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Major Goals: We requested funds for a state-of-the-art SpectraMax iD5 Multi-Mode Microplate Reader with a
StakMax plate handling system. This five-mode platform can measure absorbance, fluorescence, luminescence,
time-resolved fluorescence (TRF), and tunable fluorescence polarization (FP) in samples. The platform uses a
xenon flash lamp and an ultra-cooled photomultiplier tube (PMT) that reduces background noise for excellent
sensitivity and a wide dynamic detection range. The system includes 2 injectors for flash kinetics measurements
and the StakMax plate handling system enabled the automated reading of up to 50 microwell plates. The system
dramatically upgrades and enhances the research activities of several projects at Columbia University that have
been funded by, or will be submitted for funding to, the Department of Defense. The PI of this proposal, Scott
Banta, is currently funded as PI on two ARO grants (W911NF-19-1-0325, Program Officer Dr. Dan Cole) and
W911NF-18-1-0239, Program Officer Dr. Bob Kokoska). The Pl is also funded as a co-Pl on an ARO MURI grant
(W911NF-14-1-0263, Program Officers Dr. David Stepp and Dr. Robert Mantz). The Pl has had a Molecular
Devices SpectraMax M2 Microplate Reader in continuous operation for over 15 years, and this system has been
used to support the research activities of at least 10 DoD-funded grants and has been used for the collection of
data in at least 50 peer-reviewed manuscripts. The new SpectraMax 1D5 is a transformative upgrade for this
essential research tool. In addition to supporting multiple Defense-related projects at Columbia University, the
SpectraMax iD5 Microplate Reader will be incorporated into the educational activities within the Department of
Chemical Engineering at Columbia University. Enzymatic reaction measurement techniques will be incorporated
into two relevant courses. The Microplate reader will also be used by postdoctoral, graduate and undergraduate
researchers as well as local high school students through the Columbia University Inside Engineering program and
the HYPOTHEKkids (HK) Maker Lab summer program. Therefore, the funding of this DURIP proposal significantly
enhances both research and research-related education at Columbia University.
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Project Status

The requested funds ($86,846.33) were used for the purchase of state-of-the-art
SpectraMax iD5 Multi-Mode Microplate Reader with a StakMax plate handling system as
well as two SpectraDrop Micro-Volume Spectrometers and a Sorvall Legend Refrigerated
Microcentrifuge.

Molecular Devices is a world leader in the development of microplate reading systems with over
30 years of experience. The following is an itemized list of the equipment received:

SpectraMax iD5 Multi-Mode Plate Reader (id5-INJ) $44,627.60
StakMax Plate Handling System (Stakmax) $17,480.56
SpectraMax iD5 ScanLater Set (6590-0147) $4,011.25

Includes Enhanced TRF Module and Membrane Holder for Western Blots
SpectraDrop Quick Drop Micro-Volume Spectrophotometer (2 Units) $11,888.88

SpectraDrop Micro-Volume Starter Kit (0200-6282)

$2,890.63

SpectraMax Adapter — 24-well sample slides, Sample covers, Storage Case
Sorvall Legend Refrigerated Microcentrifuge (Fisher 75 002 446) $5,947.41

Total: $86,846.33

The Microplate reader, Plate handling system, Spectrophotometers, and Centrifuge were received
in 2021 and early 2022 are all located in the new Banta Lab (Room 440) located in the Mary
Woodard Lasker Biomedical Research Building located at 3960 Broadway, New York, NY 10032

Supporting Information

Microplate readers are workhorse instruments in all
biomolecular engineering laboratories[3-5].  These
systems allow optical measurements to be taken in small
samples in disposable plastic plates. Over the last 18
years, the Banta Lab has used a Molecular Devices
SpectraMax M2 Microplate Reader (purchased in 2005)
to perform a wide range of critical experiments
including: cell quantification, DNA quantification,
protein quantification, colorimetric Kkinetic assays,
fluorescent Kkinetic assays, and luminescent Kinetic
assays. The system is able to shake a single plate and
incubate the plate at temperatures up to ~50°C. This
system has been used by every postdoctoral fellow,
graduate student, and undergraduate student that has
been in the Banta Lab at Columbia University. The old M2 Microplate reader is still functional
and will serve as a back-up for as long as it is operational.

With the DURIP award, we purchased a new SpectraMax iD5 Multi-Mode Microplate Reader
(Fig 1) with a StakMax plate handling system. This substantially upgrades our capabilities in
numerous ways which will dramatically increase our research activities including those
supported by three current DoD-funded grants. The new microplate reader has introduced
four significant new capabilities that will specifically advance our research productivity.

Fig 1. SpectraMax iD5 Multi-Mode
Microplate Reader. StakMax plate
handing system not shown.




First, the SpectraMax iD5 has a StakMax plate handling system so that up to 50 microplates
can be automatically fed into the system and measured optically. We routinely read one 96-welled
plate at a time, changing them into the machine by hand. The new microplate reader can read 6 to
384-well microtiter plates and the StakMax will automatically feed and read up to 50 plates. Thus
19,200 different measurements could potentially be made in one day. This will lead to a game-
changing increase in throughput.

Second, the SpectraMax iD5 will have internal injectors for delivering reagents to the plate
wells. Previously we have used pipettes to quickly inject a reagent and then the plate is inserted
and the door is closed before measurements could be made. This is acceptable for slow reactions;
however, faster reactions could not be monitored using this method. For example, as part of our
ARO-funded MURI award we were exploring the development of tethered ATP-swing arms for
substrate channeling applications. ATP concentrations are routinely measured using the
luminescence produced by the luciferin/luciferase reaction[7]. The addition of the enzyme or the
substrate creates a burst of light that is proportional to the ATP concentration. Generally, this
reaction was too fast, and the students had to use a plate reader with injector capabilities in a
Chemistry laboratory on the other side of the campus. The ability to automatically inject a reagent
or enzyme into the plate wells to start a reaction will dramatically improve the quality of the data
we can collect and allow us to perform assays in our lab that were previously not possible.

Third, the SpectraMax iD5 will allow us to perform Time-Resolved Fluorescence (TRF)
measurements. A challenge in fluorescence intensity measurements is that the fluorescence
emission times are short and there can be background signals from the excitation light and from
other materials in the samples. In TRF, a lanthanide fluorophore (terbium or europium) is used,
which has a long-lived fluorescence emission. Thus dramatically better signal-to-noise ratios can
be obtained by exciting the sample and measuring just the longer-lifetime lanthanide emissions[8].
We have previously used fluorescent proteins to measure distances in synthetic biomaterials via
fluorescent resonance energy transfer (FRET)[9]. The new SpectraMax 1D5 will enable time
resolved FRET (TR-FRET) which will be a tremendous new capability allowing for sensitive
measurement of distances in our protein and DNA samples.

Finally, the SpectraMax iD5 will allow us to perform Fluorescence Polarization (FP)
measurements. When samples are excited with polarized light, the emitted light can be polarized
depending on the mobility of the fluorophore. Large proteins and complexes produce polarized
signals while small, fast moving molecules such as cofactors are depolarized when free in solution.
This effect allows for binding interactions to be monitored in solution and is especially valuable
for monitoring the freedom of intrinsically fluorescent molecules such as the nicotinamide
cofactors[10]. We perform extensive enzyme Kinetics in the Banta Lab and methods to determine
the dissociation constants of cofactors reduces the uncertainty in the determination of other Kinetic
rate constants[11] and can elucidate the impacts of mutations on the formation of the
enzyme/cofactor complexes. We previously made these types of measurements one at a time using
a circular dichroism spectrometer and the ability to do these measurements in a microplate would
substantially enhance our productivity and the accuracy of our kinetic measurements.

With price changes and discount from Molecular Devices, we were able to purchase additional
equipment with the same budget price. In addition to performing kinetic assays with the microplate
reader, we routinely use the platereader to measure biomolecule concentrations in cuvettes. DNA
has a characteristic absorbance at 260 nm and proteins have a characteristic absorbance at 280 nm.
Quantification of DNA and protein concentrations is performed routinely by every member of the
laboratory, and this can be challenging when the microplate reader is being used for longer



experiments. Therefore we were able to purchase 2 SpectraMax QuickDrop Micro-Volume
Spectrophotometers. These systems can quantify very small amounts of DNA, RNA, and
proteins with sample volumes as low as 0.5 pL. The systems have a small footprint, 4 sec read
times and no moving parts. In addition, funds were available to purchase a Sorvall Legend Micro
R21 Microcentrifuge. This is a workhorse instrument for centrifuging up to 24 microcentrifuge
tubes under refrigeration at up to 20,100xg. This capability is essential for all DNA and protein
isolation protocols and will dramatically increase the experimental throughput in the laboratory.

The SpectraMax iD5 Multi-Mode Microplate Reader is being used at Columbia
University in several Defense-related research projects including two different ARO-funded
grants as well as an ARO-sponsored Multi University Research Initiative (MURI) grant. The
last SpectraMax Microplate reader we purchased in 2005 is still functional and is used routinely.
We expect the new SpectraMax iD5 will have a similar longevity and will be enabling cutting-
edge research discoveries in the Banta Lab for at least the next 15 years. The specific
application of the Microplate Reader for the currently funded ARO projects is outlined below.

ARO Grant: Modulation of Enzymatic Reaction Trajectories via Applied Mechanical
Forces (W911NF-19-1-0325)

Enzymes have evolved with remarkable activities, and selectivities. This is accomplished
through the intricate formation and stabilization of catalytic transition states. In many cases
enzyme structures are dynamic, with subtle conformational changes potentially occurring during
reactant binding, catalysis and product release[12-15]. There is a growing appreciation that
mechanical forces are involved in catalytic pathway trajectories[16-18] and we hypothesize that
that addition of applied external mechanical forces could be exploited to influence kinetic
steps thus directing alternative catalytic reaction trajectories. This hypothesis will be explored
using both simple DNA springs[19] and DNA tweezers[20, 21] as well as more complex DNA
origami tweezers[22] and DNA origami force clamps[23]. These tools will be used to apply
tension and compression forces in and around the active site of the thermostable alcohol
dehydrogenase D (AdhD) enzyme from Pyrococcus furiosus[24, 25]. These efforts will further
elucidate the importance of applied mechanical forces on the biocatalytic mechanisms and will
help inform efforts focused on the design and development of synthetic and biomimetic enzymes
and biocatalysts.

The PI on this DURIP proposal, Scott Banta, is the PI of this recently funded grant
from ARO (W911NF-19-1-0325, Program Officer Dr. Dan Cole). The new Multi-Mode
Plate Reader will significantly augment all of the Specific Aims of the project.

Specific Aim 1: To introduce DNA springs and small DNA tweezers to multiple sites across
several loops over the active site of AdhD to identify hot spots and to begin to explore the impact
of mechanical stresses (tension and compression) on the steady state kinetic behavior of the
enzyme. This high throughput approach will allow us to identify locations in the enzyme where
applied forces can deform the active site, leading to altered activities, selectivities, and stabilities.

Specific Aim 2: To use DNA origami tweezers and DNA origami force clamps to apply varying
directional forces between key sites near the AdhD active site to characterize the impact of
calibrated forces on the steady state kinetics behavior of the enzyme. The use of DNA origami
tweezers and force clamps will allow for the introduction of varying and calibrated forces at a



single location, enabling the probing of the effects of increasing force on reaction activity,
selectivity, and stability.

Specific Aim 3: To demonstrate dynamic and controllable changes in catalytic activity that can
be achieved by altering applied forces to the enzyme during catalysis. An advantage of the DNA
force approach is that the forces could be applied or released during the catalytic turnover of the

enzyme. The activity of the
enzyme will be monitored in
real time, and the effect of force
application or removal on the
reaction trajectory will be
quantified.

All 3 of the Specific Aims
of this proposal will involve
the collection of enzyme
kinetic data to assess the
impacts of the applied forces
on the performance of the
enzymes. We routinely
performed these assays in our
existing  SpectraMax M2
microplate reader, however
time on the machine must be
shared between the existing
projects in  the Banta
Laboratory, including other
ARO-funded grants. The new
iD5 Microplate Reader allows
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Fig 2. Overview of experimental approaches that will be explored in
the research. The kinetic activity of the AdhD enzyme has been
extensive investigated, and a library of AdhD mutants with fused short
ssDNA oligonucleotides will be created so that different anchoring
points can be explored. DNA springs and small DNA tweezers will be
used to apply tension and compression forces on the anchoring points to
identify “hot spots” that lead to altered kinetic activities. More elaborate
DNA origami structures (tweezers and force clamps) will be explored
with better calibrated distances and applied forces to explore how forces
in and around the enzymatic active site can be used to drive enzymatic
specificities and reaction trajectories.

more time to be devoted to this
project, increasing the number
of Kinetic assays that can be performed during the lifetime of the grant. And the addition of the
fluorescence polarization capability will allow us to measure cofactor dissociation constants of
the enzymes[10] which will significantly improve our ability to quantify the kinetic parameters
for the enzymes, which is a capability we have not had in a 96-well plate format.

A central goal of the project will be to characterize the impact that small applied forces have
on the kinetics of a model enzyme (Fig 2). Currently we are working on site-specifically attaching
single stranded DNA oligonucleotides to unique positions on the enzyme. This will allow us to
build DNA springs, tweezers, and force clamps with DNA origami and apply forces across the
enzymes in different configurations. A critical challenge in this work will be the determination
of whether the DNA origami structures have been properly assembled and if they are in a
configuration that will produced the desired applied forces. We will attach fluorophores to the
DNA origamis and the enzymes which can participate in non-radiative dipole-dipole coupling[26].
This will allow us to make FRET and TR-FRET measurements, allowing us to characterize spatial
arrangements and estimate the distances between the ends of the DNA origamis[27] from which
we can calculate the magnitude of mechanical stress applied on the enzyme. Thus, we will be able




to characterize the applied mechanical stress on the enzymatic activity of AdhD before and
after performing kinetic experiments. The ability to perform kinetic assays and TR-FRET on
the same samples was not possible in the old Microplate reader. And the StakMax system will
allow us to measure the TR-FRET in a large number of samples, which cannot be done currently.
In addition, we will be able to vary the temperature from ambient up to 66°C would which will
allow us to take advantage of the extreme thermostability of the AdhD enzyme.

In summary, the new SpectraMax iD5 microplate reader dramatically improves the research
capabilities that can be brought to bear on this funded project. We will be able to substantially
increase our ability to perform the kinetic characterization of the enzymes and will be able to
estimate the applied mechanical forces in a high-throughput manor that is not possible with our
existing equipment.

ARO Grant: Characterizing and Enhancing Biological Corrosion of Metals (W911NF-
18-1-0239)

Metal oxidizing bacteria are able to use the oxidation of metals as an energy source for growth,
and they play an important role in mining operations as they can help to liberate valuable metals
from lean ores[28, 29]. These cells can also contribute to microbiologically influenced corrosion
(MIC)[30] and this has led to interest in understanding metal/microbial interactions to ensure the
protection of metallic materiel. We have been interested in characterizing and engineering the
iron-oxidizing bacterium Acidithiobacillus ferrooxidans for the improved performance in mining
operations and for the production of biochemicals from CO[31-36]. The overarching goal of
this grant was to develop A. ferrooxidans strains and culture conditions to enhance the MIC
activity for a wide range of metals and alloys. This will be accomplished through the
fundamental investigation of the MIC capabilities of the wild type cells, the investigation of culture
conditions and additives to improve MIC, and finally the genetic modification of the cells to
produce additives that will enhance MIC. The completion of his project will be used to
demonstrate that cells and culture conditions can be developed that will lead to enhanced corrosion
abilities which could be used to reduce the environmental impact of military activities and could
be used to rapidly oxidize various metallic objects. In the future, engineered organisms could
eventually be used for the recycling of electronic waste, for the rapid degradation of unwanted
material, and eventually to obtain useful chemical or electrical energy from scrap metal resources.
Therefore, there are potential new opportunities to alter the life cycle of metal resources
using biotechnology approaches.

The PI on this DURIP proposal, Scott Banta, is the PI of this funded grant from ARO

(W911NF-18-1-0239, Program Officer Dr. Bob Kokoska) which ended May 2021. Professor
Alan West in the Department of Chemical Engineering at Columbia University is the co-Pl.
A new Multi-Mode Plate Reader will significantly augmented all of the Specific Aims of the
project.
Specific Aim 1: To fundamentally characterize with electrochemical and surface-science methods
the MIC of metals and alloys by wild type A. ferrooxidans cells. There has been significant prior
work in the mining space to understand the oxidation of certain metal ores and we will expand this
research to better understand the oxidation of military-relevant metals and alloys.

Specific Aim 2: To evaluate chemical additions that would enhance the MIC of metals and alloys
that are recalcitrant to oxidation by the bacteria alone. Chemicals (such as acetone, glycerol,



ethylene glycol, etc.) that can enhance MIC by disrupting passivation layers will increase the
efficiency of the microbial oxidation of metals and alloys.

Specific Aim 3: To explore the feasibility of genetically modifying A. ferrooxidans cells to
produce additive compounds that would enhance metal and alloy microbial oxidation. Potential
toxicity of the additives will be evaluated and metabolic engineering approaches will be explored
to engineer A. ferrooxidans cells to produce chemical additives, such as acetone, glycerol or
ethylene glycol. The ability of these cells to oxide a range of metals and alloys beyond the
capabilities of wild type cells will be evaluated.

All 3 of the specific Aims in this proposal rely
on our ability to quantify the optical properties of
samples for the evaluation of cell densities, DNA
concentrations, protein concentrations, and
solution turbidities. We have recently discovered a
new aerobic corrosion mechanism where the
introduction of pyrite, chloride, and A. ferrooxidans
cells can lead to thiosulfate production in a low pH
environment that can cause the rapid corrosion of
stainless steels[2] (Fig 3.)

Currently many of these measurements are made | Fi9 3: Newly discovered mechanism for the
using a NanoDrop system which allows for small aerobic corrosion of stainless steel[2]. 1.

_ Pyrite is oxidized by ferric ions. 2. chloride can
volumes (1-2 pL) and these measurements are pit the surface. 3. Thiosulfate can oxidize the

typically made' one at a time. _ The two NEW | surface leading to sulfur deposition. 4. Protons
SpectraMax Quick Drop systems will accelerate this | can corrode the steel. 5. A. ferrooxidans cells

work as well as the new iD5 Microplate Reader, | regenerate the ferric iron.
which can use SpectraDrop Micro-volume plates
which allow for 64 samples as small as 2 pLL to be measured and these Micro-volume plates are
compatible with the StakMax automated plate reader. This allows us to automate the tedious
reading of microscale samples, dramatically increasing research productivity.

In addition, the iD5 Microplate Reader can be used to scan Western blots when the secondary
antibody is tagged with a lanthanide. This exploits the TRF capabilities of the system enabling
sensitive measurements of proteins in samples. We routinely run Western blots in the Banta Lab
and we have scanned them using a system available in another laboratory. This will allow
Western blots to be scanned in the laboratory, saving time and streamlining our research.

In summary the SpectraMax iD5 Microplate Reader will dramatically improve our
productivity on this research project as we will be able to automate the reading of small volume
samples and we will gain the ability to scan our own Western blots. This is in addition to increasing
the access to the microtiter plate for other enzyme kinetic and endpoint measurements.

ARO MURI Project: Bio-inspired Design of Adaptive Catalysis Cascades (W911NF-14-1-
0263)

A key feature of cellular metabolism is the use of spatial organization of enzymes in self-
assembling complexes termed metabolons[37]. These structures limit distances between active
sites and enable substrate channeling, which results in enhanced local substrate concentrations and
the protection of liable intermediates[38]. Many groups have begun to explore spatial organization



of enzymatic active sites, and thus far it has been clear that
spatial organization can lead to enhanced pathway
throughput in both natural and synthetic multi-step
cascades[39-41]. For example, we have performed the
first protein engineering study in the citrate
synthase/malate dehydrogenase metabolon complex[1]
and shown that a single mutation can dramatically
decrease the substrate channeling effect[6] (Fig 4).
However, these promising results are just the “tip of the
iceberg”, as further catalytic improvements will be gained
with increasing organizational complexity, including the
incorporation of novel substrate channeling pathways,
electron transfer relays, and metabolons into advanced
materials.

Citrate
Fig 4. Structure of metabolon formed by

citrate synthase and malate
dehydrogenase[1]. The structure was
determined via cross-linking and mass
spectrometry. A single mutations at the
protein interface has been shown to
dramatically reduce substrate channeling
between these enzymes[6].

The PI on this DURIP proposal is a Co-PIl and
Thrust Leader on an ARO MURI Award “Bio-
inspired Design of Adaptive Catalysis Cascades (W911NF-14-0263) (Program Officers, Dr.
David Stepp and Dr. Robert Mantz). The Pl of the collaborative team is Dr. Shelley Minteer,
University of Utah. The other team members involved in this proposal are Dr. Plamen Atanassov
from the University of New Mexico, Dr. Scott Calabrese Barton from Michigan State University,
Dr. Matthew Sigman from the University of Utah, and Dr. lan Wheeldon from the University of
California, Riverside.

Analysis of natural metabolons provides clear evidence of the importance of spatial
organization, in terms of inter-catalyst distance and ratio of catalyst activities, for effective multi-
step catalysis. The focus of Thrust I, led by Prof. Scott Banta, is to develop new nanoscale and
biomolecular engineering tools to precisely control the spatial organization of hybrid
cascades of inorganic, organo-, and enzyme catalysts and to use these novel catalysts to
understand the effects of spatial proximity on cascade catalysis. The working hypothesis is that
effective coupling of a sequential reaction along a cascade requires precise catalyst co-localization.

One of the projects within in the highly successful MURI program is the development of
substrate channeling mechanisms that resemble the “swing arms” found in the pyruvate
dehydrogenase complex (PDC)[42] which catalyzes the oxidative decarboxylation of pyruvate to
acetyl-CoA. We have developed a synthetic analog for cofactor regeneration, where two
dehydrogenase enzymes (formate dehydrogenase
and malate dehydrogenase, for example) are
tethered by the spycatcher/spytag protein capture
platform[43, 44]. PEG chains are then used to
tether the NAD(H) cofactor to the enzymes[45].
This allows for successive oxidation and reduction
reactions to occur without the need to add soluble
cofactors, and instead electrons are transferred by
the PEG swing arms (Fig 5).

We have performed extensive characterization
of the steady state kinetics of this newly designed
formate:malate oxidoreductase[46]. We found
that the enzyme follows a bi bi ping pong

NAD(H) NAD(H)

Fig 5: Substrate channeling by synthetic swing

arms. NAD(H) is tethered to a designed fusion
protein complex containing two different
dehydrogenases. When combined electrons can be
transferred between active sites without the need
for addition cofactor.




mechanism and that the Ku values for the substrates match the Km values of the parent
dehydrogenases. Unfortunately, the kcat value was very low, likely due to limited electron transfer
between activite sites due to limited number of cofactor-modified swing arms. We also found that
the fusion protein degraded over time leading to a modest total turnover number.

We have recently greatly improved this result by increasing the number of NAD(H) swing
arms on the protein and localizing them to the middle of the fusion protein where cleavage may
be occurring. We increased the potential number of swing arms from 4 up to 7 and found a 6-fold
increase in the Keat value and a 50% increase in the total turnover number.

In the coming year, we have applied for Add-On funding to our MURI award to explore native
cofactor swing arms. It has been discovered that RNA molecules can be occasionally capped with
NAD(H) on their 5” ends[47, 48], and this can be enhanced by some genetic modification[49].
NAD(H)-capped RNAs will be evaluated as potential swing arms and these swing arms could
eventually be captured and tethered to fusion proteins in vivo. The SpectraMax iD5 Microplate
reader will accelerate this project as we will need to perform extensive enzyme kinetics with the
NAD(H)-capped RNA molecules and we will rely on the fluorescence polarization of the cofactors
to characterize NAD(H)-capped RNA binding by the proteins. This is a capability we currently do
not have in the laboratory.

In summary, the new iD5 Microplate reader substantially improves our experimental
capabilities on this project as we work to explore whether cofactor-capped RNA molecules could
be used to engineer novel substrate channeling mechanisms in living cells. The fluorescence
polarization capabilities will be essential for this effort and will dramatically improve our ability
to advance this research.

Research Related Education at Columbia University

The Fu Foundation School of Engineering and Applied Science at Columbia University aims
to prepare engineering leaders who will solve the problems of the new century, while fostering
scientific inquiry but never losing sight of its human implications. The School’s programs are
designed to produce well-educated engineers who can put their knowledge to work for society.
Through a synergy of teaching and research, the school seeks to educate a distinguished
cadre of leaders in engineering and applied science who will thrive in an atmosphere of
recently emerging technologies.

This mission is accomplished in the Department of Chemical Engineering through a
curriculum that is grounded in core engineering fundamentals, and augmented with elective
courses that offer exposure to cutting-edge technologies and techniques. The new iD5 Miroplate
Reader requested in this DURIP proposal will be incorporated into multiple courses including the
required Undergraduate Introduction to Chemical Engineering course (CHEN2100),
Undergraduate Independent Research courses (CHEN 3900), as well as the Graduate-level Protein
Engineering (CHEN4800). In addition, the Microbial Growth and Characterization Suite will be
utilized by dozens of undergraduate, graduate, and postdoctoral scholars in the Banta laboratory.

Incorporation of Protein Purification Concepts into the Undergraduate Curriculum

The first required course in the Chemical Engineering Department curriculum is the
Introduction to Chemical Engineering course for undergraduate students. The goals of the course
include an introduction Chemical Engineering, introduction to engineering calculations, and
introduction to material and energy balances. One of the distinguishing features of Chemical
Engineering as compared to other related Engineering disciplines is the study of chemical



reactions, chemical reactors, and other topics in applied chemistry. The expertise of the PI lies in
the Bioengineering area and thus Bioengineering concepts are introduced throughout the semester.
For the last several years, a few example problems have been used to guide discussions throughout
the semester, and one of the main examples has involved a process where seaweed (kelp) is
converted to a biofuel (jet diesel). These discussions include a focus on biological reactions and
enzyme kinetics. This includes an explanation of modern laboratory experiments including
enzyme assays. The PI has taught this course every Fall semester since 2016, including a remote
version in Fall 2020 and a hybrid version in Fall 2021. Undergraduates in the department of
Chemical Engineering benefit from exposure to the SpectraMax iD5 Microplate Reader in
the Introduction to Chemical Engineering course.

Characterization of Recombinant Proteins in the Protein Engineering Graduate Elective

The Protein Engineering graduate elective was offered for the first time by Pl at Columbia
University in the fall semester of 2005. In the fall of 2006, the course was offered through the
Columbia Video Network, which allowed students from around the world to enroll and participate
in the class. The course has been offered frequently since then using CVN to broaden the audience
for the material. The course is aimed at senior undergraduates and graduate students and it
introduces fundamental tools and techniques currently used to engineer protein molecules. The
course covers the methods used to analyze the impact of protein mutations on different protein
functions, with a specific emphasis on enzymatic catalysis. Throughout the semester specific case
studies are used to reinforce the concepts covered in the course, as well as to demonstrate the wide
impact of protein engineering research. A significant portion of the course is devoted to the
understanding of genetic engineering techniques including recombinant protein expression and
characterization. The course was last offered remotely during the Summer of 2021. The
capabilities of the SpectraMax iD5 Microplate Reader are covered in the Protein
Engineering class and students will have the opportunity to visit the lab in the future and
observe the functions of the equipment in the laboratory thus increasing their exposure to
modern protein engineering methodologies.

Postdoctoral, Graduate, and Undergraduate Research Experiences

Columbia is a world-renowned institute of research excellence. Training opportunities at the
postdoctoral, graduate, and undergraduate levels are available in the labs of the PI on this proposal.
Due to some recent graduations and a hiring freeze implemented due to the Covid-19 pandemic,
the lab group is smaller than normal. Currently, the group includes 2 postdoctoral fellows, 6
graduate students, 1 masters student and 4 undergraduate students, and this will expand further in
the future. All of the students in the laboratory will use the SpectraMax iD5 Micorplate Reader,
QuickDrop systems, and the microcentrifuge. Many of the projects will be directly related to the
grants described above that are of direct interest to the DoD, as well as, other ongoing and future
research projects that the new equipment will enable. These activities will help to train the next
generation of experimentally adept and quantitatively oriented investigators.

Local Middle and High School Students

Over the summers prior to the pandemic, the Pl has participated in a Columbia Engineering
Outreach lab visitation program called Inside Engineering, which is an exciting opportunity both
for local schools and faculty members to reinforce and reinvigorate the K12 science curriculum.
The program is aligned with Common Core State standards and meets a critical need for more



math and science field trips, especially relevant for NYC public schools serving under-represented
minorities and other high need communities. Inside Engineering is partnering with Explorable
Places, an educational technology start-up company dedicated to connecting educators with
meaningful experiential learning opportunities to take the program to scale and reach more under-
represented minority students around New York City. Every June, for the last four years, 61" grade
students from Mott Hall II visited the PI’s lab and participated in DNA extraction experiments.
The students are shown how DNA is quantified in the laboratory using a microplate reader. This
program will be expanded to include additional schools in the year going forward.

The Pls will also participate in the HYPOTHEKkids (HK) Maker Lab summer program at
Columbia University. The Hk Maker Lab is an intensive six-week summer program to learn the
foundations of design. Focusing on addressing a health problem, participants design, prototype
and test a biomedical device and develop an associated business plan. The program culminates in
a presentation to leading executives from the biomedical community. The ultimate goal of the Hk
Maker Lab projects is to have them be incubated using the state-of-the-art facilities at Harlem
Biospace. In previous summers, the Pl hosted two local female minority high school students in
his lab as part of the HK Maker Lab program. The P1 plans to host additional students through
this program going forward and the students will use the SpectraMax 1D5 microplate reader
as part of their summer research.
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