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Abstract

It will always remain a goal of an undergraduate biochem-
istry laboratory course to engage students hands-on in a
wide range of biochemistry laboratory experiences. In
2006, our research group initiated a project for in silico pre-
diction of enzyme function based only on the 3D coordi-
nates of the more than 3800 proteins “of unknown
function” in the Protein Data Bank, many of which resulted
from the Protein Structure Initiative. Students have used
the ProMOL plugin to the PyMOL molecular graphics envi-
ronment along with BLAST, Pfam, and Dali to predict pro-
tein functions. As young scientists, these undergraduate
research students wanted to see if their predictions were
correct and so they developed an approach for in vitro test-
ing of predicted enzyme function that included literature
exploration, selection of a suitable assay and the search for
commercially available substrates. Over the past two years,
a team of faculty members from seven different campuses
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Introduction

Twenty years ago, students at our institution who took lab-
oratory courses learned techniques and procedures, but
only through direct faculty-mentored independent research
did they become involved in open-ended, hypothesis-driven
research that had the potential for publication. In short,
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(California Polytechnic San Luis Obispo, Hope College, Oral
Roberts University, Rochester Institute of Technology, St.
Mary’s University, Ursinus College, and Purdue University)
have transferred this approach to the undergraduate bio-
chemistry teaching laboratory as a Course-based Under-
graduate Research Experience. A series of ten course
modules and eight instructional videos have been created
(www.promol.org/home/basil-modules-1) and the group is
now expanding these resources, creating assessments and
evaluating how this approach helps student to grow as sci-
entists. The focus of this manuscript will be the logistical
implications of this transition on campuses that have differ-
ent cultures, expectations, schedules, and student popula-
tions.

© 2017 by The International Union of Biochemistry and
Molecular Biology, 00:000-000, 2017.

most only learned to be qualified technicians as undergrad-
uates. After graduation, many of them entered Ph.D. pro-
grams where they learned to become scientists, developing
and testing hypotheses, collecting and interpreting mean-
ingful data for the peer-reviewed literature. This is fre-
quently the situation in many undergraduate programs,
where the excitement of discovery and risks of failure of
hypothesis-driven science are available only to a select
group of undergraduates. The purpose of our project is to
increase engagement of undergraduates in science by
bringing a sense of “real” research, where the answer is
not known, to a teaching laboratory situation. Institutions
that lack sufficient research space or simply have too few
faculty members to provide independent research projects
for all interested students could use this approach to
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provide all of their majors with a genuine research experi-
ence. This increases the chances that more students capa-
ble of the journey will be launched towards scientific
research careers, rather than turning aside. In addition,
those who go on to careers related to their scientific cour-
sework but not in full-time research will then do so with a
much better understanding of the fields they are supporting
and of the scientists and the science at the core of those
fields.

Authors have been advocating for high levels of inquiry
in undergraduate biochemistry laboratories for many
years. A recent search of the literature revealed 19 differ-
ent articles about noncookbook teaching laboratories con-
taining elements of research dating back to a 1975 article
by Paul Melius entitled, “A creative, research approach to
the undergraduate biochemistry laboratory” [1]. Many of
the article titles included the words “integrated” “project-
based” or “project-oriented” [2-4]. In addition, many of
these courses were designed around a single enzyme or
protein [5-7] The incorporation of research in the teaching
setting has been widely advocated [8, 9]. More recently, the
acronym CURE (Course-based Undergraduate Research
Experience) has been used to describe this approach and it
has been advocated by many in the life sciences communi-
ty. In a recent editorial, Bell et al., [10] explained the moti-
vation for using CUREs, reviewed the current state of
CUREs in biochemistry and molecular biology courses, and
provided examples of CUREs that have been offered at two-
year and four-year colleges. They highlighted two large-
scale CUREs that are based on nucleic acid work: SEA-
PHAGES [11] and the Genomics Education Partnership
[12-14] but pointed out that there are no such multicampus
efforts in protein biochemistry.

It will always remain a goal of an undergraduate bio-
chemistry laboratory course to engage students hands-on

Biochemistry and

Molecular Biology Education
in a wide range of biochemistry laboratory experiences. In
2006, our research group initiated a project for in silico
prediction of enzyme function based only on the 3D coordi-
nates of the more than 3800 proteins “of unknown
function” in the Protein Data Bank (PDB) [15, 16], many of
which resulted from the Protein Structure Initiative [17].
Students have used the ProMOL plugin [18] to the PyMOL
molecular graphics environment [19] along with BLAST
[20], Pfam [21], and Dali [22] to predict protein functions.
As young scientists, these undergraduate research students
wanted to see if their predictions were correct and so they
developed an approach for in vitro testing of predicted
enzyme function that included literature exploration, selec-
tion of a suitable assay and the search for commercially
available substrates (Fig. 1).

This approach has been very fruitful in our laboratories
as we watch the transformation of our undergraduate
research students. They begin by following our instructions,
progress to exploring the questions in our grant proposals
and then go one step further - they start asking their own
questions, ultimately changing the direction of the project.
One of our graduates recently entered a Ph.D. program in
Biological Chemistry and was told that he is already per-
forming at the level of a second or third year graduate stu-
dent during his first research rotation. We decided to adapt
our approach with individual undergraduate research stu-
dents into a course-based undergraduate research experi-
ence where students explore these “proteins of unknown
function.” The course we have designed combines tradi-
tional laboratory techniques with computational and bioin-
formatics approaches to enzyme structure and function.

Recruitment of Faculty Participants

Initially, participating faculty members were recruited by
the author based on existing relationships. Subsequently,
several other members joined the team after reviewing a
poster about the project at the 2014 ASBMB meeting [23].
Current faculty participants are listed in Table 1. Early in
our discussions, we decided to communicate via a blog
(http:/basiliuse.blogspot.com) and arrived at an acronym
for the project: BASIL - Biochemistry Authentic Scientific
Inquiry laboratory.

Focus of This Manuscript

The logistical challenges associated with implementing a
new CURE on multiple campuses are described below.
These include development of instructional modules that
can be adapted on multiple campuses, software installa-
tion, software training, communication among team mem-
bers, campus schedules, data sharing, and workload
impact. Future manuscripts are planned that will address
formal assessment of student learning in this course format
as well as faculty development as the project unfolds and
evolves. Additional manuscripts will feature a full descrip-
tion of the course modules with assessment tools, particu-
larly for unique aspects related to computational modules.
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Participating faculty members and institutions

TABLE1

Institution

Faculty Members

Cal Poly San Luis Obispo

Hope College

Oral Roberts University

Purdue University

Rochester Institute of Technology
St. Mary’s University

SUNY Oswego

Ursinus College

Materials and Methods

Candidate Proteins

Since all of the proteins for the project have been crystal-
lized with structures deposited in the PDB [16], plasmids
containing the genes for each of these proteins were readily
available, primarily from the DNASU plasmid repository
[24]. The plasmids all contain Hisg tags to facilitate protein
purification. Proteins were selected from the list of proba-
ble serine hydrolases that had been identified by the
research group at the Rochester Institute of Technology as
described in McKay et al., 2015 [25].

Module Development

The team members began to create the course modules
during the summer of 2015. Over the course of the follow-
ing year, we adapted our existing protocols from our indi-

Anya Goodman, Ashley Ringer McDonald

Mike Pikaart

Bob Stewart

Trevor Anderson, Stefan Irby

Herbert Bernstein, Paul Craig, Jeff Mills, Suzanne O'Handley
Colette Daubner

Julia Koeppe

Rebecca Roberts

concentration assay [26], to work with the proteins for this
project. By the end of the first year, the team members had
jointly developed the modules based on their expertise. A
time course for the project and the list of course modules
can be found in Tables II and III.

Different Implementations on Different Campuses
Some campuses used all of the modules. One campus used
only the in silico modules for a computational chemistry
course. One campus implemented the in silico modules in a
computational chemistry course and the in vitro modules in
a biochemistry laboratory. The students then met and gave
joint poster presentations.

Role of the PI and Role of the External Evaluator
Evaluation and assessment are central themes in our pro-
ject. The PI is focused on evaluating challenges to imple-

vidual campuses, for example, a Bradford protein mentation and the experiences and growth of the faculty
Time course for the initiation of BASIL
TABLE 11
Dates Activities
2006-2014 Undergraduate study of proteins of unknown function at the Rochester Institute of Technology
Early 2014 Recruitment of team members and submission of an NSF IUSE proposal
April, 2014 Recruitment of more team members via an ASBMB poster
October, 2014  Submission of a revised NSF IUSE proposal with all team members
July, 2015 Initial online team meetings and module preparation
Fall, 2015 Implementation on the Rochester Institute of Technology campus accompanied by excitement and panic

Spring, 2016
May-June, 2016

Paul A. Craig

Implementation on other campuses with more excitement and panic

Interviews with all participating faculty members
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Modules for the BASIL protein-based CURE

TABLE 1II

Module

Description

Outcome

Protein expression

Protein purification

Protein concentration

SDS-PAGE

Enzyme activity assays

ProMOL/PyMOL

BLAST

Dali

Pfam

Plasmids are transferred to expression
cell lines, which are then grown,
induced with IPTG or arabinose, soni-
cated, and centrifuged.

The protein is purified by metal ion
affinity chromatography, followed by
desalting on a gel filtration column.

Protein concentrations are measured
using the Bradford assay.

Protein purity and molecular weight are
measured by SDS-PAGE.

Students look for product formation
with a series of potential substrates.

Protein structures are compared to a
library of enzyme active sites to look
for high quality alignments, indicative
of likely activity.

Analysis of protein sequences can pro-
vide further clues on function.

Full backbone alignments of unknown
proteins with sequence homologs
may reveal structural features.

Students use protein sequence analysis

Crude mixture that contains the active
protein from the plasmid.

Purified protein ready to be
characterized.

Sample volumes to use for SDS-PAGE
and activity assays.

Confirmation of predicted protein size
and purity.

Enzyme activity (and lots of excitement)

Probable Enzyme Commission classes
for the proteins of unknown function,
along with lists of ligands or sub-
strates for those EC classes.

Function predictions based on sequence
only.

Full structural comparisons with inter-
esting candidates.

Additional functional information.

to identify superfamilies and likely

forms of activity.

Docking

Students use PyRX and Autodock Vina
to identify potential ligands.

Binding affinity values can be used to
discriminate among potential
substrates.

A series of 10 modules were created for the CURE and they can be found at the promol.org web site (http://www.promol.org/home/basil-

modules-1) and the BASIL blog (http://basiliuse.blogspot.com/).

members. The other instructional team members are
teaching the laboratory course, refining the laboratory and
developing gradable assessments for those interested in
adopting this approach, adapting it to their campus or as a
launching point for another protein-based CURE. The
external evaluators from Purdue University are focused on
questions of deeper learning by the students with a particu-
lar focus on our main research question: “Does this
approach train our students to become scientists?”

Survey Methodology

The author prepared a survey of questions that focused on
logistics and the BASIL materials and resources, with assis-
tance from team members at Purdue (see Table I). The sur-
veys were administered online and recorded using

BlueJeans videoconferencing software (https:/bluejeans.
com/) and recorded. A transcript of the interview was
shared with the subject for feedback and clarification. The
answers to the questions were then pooled. A summary
statement was generated based on the pooled answers and
quotes are included in the manuscript as appropriate. The
protocol was reviewed by the Institutional Review Board at
the Rochester Institute of Technology (FWA # 0000731)
and was issued an exemption under CFR 45 46.101(b)(1).

Results

Several well-known biochemistry laboratory manuals have
been published [27-30] but I do not recall meeting any
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Survey of faculty participants

TABLE IV

Question

Summary Statement

Quotes

The first 8 questions focus on logistical aspects of the project.

1. Logistical aspects for this project
including finance, resource avail-
ability, purchasing, installation of
software, use of time, people pow-
er. Would you change any logistical
aspects including how the laborato-
ries are presented to the students?
If so, what and how?

2. What modifications would you
make to the laboratories, if any?

3. Is the laboratory cost effective and
feasible from a human and facilities
resources point of view?

4. Do you feel that you're being well
supported by other group and sub-
group members or are you being
left to work on your own? If neces-
sary, how do you suggest things
could be improved?

5. Do you have the necessary human,
financial and facility resources?
What is the incremental increase in
expense compared to your normal
expense for teaching the laborato-
ry? How much additional time did
this take you?

6. Are you being well supported at
your institution or are there any
barriers to implementing the
course? Please be specific about
barriers at different levels: A. Per-
sonal Level.

The protocols should be firmly estab-

lished before teaching the laborato-
ry on any campus in a multi-
campus project. It would be better
to have a uniform computer inter-
face for all of the software for the
project.

Start at least some of the experiments
(enzyme activity, structural align-
ment) with a known case so stu-
dents will have a clear
understanding of a positive result.

The major expense was the purchase

of substrates, but the costs were
within the normal range for a bio-
chemistry teaching laboratory. The
laboratory took more time than
expected, especially prep time,
which was about twice the normal
amount.

Camaraderie and cooperation grew
quickly within the group of nine fac-
ulty members on six different cam-
puses. The sharing of protocols was
very helpful. People who ran only
the computational modules some-
times felt isolated.

Most participants felt that the
expenses were comparable to the
laboratory curriculum they had
been using. It took more time than
the previous curriculum to prep for
the course. Several campuses need
an upgrade in instrumentation.

A few faculty members needed to
learn wet laboratory techniques and
many experienced a steep learning
curve for the computational part of
the project. Some experienced self-
doubt.

“Change the language so that we are
not telling the student it's an experi-
ment because the students tended
to gripe about it when things did
not work.

“Would it work better to have a com-
mon project at the start and then have
independent projects at the end?”

“It might be nice to take one week
and show the students a well-
designed canned assay that works
and is similar to what we want
them to do.”

“...it cost me about 10 more hours of
work per week.” “The part with the
substrate ordering does not seem
feasible.” “The community of collab-
orators found some solutions. It is
feasible to some extent, but the stu-
dents may be limited in their choices
of substrates.”

“Yes, | was very much supported by
the BASIL group. | would not have
gotten past day one for computa-
tional stuff without the help of the
group.” “l was unsure how some-
one without more computational
training could trouble shoot all of
these problems. We may need to
have people paired up (biochemis-
try and computational).”

“l did not get good support from my
institutional IT guys and did almost
all software installation myself.” “It
was vastly more time consuming. |
almost pulled an all-nighter to get
ready for the next day one time.”

“Seemed like we were always work-
ing against the clock.” “I need to be
ready well ahead of the lab; | was
not comfortable with not knowing
the answers when | walked in the
lab. At the same time, it was unex-
pected and fun - when students
started to get results, the pace

Paul A. Craig
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Quotes

The first 8 questions focus on logistical aspects of the project.

6B. Resistance by Colleagues

6C. Resistance at the Departmental or
Institutional Level

6D. Resistance at the National Society
Level

7. What is the status of teaching
assistant and technician training at
your institution? Will they all be
competent to support you in imple-
menting the laboratories? How
should we network the teaching
assistants and technicians across
the project? Should it be formal or
informal?

8. Do you envisage sharing your
knowledge with other colleagues
and institutions so that they could
also introduce a similar laboratory
course? If so, with whom and how

Colleagues were very supportive. On
two campuses multiple colleagues
from other departments attended a
poster session that was offered on
campus at the end of the term.

On several campuses, the computer
support departments were not sup-
portive. Some departments don‘t
view pedagogical research as schol-
arship. Also, some had difficulties
with curriculum committees at vari-
ous levels.

The national organizations (American

Society for Biochemistry & Molecu-
lar Biology (ASBMB), American
Chemical Society (ACS), Biophysical
Society) were very supportive of
CURE-type laboratories.

None of the campuses had formal
teaching assistant training, although
most campuses did have teaching
assistants for the course. None of
the campuses depended on stock
room support for reagent prepara-
tion. In most cases the teaching
assistants were helpful. We did not
try to get them to network with
each other.

All of the participants are eager to

share their experience and seek to
identify collaborators despite the
increased workload from the

really picked up and | felt like a
post-doc for a week or two. The
excitement and engagement was
really exciting - to have students
stopping by my office with new
results.”

“l am now the most senior biochem-
ist, so | am in a good place to try
something new. This might be
tough for a new assistant professor
trying to change things in a
culture.”

“My Dean is not a barrier, but he is
not supportive. He was not aware
that he had signed off on my NSF
IUSE proposal.” “Lots of positive
press. At the return to school meet-
ing in the fall, the NSF project was
highlighted.”

“ACS is my society and they are
extremely supportive of CURE. | am
also in the ACS Committee on Pro-
fessional Training. They have identi-
fied capstone experiences as one of
their seven best practices. They
have also acknowledged that a 1:1
faculty to student ratio is unrealistic,
so they support CURE.”

“The teaching assistant was compe-
tent. Should we network the teach-
ing assistants across the project?
That could be very useful, as anoth-
er way for them to learn things.” “It
would have been helpful for any
teaching assistant on any campus
to have our teaching assistant as a
resource to fall back on. The teach-
ing assistants from Rochester Insti-
tute of Technology are highly
experienced and have spent time
on the project. Informal [network-
ing] would be great.”

“l hope that this research approach
will become the norm.” “l shared it
at EnFUSE (AAAS/NSF 2016 confer-
ence, Envisioning the Future of
STEM Education). Trying to engage
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Question

Summary Statement

Quotes

The first 8 questions focus on logistical aspects of the project.

would you do this? How would you
aid them in implementing the
laboratories?

project. Five have already presented
at national meetings.

Questions 9 and 10 are about management of grant funds.

9. Do you have any feedback about
this? Are you happy with your grant
and will it be adequate to achieve
your goals?

10. What is the sustainability of these
proposed laboratories in the longer
term?

The funds for supplies were helpful

but not essential. A bit more sum-
mer salary would have been nice.
All team members stated (without
being prompted) that funding for a
face-to-face meeting as a group
would have been very helpful.

In general, the expenses are compara-
ble to normal costs. The three
major hurdles will be (1) identifying
additional classes of proteins to
study, (2) buying or preparing the
substrates for the predicted func-
tions, and (3) the central role that
each faculty member plays on her/
his respective campus.

Questions 11 - 13 focused on faculty development.

11. In your view, does this laboratory
sequence do a good job of training
upper level students to become
scientists?

We noted progress on all campuses,

with some real excitement from stu-
dents who presented their work on
campus or at conferences. We
believe this approach is having an
impact, but it will need to be
assessed rigorously. Some of the
experiments were fairly routine
(protein expression and purifica-
tion), but some really did have a
sense of discovery (enzyme activity,
bioinformatics).

our college communications office
to do a story about it. | will talk to
folks | know, go to meetings and try
to get some publications out. The
issue is to highlight the idea that
we are building scientists who are
doing true science. There is a learn-
ing curve to implement this. We
have to show the deep worth of it
to newcomers.”

“l would have liked to have funds for
all of us to get together for 2-3 solid
days.”

“If we move from hydrolases, that
will be a barrier.” “Could we make
the class more streamlined through
instructional videos?” “There is a
personnel sustainability problem. If
[the BASIL team member] disap-
peared, the class would disappear.”

“Yes, but we need to do assessment
on it. The question models the way
people will do science in real life,
but we are doing this in the class-
room with time constraints and oth-
er constraints (equipment,
reagents). How can we mitigate the
constraints or take advantage of
them? For example, in a research
lab, there is usually a more senior
person (grad student, post-doc). In
the lab, everyone can be a leader,
but the faculty has to manage it
well - withhold information some-
times, to let students figure it out
and get a sense of pride/confidence
that they can do it.”

Paul A. Craig
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Question

Summary Statement
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Quotes

Questions 11 - 13 focused on faculty development.

12. Have you improved your peda-
gogical knowledge? Please give an
example. How did you change?
Would you like to learn more in this
area?

13. Were the online workshops for
faculty and IT specialists for protein
software training and installation
useful? Would you change any-
thing? If so what and how?

About half of the participants felt they
had improved in their pedagogical
knowledge, but even those partici-
pants wanted to be involved in a
more formal assessment to figure
out where they stood. One of the
challenges was to make the stu-
dents do the discovery instead of
steering it or suggesting a likely
answer to them.

The group meetings had a positive
impact on the implementation of
the courses, but there were draw-
backs. Software installation was a
significant challenge on half of the
campuses. The video tutorials were
very helpful, but did not address all
concerns.

“Yes. The pedagogy for what works
well for implementing CURE in the
classroom, there are some suc-
cesses, but it is challenging to scal-
ing in a lab with 16 research
students and one instructor. We are
figuring this out as we go along.” “I
had to try to not tell the students
everything and encourage them to
teach each other.”

“Weekly conversations helped 75% of
the time. Being able to ask ques-
tions and get answers. Hearing how
others approached things. Camara-
derie - people who care about the
same things | care about. Sharing
the excitement. 25% did not work -
specific issue on one particular
campus that went on and on.”

Questions 14 and 15 focused on the process of protocol development and implementation.

14. Are you happy with the process
being used of protocol
development?

Most participants were not happy
because we did not complete the
protocols before we started the
2015-2016 academic year. During
that first year, many of them simply
adapted protocols from their previ-
ous experience for the wet laborato-
ries (protein expression,
purification, concentration, SDS-
PAGE). The real challenge occurred
with trying to implement the bioin-
formatics modules without suffi-
cient preparation.

uI

expected to have full protocols
before we taught it in the spring.
We need assignments, learning
objectives, rubrics, protocols, back-
ground theory on everything, how
to present it to the lab. We were
missing an explanation of how to
interpret the data.” “l did not use
the protocols that anyone else
wrote. | needed to write all of my
own protocols. There are multiple
problems here - minor differences
in implementation on different cam-
puses, so the words are different. |
also had other learning objectives
to meet for my class that others did
not have, so my protocols were dif-
ferent.” “We need to uniform proto-
cols, especially if this will be
exported.” “It could be more effi-
cient or streamlined but | don't
know how. What if we were all sit-
ting in the same room for a week
and just hammered it out then. | am
sure that the virtual meetings are
beneficial, maybe just not optimal.
While the virtual meetings seem to
be working, we may have had bet-
ter/faster results with in-person
meetings.”
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Question

Summary Statement

Quotes

Questions 14 and 15 focused on the process of protocol development and implementation.

15. Are you happy with our adjust-
ment from having a one-week sum-
mer intensive workshop to a weekly
practice/demonstration/discussion
through the summer?

The modules were sufficiently new

for most of the team members that
a one-week intensive online work-
shop would have been overwhelm-
ing. However, a one-week
workshop on a single campus
would have been well received.

“l would rather have met all in one
place for one week. This would be
educational and team building. This
should be in future grants. It would
have been huge.”

Questions 16 - 18 relate to specific protocols, especially for the computational laboratories.

16. How are you planning to imple-
ment the laboratory? How will you
monitor the progress of
implementation?

17. Do you have any feedback on the
protocols developed so far? Are
you happy with them? How would
you change anything? Are you
uneasy about anything?

18. Are you running some of the
modules but not all?

Several people suggested running the
computational laboratories first with
an enzyme of known function so
the students can see the kind of
results to expect and understand a
bit about how to interpret them.
Students were monitored by obser-
vation and by laboratory reports,
but the approach varied by instruc-
tor. On some campuses students
made presentations during the lab-
oratory period to each other. On
two campuses, the students gave
public poster presentations at the
end of the laboratory.

The protocols are good resources that

none of us could have developed as
individuals. At the same time, they
need to include more background,
clear learning objectives and
assessment strategies. Video
resources were very helpful, espe-
cially for the in silico laboratories.
Some of us were more comfortable
than others in this process.

On four campuses, the instructor
attempted to run all of the proto-
cols; in one case, they did not get
to the docking studies. On two cam-
puses, the modules were divided -
the wet laboratory parts of the pro-
cess were done in the biochemistry
teaching laboratory and the compu-
tational modules were covered in a
computational chemistry course.

“Reflecting on last fall, the students
came in on day one and they
received a list of seven to ten hypo-
thetical enzymes and we asked
them to pick one. | then ran them
through each server and helped
them understand the results. Next
spring, | will have them start with
an enzyme with a known function
to see the kind of information they
will get from the servers. Then Il
let them choose their targets and
have them repeat the exercise with
their unknowns.”

“Yes. It took some work, especially
on the computational side. | had to
jump in head first with the class. It
is important for an instructor to
model this for the students. | hope
not to teach this as a check list, but
to approach it from a discovery
perspective.” “No, not necessarily.
Some seemed to be written in a for-
eign language. One document was
intimidating.”

Each question was presented to each interview participant. Summary statements were crafted from their responses and quotes were

included where appropriate.

Paul A. Craig



biochemists who teach their entire undergraduate bio-
chemistry laboratory course from one of these texts. One or
two experiments may be adopted, but we frequently devel-
op our courses around projects that may connect to our
research interests [2-7]. The members of the team had all
developed unique biochemistry teaching laboratory courses
on their campuses and had all experimented to some
extent with inquiry-based learning. The results of the sur-
vey of the nine faculty members who implemented the
BASIL modules (Table IV) on their campuses communicate
the shared challenges in the transition to a CURE-type lab-
oratory course. Each of the questions is listed, along with a
summary statement of the responses, with direct quotes
where appropriate.

Discussion and Conclusions

There are many challenges in properly implementing a
CURE approach to a regularly scheduled biochemistry labo-
ratory course for undergraduates: development of materi-
als and resources, preparation time for each the course
each week, learning unfamiliar techniques, and dealing
with change on multiple levels (personal, departmental,
institutional). The team that took on this challenge encoun-
tered significant frustration, primarily resulting from the
fact that we did not have the modules fully ready to run
when we began teaching the laboratory sections. This was
the result, in part, of the fact that the implementation is
different on each campus, because of different time zones,
levels of expertise, the term schedule, class size, or avail-
able instrumentation. Other challenges included the steep
learning curve of some of the bioinformatics software,
along with the challenge of installing the software on differ-
ent operating systems behind firewalls that were unique to
each campus.

Despite these frustrations, none of the team members
left the project. If team members lacked the necessary
skills for either the in silico or in vitro aspects of the pro-
ject, they would reach out to others to gain the insight they
needed to effectively teach the laboratory for which they
felt least qualified. In fact, everyone is enthusiastic about
presenting the BASIL modules at their favorite national
conferences and sharing this approach with their col-
leagues. Over the course of the project, the team held
weekly videoconferences to resolve issues that arose on
each campus and to continue to refine the modules for
future use.

Some of the issues that were raised during the inter-
views have been resolved. There is now a full set of BASIL
student modules available at the promol.org web site
(http:/www.promol.org’/home/basil-modules-1) and the
BASIL blog (http:/basiliuse.blogspot.com/). These sites also
contain links to videos for training on use of the software
tools for the project. A uniform user interface is available
with a virtual machine, BASIL 1.0, which is publicly
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available on the Cyverse/Atmosphere web site (https:/atmo.
cyverse.org/application/images/1387). This is freely accessi-
ble to registered academic users. BASIL 1.0 contains the
open source software for the project in a Linux Ubuntu
graphical user interface that closely resembles the Win-
dows or Mac environment. Our future plans include creat-
ing instructor modules that contain expanded or alternate
exercises, systematic learning objectives and suggested
assessments. One pending manuscript will focus on the
modules that have been developed and the associated tuto-
rials and other web resources for the project. Other future
manuscripts from the project will address the taxonomy of
establishing and sharing a CURE, as well as a deep assess-
ment of student learning, in which we plan to address our
primary goal, which is to train our undergraduate students
to develop as scientists in their biochemistry laboratory
courses.

Acknowledgments

Many thanks to my coworkers for their efforts on the BASIL
project and their participation on the survey: Trevor Ander-
son, Purdue University; Herbert J. Bernstein, Rochester
Institute of Technology; Colette Daubner, St. Mary’s Univer-
sity; Anya Goodman, Cal Poly San Luis Obispo; Stefan Irby,
Purdue University; Julia Koeppe, SUNY-Oswego; Jeff Mills,
Rochester Institute of Technology; Mike Pikaart, Hope Col-
lege; Ashley Ringer McDonald, Cal Poly San Luis Obispo;
Suzanne O’Handley, Rochester Institute of Technology;
Rebecca Roberts, Ursinus College; and Robert Stewart, Oral
Roberts University. We are particularly grateful to Frances
C. Bernstein for her editorial insights on the manuscript.

REFERENCES

[1] Melius, P. (1975) J. Chem. Educ. 52, 107.

[2] Briese, N., and Jakubowski, H. V. (2007) Biochem. Mol. Biol. Educ. 35,
272-279.

[3] Craig, P. A. (1999) J. Chem. Educ. 76, 1130-1135.

[4] Harman, J. G., Anderson, J. A., Nakashima, R. A., and Shaw, R. W.
(1995) J. Chem. Educ. 72, 641-645.

[5] Deal, S. T., and Hurst, M. O. (1997) J. Chem. Educ. 74, 241.

[6] Hunnes, C. H. (2003) Biochem. Mol. Biol. Educ. 31, 241-242.

[7] Russo, S., and Gentile, L. (2006) J. Chem. Educ. 83, 1850-1852.

[8] Gregerman, S. R., Lerner, J. S., Hippel, W. V., Jonides, J., and Nagda,
B. A. (1998) Rev. High. Educ. 22, 55-72.

[9] Seymour, E., Hunter, A.-B., Laursen, S. L., and DeAntoni, T. (2004) Sci.
Educ. 88, 493-534.

[10] Bell, J. K., Eckdahl, T. T., Hecht, D. A., Killion, P. J., Latzer, J., Mans, T.
L., Provost, J. J., Rakus, J. F., Siebrasse, E. A., and Ellis Bell, J. (2016)
Biochem. Mol. Biol. Educ. 45, 7-12.

[11] Jordan, T. C., Burnett, S. H., Carson, S., Caruso, S. M., Clase, K,
DeJong, R. J., Dennehy, J. J., Denver, D. R., Dunbar, D., Elgin, S. C. R.,
Findley, A. M., Gissendanner, C. R., Golebiewska, U. P., Guild, N.,
Hartzog, G. A., Grillo, W. H., Hollowell, G. P., Hughes, L. E., Johnson,
A., King, R. A,, Lewis, L. O., Li, W., Rosenzweig, F., Rubin, M. R., Saha,
M. S., Sandoz, J., Shaffer, C. D., Taylor, B., Temple, L., Vazquez, E.,
Ware, V. C., Barker, L. P., Bradley, K. W., Jacobs-Sera, D., Pope, W. H.,
Russell, D. A., Cresawn, S. G., Lopatto, D., Bailey, C. P., and Hatfull, G.
F. (2014) mBio 5, 13-e01051.


http://www.promol.org/home/basil-modules-1
http://basiliuse.blogspot.com
https://atmo.cyverse.org/application/images/
https://atmo.cyverse.org/application/images/

[12] Lopatto, D., Alvarez, C., Barnard, D., Chandrasekaran, C., Chung, H.-M.,
Du, C., Eckdahl, T., Goodman, A. L., Hauser, C., Jones, C. J., Kopp, O.
R., Kuleck, G. A., McNeil, G., Morris, R., Myka, J. L., Nagengast, A,
Overvoorde, P. J., Poet, J. L., Reed, K., Regisford, G., Revie, D.,
Rosenwald, A., Saville, K., Shaw, M., Skuse, G. R., Smith, C., Smith, M.,
Spratt, M., Stamm, J., Thompson, J. S., Wilson, B. A., Witkowski, C.,
Youngblom, J., Leung, W., Shaffer, C., Buhler, J., Mardis, E., and Elgin,
S. C. R. (2008) Science 322, 684-685.

[13] Shaffer, C. D., Alvarez, C. J., Bednarski, A. E., Dunbar, D., Goodman, A.
L., Reinke, C., Rosenwald, A. G., Wolyniak, M. J., Bailey, C., Barnard, D.,
Bazinet, C., Beach, D. L., Bedard, J. E. J., Bhalla, S., Braverman, J.,
Burg, M., Chandrasekaran, V., Chung, H.-M., Clase, K., DeJong, R. J.,
DiAngelo, J. R., Du, C., Eckdahl, T. T., Eisler, H., Emerson, J. A., Frary,
A., Frohlich, D., Gosser, Y., Govind, S., Haberman, A., Hark, A. T,
Hauser, C., Hoogewerf, A., Hoopes, L. L. M., Howell, C. E., Johnson, D.,
Jones, C. J., Kadlec, L., Kaehler, M., Key, S. C. S., Kleinschmit, A.,
Kokan, N. P., Kopp, O., Kuleck, G., Leatherman, J., Lopilato, J.,
MacKinnon, C., Martinez-Cruzado, J. C., McNeil, G., Mel, S., Mistry, H.,
Nagengast, A., Overvoorde, P., Paetkau, D. W., Parrish, S., Peterson, C.
N., Preuss, M., Reed, L. K., Revie, D., Robic, S., Roecklein-Canfield, J.,
Rubin, M. R., Saville, K., Schroeder, S., Sharif, K., Shaw, M., Skuse, G.,
Smith, C. D., Smith, M. A., Smith, S. T., Spana, E., Spratt, M.,
Sreenivasan, A., Stamm, J., Szauter, P., Thompson, J. S., Wawersik, M.,
Youngblom, J., Zhou, L., Mardis, E. R., Buhler, J., Leung, W., Lopatto,
D., and Elgin, S. C. R. (2014) CBE-Life Sci. Educ. 13, 111-130.

[14] Lopatto, D., Hauser, C., Jones, C. J., Paetkau, D., Chandrasekaran, V.,
Dunbar, D., MacKinnon, C., Stamm, J., Alvarez, C., Barnard, D., Bedard, J.
E. J., Bednarski, A. E., Bhalla, S., Braverman, J. M., Burg, M., Chung, H.-
M., DeJong, R. J., DiAngelo, J. R., Du, C., Eckdahl, T. T., Emerson, J.,
Frary, A., Frohlich, D., Goodman, A. L., Gosser, Y., Govind, S., Haberman,
A., Hark, A. T., Hoogewerf, A., Johnson, D., Kadlec, L., Kaehler, M., Key,
S. C. S., Kokan, N. P., Kopp, O. R., Kuleck, G. A., Lopilato, J., Martinez-
Cruzado, J. C., McNeil, G., Mel, S., Nagengast, A., Overvoorde, P. J.,
Parrish, S., Preuss, M. L., Reed, L. D., Regisford, E. G., Revie, D., Robic, S.,
Roecklien-Canfield, J. A., Rosenwald, A. G., Rubin, M. R., Saville, K.,
Schroeder, S., Sharif, K. A., Shaw, M., Skuse, G., Smith, C. D., Smith, M.,
Smith, S. T., Spana, E. P., Spratt, M., Sreenivasan, A., Thompson, J. S.,
Wawersik, M., Wolyniak, M. J., Youngblom, J., Zhou, L., Buhler, J.,
Mardis, E., Leung, W., Shaffer, C. D., Threlfall, J., and Elgin, S. C. R. (2014)
CBE-Life Sci. Educ. 13, 711-723.

Paul A. Craig

[15] Berman, H. M., Westbrook, J., Feng, Z., Gilliland, G., Bhat, T. N.,
Weissig, H., Shindyalov, I. N., and Bourne, P. E. (2000) Nucleic Acids
Res. 28, 235-242.

[16] Bernstein, F. C., Koetzle, T. F., Williams, G. J. B., Meyer, E. F., Jr., Brice,
M. D., Rodgers, J. R., Kennard, O., Shimanouchi, T., and Tasumi, M.
(1977) J. Mol. Biol. 112, 535-542.

[17] Berman, H. M., Westbrook, J. D., Gabanyi, M. J., Tao, W., Shah, R.,
Kouranov, A., Schwede, T., Arnold, K., Kiefer, F., Bordoli, L., Kopp, J.,
Podvinec, M., Adams, P. D., Carter, L. G., Minor, W., Nair, R., and Baer,
J. L. (2009) Nucleic Acids Res. 37, D365-D368.

[18] Hanson, B., Westin, C., Rosa, M., Grier, A., Osipovitch, M., MacDonald,
M. L., Dodge, G., Boli, P. M., Corwin, C. W., Kessler, H., McKay, T.,
Bernstein, H. J., and Craig, P. A. (2014) BMC Bioinformatics 15, 87.

[19] Delano, W. CCP4 Newsl. Protein Crystallogr. 2002, 40, 44-53.

[20] Altschul, S. F., Madden, T. L., Schaffer, A. A., Zhang, J., Zhang, Z.,
Miller, W., and Lipman, D. J. (1997) Nucleic Acids Res. 25, 3389-3402.

[21] Finn, R. D., Bateman, A., Clements, J., Coggill, P., Eberhardt, R. Y.,
Eddy, S. R., Heger, A., Hetherington, K., Holm, L., Mistry, J.,
Sonnhammer, E. L. L., Tate, J., and Punta, M. (2014) Nucleic Acids Res.
42, D222-D230.

[22] Holm, L., and Rosenstrom, P. (2010) Nucleic Acids Res. 38, W545-
W549.

[23] Craig, P., Dodge, G., and Bernstein, H. (2014) FASEB J. 28, 618-626.

[24] Seiler, C. Y., Park, J. G., Sharma, A., Hunter, P., Surapaneni, P., Sedillo,
C., Field, J., Algar, R., Price, A., Steel, J., Throop, A., Fiacco, M., and
LaBaer, J. (2014) Nucleic Acids Res. 42, D1253-D1260.

[25] McKay, T., Hart, K., Horn, A., Kessler, H., Dodge, G., Bardhi, K., Bardhi,
K., Mills, J. L., Bernstein, H. J., and Craig, P. A. (2015) J. Struct. Funct.
Genomics 16, 43-54.

[26] Bradford, M. M. (1976) Anal. Biochem. 72, 248-254.

[27] Farrell, S. O. and Taylor, L. E. (2005) Experiments in Biochemistry: A
Hands-on Approach, 2nd ed., Cengage Learning, Belmont, CA.

[28] Boyer, R. F. (2011) Biochemistry Laboratory: Modern Theory and Tech-
niques, 2nd ed., Pearson: Boston.

[29] Ninfa, A. J., Ballou, D. P., and Benore, M. (2010) Fundamental Laborato-
ry Approaches for Biochemistry and Biotechnology 2e, 2nd ed., Wiley,
Hoboken, NJ.

[30] Gerczei, F. T., and Pattison, S. (2014) Biochemistry Laboratory Manual
For Undergraduates, An Inquiry-Based Approach; De Gruyter Open:
Berlin.

11



