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Abstract

Matrix-assisted laser desorption-ionisation time of flight mass spectrometry (MALDI-TOF MS) is a powerful

analytical method that has been used extensively to identify sample ions of complex mixtures, and biological

samples such as proteins, tissues and microorganisms. MALDI-TOF MS has revolutionised clinical microbiology

with accurate, rapid, and inexpensive species-level identification of microbes. MALDI-TOF MS technology

generates spectral signatures and matches them to a library of similar organisms using bioinformatics pattern

matching. The use of MALDI-TOF MS for entomological samples has been explored by multiple groups with

proven efficacy at differentiating between closely related species, as well as detecting pathogens in different

vectors.  The low cost per sample processing, rapid turnaround and robustness are attractive for surveillance of

vector control programs. Libraries are built in-house for institutional usage, although a multi-user platform with

sharing of spectra and data would be attractive, it is not yet available. Here, we outline a stepwise approach for

creating an in-house MALDI-TOF MS library and subsequent query,

using malaria vector species identification as a case study for entomological samples.
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Materials

Equipment, Materials and Reagent

Polymerase chain reaction

- Biosafety cabinet

- Clean room

- Centrifuge

- Thermocycler

- Gel imaging doc

- Electrophoresis tank

- Gel molders

- Flasks

- Ice and ice bucket

- Pipettes

- Pipette tips

- Sterile microcentrifuge tube

- 96-well PCR plates

- Plate sealers

- GoTaq  DNA Polymerase

- Primers

- Nuclease freeee water

- Staining solution (e.g Red safe)

- DNA ladder

- Loading dye

- Agarose

- TBE Buffer

Sanger sequencing 

- MicroAmp Optical 96-well Reaction Plate 

- BigDye Terminator v3.1 Cycle Sequencing Kit

- Ethanol

- EDTA

- NaOH

- Hi-Di Formamide

ELISA

- Phenol Red

- Igepal CA-630

- PBS

- Tween20

- NaOH

- HCl

- Glycerol

- Soft ELISA plates OR Hard ELISA plates

- Casein
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- ABTS 2 component substrate

MALDI-TOF MS 

- Deionized water

- Absolute ethanol (EtOH)

- Bacterial Test Standard (BTS)

- Acetonitrile (ACN)

- Formic Acid

- Trifluoracetic acid (TFA)

- Matrix HCCA, portioned

- Standard solvent (acetonitrile 50%, water 47.5% and trifluoroacetic acid 2.5%)

- 50 - 1000µl pipette tips and a suitable pipette

- 2- 200µl pipette tips and a suitable pipette

- 0.5 – 20µl pipette tips and a suitable pipette

- Microtube (Epperndorf safe- lock), PCR clean 1.5ml

- MALDI Target plate

- Benchtop centrifuge

- Vortex

- Ultrasonic bath
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Mosquito sample processing in the laboratory

1 Morphological identification

1.1 Separate Culicine and Anopheles mosquitoes based on identification keys [1–3]. 

1.2 Identify female Anopheles mosquitoes at the species level using dichotomous

morphological keys [2–4]

1.3 Sort each sample based on their physiological status (blood fed, unfed, gravid, and half

gravid)

1.4 Assign a unique identifier to each sample and store under appropriate conditions

2 Sample preparation

2.1 Place an individual sample on clean white roll paper

2.2 Using a clean and sterile scalpel, dissect the mosquito into the following body

compartments: legs and wings (L/W), Cephalothorax (Head and Thorax (HT)), and

abdomen (ABD) (for blood-fed mosquitoes) (Figure 1). Discard abdomens of unfed

mosquitoes

2.3 Subdivide HT into two longitudinal halves.

2.4 Store the different compartments in separate microcentrifuge tubes labelled with the

same identification code

2.5 One half of the HT is screened for Plasmodium infection status and species identification

using PCR. Legs and wings are stored as backup samples if HT is used for Plasmodium

detection using ELISA

3 DNA extraction 
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3.1 Extract DNA from the HT or L/W using the Chelex protocol as previously described [6,7]

4 Species identification (cocktail PCR)

4.1 Amplify the genomic DNA using An. gambiae s.l [8] and An. funestus s.l [9] species-

specific diagnostic primers described by Scott et al (1993) and Koekemoer et al (2002)

respectively.  

4.2 Subject all the unamplified samples and those to be used for MALDI-TOF MS database

creation to sequencing targeting ITS2 and COI regions as previously described by Karisa

et al (2024) and Lobo et al (2015) [10,11]

5 Plasmodium detection 

5.1 Use the CSP ELISA procedure outlined in the MR4 guidelines (2014)

5.2 Alternatively, use Plasmodium PCR assay such as those described by Echeverry et al

(2017) or Snounou (1993 & 1995) [12–14]

MALDI-TOF MS analysisUntitled section

6 Protein extraction and plate loading 

6.1 Add 15 µl of 70% (v/v) formic acid and 15 µl of 50% (v/v) acetonitrile (ACN) to the vial

containing half of the head and thorax

6.2 Add a pinch of 106 µm acid wash glass beads until the glass beads are half full of the

solvent in the vial

6.3 Homogenise sample  in a Tissue Lyser II at  30Hz for 1 min for three cycles [10]

6.4 Centrifuge the samples at 13,000 rpm for 1 min to separate the debris from the proteins

6.5 Load one microliter (1 µl) of the sample on the MALDI-target plate in quadruplicate
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6.6 Include one spot of Bacterial Test Standard (BTS) preparation as the positive control and

four spots matrix only as the negative control

6.7 Allow the plate to air-dry at room temperature for 10-15 min

6.8 Overlay each sample spot on the plate with one µl of saturated matrix solution

(composed of 0.25g α-cyano-4-hydroxycynnamic acid, acetonitrile (50% (v/v),

trifluoroacetic acid (2.5% (v/v)) and 47.5% LC-MS grade water)

6.9 Allow the plate to dry again at room temperature

for 10-15 min

7 Spectra acquisition

7.1 Load the plate into the Microflex instrument

7.2 Acquire spectra using the FlexControl software (Bruker Daltonics) with default settings or

adjust the laser power (nitrogen laser) accordingly

7.3 Obtain spectra of mass ranges 2-20 kDa in a positive linear mode at a frequency of 60

Hz, an acceleration voltage of 20 kV, 200 ns extraction delay time, and a maximum laser

power energy of 50%. Optimise the laser power until high quality spectra is achieved

7.4 Each spectrum is generated from 40 laser shots in six regions of the sample spot

8 Spectra analysis

8.1 Using FlexAnalysis software (Bruker Daltonics) [15], visually assess the spectra quality

by checking general peak intensity (high intensity), the smoothness of the peaks, the

flatness of the baseline and its reproducibility compared to other spectra of the same

categories

8.2 Remove all the poor-quality spectra and flatlines from further processing
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8.3 Load all the good quality spectra into MALDI Biotyper Explorer software (Bruker

Daltonics) for processing, including smoothing, baseline subtraction, normalising, and

peak selection

8.4 Perform cluster analysis using main spectrum profiles (MSP) dendrograms and

composite correlation index (CCI) using MALDI-Biotyper v3.0 software to check the

similarities between and among the spectra of the same and different categories

9 Database creation using MALDI-Biotyper [10,16]

9.1 Select the best quality spectra (based on an equitable algorithm on the MSP spectra'

intensity, frequency, and peak position)

9.2 Select a minimum of ten spectra (from head and thorax) per mosquito sibling species

with high spectral reproducibility to create the spectral database and increase

discriminative power

9.3 Import the spectra in the MALDI-Biotyper software to create a reference database

10
Database query, blinds tests and validation using MALDI-Biotyper 3.0.

10.1 Select and load the MSP database of interest from the Taxonomy Tree View area

10.2 The MSPs are displayed on the MSP table, which can be used for classification or

clustering

10.3 Load the rest of the spectra into the file view area of the MALDI-Biotyper 3.0 software

10.4 Select all the spectra and initiate the identification process by clicking the "start

identification" button

10.5 The results are displayed on the "Spectrum Scores table", which summarises the results

of a classification of an unknown spectrum with 10 top hits displayed

10.6 Use the spot with the highest log score value (LSV). The MALDI Biotyper produces log

score values (LSV) ranging from 0.000 to 3.000 (Table 1)
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10.7 For ambiguous results use the weighted log score value [15], and modify accordingly

10.8 Calculate a weighted LSV by multiplying the actual LSV by the inverse of their position

and then by summing up the weighted LSV (Figure 2)

10.9 Compute the weighted LSV for each sample spotted in quadruplicate and calculate the

mean of the weighted LSV for the four spots

10.10 The sibling species with the highest mean weighted LSV is considered the probable

sibling species identity [10]
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