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Figure 1. (A) Unstained and (B) Toluidine Blue O stained longitudinal sections 
of barley seminal root showing the different zones of the barley root. The left 
root in each image was grown in standard nutrient medium and the right root 
in each image was grown in nutrient medium containing 150 mM NaCl. 

Application & Background 
    Soil salinization has become a serious environmental issue, 
leading to reductions in arable land, crop yield and 
disruptions to local ecosystems.1 As much as 20% of total 
agricultural land already contains excess concentrations of 
exchangeable sodium with the area affected predicted to 
increases to over 50% by the year 2050.1 

    As plant roots are one of the first organs to encounter and 
respond to environmental pressures in the soil, such as 
salinity stress, profiling the metabolic changes that occur in 
saline-stressed roots is of critical importance in order to 
understand the consequences of increasing soil salinity. 
However, plant roots are complex structures with 
developmental zones characterized by distinct metabolic 
profiles.2 Thus, it is very important to preserve the spatial 
information of metabolomic analysis when trying to 
understand the response of plant roots to external stressors.2 
    In this study, we used matrix-assisted laser desorption/
ionization (MALDI) mass spectrometry imaging (MSI) in 
order to profile the metabolic differences between control and 
acute salt-stressed seminal barley roots in four different root 
areas: (1) the root cap (RC), (2) the cell division zone, (3) the 
elongation zone, and (4) the maturation zone (Figure 1).2

Experimental
Sample Preparation

    Uniform barley (Hordeum vulgare L.) cv. Hindmarsh seeds 
were surface-sterilized and grown on agar plates at 17°C with a 
24 hour dark cycle for 48 hours either in standard nutrient 
medium or in nutrient medium containing 150 mM NaCl. For 
IMS analysis, root sections were obtained measuring 15 mm 
long from the root tip. These sections were embedded in Super 
Cryo Embedding Medium (SCEM, Section Lab, Japan) and 
frozen in a slurry mixture of dry ice/isopropanol (Figure 2). 
The sections were stored at -80°C. 
    Prior to cryosectioning, the frozen sections were placed in 
the cryostat at -20°C for 30 minutes. Root sections were sliced 
to 16 µm thickness and collected with cryofilm 2C (Section 
Lab, Japan) and then attached to pre-chilled glass slides with 
electrically-conducting carbon tape (ProSciTech, Australia).  
Samples were then freeze-dried under a vacuum at 1.0 mbar 
for 30 minutes. 
Matrix Application
    DHB was applied to the slides at a concentration (C) of 50 
mg/mL (in 100% acetone) using the HTX TM-SprayerTM 
(Figure 2). The slides were coated using the following 
parameters:

Matrix density (W) W =     NP ×C ×FR
        V ×TS            

= 0.012 mg/mm2

Linear Flow Rate (LFR) LFR   =      FR
  V           

* Corresponds to wet spray, defined by LFR > 8.3e-5.

= 1.2e-4 mm/min*
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Results: Lipidomics
Of the 277 peaks showing spatial-specific distribution, 
124 were able to be tentatively identified as lipids. The 
most abundant class of these annotated lipids showing 
spatial-specific distribution were glycerophospholipids 
(GPs), representing 44.9% of the annotated lipids. 
Within the GP class, phosphatidylcholines (PCs), 
phosphatidic acids (PAs), phosphatidylethanolamines 
(PEs) were found to be the most abundant subclasses, 
representing 36.8, 14, and 14% of the GP lipids, 
respectively. It was found that eight PC species (PC 
34:1, 34:3, 36:2, 36:3, 36:4, 38:5, 38:6, 38:9) were 
significantly reduced in barley seminal roots in response 
to salt stress (4/8 PC species pictured in Figure    3). 

Figure  2. Basic overview of MALDI MSI workflow.

MALDI  Imaging  Mass  Spectrometry
Imaging was performed on a Bruker SolariX 7T XR hybrid ESI-
MALDI-FT-ICR-MS equipped with a SmartBeam II UV laser. The 
laser  was set to 50% power using the minimum spot size (~10 x 15 
µm).  Imaging analyses were done in positive mode to collect m/z 
100-1500 using 750 shots at 2 kHz,  collected using a smart walk 
pattern  grid of 25 µm with a 10% grid increment to provide a 
MALDI ablation  spot of less than 30 µm × 30 µm. Data was 
acquired using FlexImaging (v4.1, Bruker Daltonics), and imaging 
processing and visualization were performed using SCiLS Lab
(Figure       2).
Figure   3. Reconstructed ion images of four out of the eight PC lipid species 
found via MALDI-MSI to be decreased in salt stress (right) versus in control 
(left) samples. These findings were confirmed by LC-MS. Images were recorded 
with a scanning step size of 30 × 30 µm.
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Experimental Summary 
Tissue Type 

Growth Protocol

Uniform barley (Hordeum vulgare 
L.) cv. Hindmarsh

Surface sterilization followed by 48 
hours at 17°C with a 24 hr dark 
cycle in standard nutrient medium 
or standard nutrient medium + 
150 mM NaCl

MALDI Plate 
Matrix

Matrix Sprayer 
MALDI MS 
Laser Source
Acquistion Mode
Imaging Software  

Instrumentation and Supplies 
Glass slides
DHB (Sigma Aldrich, 50 mg/mL in 
100% Acetone) 
HTX TM-Sprayer™
Bruker SolariX 7T XR Smartbeam 
II, Positive Mode 
Fullscan (m/z 100-1500) 
FlexImaging v4.1 
SCiLS Lab 2017a

Results: Metabolomics
     In addition to the lipids identified among the MALDI peaks, 
42 metabolite peaks were tentatively annotated among the ions 
showing spatial-specific distribution. Among these, were H+, K+ 
and Na+ Glycerophosphocholine (GPC) adducts, which were 
found to be more intensely distributed in the salt-stressed barley 
roots (Figure 4).
Conclusions
     Although MALDI-MSI is most commonly used to examine 
questions about human health, there is a growing interest in 
expanding the use of technology into fields such as 
environmental science, food science, and botany. Here, we have 
demonstrated the utility of MALDI-MSI in a study of plant 
metabolomics to examine molecular changes in seminal barley 
roots in response to salinity stress.2 Interestingly, we found that 
many PC species were significantly decreased in response to 
salinity stress.2 As PCs are a prominent component of many 
eukaryotes' outer membranes, these reductions of PC species in 
salt-stressed roots may indicate changes in membrane fluidity 
and permeability.3 In contrast, it was found that GPCs were 
increased in salt-stressed roots, particularly in the elongation 
and cell division zones.2 It has been previously suggested that 
GPCs play a role in plants response to salinity stress.4 
Developing robust and reproducible imaging protocols, such as 
the one detailed here, will be an important part of expanding 
the use of MALDI-MSI in environmental and plant science. 

Figure 4. Reconstructed ion images of three GPC adducts found via 
MALDI-MSI to be decreased in salt stress (right) versus in control (left) 
samples. Images were recorded with a scanning step size of 30 × 30 µm. 
Control and salt treated images have been set to the same intensity 
scale and obtained from the same MALDI-MSI experiment.
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HTX M5 Sprayer™ is available worldwide exclusively from 
HTX Technologies, LLC.  
To request further information contact:

Alain Creissen 
Imaging Product Manager, HTX Technologies 

acreissen@htximaging.com

HTX Technologies offers innovative sample preparation systems for advanced 
analytical platforms. Our integrated workflow solutions include user training, 
instruments, software, consumables and method development services.

PO Box 16007 Chapel Hill, NC 27516, USA
Tel +1-919-928-5688    Fax +1-919-928-5154
info@htximaging.com  www.htximaging.com

HTX M5 Sprayer™ System is an  
Automated MALDI Matrix Deposition System 
Offering High Reproducibility and Superior 
Data Quality for Imaging Mass Spectrometry

The HTX M5 Sprayer™ is an easy-to-use, versatile spraying 
system that provides automated processes for sample  
preparation in imaging mass spectrometry.

The proprietary spray technology of the HTX M5 Sprayer™ 
guarantees a very fine, uniform and consistent matrix coating 
crucial for high-resolution imaging and relative quantification 
of analytes.

The unique ability to control liquid and propulsion gas 
temperature creates a fine solution mist that can be  
deposited in a precise and adjustable pattern over all or 
part of any MALDI plate. 

Spray characteristics (wet or dry) are easily adjustable via  
the intuitive operator interface. Users can create and save 
methods for reproducible operation.

Key Characteristics
◆ Proprietary technology providing very small matrix

droplets ( <5 microns)

◆ High flow rate and fast sample prep (2 to 18 minutes
per slide)

◆ Highly consistent matrix deposition across entire
sample area (+/- 3% by weight)

◆ Unique use of temperature and nitrogen flow to
control evaporation rate and matrix crystal formation

◆ More than 30 validated protocols covering trypsin
and most matrices (e.g.: SA, CHCA, DHB, DAN,
9-AA, DHA, CMBT, THAP)

◆ Validated protocols for Trypsin digestion of FFPE

◆ Continuous matrix coverage as needed for
high-resolution imaging

◆ Rugged operation and easy clean-up

Addressing the Matrix Deposition Challenge 
The main challenge when preparing samples for MALDI 
Mass Spectrometry Imaging is to balance the positive  
effects of the matrix solution penetrating the tissue and  
co-crystallizing with the analyte, and the negative effects 
of analytes delocalization. 

The all-new M5 chassis, high velocity stage and heated 
sample holder drawer contribute to a greater user  
experience and expanded process capabilities including:

◆ Faster and drier deposition capability

◆ On-tray trypsin digestion capability

◆ On-tray sample re-hydration

HTX M5 Sprayer™ Tissue MALDI Sample Preparation System




