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Molecular, Cell and Tissue Biomechanics Training Grant 
 
Program Description and Guide for Applicants 
 
Program Director:  Roger Kamm (rdkamm@mit.edu) 
     Room NE47-321 
Administrative Director: Annmarie Donovan (agd@mit.edu) 
     Room NE47-318 
 
 
Overview of the Program 
 Traineeships are available to doctoral students in the School of Engineering and in 
the School of Science, under a new Training Grant in Molecular, Cell & Tissue 
Biomechanics (MCTB).  These Traineeships will cover tuition plus stipend for two years.  
While classical macroscopic biomechanics has traditionally played a central role in 
medical engineering and physiology, the emerging fields of mechanobiology go further, 
recognizing the essential connections between forces acting within tissues, cells, and 
individual molecules, and the fundamental biological processes that regulate growth, 
development, cell differentiation and migration.  Promise now exists not only to explore 
the role of mechanics in biology, but also to use it advantageously to control cell function 
in the treatment of disease or in regenerative medicine.  We seek applicants equally 
focused on biology and mechanics, emphasizing their intimate integration. Faculty 
mentors are drawn from, in addition to the four departments mentioned, Chemical 
Engineering, and Electrical Engineering & Computer Science, to further broaden the 
interdisciplinary nature of the program.  Funds are available for four new trainees each 
year.  Students will apply during their 1st or 2nd years of graduate study at MIT, to be 
selected based on their MIT coursework and research potential and interests.  In 
additional to Departmental requirements, all trainees in the MCTB Training Program 
must take: Molecular, Cell and Tissue Biomechanics, and Fields, Forces and Flows in 
Biological Systems and a graduate biology course. Trainees will also participate in a 
Summer School on MicroMechanics in Biomedicine.  
 
Eligibility Requirements 
 Doctoral students of good standing in one of the participating departments and who 
have clearly indicated an interest in biomechanics research will apply for the MCTB 
Traineeship at the end of their first or second year of graduate study, depending on their 
home department. This allows the student ample time to select their thesis project and 
also complete much of their general departmental coursework.  It also provides some 
flexibility in the process since each of the departments has a somewhat different 
schedule for entering graduate students.  For example, students in Mechanical 
Engineering begin their research immediately upon entering the department, but most of 
their coursework is geared toward meeting the requirements of the doctoral qualifying 
exam, which is taken after 3 or 4 terms in residence.  Many of these students complete a 
MasterÕs Degree during this time, and begin their doctoral research after their doctoral 
exams.  Students from ME will therefore apply during their second year in residence and 
trainees will hold their appointment during years 3 and 4 of their doctoral program.   
 DMSE has a similar system in that graduate students typically complete their 
requirements for qualification to the Ph.D. program at the end of their third semester.  
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They will therefore apply for MCTB Training Program during their second year in 
residence. 
 In BE, the first year emphasizes coursework and provides students with broad 
exposure to the various labs and the different types of research being performed.  
During this first year, they are fully funded from other sources.  Students choose a lab by 
the end of Fall Term and begin research in Spring Term or summer.  Doctoral qualifying 
exams are given in two stages, one at the end of their first year, based on coursework, 
then another at the end of their second year in which they defend their thesis proposal.  
Students in the BE doctoral program will apply during their first year at MIT. 
 The Biology Department expects all entering doctoral students to use the first year 
to satisfy the departmental course requirements and to become familiar with the 
department and the various labs.  All students are fully funded.  As with BE, Biology 
students will apply to the Training Program at the end of their first year.  In assessing 
these applications, special attention will be paid to the studentÕs quantitative background.  
We find that many students who apply to MIT, even in the sciences, tend to have a 
relatively strong quantitative background, and Biology majors are common in both our 
undergraduate and graduate courses in biomechanics.  However, we will carefully 
screen these applicants to ensure that they have sufficient background to take the two 
graduate subjects described below that form the coursework core of the MCTB Training 
Program. 
 Applications for Traineeships will consist of an MIT graduate student application in 
addition to a short (2-page) thesis proposal and two letters of recommendation.  These 
will be evaluated by a Trainee Admissions Committee.  Support will begin the following 
September. 
 Although having students from multiple departments enriches the diversity of the 
training experience immensely, it also poses a challenge in ensuring that the students 
develop strong interactions and have a common educational experience.  For this 
reason we have paid special attention to issues relating to the ÒcommunityÓ of students 
in biomechanics and especially in the MCTB Training Program. 
 

Program Course Requirements 
 As mentioned above, all students admitted into the program will be expected to 
have a strong quantitative skill-set.  By this we mean that we will require that students 
have an undergraduate major in one of the engineering departments or, if non-
engineering, that they have mathematics up to and including a course in differential 
equations.  We will also strongly recommend that they have had at least one subject that 
uses differential equations, so that their knowledge has been reinforced with practice.  
This is equivalent to what we currently require of undergraduates from the MIT Biology 
Department who wish to enter the Masters Degree Program in Biomedical Engineering.  
Our experience is that this proves to be an effective means of identifying students who 
can take the graduate subjects in biomechanics.  Similarly, students entering from 
engineering departments will be expected to have taken courses in molecular biology 
and biochemistry.  Again, this has been our standing requirement for the Masters 
Degree Program in Biological Engineering.  If they have not, they will be expected to 
take either 7.05, General Biochemistry, or 5.07, Biological Chemistry, and 7.012, 
Introduction to Biology, before enrolling in our core subjects.  
 All students will need to satisfy the requirements of their home department.  In 
addition, Biomechanics Trainees will be required to take the following two graduate level 
courses: 
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BE.410J  Molecular, Cellular, and Tissue Biomechanics 
 
BE.430J  Fields, Forces, and Flows in Biological Systems 

 
 An essential feature of this MCTB Training Program is the need to become equally 
conversant in the engineering and biological aspects of biomechanics.  Therefore, we 
also require the trainees to take one of the following graduate level subjects offered by 
the Biology Department, focusing on the biological aspects of their particular research, be 
it at the molecular, cell or tissue levels. 
 

7.56  Foundations of Cell Biology,  or 
 

7.58  Molecular Biology 
 
Another graduate-level subject in biology might be accepted, provided it is approved by 
the Steering Committee.   

Finally, trainees are required to take one graduate elective in biomechanics, beyond 
the core.  A list of subjects currently available, along with brief course descriptions, can 
be found in the Appendix.   
 
Thesis Committees and Advising 
 An interdisciplinary thesis committee is arranged for each student and will meet 
annually to review progress on the thesis research and to advise on classroom subjects 
to ensure an appropriate balance of breadth and depth in the educational program of 
each student.  The committee includes the research supervisor (or co-supervisors, as 
we encourage students in the program to have joint supervision when appropriate) and 
one other program faculty member providing a range of backgrounds (including 
experiment and theory when appropriate).  All students in the MCTB Training Program 
must have as their primary supervisor, a member of the approved core or affiliated 
faculty are listed in the Table below.   
 Students whose primary supervisor is an affiliated faculty member must have one 
Core faculty member on the committee.  The thesis committee must be approved by the 
BTP Steering Committee and reports annually to the home department of the trainee 
and also to the BTP Steering Committee.  Students not making satisfactory progress on 
their coursework and research will be asked to meet with a member of the Steering 
Committee to discuss these issues and, if the situation cannot be corrected, the student 
will not be allowed to continue as a trainee.  By way of these advising procedures, the 
BTP take primary responsibility for students in the program.  Trainees will feel part of a 
community that bridges between the participating departments and makes 
biomechanics, as opposed to Mechanical Engineering or Biology, for example, their 
primary focus. 
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Program Faculty Affiliation Table 

 
Faculty Department Role 

Roger Kamm Mechanical Engineering & 
Biological Engineering 

Core Faculty 

Forbes Dewey Mechanical Engineering & 
Biological Engineering 

Core Faculty 

Alan Grodzinsky Electrical Engineering, 
Mechanical Engineering & 
Biological Engineering 

Core Faculty 

Matthew Lang Biological Engineering & 
Mechanical Engineering 

Core Faculty 

Douglas Lauffenburger Biological Engineering, 
Chemical Engineering, 
Biology 

Core Faculty 

Paul Matsudaira Whitehead Institute, 
Biology, Biological 
Engineering 

Core Faculty 
 

Christine Ortiz Materials Science & 
Engineering 

Core Faculty 

Peter So Mechanical Engineering Core Faculty 
Subra Suresh Materials Science & 

Engineering, Biological 
Engineering 

Core Faculty 

Bruce Tidor Biological Engineering, 
Computer Science 

Core Faculty 

Krystyn Van Vliet Materials Science & 
Engineering 

Core Faculty 

Patrick Doyle Chemical Engineering Affiliated Faculty 
Lorna Gibson Materials Science and 

Engineering 
Affiliated Faculty 

Rakesh Jain Harvard Medical School Affiliated Faculty 
Richard Lee Harvard Medical School Affiliated Faculty 
Simona Socrate Mechanical Engineering Affiliated Faculty 
Ioannis Yannas Mechanical Engineering, 

Materials Science and 
Engineering, Biological 
Engineering 

Affiliated Faculty 

 
 
 
Student Seminar Series 
 Each trainee is required to present a half-hour talk on his/her thesis research 
progress and ongoing plans in the BE Student Seminar Series.  This series is held 
Wednesdays at noon, before an audience drawn from the BE faculty and the full 
spectrum of students and postdocs in their laboratories regardless of their own 
disciplinary programs. 
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New Summer Course in Biomechanics 
 GEM4 offers an intensive summer course in molecular and cellular biomechanics 
that will be made available to students at the other participating institutions as well as 
non-participating universities and industry.  This two-week summer program will benefit 
trainees in the BTP in two ways.  First, they will all be expected to attend, and thereby 
obtain a perspective on these topics from experts both within MIT and from a broad 
spectrum of other academic institutions.  Second, trainees will also have an opportunity 
to work with the visiting faculty, serving as teaching assistants for the two-week program.  
This is a requirement of all trainees, and each will be expected to serve as teaching 
assistant for one summer course. 
 

MCT Biomechanics Journal Club 

 Trainees will be expected to participate in a monthly journal club devoted more 
broadly to biomechanics research and directed by the BTP faculty on a rotating basis.  
Attendance at the Biomechanics Journal Club will be required of all trainees.  Each 
trainee will, in turn, select and present for open discussion, a recent publication of 
particular relevance to their own research.  All trainees, however, will be expected to 
read all papers and participate in the discussion.  By this means, the presenter will gain 
a deeper insight into their own specialized field and gain experience in presenting 
material to their peers.  Others will expand their knowledge base in biomechanics, but 
outside of their own particular research project.  A primary purpose of the Journal Club 
will be to teach students how to critique a scientific paper and come to appreciate what 
constitutes a well-conceived and well-executed research study  
 
Annual Retreat 
 Each year, the Biological Engineering Division holds a 2-day off campus retreat for 
faculty, graduate students and staff.  This activity is viewed by the students as the high 
point of the year, and provides them with an opportunity both to present their own work, 
generally in poster format, and also to hear from selected faculty in the broader field of 
biological engineering. Moreover, there is always an evening discussion focusing on 
professional practice and ethics; for example, one past discussion dealt with social and 
ethical issues involved in stem cell research and technologies. Some of the trainees will 
be enrolled in the BE doctoral program, and will automatically be expected to attend the 
BE Retreat.  Those with a different departmental affiliation, however, will also be 
required to attend as this venue closely fits the objectives of the BTP.  The goals are to 
continue to build coherence among participants in the BTP program (strengthening the 
interactions developed through activities such as the core curriculum), to stimulate 
interactions among program participants through sharing of research results and 
objectives, to introduce new perspectives on the field (the faculty talks are often given by 
a new faculty member, and an outside guest is often invited to present a view from 
industry), and to build a deeper understanding of how to create an environment for 
integrated, team-based research.  This last piece is particularly important for our 
students, who will go out into the world and need to create, to the extent that it may not 
already exist, their own integrated research environment.   
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Application Procedures and Deadlines 
 Trainees will be selected from the students admitted to the participating 
departmental doctoral programs.  Students wishing to apply to the Biomechanics 
Training Program should submit (i) a two-page thesis proposal, (ii) a copy of their MIT 
graduate application (plus a recent CV if appropriate), (iii) a transcript of their grades 
since arriving at MIT and (iv) letters from two faculty members familiar with their 
research.  From among the applicants, a smaller group may be invited to interview in 
person.  Following the interviews, the Admissions Committee will meet, review all of the 
application materials, and select four trainees.  
            The Training Grant is intended for students with a compelling interest and drive 
in solving problems at the interface of mechanics and biology.  Generally students will 
have an educational background with a focus in two areas (such as biology and 
mechanical engineering, biology and materials science, or biology and another 
engineering discipline), but for exceptional candidates this will not be a requirement.  
Students with backgrounds in other biology-related fields, as well as with physics or 
chemistry emphasis, could also be appropriate.  The key characteristic is a combination 
of the numerical/quantitative together with the biological.  The breadth of interests should 
extend beyond those of a single-departmental Ph.D. program, and thus this group of 
trainees represents a unique student pool on the campus at MIT.  Students are selected 
for their demonstrated outstanding academic and research qualifications, leadership, 
and communication skills. 

 
Applications should be submitted to: 
 
Annmarie Donovan 
Room NE47-318 
agd@mit.edu 
617-253-6236 

 
Questions can be addressed either to Annmarie Donovan or Prof. Roger Kamm 
(rdkamm@mit.edu). 
 
Applications are accepted on June 1 and students will be informed by July 1. 
 


