Notes on the Use of Ethanolamine in Protein Extraction & Purification

In the UMASS protocols document, ethanolamine is used at various stages of the PilA protein
extraction and purification process from a bacterial culture, specifically for the purposes of cell
resuspension, washing, and as a component in the buffer for the final purification steps.

When dealing with protein nanowires, such as PilA, produced by genetically modified E. coli, the
choice of reagents and protocols is critical to ensure the integrity, functionality, and purity of the
final product.

1.

Cell Resuspension:

After centrifuging the E. coli cells, the pellet is resuspended in 150mM ethanolamine (pH
10.5). Ethanolamine serves as a gentle buffer that helps solubilize membrane proteins
and other cellular components without denaturing them. The choice of ethanolamine at a
high pH (10.5) helps maintain the stability of the proteins of interest and potentially
increases their solubility, making the subsequent extraction steps more efficient.

In the context of protein nanowires like PilA, the initial step of resuspending cell pellets in
ethanolamine (pH 10.5) is designed to efficiently lyse cells and release their contents,
including the target protein, into solution. Ethanolamine acts as a buffering agent that
helps maintain a stable pH during this process. The high pH provided by ethanolamine
helps to denature unwanted proteins and disrupt lipid membranes without harming the
integrity of the protein nanowires. This specificity is crucial because protein nanowires
can be sensitive to pH and ionic strength changes, and the conditions need to be
optimized to maintain their conformation and functionality.

Washing:
The washing steps using ethanolamine serve multiple purposes.

First, they help remove soluble impurities, such as salts, small molecules, and other
proteins, that are not part of the target protein nanowires.

Second, the repeated washing in a controlled pH environment ensures that the protein
nanowires are free from cellular debris and other components that could interfere with
downstream applications. Ethanolamine's role here is to keep the protein nanowires
solubilized and stable, ensuring that the washing process does not lead to precipitation
or denaturation of the target protein.

Protein Purification Buffer:

Ethanolamine, at pH 10.5, provides a suitable environment that minimizes aggregation
and maintains solubility. This high pH can also help in selectively precipitating out



contaminants that are less stable at alkaline pH levels, thereby enriching the preparation
with the desired protein nanowires. Furthermore, the ionic strength and buffering
capacity of ethanolamine can be fine-tuned to optimize the binding and elution of protein
nanowires during chromatography or other purification steps.

pH Adjustment:

The addition of ethanolamine and subsequent pH adjustments (e.g., adding acetic acid
to achieve pH 10.5) are critical for maintaining an environment that preserves the
integrity and activity of the proteins during extraction and purification.

The pH affects the charge on the protein's surface, which in turn influences its solubility
and interaction with other molecules. For protein nanowires, which may have specific pH
requirements for stability and function, maintaining an alkaline pH can help preserve
their unique properties and facilitate their purification.

Buffer Choice:

The choice of buffer, including its components like ethanolamine, is based on several
factors, including the isoelectric point (pl) of the target protein, desired buffer capacity,
and the compatibility of the buffer with downstream applications. Ethanolamine provides
a suitable environment that meets these criteria for the PilA protein.

Controlling lonic Strength for Functionality: For protein nanowires, which may have
electrical or biochemical functionalities, changes in ionic strength can alter their
properties. For example, the electrical conductivity of protein nanowires in solution might
be affected by the concentration of ions, which influences charge transfer mechanisms.

What types of impurities are we filtering out and denaturing?

Unwanted Proteins: These can include host cell proteins that are not related to the
target protein nanowires. They could be enzymes, structural proteins, or other cellular
proteins expressed by E. coli. The presence of these proteins can interfere with the
characterization, functionality, and application of the purified protein nanowires. For
example, they might affect the electrical or mechanical properties of the nanowires or
hinder their interaction with other biomolecules in downstream applications.

Lipid Membranes: E. coli cells have a cell envelope consisting of an inner cytoplasmic
membrane and an outer membrane (in the case of Gram-negative bacteria like E. coli).
These lipid membranes can co-purify with the target protein nanowires, especially since
nanowires might be associated with membranes or pass through them. Lipid



contaminants can affect the purity and physical properties of the protein nanowires,
complicating their structural analysis and functional testing.

At alkaline pH, certain lipid components can become more soluble or form micelles,
which can be separated from the protein nanowires during centrifugation or filtration
steps. Furthermore, the alkaline pH can disrupt lipid-lipid and lipid-protein interactions,
aiding in the breakdown of membrane structures and facilitating the release of
membrane-associated protein nanowires.

Ethanolamine and Triton:

Counteracting the Effects of Detergents:

Triton X-100 Removal: Triton X-100 is a non-ionic detergent used to solubilize proteins
and break down lipid membranes, making it easier to extract proteins from cells.
However, the presence of Triton X-100 in the sample can interfere with downstream
applications or analysis of the pili. Ethanolamine can help dilute the detergent to levels
where its effects are minimized, and its amphipathic nature can aid in keeping the
protein nanowires solubilized even after the reduction of detergent concentration.

Protecting Protein Structure: Detergents like Triton X-100 can destabilize the protein
structure if not removed or diluted properly. By adjusting the solution with ethanolamine,
the aim is to protect the structural integrity of the pili during the detergent removal
process, ensuring that the nanowires remain functional and intact.

Facilitating the Filtration Process:

Optimizing Conditions for Filtration: The filtration process, especially when using a
stirred cell filter system or membrane-based filtration, requires the sample to be in a fluid
state that facilitates easy passage through the filter membrane. Ethanolamine can help
adjust the viscosity of the solution and ensure that the pili are in a suitable state for
filtration, improving the efficiency of the process.

Compatibility with Filter Membranes: Some buffer components can interact with filter
membranes, potentially leading to clogging or reduced filter efficiency. Ethanolamine is
generally compatible with a wide range of membrane materials, ensuring that the
filtration process is not hindered by the buffer choice.

Enhancing Protein Recovery:

Maximizing Yield: The ultimate goal of any purification step is to recover as much of the
target protein as possible. By using ethanolamine to dilute the pili solution before and
after using Triton X-100, the process is optimized to maximize the yield of pili by



maintaining them in a soluble, stable state that is conducive to efficient filtration and
recovery.
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