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BIOSCI 1005: INTRODUCTION TO BIOCHEMISTRY LAB 
 

COURSE INFORMATION‐ FALL TERM 2012 
 

 
GENERAL INFORMATION 
 

Lab Sections: Monday, 1:00 - 4:50 PM 
Location:  A146-A148 Langley Hall 
 

 
 
INSTRUCTORS: Dr. Andrew VanDemark 
 A360 Langley Hall  
 412-628-0110 
 andyv@pitt.edu  
 
TEACHING LAB MANAGER: Dr. Vern Twombly 
 A144 Langley Hall  
 412-624-4453 
 twombly@pitt.edu  
 
 
TEACHING ASSISTANT: Adam Wier 
 A306 Langley Hall  
 412-648-0111 
 adw46@pitt.edu  
 
 

 
PREREQUISITE & COREQUISITE 
 

The prerequisite for the course is BIOSC 0060 Foundations of Biology 2 Laboratory, and the co-
requisite is BIOSC 1000 Biochemistry. Having taken and passed General Chemistry I and Calculus I 
will be helpful, but not required. 

 
COURSE OBJECTIVES 
 

The objective of this course is for you to use a variety of biochemical and biophysical techniques to 
investigate the interaction between two proteins, Shroom and Rock. Both proteins are cytoskeleton 
regulators with complicated domain architecture and they work together to establish the formation of 
a contractile actin-myosin network on the apical surface of cells that can be used to regulate the shape 
of these cells. By contracting the apical surface, cells are directed to alter their shape from columnar to 
a wedge-like shape. When this occurs with a plate of cells such as in the neural plate, the result is 
curvature of this plate into a tube-like structure. Shroom proteins help regulate the development of 
many tissues in this manner, including the eye, lungs, and kidney. They are best known however, for 
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their role in the development of the central nervous system where defects in Shroom result in neural 
tube defects and X-linked mental retardation. 

 

The establishment of contractile networks relies on the interaction between Shroom and a kinase 
called Rock. The protein domains required for the Shroom-Rock interaction have been identified, and 
the three-dimensional structure for the domain within Shroom, called SD2, has been solved. What we 
would like to know, and your goal for the class, is to figure out which portions of the Rock protein are 
required for the Shroom-Rock interaction. 

 

To study these proteins and there interaction, you will first make a three-dimensional prediction of 
the Rock structure using available software. You will then take the model of this structure and use it 
to try to figure out specific amino acids you think will be important for the interaction with Shroom. 
You will then mutate the codons for these residues using site-directed mutagenesis. You will then 
express the mutant protein in E.coli cells and purify the resulting protein. You will then use this 
protein in a variety of assays to determine whether or not your mutant Rock protein can still bind 
Shroom and if not, describe the nature of the defect in Rock that is preventing Shroom-binding. 

 

In the process, you will learn the concepts, fundamental techniques, and analytical approaches 
commonly used in the majority of biomedical research labs. These techniques will at least include:  
accurate & precise pipetting, reagent preparation, aseptic technique, centrifugation, bacterial growth 
& quantitation, spectrophotometry (DNA & protein quantitation), plasmid strain growth, DNA 
extraction, agarose gel preparation & DNA electrophoresis, restriction endonuclease digests & 
plasmid mapping, computer-aided database access & virtual digests, computer aided 3-D structure 
predictions, bacterial transformation with plasmids, cloning vector preparation, site-directed 
mutagenesis, protein production & purification, affinity chromatography, protein gel electrophersis 
(SDS-PAGE), native protein gels (agarose & PAGE), gel analysis & photography, chemical 
crosslinking, pull-down assays, limited proteolysis, protein complex characterization, and 
interpretation & statistical analysis of results. 

 

This course has been designed as an upper division molecular genetics and biochemistry laboratory 
for General Molecular Biology Majors, at an intermediate level. While the term “intermediate” level 
may seem disarming, you will find this is a demanding course. The physical principles behind the 
chemistry of biology will be covered, so that when troubleshooting is required, you will be able to use 
rationale approach to find a solution. In addition, you will be expected to fill gaps in protocols, such 
as calculating the amounts of solutions needed to achieve a given molarity. By the end of the 
semester, you should be capable of independently performing a variety of basic, yet fundamental 
tasks in a biomedical research lab. 

 

© University of Pittsburgh, VanDemark & Twombly, 2012    pg. 2 



1005 Course Information, Fall 2011 
 

ORGANIZATION OF THE COURSE 
As previously stated, you will begin the semester by making a 3-D model of the Shroom-binding 
domain of Rock. You will then analyze this model and select residues for mutagenesis. You will write a 
proposal detailing the rationale for your decision and quantifying your predictions. Then you will generate 
the appropriate mutations within the Rock expression plasmid, verify the mutation(s), and transform 
it into bacteria. You will grow this transformed bacterial strain containing your vector and test it for 
protein expression. Subsequently you will purify the protein and run SDS-PAGE gels of your 
purification scheme to assess the quality of your protein purification. You will then perform a variety 
of biochemical assays on your mutated Rock protein to assess its ability to bind Shroom. Lastly, you 
will summarize the data from your assays into a more comprehensive analysis and generate a class 
presentation, either as a formal poster session or as a short in class seminar. 

 

COURSE REQUIREMENTS 
 

Format and Time Expectations: 

The course will consist of a short lecture at the beginning of the lab period. This lecture will cover the 
theory behind the experiments to be done, as well as the experiments to be carried out. The lab will 
meet for 4 hours per week. You should expect to spend as much time outside of class preparing for 
the lab, doing homework, reading background material, preparing presentations, and studying for 
exams. 

 

Text: 

There is no textbook for the course. We will draw material for this course from primary research 
papers (peer-reviewed publications), reviews, and third party research protocols which will be 
provided to you. If you seek background information for general laboratory practices we recommend 
the following text available through Amazon.com, & we have some copies you may borrow:   

 

L. A. Seidman & C. J. Moore, Basic Laboratory Methods for Biotechnology, Textbook & Laboratory Reference 
(2000) Prentice-Hall. 

 

 

Computers: 

You will need to use computers, (available in the lab or the HHMI Computing Labs), to look up web-
based material to perform your lab work. You will perform bioinformatics searches, make DNA 
sequence maps, generate 3D homology models, and visualize these using programs that are web-
based or are freely available and thus you can also perform all of this analysis on any computer that 
you have access to. Additionally, you will need access to your Pitt account to receive class 
information, and to turn in your assignments (see below). 
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Communication & Distribution of Information: 

Almost all course material will be distributed to you via CourseWeb. We will only communicate to 
you through your pitt.edu email account. We will never respond to other email addresses. This 
requires that you maintain a functional “pitt.edu” account. 

  

Turning in your work: 

All documents (including reports, in-class assignments, quizzes, final report, etc) will be turned in 
through CourseWeb. Files that you turn in MUST follow the naming system described below, no 
exceptions. Improperly named files will be subjected to a grading penalty. 

 

File Name 

1. You must include your last name or first and last initials, followed by the assignment name. 
This is a valuable habit for now and your future because it is; a) courteous and b) insurance 
that your document is properly credited to you. 

a. VanDemark_LabReport1.docx  is an example of a good filename 
b. Dr. Twombly & VanDemark’s_Awesome_exampleof_(poorly)labeled_files!.docx is a 

bad example. 
2. Never make a file name too long, as some email programs do crop names or choke on them. 
3. Never include unusual characters, (especially “/” and “&”) such as the following: "!, @, #, $, 

%, ^, &, *, (, ), +, ?, <, >, ~". Transfers from Mac to Windows do not tolerate these characters. 
4. In the document, you must place your name in the document (not just in the document name, 

or header). Thus LabReport1.docx is not acceptable. Yes, I am repeating this on purpose! 

 

Assignments are due at the beginning of class. (1pm) 
 

Work Load: 

The assignment for each week will have several parts. The first part will be a pre-test which will need 
to be turned in at the beginning of class and will not be accepted later. The purpose of this is to ensure 
that you are properly prepared for the experiments you will perform in the lab. The pre-test will be 
included within the protocol posted on Courseweb and you will need to read the protocol thoroughly 
to answer the pre-test. Its score will count towards the grade for that week’s report.  

 

You also will be graded on the quality of your lab notebook. Your notebook will represent a large 
portion of your grade because it is such an essential tool in a lab. Experiments are commonly 
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repeated. If one records the essential information in their notebook than the notebook allows an 
experiment to be reproducible. Lab notebooks must be “real-time” documents of your actions and 
observations in the lab, like an airplane’s “black box”. Notes must be written in permanent ink. Notes 
must not be copied over late in the semester. Your lab notebook must have as much of your primary 
data as you can gather during your experiment. The form – bound or loose-leaf – of your lab 
notebook is less important to us than being well-organized.  Follow this outline form of essential 
features of your lab notebook: 

1) Write in real-time while completing your experiment, while your thoughts and memories 
remain clear. Do not copy lab notebooks by hand.  

2) Save as much primary data as possible, attaching it by staples or tape if necessary. 
3) Notebooks should be conceptually and/or historically ordered.  
4) Every page should have a date, a concise title, and a page number. 
5) Reserve the first two or three pages for your Table of Contents for the notebook. 
6) Organize each experiment with the headings: a) Goal, b) Procedure, c) Results, and d) 

Conclusions (or some reasonable equivalent).  
7) Affix and label data appropriately. For gel photographs and spectrophotometer printouts, 

label them clearly and affix them in your notebook where they make sense. Unlabeled gel 
lanes with no loading guide are lost data. Unattached data are doomed. Data affixed many 
pages away from the relevant experimental description are difficult to find and very hard to 
be sure of their value. Your printouts have dates, so this should help. 

8) Produce good quality gel photographs and other outputs. Recognize that clear data is 
respected data. Photos that are too dark, poorly aligned, or too small are less valuable than 
large, properly framed, and correctly exposed photos. 

9) Include your actions, your observations, your rationale, your thoughts, and your 
interpretations in the record. Do not include printed protocols that we gave you, although you 
may choose wisely to outline these protocols in your notebook. 

 
 

GRADING POLICY 
 

Lab experimental techniques and performance, lab data notebook, homework, quizzes, pre-tests and a 
final report will all be components of the final grade. Within the laboratory, we expect you to: 

1) Be prepared in advance by reading relevant protocols or background materials, as suggested,  
2) Show effort and improvement in your lab techniques so you improve your skills of 

experimental analysis, experimental design and experimental interpretation, 
3) Demonstrate safe and responsible laboratory practices,  
4) Work well with others, most importantly, with your lab partner, and show proper laboratory 

etiquette,  
5) Be prepared to interact verbally and respond to questions during lecture and lab.  

 

 
The total points possible in this class will be distributed approximately as follows: 
 Lab Reports/Pre-lab quizzes, etc   80% 
 Attendance and Lab Performance   10% 
 Notebook   10% 
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Attendance is mandatory for all lab and lecture sessions. All absences must be excused directly by the 
instructors prior to the class meeting. Email is the best method. All absences must be justified, and we 
reserve the right to require documentation. When students are unable to attend, we will try to make 
the lab material and experiments available at alternative times, but this may not always be feasible. 
 

 
 
POLICY ON THE EXPORT OR IMPORT OF LAB MATERIALS 
 

We do not permit any student to take any teaching lab samples, reagents or other materials to their 
research lab or back from their research lab to the Langley Teaching Lab. This policy is directed to 
biological reagents and samples, and it does not include electronic or paper documents. When 
students take experiments back to another lab space, or carry supplies from their lab to the teaching 
labs, we cannot control the experiment or personal safety, which it is our responsibility to do.  
 

 
 
DISABILITIES RESOURCE SERVICES 
 

If you have a disability for which you are or may be requesting an accommodation, you are 
encouraged to contact both your instructor and Disability Resources and Services, 216 William Pitt 
Union, [412-648-7890/412-383-7355(TTY)] as early as possible in the term. DRS will verify your 
disability and determine reasonable accommodations for this course. 
 

 
 

ACADEMIC INTEGRITY POLICY 
 

Cheating/plagiarism will not be tolerated. Students suspected of violating the University of 
Pittsburgh Policy on Academic Integrity, noted below (**), will be required to participate in the 
outlined procedural process as initiated by the instructor. A minimum sanction of a zero score for a 
quiz, exam, or paper will be imposed. 
** The integrity of the academic process requires fair and impartial evaluation on the part of faculty 
and honest academic conduct on the part of students. To this end, students are expected to conduct 
themselves at a high level of responsibility in the fulfillment of the course of their study. It is the 
corresponding responsibility of faculty to make clear to students those standards by which students 
will be evaluated, and the resources permissible for use by students during the course of their study 
and evaluation. The educational process is perceived as a joint faculty-student enterprise which will 
perforce involve professional judgment by faculty and may involve—without penalty—reasoned 
exception by students to the data or views offered by faculty. Senate Committee on Tenure and 
Academic Freedom, February 1974 
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EMAIL COMMUNICATION POLICY 
 

Each student is issued a University email address (username@pitt.edu) upon admittance. This email 
address may be used by the University for official communication with students. Students are 
expected to read email sent to this account on a regular basis. Failure to read and react to University 
communications in a timely manner does not absolve the student from knowing and complying with 
the content of the communications. The University provides an email forwarding service that allows 
students to read their email via other service providers (e, g., Hotmail, AOL, Yahoo). Students that 
choose to forward their email from their pitt.edu address 'to another address do so at their own risk. 
If email is lost as a result of forwarding, it does not absolve the student from responding to official 
communications sent to their University email address. To forward email sent to your University 
account, go to http://accounts.pitt.edy,logintoyouraccount,click on Edit Forwarding Addresses, and 
follow the instructions on the page. Be sure to log out of your account when you have finished. 

(For the full E-mail Communication Policy, go to www.bc.pitt.edu/policies/policvl09/09-i 0-01.html.) 

 

 
 

OFFICE HOURS 
 

Office hours for either the Instructor or the Teaching Assistant can be Monday-Friday between 9:30am 
and 5pm, but because of our uneven schedules Office hours must be arranged by appointment. All 
relevant contact information (Office location, phone number, and email addresses) can be found in 
the first page of syllabus. 
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COURSE SCHEDULE 
 
 

 
 

LAB 1: LAB INTRODUCTION: SAFETY, ORIENTATION, REVIEW OF BASIC LAB SKILLS AUG 27TH 
 
Getting everyone up to speed with some basic lab skills and operations that will be performed 
throughout the course. Including  basic pipetting skills, titering a culture, Lab Math Diagnostic. 
 
Handouts: Lab Nomenclature 
 Introduction to scientific writing and presentation 

 Sample Lab Report 
 Course Syllabus 
 Lab Safety 
 Report Grading Guide 

 
CourseWeb Documents: 
 Grading system summary sheet 
 Course Syllabus 
 
In class activity: Math Lab Diagnostic, pipetting exercise and cell plating 
 

 
 

HOLIDAY—NO CLASSES SEPT 3RD 
 

 
 

LAB 2: INTRODUCTION TO THE SHROOM/ROCK SYSTEM: MODELING ROCK AND DEVELOPING YOUR 
HYPOTHESIS SEPT 10TH 
Getting everyone up to speed with the biology underlying the Shrm-Rock system. An introduction to 
some basis elements of biology, proteins, DNA, and protein structure. 
 
CourseWeb Documents: 
 Project Intro 
 Introduction to PyMOL 
 Introduction to good figure making practices 
 
Software:  PyMol (already installed on lab computers) 
 
In class activity:  Predicting the 3D, molecular structure of human Rock. Generating a hypothesis 

regarding the nature of the Shrm-Rock interaction. 
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Assignment Due: Report 1: Lab Intro, Pipetting and Titering (3 pages max) 
 

LAB 3: SITE-DIRECTED MUTAGENESIS SEPT 17TH 
The design of primers for site-directed mutagenesis is discussed. You will design your primers for 
site-directed mutagenesis as an in-class assignment. We will also discuss expectations for the 
upcoming literature review. 
 
Relevant CourseWeb Documents: 
 Lab3: Site-Directed Mutagenesis 
 
In class activity: Designing Oligos that will be used to generate the desired mutant, turned in at the end 

of class 
 
Assignment Due: Short Report: Project Hypothesis and Figure (1 page max) 

 
 

LAB 4: LITERATURE REVIEW SEPT 24TH 
An in-depth analysis of recent literature relevant to the Shrm-Rock system 
 
CourseWeb Documents: 

Mohan et al, “Structure of Shroom domain 2 reveals a three-segmented coiled-coil 
required for dimerization, Rock binding, and apical constriction”, (2012) Mol 
Biol Cell.t 

In class activity: A thorough student-led discussion of a paper, including an analysis of the figures 
and their goal, quality, and relationship between the figure and the overall 
findings. You will be graded on your preparation for the discussion and your ability to 
answer questions related to the paper. 

 
Assignment Due: None 

 
 

LAB 5: MAKING YOUR BACTERIAL PROTEIN EXPRESSION STRAIN OCT 1ST 
You will go over bacterial transformations, the production of your expression strain, and preview the 
design of your protein purification for the subsequent two weeks 
 
Relevant CourseWeb Documents: 
 Lab 5: Bacterial Transformation 
 Lab 6-7: Protein purifications Parts 1&2 
 
In class activity: Your will transform your mutated plasmid into the BL21(DE3) Codon Plus RIPL 

bacterial expression strain. 
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Assignment Due: None 
 

 

 
LAB 6: PROTEIN PURIFICATION PART 1 (TUESDAY) OCT 9TH 
The first half of the protein purification process: learning the principles of protein purification, and 
performing nickel affinity chromatography to purify your Rock mutant. 
 
Relevant CourseWeb Documents: 
 Lab 6 -7: Protein purifications Parts 1&2 
 
In class activity: Your will perform nickel affinity on a bacterial lysates from your mutant. Run a SDS-

PAGE gel to analyze the results, and dialyze the appropriate fractions into a buffer 
for Lab7. 

 
Assignment Due: None 

 
 

LAB 7: PROTEIN PURIFICATION PART 2 OCT 15TH 
The second half of the protein purification process: learning the principles of ion exchange and sizing 
chromatography. 
 
Relevant CourseWeb Documents: 
 Lab 6 -7: Protein purifications Parts 1&2 
 
In class activity: Your will perform anion exchange chromatography on the elution fractions from lab 

6, further purifying your Rock mutant. Run a SDS-PAGE gel to analyze the results, 
and determine the appropriate fractions to be used in your future biochemical 
experiments. 

 
Assignment Due: None 

 
 

LAB 8: LIMITED PROTEOLYSIS OCT 22ND 
We will begin to make the connection between protein function and its structure and attempt your 
first assay with your mutant Rock protein. You will determine the quality of your purified protein by 
seeing how it degrades in the presence of a protease. 
 
Relevant CourseWeb Documents: 
 Lab 8: Limited Proteolysis 
 
In class activity: Your will perform limited proteolysis on both wild-type and mutant Rock proteins. 

You will analyze the results using SDS-PAGE. 
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Assignment Due: Lab Report: Protein Purification (3 pages max) 
 

 
 
 

LAB 9: CHEMICAL CROSSLINKING OCT 29TH 
We will begin to characterize your mutant protein, determining its ability to oligomerize, as well as 
probe the stoichiometry of the Shrm-Rock complex 
 
Relevant CourseWeb Documents: 
 Lab 9 Chemical Crosslinking 
 
In class activity: Your will perform chemical crosslinking on wild-type and mutant Rock proteins, as 

well as the Shrm-Rock complex. You will analyze the results using SDS-PAGE. 
 
Assignment Due: None 

 
 

LAB 10: PULL-DOWN ASSAY NOV 5TH 
We will examine the ability of wild-type and mutant Rock to bind to Shroom SD2 domain using a 
pull-down assay. We will discuss the advantages and disadvantages of this technique. 
 
Relevant CourseWeb Documents: 
 Lab 10: Pull-down Assay 
 
In class activity: Your will perform the pull-down assay using nickel affinity beads in a small volume. 

This will test your pipetting skills and general lab technique. You will analyze the 
results using SDS-PAGE and determine whether or not your mutant could bind to 
Shroom SD2 domain. 

 
Assignment Due: Lab Report: Limited Proteolysis and Chemical Crosslinking (3 pages max) 
 

 
 

LAB 11: NATIVE-PAGE PART1 NOV 12TH 
We will examine the ability of wild-type and mutant Rock to form complexes with Shroom using a 
separate complimentary technique, native PAGE. These results will be qualitative. 
 
Relevant CourseWeb Documents: 
 Lab 11: Native PAGE part 1 
 
In class activity: Your will perform native PAGE to distinguish complexes of Shroom and Rock. You 

will test the ability of different compounds to effect the assay. 
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Assignment Due: Short Report: Pull-down Assay (1 pages max) 
 
 

 
 

NOV 19TH —NOV 23RD  THANKSGIVING WEEK—NO CLASS  
 

 
 

LAB 12: NATIVE-PAGE PART2 (USING FLUORESCENTLY LABELED PROTEINS NOV 26TH 
We will look a techniques utilized to examine protein-protein interactions quantitatively. How do we 
measure a binding curve? What are the assumptions involved and how do I report the data? We will 
use the native-PAGE assay as a vehicle for this. 
 
Relevant CourseWeb Documents: 
 Lab 12: Native PAGE part 2 
 
In class activity: Your will perform native PAGE to distinguish complexes of Shroom and Rock. You 

will utilize fluorescently labeled Shrm and titrate it against wild-type and mutant 
Rock. You will measure the difference in binding affinity. 

 
Assignment Due: No formal graded assignment. This is the deadline for informing us about any 
experiments you wish to repeat in week13. 
 
 

 
 

LAB 13: EXPERIMENT REPEAT, FINAL REPORT QUESTIONS, ETC DEC 3RD 
In this week you can repeat any of the experiments that you need to repeat for your final report. You 
may also use this time to ask questions and get more feedback on your report(s). 
 
Relevant CourseWeb Documents: 
 
In class activity: Its up to you! 
 
Assignment Due: Lab Report: Qualitative and Quantitative Analysis of the Rock-Shrm interaction 
using native-PAGE (3 pages max) 
 
 

 
 

DEC10TH—FINAL REPORTS DUE 
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