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2. Brief summary

Pre-eclampsia is a life-threatening pregnancy condition that can be difficult to diagnose before the
onset of serious symptoms. The aim of our research was to aid in the development of a test (a
bioassay) that can be used to assist in the early diagnosis of this condition, in order to improve the
health outcomes of both the mother and the baby.

Patients with this condition have been found to have higher levels of one form of a particular protein
in their blood. During the course of our research, we have successfully characterised both forms of
this protein and, in doing so, have identified two discerning features that could be used to tell apart
the two forms of this protein. This information will provide the basis for the development of a
bioassay for the early diagnosis of pre-eclampsia.
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Project title
Towards the development of a bioassay for the early detection of pre-eclampsia
Background

Pre-eclampsia, a hypertensive disorder, is a potentially life-threatening condition that develops in 2-
7% of all pregnancies worldwide. Currently, the only option in severe cases is the early delivery of
the baby. Symptoms usually subside for the mother within days of giving birth, but early delivery

comes at the expense of the health, or even life, of the child.

Pre-eclampsia can be difficult to diagnose before the sudden onset of dangerous symptoms, such as
high blood pressure. Compared to healthy pregnant women, women with pre-eclampsia have been
shown to have a higher proportion of a particular form of the protein, angiotensinogen, which is
involved in regulating blood pressure. Development of a bioassay that can differentiate between the
different forms of this protein could allow for the early diagnosis of pre-eclampsia and allow for

earlier intervention strategies, improving health outcomes for the mother and baby.
Research design

A key component in the control of blood pressure is the protein angiotensinogen. This protein can
exist in a reduced and an oxidised form. It is the substrate of the enzyme renin, which cleaves a
short peptide from the end of angiotensinogen. This short peptide is called angiotensin and its
release causes a signal cascade that ultimately leads to an increase in blood pressure. The oxidised
form of angiotensinogen is the preferential substrate of renin, therefore, this redox switch assists in
the regulation of blood pressure by fine-tuning the release of angiotensin. An increased proportion
of the oxidised form of angiotensinogen is seen in patients with pre-eclampsia, and is thought to be

a result of oxidative stress.

The ultimate goal of this research is to enable the development of a bioassay that is capable of
differentiating between the two redox forms of angiotensinogen, in order to assess the relative
proportions of these in blood. Our research aimed to characterise the two forms of
angiotensinogen, towards identifying any biophysical differences between them that may be utilised

in the development of a bioassay.





Research objectives
1. Express and purify recombinant angiotensinogen.

2. Conduct molecular dynamics simulations of angiotensinogen in order to compare the

dynamic nature of the two redox forms.
3. Characterise the biophysical properties of the two redox forms of angiotensinogen.
4. Characterise the interaction behaviours of the two redox forms of angiotensinogen.
Results

Firstly, we carried out computational molecular dynamics simulations of the two forms of
angiotensinogen to give us insight into the way that these proteins move and flex in solution (RO2).
Our results suggest that there are subtle but reproducible differences in the conformational changes
seen between the two redox forms of angiotensinogen. These differences, mainly observed in the
N-terminal region, may help to explain how such a small change in the protein can lead to
differences in interactions with renin. This promising result suggests that it may be possible to

differentiate between the two forms if we can utilise this difference in protein dynamics.

We have successfully produced a recombinant version of the angiotensinogen protein (i.e. it is made
in bacterial cells, rather than by human cells (RO1)). In terms of the physical differences between
the two forms of angiotensinogen, the most significant difference identified is that the oxidised
form contains a disulfide bond, while the reduced form does not (RO3). We have been designing an
assay that can quantify the number of disulfide bonds in a sample of protein, which can then inform
what proportion of the protein sample is present in the oxidised form. This is a promising feature
that we are working to develop further into a bioassay that can be applied to blood samples for the

diagnosis of pre-eclampsia.

Using our recombinant samples of angiotensinogen we collected data using Surface Plasmon
Resonance. This technigue involves attaching antibodies specific to angiotensinogen onto a surface
and then flowing angiotensinogen across the surface, allowing for binding to be observed. Our
findings suggest that reduced and oxidised angiotensinogen bind to the same antibody differently
(RO4). To strengthen our findings from the interaction data, we further investigated the interaction
between angiotensinogen and the antibody. For this, we applied limited digestion analysis in
combination with mass spectrometry and we successfully identified the interaction site of the

antibody to be the N-terminal region of angiotensinogen. It is likely, therefore, that the different





binding abilities of the two forms of angiotensinogen can be explained in part by the differences in

dynamics of this region, as seen in our molecular dynamics simulations.

In conclusion, we have successfully identified features of the angiotensinogen protein that could
prove useful in the development of a bioassay for the early detection of pre-eclampsia. In parallel,
we have performed stability tests by screening different conditions and we have identified a stable
formulation of the protein that will be used as a standard for assay development going forward. We
have recently started assessing our ability to detect oxidised and reduced angiotensinogen within
blood samples and taken together, the acquired data set the promising basis for our future

development of a bioassay. We are currently preparing a manuscript to report our findings in detail.
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