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Background

Cell-free protein expression systems can be used for a variety of
appllcatlons including biosensing & the expression of cytotoxic

proteins’.

Application for use in Cell-Free Biosensors

e Cell-free biosensor systems utilize bacterial lysates and buffers
to recognize the presence of a target within a given sample,
specifically through use of a synthetic gene circuit?
Synthetic gene circuits can be designed with regulatory
elements (ex. riboswitches, transcription factors) that detect
specific molecules and control the expression of fluorescent or
colorimetric reporters?
These biosensors are ideal because they require less
maintenance and have less biosafety concerns than working

with living cells.

Figure 1: Overview of
cell-free biosensor reaction
inspired by Zhang et al, for
an example of a synthetic
gene circuit expressing a
fluorescent reporter protein
In response to a target
analyte?.
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e Eukaryotic ribosomal proteins play an essential role in stabilizing
rRNA, and are critical to proper ribosomal biogenesis® 4

e Many RP mutations are connected to ribosomopathies such as
Diamond Blackfan anemia (DBA) and many cancers*~.

e Previous, failed RP expression in E.Coli systems demonstrates
potential cytotoxicity and need for CFE.
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Figure 2. Plasmid map of
sequence confirmed bacterial
expression vector pNH-TrxT with
human ribosomal protein S10’s
coding sequence inserted via
In-Fusion Cloning™ replacing the
SacB gene.

Each protein sequence insertion
includes a 6x-His (0.8 kDa®) and a
thioredoxin A (11.7kDa’) tags for
purification and solubility.

Preparation and Application of In-House

E. coli Cell-Free Protein Expression Kits

Objectives

e Prepare E. coli Cell-Free Extract for use in human ribosomal protein
expression and cell-free biosensor systems
Use the cell-free expression system to test different biosensor designs

In-vitro expression of RPs found to be cytotoxic in bacterial systems, such as
S6 and S27, in the cell-free expression system
Purification of and examination of produced RP without the post-translational
modification that occur in mammalian systems
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Figure 3: Lysate reaction samples reduced with BME, boiled and 5
uL loaded into 10% Bis-Tris gel and separated in MES running

buffer. SDS gel was transferred to nitrocellulose membrane in 1X

and analyzed by

western blotting as shown.
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Protocol adapted
from Silverman et.
al. We have been
adapting this
protocol to fit the
needs of our labs.
Particularly, our labs
are interested in
reducing reaction
volumes®.

Figure 4: Figure inspired by Silverman et al. This figure shows the step-by-step process of
the growth phase of the Cell-Free lysate protocol, which we will continue to further optimize®.
There is an optional runoff reaction listed in the protocol, it is not pictured in this figure
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Results & Discussion

Figure 5. This table shows the average fluorescence
output of the positive control T7p14-deGFP using the
myTXTL kit and the lab made Aberdeen cell-free
expression kit. The average values are taken over
multiple runs of each protocol. (2 Aberdeen and 3
myTXTL reactions)

Cell-Free Kit
Used

Average Fluorescence Value
for Positive Control (M
equivalent fluorescein)

myTXTL Rxn. 0.391 u M

0.111 uM

Aberdeen
Reagents Rxn.

MW
(kDa)
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Figure 6. Western blot of myTXTL lysate without Figure 7. Western blot of myTXTL lysate with
IPTG induction utilizing 1.5nM deGFP, 1.0nM 1mM IPTG induction, utilizing 1.5nM deGFP,

PNH-TrxT, 1.5nM pNH-TrxT-RPS6, 1.3nM 5.0nM pNH-TrxT, 4.37nM pNH-TrxT-RPS6, 5.0nM
PNH-TrXT-RPS10, 1.5nM pNH-TrXT-RPS12.and - N1 T« T-RPS 10, 2.73nM pNH-TrxT-RPS12 and
1.5nM pNH-TrxT-RPS27. 3.97nM, pNH-TrxT-RPS27.

e Lysate reactions Western blots of T/p14 deGFP (27kDa), and
His-Thioredoxin tagged RP: S6 (41.18kDa), S10 (31.40kDa), S12
(27.02kDa), and S27 (21.96kDa).

S10 and S12 acted as non-toxic controls and the pNH-TrxT empty vector
was utilized as a negative control for RP protein expression.

Imaging with anti-His antibody (upper) and with a loading control
anti-GAPDH antibody (lower).

DNA clean-up was critical for sample preparation to ensure a smooth run in
the gel. The myTXTL contains an 6xHis tagged accessory protein which is
expressed at ~ 12 kDa seen on the gels.

Future Directions

Develop in-house bacterial lysate synthesis protocol

Maximize commercial kit, myTXTL, expression via continued optimization
through DNA concentration/purity, and temperature

Isolate and purify expressed protein for future in-vitro reactions

Test different biosensor designs using in house-made lysate, and lowering
cost per biosensor reaction
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Abstract

Cell-free expression technology Is cutting-edge research that would allow
for increased flexibility, reliability, and versatility in the development of
plosensors. Ihis project Is a joint between the Molecular Diagnostics and
Cell-Ex labs in the FIRE program at the University of Maryland, in which
we examine the usabillity of cell-free expression for workflows that differ
from what they have been designed for, and conduct research into the
feasibility of creating our own cell-free extract for further experimentation.
In doing so, we determine the feasibility of using cell-free extract across
different lab workflows, the possibility of creating it , and the
cost-effectiveness of doing so versus commercial alternatives.
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