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Abstract

Purification of recombinant amyloidogenic proteins can sometimes prove challenging due in part to their aggregation-
prone character. Here, we demonstrate how we were able to use Bio-Rad’s Nuvia Q Resin to successfully purify one

such protein, transthyretin (TTR).

Introduction

TTR is involved in both senile and familial forms of amyloidosis.

Over 100 amyloidogenic mutations have been reported

and they represent the most common cause of hereditary
amyloidosis. Purification of recombinant TTR can be
problematic due to its aggregation properties, which prevent
the use of acidic buffers or denaturant agents. Purification
of recombinant TTR is typically performed by salting out
TTR using an ammonium sulfate precipitation procedure.
This procedure requires an extra purification step to isolate
TTR from contaminating DNA and coprecipitating proteins.
Since TTR has an isoelectric point of 5.7, we used high-
capacity Nuvia Q Anion Exchange Resin to effectively purify
it under neutral buffer conditions.

Materials and Methods

Recombinant TTR was produced in BL21(DE3)pLysS
Escherichia coli cells (Merck Millipore Corporation). The cells
were harvested by centrifugation (Avanti J20-XPI, Beckman
Coulter, Inc.) and lysed using thermal shock and sonication
(Bioruptor UCD-200, Diagenode, Inc.). Cell debris was
removed by centrifugation and the lysate was submitted

to the salting out procedure. The protein pellet was collected
at 40-60% ammonium sulfate saturation by ultracentrifugation
(Optima L-70 Ultracentrifuge, Beckman Coulter, Inc.),
resuspended in buffer A (50 mM Tris-HCI, pH 7.5), and
dialyzed overnight (Slide-A-Lyzer G2 Dialysis Cassettes,

20K MWCQO, Thermo Fisher Scientific Inc.).

Purification of TTR was carried out by anion exchange
chromatography on an NGC™ Chromatography System
(Bio-Rad Laboratories, Inc.) using a 5 ml Foresight™
Chromatography Column prepacked with Nuvia Q Resin
(Bio-Rad Laboratories, Inc.). The column was equilibrated
using 2 column volumes (CV) of buffer A. Dialyzed TTR was

then applied to the Nuvia Q Column at a linear velocity of
300 cm/hr and the column was washed with 2 CV of buffer A.
TTR was eluted using a segmented NaCl gradient between
buffer A and buffer B (50 mM Tris-HCI, 2 M NaCl, pH 7.5).

In the first step, a 7 CV linear gradient up to 17% of buffer B
was established (corresponding to 340 mM NaCl) followed
by a 3 CV hold in 17% buffer B to elute TTR. In the second
step, a 5 CV linear gradient up to 100% of buffer B was used
followed by a 1 CV hold in buffer B to elute and eliminate the
contaminating DNA. The column was then re-equilibrated in
buffer A by the application of a 2 CV linear gradient from buffer
B to buffer A and a 2 CV hold in buffer A.

Protein fractions were analyzed on a 12% Coomassie-stained
SDS-PAGE gel using a prestained protein standard (Thermo
Fisher Scientific Inc.). Absorbance spectra were measured on

a NanoDrop 1000 Spectrophotometer (Thermo Fisher Scientific
Inc.). Mass spectrometry (MS) analysis of the purified proteins
was performed on a Q-Tof Ultima API Spectrometer (Waters
Corporation). Size exclusion chromatography (SEC) was carried
out on an NGC Chromatography System (Bio-Rad Laboratories,
Inc.) using a Superose 6 10/300 GL Column (GE Healthcare).

Results

Following salting out of recombinant TTR from the cell lysate,
purification of TTR from DNA and coprecipitating proteins was
accomplished using a Nuvia Q Column in a simple one-step
procedure using a segmented NaCl gradient (Figure 1A).

First, application of 0-0.34 M NaCl allowed the separation of
TTR from coprecipitating proteins. The protein contaminants
were eliminated both in the flowthrough and by the NaCl
gradient, allowing the recovery of TTR in a well-resolved peak.
Following this, the host-cell DNA contaminants that were
bound to the Nuvia Q Resin were eliminated by application

of 0.34-2 M NaCl, as confirmed by the absorbance spectra
of the pooled fractions (Figure 1B).
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Fig. 1. One-step chromatographic purification of salted-out TTR using

Nuvia Q Resin. A, chromatogram of TTR purification on a Nuvia Q Column.

OD 280 (-); conductivity (=). B, absorbance spectra of pooled TTR and DNA
fractions. AU, absorbance units.

The purity of TTR was assessed by reducing SDS-PAGE, SEC,
and MS analyses (Figure 2). Under the optimized conditions,
TTR was efficiently separated from the contaminating proteins
as visualized by the SDS-PAGE gel and SEC chromatogram.
Based on the gel, protein purity could be assessed at >95%.
The mass spectrum presented a single well-resolved series

of charge states corresponding in mass to 13,892.0 + 1 Da.
This value is in excellent agreement with the calculated mass
of TTR and confirms its identity. The procedure described here
was applied successfully to purify wild-type TTR and one of

its amyloidogenic mutants (data not shown).
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Fig. 2. Analysis of TTR purified on Nuvia Q Resin. A, fractions collected
from the chromatography run shown in Figure 1 were separated by SDS-PAGE.
Lane 1, protein contaminants; lane 2, TTR eluted from the Nuvia Q Column;
lane 3, TTR standard. B, SEC comparison (OD 280) of salted-out TTR (=) and
purified TTR (-). AU, absorbance units. C, mass spectrum of purified TTR
(measured mass: 13,892.0 + 1 Da; calculated mass: 13,892.6 Da).

Conclusions
= Nuvia Q Anion Exchange Resin was successfully used to
purify TTR from contaminating DNA and proteins

= The purity of TTR was verified using three different methods
— SDS-PAGE, SEC, and MS analyses — and shown to be
>95%
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