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Study of the role metal ions play in the structure and func on of nucleic acids, proteins, and metalloenzymes. Topics include bio-coordina on chemistry, modeling
studies, and experimental techniques, as well as aspects of medicinal inorganic
chemistry.
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Bioinorganic (adjective): of, relating to, or concerned
with the application of inorganic chemistry and its
techniques (as nuclear magnetic resonance) to the
study of biological processes and substances (as
metalloproteins) in which inorganic substances are
important constituents or play important roles
- Merriam-Webster dictionary

Image taken from h p://guweb2.gonzaga.edu/faculty/
cronk/CHEM245pub/myoglobin.html

Required & Recommended Materials
The required text is Bioinorganic
Chemistry ‐‐ Inorganic Elements
in the Chemistry of Life: An Intro‐
duc on and Guide, 2/e by Kaim,
et al. (ISBN 978-1-118-138076978-0-470-97523-7)
(Image from h ps://www.wiley.com.)



A scien fic calculator
(capable of exponents
and logarithms) is required.
(Image from h ps://
www.schoolspecialty.com/
casio-scien fic-calculator035399.)

A portable device with a webcam is required for par cipa ng in Zoom lectures. If circumstances dictate that we go online before Thanksgiving, we will have online lectures and we will do oral presentaons using Zoom. Please install the Zoom so ware on your device (h ps://zoom.us/download).

Important Covid-19 Information for Classrooms and Laboratories

University Policies 5-7

Students are required to wear face masks covering their nose and mouth, and follow social distancing guidelines,
at all mes in public se ngs (including classrooms and laboratories), as specified by Procedures for Fall 2020
Return to Normal Opera ons. The UT Tyler community of Patriots views adop on of these prac ces consistent
with its Honor Code and a sign of good ci zenship and respec ul care of fellow classmates, faculty, and staﬀ.
Students who are feeling ill or experiencing symptoms such as sneezing, coughing, or a higher than normal temperature will be excused from class and should stay at home and may join the class remotely. Students who have
diﬃculty adhering to the Covid-19 safety policies for health reasons are also encouraged to join the class remotely. Students needing addi onal accommoda ons may contact the Oﬃce of Student Accessibility and Resources at University Center 3150, or call (903) 566-7079 or email saroﬃce@u yler.edu.

Recording of Class Sessions
Class sessions may be recorded by the instructor for use by students enrolled in this course. Recordings that
contain personally iden fiable informa on or other informa on subject to FERPA shall not be shared with individuals not enrolled in this course unless appropriate consent is obtained from all relevant students. Class recordings are reserved only for the use of students enrolled in the course and only for educa onal purposes.
Course recordings should not be shared outside of the course in any form without express permission.
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Other Useful References

Cobalamin, also known as
vitamin B12 (shown here
as the cyano complex),
was the first known bioinorganic compound. It
plays a significant role in
many biological processes.
(Image from Wikipedia.)



Bioinorganic textbooks: Inorganic Chemistry 6/e by Shriver et al. 9781429299060;
Bioinorganic Chemistry: A Short Course, 3/e by Roat-Malone 9781119535218; Princi‐
ples of Bioinorganic Chemistry by Lippard and Berg 9780935702736; Biological Inor‐
ganic Chemistry by Ber ni et al. 9781938787966



Medicinal inorganic textbooks: Metals in Medicine by Dabrowiak (9780470681961);
Medicinal Inorganic Chemistry by Sessler (978-0195686982)



Chem LibreTexts website: of par cular interest are the Bioinorganic book and the
“Spectroscopy” supplementary module to (Physical and Theore cal Chemistry
the UTT library website (library.u yler.edu) for the following class-related ac vi es.
Need oﬀ-campus access? Go to Connec ng from Oﬀ-Campus: Welcome page
 Classic and current bioinorganic/medicinal inorganic ar cles for discussion
and homework
 A 15-minute oral presenta on on a current ar cle related to this course
 A final project wri ng quiz/exam ques ons for undergraduate inorganic students using excerpts from journal ar cles related to this course



Student Learning Outcomes
By the end of this course, students should be able to
Crystal structure of human ferredoxin-1. Ferredoxins are one type of
iron and sulfur-containing
proteins that involved in a
wide variety of electron
transfer processes. (Image
from Wikipedia)

1) Interpret the results of diﬀerent types of characteriza on techniques used in
bioinorganic studies
2) Recognize the diﬀerent roles played by metalloproteins and metalloenzymes
3) Extract key concepts from classic and current journal ar cles
4) Eﬀec vely present, in seminar format, a summary of the results of a journal
ar cle rela ng to bioinorganic or medicinal inorganic chemistry
5) Create quiz/exam ques ons for undergraduate inorganic students using excerpts of journal ar cles

Canvas
I will u lize Canvas to post the following items
1) syllabus
Electron paramagnetic/
spin resonance (EPR or
ESR) is a form of spectroscopy similar to NMR,
but instead of nuclei, it
looks at unpaired electrons. Interestingly, EPR/
ESR spectra are usually
plotted as the first derivative. (Image from Wikipedia.)

2) lecture notes
3) Links to Zoom recordings of lectures
4) grades (my Excel grade book has the oﬃcial grades)
You may be asked to submit por ons of homework assignments through Canvas as well. Such assignments will u lize Turni n to minimize plagiarism.
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Course Requirements
1) One semester of undergraduate inorganic chemistry similar to CHEM 3320
and/or CHEM 4330 and one semester of undergraduate biochemistry are
strongly suggested.
2) We meet Wednesdays from Aug 26 to Dec 2, except during Thanksgiving
week (Nov 23—27). All classes will be online (Zoom) a er Thanksgiving break
(including final exams). A endance will be taken and class par cipa on will
be sought to nurture student communica on and presenta on skills.
3) You will be required to give a 15-minute presenta on over a journal ar cle
obtained from such journals as Inorganic Chemistry, Journal of Biological In‐
organic Chemistry, and Journal of Inorganic Biochemistry.

Active site of human manganese superoxide dismutase (SOD). SOD converts superoxide O2െ into
O2 and H2O2 and is one of
several enzymes that deal
with oxidative stress.
(Image from Wikipedia.)

4) You will also be required to write exam ques ons suitable for undergraduate
inorganic students using excerpts from journal ar cles related to bioinorganic or medicinal inorganic chemistry
5) The cumula ve final exam (online) will be on Wednesday, December 9th
from 7-9 pm and must be taken to pass the course.

In-Class Presentation
Towards the end of the semester you will be asked to give a 10-15 minute presenta on summarizing the results of a recent (last 5 years) ar cle or communica on
(i.e. a mini-ar cle) rela ng to bioinorganic or medicinal inorganic chemistry. If you
are unsure of whether a paper is suitable, please ask me. Good journals to look
through are Journal of Biological Inorganic Chemistry (SBIC), Journal of Inorganic
Biochemistry (Elsevier), and Inorganic Chemistry (ACS); although there are others .

Mossbauer spectroscopy
is a technique that relies
upon the nearly recoil-less
absorption of gamma rays
and is very sensitive to the
chemical environment of
the sample. By far, the
most commonly studied
element is iron. (Image
from Wikipedia.)

The grade will be based primarily on organiza on, style, clarity, and the ability to
answer ques ons related to this course. A rubric will be provided to help with the
planning of your presenta on.

Final Project
The final project is worth 10% of the course grade. Select 5 bioinorganic or medicinal inorganic chemistry ar cles. Then write 3 ques ons for undergraduate inorganic students using an excerpted materials from each ar cle (e.g. figure and
table/graph). Topics include, but are not limited to, oxida on states, naming, orders of reac ons, HSAB theory, point groups, spectroscopy, trans eﬀect, and topics
relevant to this course. More details, including my grading rubric, will be provided.





Two mul ple choice ques ons per ar cle maximum.
You must iden fy what inorganic topic each ques on covers.
You must provide a rubric for grading any short answer/calcula on problems.
You must provide a properly forma ed (ACS style) cita on for each paper;
providing an electronic copy is op onal.

Crystal structure of octopus hemocyanin. Hemocyanin is a O2 transport
protein used by some
invertebrates. The active
site consists of two copper(I) ions that, upon
binding O2, are oxidized
to copper(II) resulting the
blue (cyan) color. (Image
from Wikipedia.)
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Homework
Homework (25% of the course grade) is comprised of 1) problem sets; and 2) quesons regarding assigned reading of classic and current papers. Each assignment
will be due at the beginning of the next class.

Exams
Auranofin (RidauraTM) is a
gold-phosphine thiolate
complex that was a firstgeneration therapeutic
used in the treatment of
rheumatoid arthritis.
(Image from Wikipedia.)

1) Two mid-term exams will be given during class me and are collec vely worth
30% of your overall grade. They will be a mixture of short answer/calcula on
ques ons and mul ple choice. I will inform you where the material will be cutoﬀ at least one week before the exam. The final exam is 25% of the grade.
2) Missed exams due to an unexcused absence will result in a grade of zero. In
the event of an excusable situa on, please give me at least two days’ no ce (if
possible) to schedule an alternate me.
3) Cell phones, smart watches, and any similar electronic devices must be turned
oﬀ and put away during exams. If they observed out in a visually accessible
place (i.e. between legs, on the floor, etc.), it will be assumed that they are
being used to cheat; your exam will taken away, you will receive a zero score
(0 points) for the test, and you will be referred to the Oﬃce of Judicial Aﬀairs.

Technetium (99mTc) sestamibi (sesta = 6; MIBI =
methoxyisobutylisonitrile).
Known under the trade
name Cardiolite™ this
contrasting agent is primarily used to image heart
muscle. (Image from Wikipedia.)

Grading





All grades will be shown on Canvas
Grades will be tenta vely based on a
90/80/70 scale, but may be adjusted
based on my evalua on of the class’s
overall performance.

2 In-class exams

The oﬃcial gradebook is my Excel
spreadsheet on my oﬃce desktop.

30%

CumulaƟve final exam 25%
Homework

25%

PresentaƟon

10%

Final Project

10%

Total

100%

Important Dates
(Note: exam and presenta on dates are tenta ve; the final exam date is fixed, but the
me is flexible since it will be online.)
Cartoon image of a generic zinc finger protein in
which the green zinc is
coordinated to 2 Cys
ligands and 2 His ligands.
Such proteins enforce
specific protein folding,
although the coordination
spheres do vary. (Image
from Wikipedia.)

 September 4 (Friday): Census Date; last day to file for grade replacement
 October 7: Exam 1
 November 2 (Monday): Last Day to Drop with a “W”
 November 11: Exam 2
 November 18: PresentaƟons (if we go online before this week, we may resched-

ule the presenta ons)
 November 23—27: Thanksgiving, no classes
 December 9 (Monday): Final Exam, 7-9 pm
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Topics to Be Covered* (Chapter Numbers are from Kaim)
 Chapter 1: Historical Background, Current Relevance, and Perspec ves
 Chapter 2: Some General Principles (reviewing coordina on chemistry: nomenclature,
geometric and stereo isomers, Lewis acid-base theory, hard-so acid-base theory, and
crystal/ligand field theory, etc.)
 CharacterizaƟon Methods (IR/Raman, NMR, EPR, Mössbauer, X-Ray techniques, circular
dichroism, and electrochemistry)
 Chapter 8: Uptake, Transport and Storage of Iron (siderophores, transport, and storage)
 Chapter 5: The Dioxygen Molecule, O2 (proper es of O2, hemoglobin and myglobin, hemerythrin and hemocyanin)
 Chapter 6: Catalysis through Hemoproteins (cytochrome P450, peroxidases, oxygenases)
 Chapter 7: Iron-Sulfur and Other Non-heme Iron Proteins (rubredoxin, ferredoxin, , ribonucleo de reductase, monooxygenase, phosphatases)
 Chapter 10: Copper-containing proteins (“blue” copper proteins, cytochrome c oxidase)
 Chapter 11: Biological Func ons of the “Early” Transi on Metals (elements: V, Mo, W, and
Cr; oxotransferases, nitrogenases, haloperoxidases)
 Chapter 3: Cobalamins, Including Vitamin and Coenzyme B12 (bioorganometallics, general
reac ons, enzyma c func ons, and model systems)
 Chapter 9: Nickel-containing enzymes (urease, hydrogenase, acetyl CoA Synthase, SOD)
 Chapter 12: Zinc (carbonic anhydrase, hydrolases, ADH, “zinc finger” proteins)
 Chapter 18: Biochemical Behavior of Radionuclides and Medical Imaging
 Chapter 19: Chemotherapy Involving Nonessen al Elements (cispla ns, gold arthri s
drugs, lithium-based drugs, ulcer treatments, etc.)
* Due to me constraints, not all Chapters (or all sec ons of each Chapter) will be covered.

ASQUID (superconducting quantum interference
device) is a very sensitive
imagnetometer used to
measure very small
amounts of magnetic material such as in metalloproteins. This image is
taken from https://
superconductivity.biu.ac.il/
files/superconductivity/
imgs/gallery/
lab_060311_02.jpg.
(Accessed 08/16/20).

University Policies
UT Tyler Honor Code
Every member of the UT Tyler community joins together to embrace: Honor and integrity that will not allow me to lie,
cheat, or steal, nor to accept the ac ons of those who do.
Students Rights and ResponsibiliƟes
To know and understand the policies that aﬀect your rights and responsibili es as a student at UT Tyler, please follow
this link: h p://www.u yler.edu/wellness/rightsresponsibili es.php
Campus Carry
We respect the right and privacy of students 21 and over who are duly licensed to carry concealed weapons in this
class. License holders are expected to behave responsibly and keep a handgun secure and concealed. More informa on is available at h p://www.u yler.edu/about/campus-carry/index.php
UT Tyler a Tobacco-Free University
All forms of tobacco will not be permi ed on the UT Tyler main campus, branch campuses, and any property owned by
UT Tyler. This applies to all members of the University community, including students, faculty, staﬀ, University aﬃliates, contractors, and visitors. Forms of tobacco not permi ed include cigare es, cigars, pipes, water pipes (hookah),
bidis, kreteks, electronic cigare es, smokeless tobacco, snuﬀ, chewing tobacco, and all other tobacco products. There
are several cessa on programs available to students looking to quit smoking, including counseling, quitlines, and group
support. For more informa on on cessa on programs please visit www.u yler.edu/tobacco-free.
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University Policies (cont.)
Grade Replacement/Forgiveness and Census Date Policies
Students repea ng a course for grade forgiveness (grade replacement) must file a Grade Replacement Contract with
the Enrollment Services Center (ADM 230) on or before the Census Date of the semester in which the course will be
repeated. Grade Replacement Contracts are available in the Enrollment Services Center or at h p://
www.u yler.edu/registrar. Each semester’s Census Date can be found on the Contract itself, on the Academic Calendar, or in the informa on pamphlets published each semester by the Oﬃce of the Registrar. Failure to file a
Grade Replacement Contract will result in both the original and repeated grade being used to calculate your overall
grade point average. Undergraduates are eligible to exercise grade replacement for only three course repeats during their career at UT Tyler; graduates are eligible for two grade replacements. Full policy details are printed on each
Grade Replacement Contract.
The Census Date is the deadline for many forms and enrollment ac ons of which students need to be aware. These
include:
 Submi ng Grade Replacement Contracts, Transient Forms, requests to withhold directory informa on, approvals
for taking courses as Audit, Pass/Fail or Credit/No Credit.
 Receiving 100% refunds for par al withdrawals. (There is no refund for these a er the Census Date)
 Schedule adjustments (sec on changes, adding a new class, dropping without a “W” grade)
 Being reinstated or re-enrolled in classes a er being dropped for non-payment
 Comple ng the process for tui on exemp ons or waivers through Financial Aid
State-Mandated Course Drop Policy
Texas law prohibits a student who began college for the first me in Fall 2007 or therea er from dropping more
than six courses during their en re undergraduate career. This includes courses dropped at another 2-year or 4-year
Texas public college or university. For purposes of this rule, a dropped course is any course that is dropped a er the
census date (See Academic Calendar for the specific date). Excep ons to the 6-drop rule may be found in the catalog. Pe ons for exemp ons must be submi ed to the Enrollment Services Center and must be accompanied by
documenta on of the extenua ng circumstance. Please contact the Enrollment Services Center if you have any
ques ons.
Disability/Accessibility Services
In accordance with Sec on 504 of the Rehabilita on Act, Americans with Disabili es Act (ADA) and the ADA Amendments Act (ADAAA) the University of Texas at Tyler oﬀers accommoda ons to students with learning, physical and/
or psychological disabili es. If you have a disability, including a non-visible diagnosis such as a learning disorder,
chronic illness, TBI, PTSD, ADHD, or you have a history of modifica ons or accommoda ons in a previous educa onal environment, you are encouraged to visit h ps://hood.accessiblelearning.com/UTTyler and fill out the New Student applica on. The Student Accessibility and Resources (SAR) oﬃce will contact you when your applica on has
been submi ed and an appointment with Cynthia Lowery, Assistant Director of Student Services/ADA Coordinator.
For more informa on, including filling out an applica on for services, please visit the SAR webpage at h p://
www.u yler.edu/disabilityservices, the SAR oﬃce located in the University Center, # 3150 or call 903.566.7079.
Student Absence due to Religious Observance
Students who an cipate being absent from class due to a religious observance are requested to inform the instructor of such absences by the second class mee ng of the semester.
Student Absence for University-Sponsored Events and AcƟviƟes
If you intend to be absent for a university-sponsored event or ac vity, you (or the event sponsor) must no fy the
instructor at least two weeks prior to the date of the planned absence. At that me the instructor will set a date and
me when make-up assignments will be completed.
Social Security and FERPA Statement
It is the policy of The University of Texas at Tyler to protect the confiden al nature of social security numbers. The
University has changed its computer programming so that all students have an iden fica on number. The electronic
transmission of grades (e.g., via e-mail) risks viola on of the Family Educa onal Rights and Privacy Act; grades will
not be transmi ed electronically.
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University Policies (cont.)
Emergency Exits and EvacuaƟon
Everyone is required to exit the building when a fire alarm goes oﬀ. Follow your instructor’s direc ons regarding the
appropriate exit. If you require assistance during an evacua on, inform your instructor in the first week of class. Do
not re-enter the building unless given permission by University Police, Fire department, or Fire Preven on Services.
Student Standards of Academic Conduct
Disciplinary proceedings may be ini ated against any student who engages in scholas c dishonesty, including, but
not limited to, chea ng, plagiarism, collusion, the submission for credit of any work or materials that are a ributable in whole or in part to another person, taking an examina on for another person, any act designed to give unfair
advantage to a student or the a empt to commit such acts.
i. “Chea ng” includes, but is not limited to:
 copying from another student’s test paper;
 using, during a test, materials not authorized by the person giving the test;
 failure to comply with instruc ons given by the person administering the test;
 possession during a test of materials which are not authorized by the person giving the test, such as class notes or
specifically designed “crib notes”. The presence of textbooks cons tutes a viola on if they have been specifically
prohibited by the person administering the test;
 using, buying, stealing, transpor ng, or solici ng in whole or part the contents of an unadministered test, test key,
homework solu on, or computer program;
 collabora ng with or seeking aid from another student during a test or other assignment without authority;
 discussing the contents of an examina on with another student who will take the examina on;
 divulging the contents of an examina on, for the purpose of preserving ques ons for use by another, when the
instructors has designated that the examina on is not to be removed from the examina on room or not to be
returned or to be kept by the student;
 subs tu ng for another person, or permi ng another person to subs tute for oneself to take a course, a test, or
any course-related assignment;
 paying or oﬀering money or other valuable thing to, or coercing another person to obtain an unadministered test,
test key, homework solu on, or computer program or informa on about an unadministered test, test key, home
solu on or computer program;
 falsifying research data, laboratory reports, and/or other academic work oﬀered for credit;
 taking, keeping, misplacing, or damaging the property of The University of Texas at Tyler, or of another, if the student knows or reasonably should know that an unfair academic advantage would be gained by such conduct; and
 misrepresen ng facts, including providing false grades or resumes, for the purpose of obtaining an academic or
financial benefit or injuring another student academically or financially.
ii. “Plagiarism” includes, but is not limited to, the appropria on, buying, receiving as a gi , or obtaining by any
means another’s work and the submission of it as one’s own academic work oﬀered for credit.
iii. “Collusion” includes, but is not limited to, the unauthorized collabora on with another person in preparing academic assignments oﬀered for credit or collabora on with another person to commit a viola on of any sec on of
the rules on scholas c dishonesty.
iv. All wri en work that is submi ed will be subject to review by plagiarism so ware.
UT Tyler Resources for Students
 UT Tyler Wri ng Center (903.565.5995), wri ngcenter@u yler.edu
 UT Tyler Tutoring Center (903.565.5964), tutoring@u yler.edu
 The Mathema cs Learning Center, RBN 4021, this is the open access computer lab for math students, with tutors
on duty to assist students who are enrolled in early-career courses.
 UT Tyler Counseling Center (903.566.7254)

There’s a lot of Fe in bioinorganic; I find that very iron-ic.

