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INCORPORATING
MOLECULAR AND CELLULAR BIOLOGY
INTO A ChE DEGREE PROGRAM

Km C. O’CoNNoR
Tulane University * New Orleans, LA 70118

hemical engineers have the unique opportunity and

challenge to translate recent advances in the biologi-

cal sciences into useful products. There has been tre-
mendous growth in the understanding of living systems at
the molecular and cellular level, typified by insight into the
human genome,!V tissue repair with stem cells,” and the mo-
lecular basis for many diseases.™ Educational programs that
provide chemical engineers with a strong foundation in mo-
lecular and cellular biology (MCB) can produce a workforce
capable of both biological discovery and product develop-
ment. This training can ultimately foster interdisciplinary
collaboration and accelerate productivity.

The chemical engineering curriculum provides an excel-
lent platform on which to develop an interdisciplinary edu-
cational program that exposes engineers to MCB. With its
historical roots in chemistry, chemical engineering has re-
tained its ties to the molecular sciences, and as a result, Ki-
netics, transport phenomena, and other core concepts in the
chemical engineering curriculum can be readily adapted to
the molecular-based advances that are prevalent in the bio-
logical sciences today, such as cell signaling™ and drug re-
sistance in tumors.’! Moreover, the quantitative-systems view
to problem solving thatis a hallmark of an engineering educa-
tion is particularly relevant to emerging biological disciplines
that require analysis of large data sets or complex reaction path-
ways, with metabolic engineering!® as a prominent example.

If past performance is an indicator of future achievements,
chemical engineers will make great strides in the develop-
ment of biotechnology. From the manufacturing of penicillin
during World War IT and the first artificial kidney in the 1960s,
to current production of pharmaceuticals and fabrication of
living tissue equivalents,” chemical engineers have been
instrumental in the development of biological products that
have touched lives on a global scale and revolutionized the
health-care industry. Consequently, the initial industrial em-
ployment of chemical engineers in the biotechnology and
pharmaceutical sector has risen over the past five years for
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graduates at the bachelor’s, master’s, and doctoral levels (see
Figure 1). The current figures of 12.5% (BS), 16.3% (MS),
and 18.3% (PhD) of industrial employment most likely rep-
resent lower limits since the chemical, food, and environ-
mental sectors require bioengineers as well.']

Anticipating the direction of growth in the biological sci-
ences and the resulting hiring trend, the National Research
Council recommended development of innovative interdis-
ciplinary programs in a “Frontiers in Chemical Engineering”
report published in 1988." This call for change has been ech-
oed over the years by numerous sources.®*!"! In response,
chemical engineering departinents are developing new
bioengineering courses, incorporating biology into existing
engineering courses, exposing students to bioengineering re-
search and laboratory experiments, and/or changing the name
of their departments.!'?

For the past decade, Tulane University has offered a com-
bined degree program that integrates chemical engineering
and MCB. The program was initiated at the graduate level
and then extended to undergraduates in response to student
demand. At the cornerstone of this program is a strong foun-
dation in both chemical engineering and the biological sci-
ences that is research intensive at both the graduate and un-
dergraduate levels. In celebration of its tenth anniversary, the
program is described herein as one department’s response to
the growing need for interdisciplinary curricula and as a ref-
erence for other departments to address this issue.

Kim O’Connor is a Professor of Chemical
and Biomolecular Engineering at Tulane
University and is a graduate of Rice Univer-
sity (BS ‘82) and the California Institute of
Technology (PhD ‘87). Her postdoctoral train-
ing is in molecular and cellular biology, and
her research interests are cellular and tis-
sue engineering. She founded and directs
the Graduate Combined Degree Program,
and was Co-Director and Interim Director of
the Interdisciplinary MCB Program.
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PROGRAM ORGANIZATION

Tulane University is composed of three campuses: the Uni-
versity, Health Sciences Center, and Primate Center. While
graduate programs are offered on all Tulane campuses, only
the University provides undergraduate education. The Com-
bined Degree Program is offered by the Department of Chemi-
cal and Biomolecular Engineering (CBE) on the University
campus in conjunction with the Interdisciplinary MCB Pro-
gram that spans the three Tulane campuses (Figure 2). Ad-
ministration of the Combined Degree Program is under the
direction of a CBE faculty member who is also a member of
the Interdisciplinary MCB Program. The CBE Department
has ten faculty members, five of whom are engaged in bioengi-
neering research.

As shown in the organizational chart in Figure 2, the Inter-
disciplinary MCB Program encompasses four different
schools. There are over 100 MCB faculty with a broad range
of expertise and with primary appointments in one of twenty
departments and four
centers. The CBE De-
partment is one of the
participating depart-
ments on the Tulane
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Figure 1. Employment trends in
the biotechnology and pharma-
ceutical sector for BS (B), MS (@),
and PhD (A ) chemical engineers
upon graduation. Data is pre-
sented as a percentage of initial
placement in all industrial sec-
tors. Source: AIChE Career Ser-
vices.[""

selected by MCB faculty in a general election.

GRADUATE EDUCATION

The Combined Degree Program was approved by Tulane
in Fall, 1993, and offered first at the graduate level in Spring,
1994. Applicants must satisfy the admission requirements of
both the CBE Department and Interdisciplinary MCB Pro-
gram to be admitted to the Combined Degree Program. Gradu-
ate students achieve a critical understanding of biology and
engineering principles underlying their field of research
through CBE and MCB coursework, lab rotations and inde-
pendent research. Upon completing the program requirements,
students earn a Master of Science degree with thesis through
the Interdisciplinary MCB Program and a Doctor of Philoso-
phy degree through the CBE Department. This typically re-
quires five years of study.

» Curriculum

Doctoral students in the CBE Department are required to
complete a series of core courses and electives for 48 credit
hours. In the Combined Degree Program, some of the elec-
tives are replaced with graduate-level bioengineering and
MCB courses (see Table 1). The bioengineering component
includes capstone courses in biomolecular engineering that
integrate molecular-based biology and chemical engineering.
Lecture topics include kinetics of the apoptotic pathway, com-
putational approaches to tissue engineering, and delivery of
eene therapies, as well as more established topics such as
enzyme kinetics, bioreactor design, and (ransport of metabo-
lites. New bioengineering courses are under development,
and existing courses are updated regularly.

In addition to MCB courses in biochemistry, cell biology,
and genetics, the core curriculum includes a two-part course
titled “Research Methods™ that consists of faculty research
seminars and a lab rotation (Table 1). During the Fall semes-
ter, the 100+ MCB faculty make a series of short presenta-
tions to introduce Combined Degree and MCB graduate stu-
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Figure 2. Organizational chart of the Interdisciplinary MCB Program for faculty and students in the biological sciences at
Tulane University, Health Sciences Center, and Primate Center.

Spring 2005

125



dents to the biological sciences and to specific research oppor-
tunities within the Interdisciplinary MCB Program. In the fol-
lowing semester, Combined Degree students complete a rota-
tion in the laboratory of a MCB faculty member other than
their dissertation advisor. Students earn a letter grade for their
productivity on a well-defined research project. A graduate-
level MCB laboratory course can be substituted for the rota-
tion. Traditional chemical engineering graduate students directly
enter their research advisor’s laboratory. Rotations provide an
opportunity for Combined Degree students to broaden their
knowledge of the biological sciences and learn specific experi-
mental techniques required for their own dissertation research.

In consultation with their dissertation advisor, Combined
Degree students choose electives related to their field of inter-
est from courses offered by CBE Department, Interdisciplinary
MCB Program, and other graduate programs at Tulane. Topics
include numerical methods, molecular basis of disease, and
biostatistics. Also, students can earn a limited number of
elective credits for independent study in the laboratory on
their dissertation topic.

When graduate students enter the Combined Degree Program
with a bachelor’s degree in an area other than chemical engi-
neering, they are required to become proficient with the funda-
mental principles required of chemical engineers by complet-
ing undergraduate courses on unit operations and either reactor
design, process control, or process design. These requirements
can be modified based on each student’s specific background.
Undergraduate courses do not count toward the credit require-
ment for advanced degrees. Graduate students with a bachelor’s
degree in engineering can opt to take undergraduate biology
courses to overcome deficiencies.

» Research

The Combined Degree Program requires that graduate stu-
dents 1) demonstrate the ability to conduct independent research
that results in a novel contribution to their field of study or an
original interpretation of existing knowledge, 2) document their
findings in a master’s thesis and doctoral dissertation, and 3)
defend this scholarly work in an oral exam administered by
MCB faculty for the master’s degree and CBE faculty for the
doctorate. Of the two documents, the former focuses on the
fundamental biology of the research project, whereas the doc-
toral dissertation addresses the engineering applications. Stu-
dents are encouraged to defend their thesis by the third year of
graduate study and their dissertation by the fifth year.

Both the thesis and dissertation can be under the direction of
a single research advisor if the professor is a member of the
CBE Department and Interdisciplinary MCB Program. Alter-
natively, MCB faculty can direct the master’s thesis as long as
a CBE faculty member directs the doctoral dissertation. The
latter can arise from a research collaboration between two fac-
ulty. Consider, for example, a research project to improve sur-
vival of mammalian cells under harsh culturing conditions in a
bioreactor. A MCB faculty member can direct a fundamental
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study of protein expression and cell signaling along critical path-
ways under different reactor conditions, and a CBE faculty can
direct kinetic modeling of the pathways and develop corrective
strategies based on the simulations.

UNDERGRADUATE EDUCATION

In 1997, the Combined Degree Program was extended to
the undergraduate level at the request of undergraduates who
worked with Combined Degree graduate students in the labo-
ratory and wanted a similar education. From their freshman
year until graduation, the undergraduates are engaged in a
comprehensive learning experience in the classroom and
through co-curricular activities. The curriculum provides
knowledge of the principles and applications of chemical
engineering and the biological sciences. Co-curricular activi-
ties are designed to reinforce and supplement classroom in-
struction. Upon completing the four-year program, students
can earn a Bachelor of Science degree in chemical engineer-
ing with a second major or minor in the biological sciences
from the Department of Cell and Molecular Biology within
the Interdisciplinary MCB Program (see Figure 2).

» Curriculum

At Tulane, bioengineering training in the CBE Department
currently has four components at the undergraduate level: a
sophomore-level bioengineering course, Practice School,
concentration of technical electives, and double major/minor
in the biological sciences. All undergraduates entering the
CBE Department are required to complete an introductory
bioengineering course that teaches biology fundamentals, en-
gineering applications, and problem-solving skills (Table 2).
In addition, all CBE seniors are required to participate in a
one-semester internship, called Practice School. Students have
the option to fulfill internship requirements with bioengineer-
ing projects at the Tulane Health Sciences Center that involve

TABLE 1
Curriculum Requirements for
MS in Molecular & Cellular Biology and
PhD in Chemical Engineering

Field Course

Chemical Engineering  Advanced Reactor Design
Transport Phenomena I or I

Thermodynamics or Applied Statistical Mechanics

Biomolecular Engineering Two of the following:
Biochemical Engineering
Gene Therapy
Advances in Biotechnology

Biology Biochemistry
Advanced Cell Biology
Research Methods

Molecular Genetics or Biochemical Genetics

Technical Electives Electives in Engineering, Science, and/or Medicine

Chemical Engineering Education



independent research and/or computer programming
under CBE and MCB faculty supervision.

The curriculum has been designed to allow CBE
students to focus their technical electives in a spe-
cialized area. The biomolecular engineering concen-
tration includes graduate bioengineering courses that
are co-listed at the undergraduate level and MCB
courses. This concentration has the flexibility to
enable CBE students to obtain a second major or
minor in the biological sciences. The core courses
for a biology major are general biology, genetics,
cell biology, molecular biology, biochemisiry, cell
or molecular biology laboratory, and neuroscience
or developmental biology. Biochemistry is one of
the courses that fulfills the advanced chemisiry re-
quirement in the chemical engineering curriculum
(Table 2). In addition, three electives are required
for the biology major: two laboratories and either a

TABLE 2
Curriculum Requirements for BS in Chemical
Engineering with Second Major (*) or Minor ()
in Cell and Molecular Biology

Field
Chemical Engineering

Course

Material and Energy Balances
Thermodynamics I and 1T
Transport Phenomena I and II
Numerical Methods for ChEs
Unit Operations Lab I and IT
Separation Processes

Kinetics and Reactor Design
Process Design

Process Control

Practice School I and I

Other Engineering Intro. Eng. and Computer Science
Software Design and Programming
Intro. Chemical Engineering
Intro. Biomolecular Engineering
Chemistry & Physics General Chemistry + Lab [ and IT
General Physics + Lab I and IT
Organic Chemistry + Lab I and IT
Advanced Chemistry (Biochemistry *t)
Math Calculus I, 11, and 1T
Applied Math
Technical Electives Bioengineering elective
Four courses required  General Biology *
for chemical Genetics™f
engineering Cell Biology*f
curriculum Molecular Biology*+
Cell Biology Lab* or
Molecular Biology Lab*

Neuroscience*® or Dev. Biology*

Two* (onet) of the following:
Biology Elective 1 and 2 (Lab)
Biology Elective 3 (Lecture or Lab)

Liberal Arts: 6 courses ~ Humanities/Social Science Distribution
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lecture or another laboratory. Independent research gained in a co-cur-
ricular activity counts as an elective. To avoid overloading their course
schedules, students either enter the program with advanced place-
ment credit or are encouraged to fulfill requirements for introduc-
tory courses over the summer.

For a minor in the biological sciences, the MCB core and elective
component are reduced to general biology, genetics, cell biology and
molecular biology, and two biology electives. The technical electives
and advanced chemistry course in the chemical engineering curriculum
fulfill the majority of these requirements. Undergraduates are encour-
aged to satisfy at least one biology elective with a laboratory to be ex-
posed to MCB experimental techniques.

» Co-Curricular Activities

Undergraduates are encouraged to participate in co-curricular activi-
ties that reinforce and supplement classroom instruction. A popular choice
is independent research in the laboratory of a faculty member in the
CBE Department or another department participating in the Interdisci-
plinary MCB Program (Figure 2). Research supplements the traditional
academic curriculum by exposing students to the practice of science and
engineering. In so doing, it helps students think creatively, develop
problem-solving and time-management skills, work in groups, and
learn the importance of patience and perseverance when solving dif-
ficult research problems.

There are several co-curricular activities for students preparing for
medical school. Clinical faculty allow chemical engineering students to
participate in rounds to their patients and volunteer in the surgical suites
at the Tulane Health Sciences Center. On the University campus, un-
dergraduates volunteer in public health projects and in an emergency
medical program to administer prehospital care and ambulance ser-
vice to students.

Summer provides an opportunity for students to continue their learn-
ing experiences without time constraints imposed by coursework. Ac-
tivities include research at a university, employment in industry or a
national laboratory, and training programs at medical schools.

STUDENTS

The Combined Degree Program has produced a diverse cadre of tal-
ented students. At the doctoral level, 66% of the graduates have been US
citizens; 34% female. Unfortunately, none of the graduates to date have
been minorities. They enter the Combined Degree Program with a 3.5
undergraduate GPA, 590 verbal GRE score, and 740 quantitative GRE,
on average. Comparable statistics for enrolled graduate students in the
School of Engineering at Tulane reveal that 51% were US citizens, 27%
were women and 6% were minorities in 2004. Graduate students enter-
ing the School of Engineering in 2004 had an average score of 3.4 for
undergraduate GPA, 570 verbal GRE, and 740 quantitative GRE. At the
undergraduate level, 83% of the Combined Degree students have come
from high schools outside of Louisiana, 33% have been female, and
51% have been minorities. The students are frequently in the top decile
of their senior class and have had an average SAT score of 1380. In
comparison, approximately 70% of Tulane Engineering freshman are
out-of-state, and 65% were in the top decile of their senior class in 2004.
Continued on page 133.
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Continued from page 127.

Their SAT scores ranged from 1070 (25th percentile) to 1490
(75th percentile). Twenty-five percent of the bachelor’s de-
erees awarded by the School of Engineering were to women
in 2004, and 24% were to minorities. Enrollment in the CBE
Department at Tulane ranges from 7 to 11 new graduate stu-
dents per year and 17 to 25 undergraduates per class. Com-
bined Degree students represent 15% of the entering gradu-
ate class in 2004, and 10 to 20% of the sophomores. Since
the Department changed its name in 2003 to reflect the
bioengineering in its curriculum, our enrollment has increased.

Upon graduation, Combined Degree students have earned
on average a 3.7 GPA over 5.5 years in the graduate program
and 3.9 GPA over 4 years in the undergraduate program. For
the School of Engineering as a whole, the comparable time
to fulfill degree requirements is 5 years for the doctorate and
4 years for a bachelor’s degree. During their graduate stud-
ies, Combined Degree students produced 4 peer-reviewed
publications on average. Sixty percent of these graduate stu-
dents entered industry upon graduation; 40% remained in aca-
demia. They have obtained positions at leading institutions
such as Johns Hopkins, Johnson & Johnson, Memorial-Sloan
Kettering Cancer Institute, and Merck. Their contributions
to the field of bioengineering to date include development
and delivery of anti-cancer therapeutics, drug formulation,
and tissue engineering. Upon earning a bachelor’s degree from
Tulane, 83% of Combined Degree students enrolled in medical
school at, for example, Columbia, Johns Hopkins, and Yale.

IMPACT ON BIOLOGISTS

While chemical engineers are the focus of this article, biol-
ogy faculty and students also benefit from an interdiscipli-
nary learning experience. There are numerous opportunities
for dialog between the two groups in the classroom and labo-
ratory, as well as through co-curricular activities, research
collaborations that result in or are the product of student train-
ing, and leadership activities in the Interdisciplinary MCB
Program. For example, a faculty member of the CBE De-
partment has served as Director of the Interdisciplinary MCB
Program and, in this capacity, was responsible for graduate
MCB training across the three Tulane campuses. Collabora-
tions have formed between faculty in the CBE Department
and Departments of Biochemistry, Medicine, Pathology,
Ophthalmology and Surgery, to name a few. In addition, bi-
ologists work side by side with engineers in the laboratory
on research projects and for lab rotations. These forms of
exchange expose biologists to an engineer’s perspective on
problem solving. Not only is the approach inherently more
quantitative, but also an engineer is trained to consider a sys-
tem as a whole and the interactions between its components.
This quantitative systems view is relevant in an age of bioin-
formatics and molecular-based biology.
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COMPARISON WITH OTHER PROGRAMS

A survey of the twenty leading chemical engineering de-
partments in the United States as ranked by U. S. News and
World Report reveals that 40% of the departments have in-
terdisciplinary programs in bioengineering at the graduate
level. Seventy-five percent of the departments provide a
bioengineering curriculum for undergraduates. These pro-
egrams were developed recently, two of which will be intro-
duced in 2005. In 30% of the departments, graduate students
have the opportunity to participate in interdepartmental pro-
erams in the biological sciences, biotechnology or bioengi-
neering. The amount of biology and bioengineering in the
undergraduate curriculum varies widely among the chemical
engineering departments. The bioengineering curriculum at
the undergraduate level is in the form of a course, concentra-
tion, certificate program, minor or double major. A biology
requirement is being introduced to the chemical engineering
curriculum in a limited number of departments. Features of
the Tulane Combined Degree Program are the continuity of
mterdisciplinary training at the undergraduate and graduate
levels, depth of training in chemical engineering and the bio-
logical sciences, scope of the Interdisciplinary MCB Program,
and longevity of the program.
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