
CHEM 3000 / BCHM 4000 / CHEM 7090 

Metals in Medicine 
 

Professor: Dr. Michele Davis McGibony 

Office:  Chemistry and Nursing 3215 

Phone:  912-478-5919  

Email:  mdavis@georgiasouthern.edu 

Classroom:   Chemistry and Nursing 1006 

Class Time:   TR from 12:30PM until 1:45 PM and online 

 

Required Materials 

 Principles of Bioinorganic Chemistry (Lippard and Berg 1994) 

Can rent or buy used on Amazon for ~$25 
 

Course Goals:   
My intent is that you leave this course with the following: 
1) State the biologically relevant metal ions and define chemical properties of the metal center that 
are essential to biological function (e.g. oxidation states, Lewis acidity, geometric preferences, 
electronic structure, etc.)  
2) Provide examples of how the synthetic analog approach enhances our understanding of the 
chemistry of biological metal centers  
3) Suggest appropriate physical methods for studies of metal centers in biological systems; identify 
important spectroscopic tags associated with metal-ligand interactions; propose experimental 
approaches toward studying biological metal centers  

4) Describe pathways of metal ion transport and storage  
5) Draw mechanistic pathways for non-redox enzymes including hydrolases and phosphatases; 
describe the role of the metal center in these pathways  
6) Draw mechanistic pathways for dioxygen transport and activation in both heme and non-heme 
systems  
7) Interpret mult-ielectron redox pathways involving organic radical cofactors and metal centers 

8) Locate, read, understand and discuss primary literature  

 
Academic Dishonesty:   
Cheating and plagiarism will not be tolerated in this course.  The policies of Georgia Southern 
University concerning academic dishonesty are located in the “Student Conduct Code” publication.  
Any violation of these policies will result in a grade of “F” for the course.  The instructor reserves the 
right to assign seating during exams.   

 
Class Format: An important feature of this course is the use of group discussion/investigation toward 
achieving active student participation and learning. Therefore, an important part of the course (50 
points) will involve participating in group discussions on various topics during class and through the 
folio discussion online.   

Tentative Schedule of Course Topics:   
I. Introduction        (Chapter 1) 

II. Inorganic Chemistry      (Chapter 2) 

a. Hard and Soft Acid-Base Classifications 
b. Electron Structure of metals 
c. Geometric Considerations 
d. Common Ligand Types 



III. Biochemistry       (Chapter 3) 

a. Protein enzyme Structure 
b. Nucleic Acids 
c. Site-directed mutagenesis 

IV. Instrumentation and Methods     (Chapter 4) 
a. X-ray  
b. Magnetic Resonance 
c. Mossbauer Spectroscopy 
d. Electronic and Vibrational Spectroscopy 

V. Metallotransport and Storage     (Chapter 6) 
a. Transport and Storage of Iron within Organisms 
b. Obtaining iron from the environment 

VI. Metalloproteins        

a. Dioxygen Carriers      (Chapter 11:Section 1)  
b. Blue-Copper proteins      (Chapter 9:Section 1) 
c. Iron-Sulfur Proteins      (Chapter 5:Section 3) 

VII. Metalloenzymes 
a. Superoxide dismutase      (Chapter 11:Section 4) 
b. Cytochrome P-450      (Chapter 12:Section 3-6) 

VIII. Metals and Medicine 
a. Metal-based Drugs      (Chapter 7 Section 3) 
b. Metal Toxicity       (Chapter 6 Section 1-3) 

IX. Presentations 

 

Reading Assignments and Short Answer Questions 

Before each class, you will be asked to read a certain chapter or section from your text and to answer 
several short answer questions.  These questions will have a total weight of 100 points.  The questions 
will form, together with the student-submitted questions (see below) a question-bank for the closed-
book final exam. 

  
Exams:  There will be two in-class exams given this semester:  a midterm exam (topics I –VI) worth 
100 points and a comprehensive final worth 200 points.  There will be no written make-up exams.  

 

 

Graduate Students:  Graduate students will present an in-class primary journal article to the class.  
The journal article must be within the last five year, discuss a topic relevant to the course, and 
approved by the instructor.  This presentation should be no more than 20 mins per student and the 

student will submit questions about this topic.  This grade will be worth a total of 100 points.   
 
 

Focus Paper, Presentation, Questions, Term Paper:  

Focus Paper:  During the third week of class, each student enrolled will propose a focus article 
(recent in the last 5 years) related to a bioinorganic topic for a class presentation and a term paper.  
Possible topics include:  Photosystem II, Vitamin B12, MRI contrast agents, technetium 
radiochemical agents, nitrogenase, Zinc fingers, plastocyanin, methane monooxygenase, cisplatin, 
carboplatin, auranofin, and chromium proteins or any of the topics on the syllabus.   
 
 
 

 



Suggestions for finding such a paper: 

1.  Browse table of contents of bioinorganic journals.  Note that the most important articles are often 
published in more general-audience journals – the Journal of the American Chemical Society and 
Inorganic Chemistry usually each have several bioinorganic-themed articles in each issue. 
 
2.  Choose a keyword from the topic list above that sounds interesting and do a SciFinder, 
PubMed or Google Scholar search. Give preference to articles you find that are in major bioinorganic 
chemistry journals, as listed in the back of your book.  
 
To propose an article, please send me the complete literature reference (including title) along with a 
link that will get me to the pdf file of the article at the journal web site (if that doesn’t work, attach a 
pdf file). Do this no later than Friday, September 19th. The focus article must be approved by me.  I 
will not approve the same article twice, and will not approve articles that are too similar to one 

already chosen by another student. All presentations will be conducted during the month of 
November, and all term papers will be due at the same time (Friday, November 21st).   The 

presentation and paper may both start from the same outline, but because of the brief time allocated 
to your presentation; you will need to condense the background information and other recent results 
in your presentation.  
 

1) Background information on the “system” that is being studied (in most cases this will be a 
metalloenzyme, but it could also be a small-molecule metal complex or a metal storage protein). 
Note: you will need to be very careful to keep this section very brief during your presentation and try 
to put your presentation in context with assigned readings and other lectures.      
 
a) What is the biological function and/or medical relevance of the system? In what species is this 

system found, and from which species is the system best characterized? If this is a protein, is it part of 
a family of related proteins, and if so, what are some of the names of the similar proteins? 
b) What is the metal involved? 
c) What is the coordination environment of the metal? 
d) What is known and generally accepted about the chemical role of the metal and its coordination 
environment in carrying out the function of the system? 
 

2) Summary of the focus article you’ve chosen. Aim for about three pages in your paper (not 
counting figures and tables you decide to include); this will be the section on which you will spend 
most of your time for your talk.  
 
a) What unanswered question are the authors seeking to answer? Note: in choosing the paper, on 

which you focus, make sure that this question involves the structure or reactivity of the metal center – 
i.e. has a bioinorganic “flavor”. If in doubt, please consult me. 
b) What technique(s) are the authors using? If it is a long paper with multiple experiments and 
techniques, you may choose to focus on one of the more important techniques. What is the physical 
basis for this technique?  
c) In your presentation and paper, show at least one figure or table containing experimental data from 
your focus article, and explain the interpretation of the data in the figure or table. What is learned 
about the system from this experiment? 
 

3) Other recent results on this system. I’m looking for the basic idea of where research in this area 
is going  – not a comprehensive literature review. What other things are being learned about the 
system? Have there been any further studies that build on the studies of your focus article (try a 



citation search using either Web of Science or SciFinder)?  What are some still unanswered questions 

that are motivating further research on the system that is the subject of your focus article? 

 

Presentation:  The class presentation should be a 20-minute PowerPoint presentation.  Your 
presentation materials will be available to your fellow students via an electronic source.    
 

Questions:  On (or better yet, before) the day that you give your presentation, please send me four 
potential exam questions that would be reasonable for me to ask on the closed-book final exam for 
this course. One of these questions should suppose that the figure or table with experimental data is 
also included with the question. One should be based on a simple fact about your system that you 
hope your listeners will take away from your presentation. Two of the questions should be based on 
the reading assignments from your assigned readings in the course and may be only peripherally 
related to your particular focus article.  I will approve your questions or make suggestions for 

modifications. If I suggest modifications, please make them within a day, so that I can post the 
questions no more than two days after you make your presentation. I may make some modifications to 
your questions after you have submitted them to focus the questions on concepts and information that 
I believe are the most important for the class to learn. You should not include answers with your 
questions, but your name will be on the questions, so others may contact you to make sure they 
understand how to answer your questions. 

 

Term Paper:  The outline for the term paper was already given above. Overall it will be about six or 
seven double-spaced pages, not counting figures, tables and references. Please follow the “ACS Style 
Guides” Use a reference style found in chemistry journals using superscripted numbers in order of 
occurrence. For your paper, avoid citations to web sites unless you cannot find the information in a 
refereed journal article (and in such a case make sure it is a trusted web site such as one of those 

suggested by textbook). If you find a pdf of a journal article using an on-line search, you do not need 
to include the URL and accession information just the normal journal citation information). I will be 
looking for citations to at least three journal articles (including your focus article) in sections 2 and 3. 
It is OK to refer to review articles and/or book chapters, especially in section 1. 
 

Grading:   
Midterm Exam  100 points 
Final Exam  200 points 
Homework  200 points 
Class Participation   50 points 
Presentation   100 points 
Term Paper   100 points 

Focus paper questions    50 points 
Graduate Assignment    100 points 
-------------------------------------------------------------- 

Total    800/900 points 

 

Grading Scale for CHEM 3090 
90 – 100%         A 
80 - 89%  B 
70 - 79%  C 
60 - 69%  D 

              below 60%                   F 


