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Our Mission

   I. Consolidate and provide information about Medtech, Biotech and Biopharma research

   II. Inspire and engage undergraduates interested in these fields

   III. Spotlight research by Stanford students and professors

We are a part of Stanford Student Biodesign and Biopharma (SSB). SSB is a student-run organi-
zation that focuses on exposing students to technological innovation and career opportunities 
in the biomedical and bioengineering fields.

Contact ssb.limb2@gmail.com for more information.

Note from the Editors: 
We’d like to thank all our contributors for sharing 
their experiences with us and our readers!

From left to right: Kay Hung, James Robinson, Natalie Ng, Meena Chetty, Jennifer Adams
Photo courtesy of Ashley Overbeek ‘17
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Research

    Using LbL coating, we achieved sustained protein release from PLGA/HA scaffolds for 
up to 2 months with retained biological activity. Our strategy only requires 16 layers of 
coating to avoid burst release. In contrast, previous strategies require up to 400 layers to 
achieve similar effects. Our strategy is advantageous as it allows substantially reduced ma-

 Inactivating Cancer Cells through Persistent Transcription Blockage due to 
Stable R-loops
  Jane Shin ‘14

Photos Courtesy of Meelim Lee ‘16 and Ameeqa Ali ‘17

 Bone Regeneration using Tissue Engineering Scaffolds
  Meelim Lee ‘16

    Bone loss represents a significant medical and socioeconomic burden. Biomaterials offer 
a valuable tool to guide bone repair by providing both a structural support and a template 
to stimulate new bone formation. However, the efficacy of using such materials alone may 
be limited due to lack of biological cues. Bone morphogenic protein-2 (BMP-2) is a po-
tent growth factor for stimulating bone formation. Layer-by-layer (LbL) coating is a facile 
method that deposits growth factor onto surfaces of any shape and is driven by electro-
static forces between oppositely charged solutions. This aqueous-base allows for delivery 
of sensitive biomolecules while the many layers facilitate prolonged release.

    Genomic instability can be induced by DNA sequences that are prone to form non-canonical structures such as Z-DNA, 
cruciforms, triplexes, H-DNA, G-quadruplexes, and R- loops. A common mechanism to introduce instability to the cell 
is transcription blockage. R-loops form readily in Guanine-rich regions in non-transcribed DNA strands because high G 
content in the RNA products can result in the formation of unusually stable RNA:DNA duplexes; the nascent RNA tran-
script fails to separate from the coding strand. R-loop formation creates topological strain on the transcription complex, 
causing termination of transcription while the complex remains bound to the DNA. The termination poses an encum-
brance for replication and also provides a strong signal for apoptosis. We have shown that a single-strand break in the 
non-template strand adjacent to the G-rich sequence exacerbates the transcription blockage. Furthermore, the distance

    I have been working in Professor Hanawalt’s lab since the summer after my 
freshman year. When I joined, I had no prior exposure to wet lab research, 
but with endless support from my lab family I quickly learned essential tech-
niques and assays. Working on this project has taught me to think from a dif-
ferent perspective; we’re using a harmful cellular mechanism for our benefit.

terials, time, and cost. Ongoing experiments are being conducted to evaluate the efficacy of BMP-2-coated scaffolds for 
bone regeneration in vivo using a critical-size cranial defect model. 
    I have spent the past two summers working in the Fan Yang Lab through the support of the BioE REU program. I started 
guided work on in vitro characterization of LbL release profiles and later began independent work on the in vivo capabili-
ties of a specific polymer platform. In addition to my specific project, I have learned about a range of tissue engineering 
work occurring in the lab. Through this combination of breadth and depth, I have developed a deeper understanding of 
the tissue engineering products that often appear in mainstream media as well as insight on how to conduct independent 
lab work. I really appreciate the support and guidance from the lab throughout my experience.

between the promoter and the G-rich sequence strongly affects the blockage; 
the blockage is much greater when the G-rich sequence is closer to the pro-
moter. We are continuing to investigate the molecular mechanism by which 
R-loops are formed and the consequent transcription arrest. We are also 
studying ways to create stable R-loops that cannot be completely removed 
by standard DNA repair mechanisms. Understanding the relationship be-
tween the R-loop structure and its influence on transcription will allow us to 
develop new treatments for selectively inducing apoptosis in cancerous cells



Research

In iGEM, teams spend a summer working full 
time on a synthetic biology project, engineering 
biological material to solve a problem. They must 
catalog their work in an online wiki, and they are 
encouraged to produce BioBricks—DNA parts—to 
contribute to iGEM’s Registry of Standard Biological 
Parts. The Registry is a collection of genetic samples 
that are available for use in creating new synthetic 
biology systems. The culmination of the competi-
tion is the Giant Jamboree, where teams present their 
projects to judges and can win medals in a variety of 
categories. Awards for undergraduate and graduate 
teams are given separately.

At the end of October this past year, a group of Stanford students traveled to Boston, Massachusetts to present a 
summer’s worth of research and design. They were joined by teams from universities and companies from across the 
world, all participating in the yearly iGEM competition. iGEM stands for the International Genetically Engineered Ma-
chine. The organization describes itself as “dedicated to education and competition, advancement of synthetic biology, 
and the development of open community and collaboration.” iGEM began in 2003 as an MIT design course, which grew 
into a 2004 summer competition between five teams. By the time of the 2014 competition, that number had grown to 
two hundred forty-five.

 

The Stanford team, partnering with students from Brown and Spelman, started brainstorming in Spring Quarter, did 
lab work through the summer, and worked on their project up to the Jamboree. They chose to explore the creation of an 
Unmanned Aerial Vehicle (UAV) built from biological material. This involved a number of steps, the first of which was 
to look into the project’s ethical implications. UAVs are often associated with military use, yet the team during their re-
search found that a majority of UAVs are used for scientific and humanitarian purposes. The project continued. To build 
the body of the UAV, they used a moldable and 3-D printable bioplastic. To waterproof it, they researched and identified 
the gene that codes for hydrophobic properties in paper wasps. For sensor attachment, they developed a binding method 
that utilized cellulose. To make the UAV more durable and environmentally friendly, they experimented with cells that 
were capable of resisting varying environmental conditions and that also reduced horizontal gene transfer into naturally 
occurring cells. In another step to ensure the UAV did not cause environmental damage, they used enzymes to create a 
method for the bioplastic body to degrade, melting into unobstructive, organic material. By the time of competition, the 
team had prototyped these components and features of the UAV and had produced a detailed concept design.

The award structure of iGEM recognizes a Grand Prize Winner and two runner-ups, along with winners in one of 
the fifteen project tracks (energy, software, policy & practices, etc.) and special awards for specific project components.  
Apart from the main prizes, teams can earn a gold, silver, or bronze medal based on the extent to which their project 
fulfills iGem’s requirements. The Stanford-Brown-Spelman team received a gold.

Yet competing is only part of the experience. By attending the Giant Jamboree, teams have the opportunity to be 
exposed to 240+ different scientific ventures through presentations and poster sessions. They get to listen to amazing 
science, while spending time with people who are passionate about synthetic biology. As Jotthe Kannappan, a member 
of the 2014 Stanford-Brown-Spelman iGEM team, explained: “iGEM is a really amazing experience, but it’s a lot. You 
actually have to care about what you’re doing and want to keep doing it in order to be excited about it. In that sense, it’s 
almost cyclic. That’s what they’re looking for in people who want to do synthetic biology ... It’s not necessary that you 
have a specific background. You just need to be excited about it.”

iGEM 2014: Stanford Students Explore Biology-Based 
Unmanned Aerial Vehicles



Spotlight

Systems biologist Markus Covert is lead-
ing efforts to model living organisms on the 
computer. His work emphasizes that theory 
and experimentation are equally important. 
He sat down with LiMB2 to discuss his work, 
the challenges, and his advice to students 
interested in the field. 

Covert Affairs

If you had to describe your research to someone in 1-2 minutes, 
how would you describe what you do?

  What I like to do is make computer models of how things work and 
then use that to predict new experiments. So far the hypothesis of the 
lab is that if you use a  model to guide your work, you’ll discover things 
faster. We do that on multiple levels and different systems.

PROFILE
Markus Covert is an associate professor in Bioen-
gineering and Chemical and Systems Biology (by 
Courtesy) at Stanford University.

I think you mentioned something like Google Maps for a cell? Could you expand on that a little?

  There was just an article today in Cell, called “Siri for the Cell.” It’s not my article, but it’s very much like the way I think. 
Anyway, the general idea would be a model of navigation. We know where everything is in this country, more or less. We 
know all the streets, and we used to have that just in paper maps. It’s funny to me how they always say to not use your 
smartphone while driving because before then, people were using these huge maps. So once that all got encoded as a 
model into the phone, we were presented with huge opportunities. No one is ever going to go back to paper maps. So the 
question is: Can you do something like that for cells? I think you can. We have a computer model of a cell, and that’s what 
the lab is most famous for. We made a computer model of a cell that takes all the genes and molecules into account. It’s not 
perfect. It’s not even close to perfect, but it’s the first effort to do that, and we’ve learned a ton from it.

  A reporter might ask: Well, does this mean the end of experimentation? No. A more powerful goal is that no experi-
ment gets wasted. You can type in a thousand experiments into your model, most of which will return trivial results so 
there’s no point in doing them. The ones that return something exciting--those are heavily enriched. I think that’s really 
the goal—not necessarily get rid of experiments, but really to be guided. There’s a famous quote that’s been attributed to 
several people, “Never trust an experiment that hasn’t been validated by good theory.” The way we think about it today 
in the big data world is never trust a model prediction or a theoretical prediction that hasn’t been validated by an experi-
ment. Francis Crick was presented with that quote, and he said it’s absolutely true. You might expect this because he’s a 
theory guy, but he said if we had taken all of the data into account, we would never have discovered the double helix. We 
selectively ignored some of the data because it didn’t fit that theory, and that data in the end did prove to be wrong. What 
that should underscore to everyone is that modeling and experiments belong together. We’ve kind of separated them out, 
unfortunately. BioE is a place where we’re bringing them together. It is an interplay; you don’t want to take either one too 
seriously. Francis Crick said that, but he also said this more privately but it’s still an interesting quote, he said “you should 
never fall in love with a model” Which I always say is good advice in science and in life. But it’s interesting because that’s 
really how it should be. You shouldn’t take the experiments or the model too seriously. What you’re looking for is a unified 
consistency. 



Spotlight
Would you say you involve a lot more computer science or programming than traditional BioE disciplines?

  I’m just starting to appreciate how much we need software design and really good computer science in our work. Most 
people probably wouldn’t notice, but one of the guys on that paper was actually one of the architects who made Gmail 
profitable for Google. His contribution was hugely significant. He didn’t necessarily build the model, but he taught us the 
best ways to code it up. Without that we wouldn’t have finished, or it would have taken extra years. So with that I definitely 
started to appreciate that we need great programmers to make this work, especially as we go on to more challenging mod-
els. 

If you had any advice for students who wanted to enter the bioengineering or any related fields, what would 
that be?

  Just get out there and try to find as many opportunities as you can. Chase hard, chase exciting. I think that’s big. It’s more 
fun to be doing something totally exciting and crazy than it is to settle for less. I grew up with this guy who’s an amazing 
person and back in the day he would write tour guides for places that nobody ever visited - maybe ten people a year would 
visit this place. He was doing some journalism on the side, and I remember that there was, in Sri Lanka where he was 
living, an airport bombing. There was this big explosion and everybody was running out, but my buddy and a few other 
people - they’re all running in…right? Everybody’s freaking out running out and you know the people who are running 
in are fascinating people. It’s the journalists, first aid responders, but those are a very interesting group of people. I think 
our department offers the opportunity to do that intellectually. A lot of people are going to be running away, but perhaps 
that should be the direction you should be going. What happens when you get there? If you’re not prepared at all, you 
shouldn’t be running in there, but hopefully we give you the preparation so when the intellectual bomb goes off, you’re 
like WHOA, I’m in. 



Spotlight

Synthetic biologist Drew Endy is ad-
vancing our ability to genetically engi-
neer living matter. His goal is to harness 
the power of living cells to store data 
and manufacture materials.  He shared 
the spirit of his research with LiMB2 and 
gave advice for students interested in 
bioengineering.

Engineering 
Matter(s)

I work in an area of bioengineering called synthetic biology, which 
simply means the advancement of engineering living matter. Many 
people approach bioengineering from the perspective of “What 

disease can I cure? What environmental crisis can I work on? How can I solve a problem right away?” That’s important, 
but it creates a puzzle in engineering. When people only work on the applications of the technology, what you end up 
seeing is they may or may not be able to solve the problem, but they’re unlikely to get better at it. You not only have to do 
useful things, but you also have to improve the ways in which you do them. At a fundamental level we work on two differ-
ent dimensions of that problem.
 
One I call the Humpty Dumpty puzzle.  You know about Humpty Dumpty falling off the wall, and you can’t put Humpty 
Dumpty back together. In biology we’ve had over seventy years of molecular biology—taking biology apart and under-
standing natural living systems by studying their constituent molecules. How do we put them back together in ways that 
work and make new things, as we wish? How do we get orders of magnitude better at composing molecules to make de-
signer living systems?
 
The second dimension is what I call the Geneva watchmaker puzzle. You think about a watch from Switzerland, you go, 
“Oh, it’s very precise, it’s dynamic, it tells time reliably.” When we go to engineer living systems, because at a fundamental 
scale they’re operating at the level of atoms bouncing into other atoms, self-mixing molecules in the environment, they’re 
very noisy and random. Nevertheless, the natural systems can behave quite precisely. You think about your body plan; it’s 
relatively symmetric. We know in nature that biology can be very precise in terms of dynamic behavior, but when we go 
to engineer biological systems, because we’re beginners, we encounter all the noise and we have to learn how to realize 
those same precision dynamics.
 
So my group, at a very fundamental level, works on Humpty Dumpty and Geneva watchmaker—composition and preci-
sion dynamics. These are challenges which have existed historically for as long as anybody wanted to think about them, 
and I would expect exist for the rest of my life. So they’re not going to go away, and in fact the challenge become more 
pressing when you consider other things that are happening in the world. So for example we have an emerging technology 
called DNA synthesis, which allows us to connect chemicals—the bases of DNA—into a machine, and have a computer 

PROFILE
Drew Endy is an associate professor of Bioengineering 
at Stanford University. He co-founded the BioBricks 
Foundation charity and co-organized the International 
Genetically Engineered Machines (iGEM) competition.

Could you tell us a little bit about the focus of your current 
research?



Do you have any advice for students who are interested in bioengineering?

 Figure out what you’re excited about. As a professor, and this is true for all the faculty, we have no chance of teaching you 
everything you need to know, especially in a field so powerful and dynamic. I would bring yourself to bioengineering and 
combine what you’re excited about with what’s happening so that you can engage in a way that’s honest to yourself and you 
sustain doing the hard work of learning. For example, in the major, we have a requirement to do four courses compris-
ing a depth elective that we have purposefully left undefined. A lot of students look at that and they go, “Oh, what are the 
depth areas? Is it like computer science where there are different tracks or something like that?” The wonderful students 
say, “I’m really interested in food security. I think bioengineering and food security are important. Can I do a depth area 
in that, because that’s what I’m passionate about?” and they write up a nice proposal and they have a custom depth track. 
So I would bring your excitement and self-reflection about what you’re excited about, because there’s a lot to learn. It’s not 
trivial. We also have a lot of tools and ways of approaching the same topics.
  
Here’s a simpler way of saying it. Almost everybody in bioengineering is an immigrant. We’re coming from other places to 
make something new. What that means is one has to have empathy and the development of a common culture across the 
starting points. So be a part of that.

Spotlight
network tell that machine what letters of DNA to print, and in what order, to compile a physical molecule of DNA from 
scratch. Our ability to print DNA from scratch has been increasing exponentially, even faster than computers have been 
getting better. So what that means is I have a machine that will just print out any piece of DNA I want, now millions of base 
pairs a day, but I can still only design and compose systems that might be a thousand base pairs and get them to behave.  
So that is a big gap; that’s the composition gap, and that gap’s getting bigger exponentially fast, so the Humpty Dumpty 
problem and precision behavior problem are getting bigger as fundamental challenges.

In ten or twenty years I want to be able to grow this cellphone from the garden clippings in my yard using a wood fungus 
that’s been heavily engineered to do programmed patterning from ground up garden clippings and bio-mineralization of 
hybrid materials, fiber optic cables, metals, casings and whatnot, and the reason I got to that endpoint was to think about 
Menlo Park, the neighboring town where we live, not as a nice place to live, but as a manufacturing facility, and it turns 
out that if you look at Menlo Park the right way, it already is a manufacturing factory. It turns out that what Menlo Park 
manufactures every year is 16 million pounds of state-of-the-art nanotechnology. You know what we do with it? We throw 
it out, and this is the leaves and the pinecones and the blades of grass and all the garden clippings. 500 pounds of garden 
clippings per person per year in Menlo Park compiled from atmospheric carbon and the water supply and sunlight. 32,000 
people in the town, that’s 16 million pounds of matter compiled every year that at best we compost.



Small Grants

Funding and Grant Opportunities
Major Grants Summer Research

UAR Major Grants
Get funded! The Undergraduate Advising and Research 
(UAR) offers Major Grants of up to $6,400 to support full-
time immersive summer time commitments.

Deadline: March 9, 2015
For more information visit:
http://undergrad.stanford.edu/opportunities/research/get-
funded/apply-student-grants/grant-types

Senior Synthesis
Stemming in part from recommendations in the Study of 
Undergraduate Education at Stanford (SUES), Senior Syn-
thesis projects are a way for students to integrate different 
elements of their curricular work and reflect upon their 
Stanford careers.
Project goals should be founded on the first three years of 
a student’s intellectual work at Stanford, and should result 
in a final product (such as an event, website, presentation, 
essay, documentary, or prototype) that invites peers and 
mentors across the Stanford community to reflect on the 
student’s intellectual explorations.

UAR Small Grants
Small Grants of up to $1500 support smaller independent 
projects, and can also be used to enable a particular phases 
of a larger-scale effort

Deadlines: January 5, February 1, March 1, April 1, and 
May 1, 2015
For more information visit:
http://undergrad.stanford.edu/opportunities/research/get-
funded/apply-student-grants/grant-types

UAR Conference Grants
Conference Grants of up to $1500 support students who 
have been accepted to present their own project results at a 
professional or scholarly conference.
Deadlines: January 5, February 1, March 1, April 1, and 
May 1, 2015
For more information visit:
https://undergrad.stanford.edu/opportunities/research/
get-funded/apply-uar-student-grants

2014 Bio-X Undergraduate Summer 
Research Program
Student awardees receive a stipend equivalent to ten weeks 
of laboratory work
Deadline: Monday, March 30, 2015 at 5:00pm
Application found at: http://biox.stanford.edu/grant/
urawards.html

Chemical Engineering Undergraduate 
Summer Research 
10 week program | $6000 Stipend | 40hrs/week
Deadline: Monday, March 9, 2015 at 4:00pm
Application found at: http://cheme.stanford.edu/research/
VPUE_summer.html

Material Science and Engineering 
Undergraduate Summer Research Program
10 week program | $6000 Stipend | 40hrs/week
Deadline: Friday March 6, 2014 @ 5 pm
Please contact Prof. Paul Kempen  (pkempen@stanford.
edu) with any questions.
Applications found at: http://mse.stanford.edu/current/
vpue.html

Mechanical Engineering Summer 
Undergraduate Research Institute | ME (SURI) 
10 week program | Stipend not Guaranteed | Independent 
Research 
How to Apply:
There is no formal application for participation in the ME 
SURI. Students who are interested in participating in the 
ME program should seek out research opportunities di-
rectly with affiliated ME faculty and secure a commitment/
position for the summer by the end of May.
More information at: http://me.stanford.edu/current_stu-
dents/ug_research.html

More Information & Opportunities
Undergraduate Engineering Handbook
http://www.stanford.edu/group/ughb/cgi-bin/handbook/
index.php/Opportunities_for_Students



SSB Opportunities
SSB Course & Incubator

Th is spring, the Stanford Students in Biodesign and Bio-
pharma is proud to present its own biomedical design and 
innovation incubator in the format of an academic course. 
MED 275B aims at teaching advanced undergraduate, 
graduate, and medical students the skills necessary for 
successful medical device innovation. Students have two 
options to choose from: a 2-unit seminar or a 3-unit incu-
bator. 

Th e weekly seminar is open to all students and will feature 
distinguished speakers from the biomedical industry. En-
rollment in the incubator will be based on an application. 

Applications due: March 12, 2015 @ bit.ly/ssbincubator

Th e incubator is structured around team-based solving of 
interdisciplinary medical needs. Th e incubator curriculum 
consists of intensive prototyping, design, and iteration, 
paired with guest lectures on design, engineering, and 
business topics pertinent to biomedical innovation and en-
trepreneurship. Furthermore, incubator student teams will 
be mentored throughout the quarter by experienced in-
dustry leaders. Students admitted to the incubator should 
look forward to accomplishing the following goals:

1. Work collaboratively in interdisciplinary teams to tackle 
unmet clinical needs

2. Gain an interdisciplinary understanding of medical 
device innovation and entrepreneurship

3. Learn how to eff ectively design, build, and market 
medical devices

Seminar: 2 Units CR/NC | Tuesdays 4:15-5:30pm
Incubator: 3 Units CR/NC or Letter Grade | Tuesday & 
Th ursdays 4:15-5:30pm

For more information, contact miorga@stanford.edu.

SSB Conference

Are you interested in the latest research in cancer detec-
tion technology? Th e future of human enhancement? Bio-
materials and their application on the human body? Are 
you curious about learning about a wide variety of topics 
in medicine and biodesign and are curious for what the 
future holds in these fi elds? 

If you are interested in any of those questions come to 
Stanford Student Biodesign (SSB)’s 6th annual conference, 
MEDxStanford! Some more information about the confer-
ence follows:

What: MEDxStanford, SSB’s 6th Annual Conference, 
featuring talks and demos by leading professionals from 
Stanford, local industry leaders, and other universities, as 
well as your own peers.
When: May 2, 2014, 10:00AM - 4:00PM
Where: Shriram 104
Who: For any Stanford student, undergrad or grad, in-
terested in biomechanical engineering, medicine, and the 
latest research. 

Th e event will give you the opportunity to not only hear 
about the latest research, but also get to know and network 
with Stanford professors, leading researchers from other 
institutions, and with industry leaders. In addition, there 
will be a FREE catered lunch and snacks throughout the 
day.

We hope you are able to attend! 

For more information, contact alexer@stanford.edu or 
mgolla@stanford.edu.

MEDx Stanford MED 275B: Biomedical 
Innovation Incubator




