Development of a tmRNA based NASBA Assay
for the Detection of Neisseria meningitidis
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Introduction
Nucleic acid sequence based amplification
(NASBA) is a highly sensitive RNA in vitro
transcription based amplification method.
NASBA is an isothermal reaction involving the
action of 3 enzymes and 2 oligonucleotide
primers. A 90min reaction results in a 106 -109
fold amplification of the target. When combined
with molecular beacon probes, NASBA
reactions can be monitored in real time.

Bacterial RNA was purified using the
RiboPure™-Yeast Kit (Ambion) from 1mL
overnight culture. Following purification, RNA
was analysed and quantified using a
Bioanalyzer 2100 (Agilent Technologies).

Figure 3. The NASBA amplification reaction
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Figure 1. The secondary (a) and tertiary (b) structure of E. coli tmRNA

The tmRNA transcript encoded by the bacterial
ssrA gene is found in all bacterial genomes that
have been sequenced to date. The tmRNA
molecule is approximately 360 bases in length,
stable and comprises conserved and variable
regions identifying it as a potentially useful
diagnostic marker [1-3].
In this work we detail the development of a
NASBA diagnostics assay for the specific
detection of Neisseria meningitidis using tmRNA
as molecular target.

Methods

NASBA primers and a molecular beacon probe
were designed to specifically amplify and
detect N. meningitidis tmRNA.
NASBA
reactions were performed using the NucliSens
Basic Kit (bioMérieux) in a lightcycler 2.0
thermocycler (Roche diagnostics). Reactions
were run for 1hr at 41°C, taking a fluorescence
reading every 60 seconds.
For the detection of N. meningitidis in blood, 2
x 105 CFU of N. meningitidis suspended in
saline was spiked into 200µL fresh whole
blood from a healthy volunteer. The
erythrocyte fraction was then lysed. From the
remaining pellet, total RNA was purified using
the RiboPure™-Yeast Kit. 5µL of the eluted
RNA was then added to a NASBA reaction.

Discussion
In this work we demonstrate the suitability of
tmRNA as a molecular target for the detection
of N. meningitidis using NASBA. Using total
RNA purified from pure culture, our assay is
sensitive (10 cell equivalents in < 30min) and
specific.

In silico analysis

Figure 4. NASBA Assay Sensitivity. Total RNA
purified from N. meningitidis was diluted in
nuclease free water 10,000 – 10 cell equivalents)
and amplified by NASBA (100fg total RNA = 1 cell
equivalent).

Optimise assay

From whole blood, our assay is capable of
detecting N. meningitidis at a concentration of
1 x 106 CFU/mL of blood.
Currently, our research is focused on
developing a protocol to efficiently purify
bacterial RNA from human blood, and to
expand our testing to more bacterial strains
and clinical samples.
Our ultimate goal is to develop diagnostic
micro- Total Analysis System (µTAS) that will
detect meningitis-specific target molecular
markers from whole blood samples in less
than one hour.

Test assay
Figure 2. Outline of the methods used in this work

Pure cultures of Neisseria strains were
prepared in either Brain Heart Infusion or
Mueller Hinton liquid media. To determine
CFU/mL, media was serially diluted in saline
and 100µL was spread plated on Columbia
blood agar.

Figure 6. Detection of N. meningitidis in human
whole blood. Shown are the amplification curves
obtained from the RNA purified from a 200µL
blood sample spiked with 2 x 105 CFU (+ve) and
unspiked samples (-ve).

Results

Obtain tmRNA sequences

Design NASBA assay

Table 1. NASBA Assay Specificity testing.

Figure 5. NASBA Assay Specificity. Detection of N.
meningitidis (NCTC 9332), N. flavescens (DSM
17633) N. zoodegmatis (DSM 21483) M. cuniculi
(DSM 21768), N. shayeganii (DSM 22246), N.
polysaccharea (DSM 22809). The negative control
consisted of nuclease free water (neg).
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