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Enhancing the Pharmacokinetic Profile of Protein-Based Drugs
ABSTRACT

Many protein-based drugs have limited efficacy due to a short half-life or require intravenous delivery because of low bioavailability when
given subcutaneously. Extend Biosciences is developing proprietary carrier molecules that will allow proteins to access a transport pathway
for efficient delivery to the vascular space and then maintain a sustained presence in circulation. This would be of particular importance in
the development of longer-lasting versions of bioscavenger proteins that could then be delivered subcutaneously and become bioavailable
within minutes of administration. In this project, one of Extend Biosciences’ carrier molecules will be conjugated to two bioscavenger
proteins of interest to the military as further proof-of-concept for the technology. The modified bioscavengers will be assayed in vitro to
ensure that the carrier molecule does not disrupt functional activity. Following success in Phase I, the Phase 1I studies would test the
modified bioscavengers for their improved half-life and bioavailability when delivered subcutaneously in an appropriate animal model, and
test whether the modified protein induces toxicity or an immune response. This project will demonstrate the feasibility of improving the half-
life and bioavailability of bioscavenger proteins that could be applied to numerous other protein-based drugs including those used in
Chemical and Biological Defense treatments.
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Deliverables: Data on the Carrier:Protein ratios (CONFIDENTIAL)

Work Period: 04/25/14 — 05/25/14

Task 1. Confirm that the carrier molecule(s) are attached to purified BCHE and
PON1 by mass spectrometry.

During the previous work period, BCHE was deglycosylated and purified using ZipTips
(Millipore) and submitted for MS analysis to Boston University’s Core Facility. We
received the results after a long delay due to equipment-related problems. No products
within the correct mass range were detected.

An identically prepared sample of BCHE was deglycosylated and purified and sent to the
core facility at Yale University as a backup. Again, we experienced a long delay due to
instrument calibration and throughput issues. We did receive results and observed a
strong signal for deglycosylated BChE with peaks at 66.1, 67.8, and 69.7 kD. This
correlates well with the theoretical mass of 65 kD for the completely deglycosylated
protein and indicates that glycosylation is not complete. The spectrum for native BChE
did not yield any signal above background; this is expected due to the very
heterogeneous nature of the glycosylation. Both of the above academic facilities used
electrospray ionization (ESI) MS.

As an alternative to ESI and academic core facilities, identical samples were submitted
to HT Laboratories (San Diego, CA) for MALDI-TOF MS analysis. A very broad signal
for native BChE was obtained with a peak at 78 kD (range at half-peak height = 70-80



kD). A narrower, but still broad peak for deglycosylated BChE was observed at 66 kD
(range 63.5-69 kD). This mass range correlates with the expected mass and the ESI
MS results described above.

The next goal is to observe an increase in mass upon conjugation of the carrier molecule
to BChE. To this end, BChE was reacted with 0, 3, or 10 equivalents of the NHS-
activated carrier. The reactions were deglycosylated, desalted by ZipTip, and submitted
for MALDI-TOF MS analysis. The 0 equivalent control reaction yielded a peak centered
at 65.7 kD, while the 3 and 10 equivalent reactions were 69.4 kD, an increase of 3.7 kD
corresponding to 1.5 carriers per BChE.

We have signed the amended Material Transfer Agreement (MTA) from the University of
Nebraska to obtain Dr. Oksana Lockridge’s CHO-K1 cell line that expresses BCHE for
expression and purification for work in Phase Il. We expect to obtain the cell line from Dr.
Lockridge in the next reporting period.

We are actively interviewing candidates for an open position for cell culture and protein
purification related to the project.

During the work period, Extend Biosciences also undertook some independent research
and development (IR&D) activities. We would like to obtain additional proof-of-concept
data for the use of the technology.

During this work period, no problems were encountered. No changes to the planned
schedule have occurred.

Proposed Work for the Following Period: 05/25/14 — 06/25/14

During the next month, we will continue to work on the MS analysis and will move on to
testing and characterizing different reaction conditions including higher carrier to BChE
ratios. We hope to be able to receive the cell line in-house. We will hope to hire an
appropriate candidate that has cell culture expertise.

Extend Biosciences will continue working on a small IR&D project. No bid and proposal
work is expected during this period.



