhale powders or vapors. This is especially important when working with 
sodium dodecyl sulfate (SDS) powder, concentrated acids/bases, and mixtures of 
acrylamide and bisacrylamide solutions. 
 
 It is good practice to wash your hands carefully before leaving the laboratory. 
 
Laboratory Notebook Maintenance 
 
 All experimental data, except instrument output, should be recorded in indelible ink in a 

bound laboratory notebook with pre-printed sequential page numbers. 

 Students should sign the notebook on the last page of that day’s experiment. 

 Do not leave blank pages in a laboratory notebook. 

 A lab notebook should include protocols, identification of samples, observations, and 

data. 

 Record data and observations as you obtain or make them. Do not write on scraps of 

paper with the intention of transferring information to the lab notebook later. 

 Do not worry if your notebook is a little messy. 

 The recording and organization of a permanent record of laboratory observations is as 

important a technique to master as any of the experimental methods you learn. The 

research notebook is a day-by-day record of the progress of experimental work.  

It should reflect the integrity and honesty of the experimenter as well as the clarity of his 

or her thought. 
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Key Topics and Experimental Work 
 
Weeks 1-2: Check in and experimental UV-VIS spectroscopy of proteins and nucleic 
acids. 
 
Theoretical background:  
 
Preparation of buffers, pH titrations, using Expasy Server to calculate physical chemical 
properties of proteins.  UV-VIS spectroscopy: determination of protein concentration 
using UV and VIS measurements. 
 
Required reading: Chapters 1-4 & 15, Alexander J. Ninfa and David P. Ballou.(2010) 
Fundamental Laboratory Approaches for Biochemistry and Biotechnology. 
 
Experimental UV-VIS spectroscopy and VIS spectroscopy (I):  
 

1. Use the UV-VIS spectrophotometer Perkin Elmer to obtain the UV spectrum of 
bovine serum albumin (BSA) and other proteins (myoglobin, insulin, lysozyme, carbonic 
anhydrase, peroxidase, beta-lactoglobulin).   

 
Determination of protein concentration from UV measurements; construct a 

calibration curve from the absorption at 280 nm of different known concentrations of 
BSA or other proteins.  

 
2. Determination of molar extinction coefficient of BSA from experimental UV 

measurements and use the molar extinction coefficient to determine the concentration of 
an unknown sample of BSA and other proteins.  Comparison between molar extinction 
coefficients determined experimentally with the one determined from the amino acid 
sequence using the “Proteomics” server at the Expasy database. 

 
3. Determination of protein concentrations from the measurements of absorbance 

due to interaction of proteins with the dye Comassie Brilliant Blue G-250 (Bradford 
method).   

 
UV spectroscopy: determination of UV characteristics of nucleoside triphosphates (NTPs 
and dNTPs), nucleotide diphosphates (NDP), monophosphates (NMP) and bases. 
 
Experimental UV-spectroscopy (II):  
 
1. Recording of UV-scan of different nucleoside triphosphates (NTPs and dNTPs), 
nucleotide diphosphates (NDP), monophosphates (NMP) and bases between 200nm-320 
nm and use the Perkin Elmer software to assign the UV-maxima. 
2.  Determination the molar extinction coefficients of different dNTPs/NTPs. 
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Weeks 3:  Chemical properties of amino acids: alpha-amino group reaction with 
ninhydrin. 
 
Theoretical background: Chemical properties of amino acids. F-moc amino acids, 
deprotection of F-moc group with piperidine, ninhydrin test for the free amino groups.   
 
Experimental work: The quantitative determination of amino acids with ninhydrin. 
 

1. Deprotection of F-moc amino acids with 20% piperidine. 
2. Reaction of deprotected amino-acids with ninhydrin reagent and measurement of 

the absorption at 570 nm or at 440 nm (for Proline). 
3. Prepare standard curve using free amino-acids of known concentration. 

 
 
Weeks 4-6:  Recombinant DNA technology. 
 
Theoretical background: Recombinant DNA and protein expression in bacterial 
system (E. coli). 
 
Introduction to recombinant DNA technologies. 
 
Required reading: Chapters 13, Alexander J. Ninfa and David P. Ballou. (2010) 
Fundamental Laboratory Approaches for Biochemistry and Biotechnology. 
 
Experimental: 
 

1. Restriction enzyme mapping of DNA (Edvotek kit 206). 
2. Isolation of E.coli chromosomal DNA (Edvotek kit 203). 
3. pUC8 plasmid DNA transformation of E. coli (Edvotek kit 221). 

 
Weeks 7-10: Protein purification (I): 
 
(I) Purification and size-determination of green and blue fluorescent proteins 
(Edvotek kit 255) (Gel filtration and SDS-PAGE). 
 
Theoretical background: 

 
Introduction to protein purification methods:  
 
Required reading: Chapters 5-8, Alexander J. Ninfa and David P. Ballou.(2010) 
Fundamental Laboratory Approaches for Biochemistry and Biotechnology. 
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(II) Purification of alkaline phosphatase from E.coli.  
 
Required reading: Chapters 9, Alexander J. Ninfa and David P. Ballou.(2010) 
Fundamental Laboratory Approaches for Biochemistry and Biotechnology. 
 
1-Subcellular Fractionation: Spheroplast technique.  

2-Dialysis.  

3-Heat denaturation.  

4-Ammonium sulfate precipitation.  

5-Ion-Exchange Chromatography: step elution and gradient elution using increased salt 

concentration.  

6-Enzymatic Assay for monitoring protein specific activity during purification steps.  

7-SDS-PAGE gel electrophoresis and native gel electrophoresis for assessing the 

purity of the protein. 

 

Experimental work:  
 
1.  Hydration of E.coli cells for subcellular fractionation.  
 
2. Subcellular fractionation of hydrated E.coli cells: spheroplast method: obtain the 
periplasmic space fraction and dialysis. 

 
3.  Heat denaturation: alkaline phosphatase is stable at high temperatures (80oC): obtain 
enriched alkaline phosphatase fraction after heat denaturation; centrifugation and 
supernatant dialysis. 
 
4. Ammonium sulfate precipitation: obtain enriched alkaline phosphatase fraction; 
dialysis against buffer used to equilibrate the chromatographic columns.  
 
5.  Preparation for Ion-Exchange Chromatography step: pour the gel resins (HighQ 
or MonoQ) into columns and begin the equilibration of the columns with equilibration 
buffer. 
 
6. Steady-state kinetics for alkaline phosphatase and determination of total protein 
concentration for each step during protein purification.   

 
7. Determine the specific and total activity for each of the fractions collected during 
each purification step.  
 
 8. Assess the yield and the purity of alkaline phosphatase. Complete the table for 
protein purification. 
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Weeks 11-13:  Enzymology. 
 
Theoretical background: 
 

Introduction to enzyme kinetics: Theory of enzyme action, Michaelis-Menten 

kinetics, enzyme inhibition. 

Required reading: Chapters 12, Alexander J. Ninfa and David P. Ballou.(2010) 
Fundamental Laboratory Approaches for Biochemistry and Biotechnology. 
 
Experimental work:  
 

1. Determination of Km, Vmax and Kcat for alpha-thrombin using the small 

chromogenic substrate S2238 (H-D-Phe-Pip-Arg-pNA.2HCl). 

2. Perform kinetics of alpha thrombin inhibition using reversible peptides inhibitors 

(provided by the instructor). 

3. Determination of Km, Amax and Kcat for the purified alkaline phosphatase (from 

week 9). 

Week 14:  Review the major experiments and check-out. 
 

Methods of Evaluation: 

Students are evaluated on their attendance, attitude, and participation in laboratory 
discussions, research and lab reports. Participation includes reading and evaluation of 
assigned literature, planning and execution of experiments, analysis of the resulting data, 
and preparation of oral or written reports.  

Required presentations of reports (each report is 100 points):  
 
The purpose of the laboratory report is to communicate experimental work in writing. 
The educational goal is to help students learn and practice expressing their ideas and 
describing their work in a professional manner. With this in mind, the requirements for 
the structure of the laboratory report are similar to those for peer-reviewed scientific 
literature: 
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Students are required to present the reports as "Journal of Biological Chemistry"-type of 
written paper.  
 
Requirements: 

 
1. Hard-copies of all reports. 
2. CD-electronic back-up of all reports. 
3. Organic-chemistry notebooks like. 

 
Paper Format: 
 
Abstract: maximum 1 page 
 
Introduction (4-5 pages): Methodology theory: physical-chemical background of the 
specific method you have used; use all hand-outs, other resources, books of analytical 
chemistry and biochemistry; use diagrams, pictures of the instrumental set-up, all 
chemical reactions described in detail, use the pictures and presentations from different 
companies which provided you the instrumentation for the specific method you 
described. 
 
Materials and Methods (3-4 pages): present all details of calculation, mathematical 
treatment of data, the real experimental procedures you have used for that specific lab; 
use pictures, diagrams, mathematical formulas to show all the data (all calculations for 
concentrations, all solvents and buffers used in chromatography, all the details related to 
spectroscopic measurements, details of sample preparation and sample analysis by SDS-
PAGE, all details related to the affinity chromatography and gel-filtration).  Describe 
details of enzyme kinetics for each enzymatic assay, calculation of km, vmax, kcat. 
 
Results (unlimited number of pages):  Show all results as graphs, pictures, tables; all 
UV-scans, all extinction coefficient determination, MS-data, all gel-photo 
documentations properly labeled, the chromatograms showing the A (595 nm) =f 
(fraction number) or A (405 nm) =f (fraction number) for alkaline phosphatase. 
 
Discussions and Conclusions (unlimited number of pages):  Discuss the results 
carefully, focusing on the analytical part of the method, explaining details of the findings 
related to molar extinction coefficients, assess the success of the chromatographic method 
by inspection of the SDS-PAGE gels and the output of the chromatograms.  Describe the 
type of inhibition you observed with provided compounds in the case of enzyme 
inhibition. 
 
Grade Assignments: 
 
100%-95% = A; 95%-90% =A-; 90%-85% = B+; 85-80% = B 
80%-75% = B-; 75%-70% = C+; 70%-65% = C; 65%-60% =C- 
60%-55% = D; Below 55% = F 


