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OVERVIEW

INTRODUCTION

Soybeans are amongst the most valuable cash crops in 
the world and a source of nutrition for both humans and 
livestock.  Soybeans are utilized in a diverse array of 
products.  Of particular interest are some of the health 
benefits of soy products to humans, including 
antioxidative, antidiabetic, and anticarcinogenic activity.  
As such, exploration into the soybean metabolome is of 
intense interest [2-3]. While ESI is compatible with 
separations, preparation is time-consuming; 
furthermore, for comparative metabolomics, this 
introduces the complication of aligning separation 
traces.  Using direct infusion ESI-MS, detection of 
metabolites in plant tissues can be accomplished in the 
absence of separations; this requires that plant tissues 
are extracted by solvents.  However, a method which 
could further decrease preparation time is direct 
analysis of metabolites from the plant leaf directly, or 
leaf spray [4].  Here, we explore the potential of leaf 
spray for direct analysis of soybean leaf metabolites.

METHODS CONCLUSIONS
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Fig.2: Application of solvent to leaf for leaf spray.

Fig. 4: Leaf spray mass spectrum with ethanol solvent.
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• Leaf spray and ESI of soybean leaf extracts produce 
significantly different metabolite profiles, with lower m/z
species (200-600) dominating in leaf spray and higher m/z
species in ESI (> 600).

• Suggests that leaf spray may be superior for surface 
components while ESI of extracts may be required for 
chemical species embedded in the plant tissue.

RESULTS

Instrumentation

• All analysis is done by a Bruker Daltonics 12T Solarix FT-
ICR MS.  Ethanolic extracts of soybean leaves (harvested 
in mid-summer) were ionized using positive ion mode 
ESI.  The processing method used is illustrated in the 
flow diagram shown in Figure 1.  Leaf spray was 
performed in the following manner.  The commercial 
Bruker nanoelectrospray source was modified to 
accommodate a soybean leaf; voltage normally applied 
to nanoESI emitters was instead applied directly to the 
soybean leaves.  Ethanol was applied directly onto the 
leaf surface while mounted in the nanoESI source, as 
shown in Figure 2.

• Comparison of various pure and co-solvent systems for 
both forms of metabolic profiling.

• The function of leaf spray voltage on observed 
distribution.

• Effects of geometry at the leaf tip.

FUTURE WORK

Mass spectrometry is at the forefront of investigations 
in plant metabolomics because of the exceptional 
sensitivity and selectivity of MS methods.  Electrospray 
ionization (ESI) is amongst the most important of the 
MS-based approaches, examining metabolites directly 
from solution-phase.  To be amenable to ESI, plant 
tissue or seeds must be first macerated followed by 
filtration and extraction steps.  We used this labor-
intensive approach previously to examine the effect of 
senescence on the soybean leaf metabolome [1].  
However, such extensive processing of plant tissues 
prior to ESI-MS could potentially be avoided by 
application of leaf spray, allowing for direct analysis of 
metabolites in soybean leaves.  Here we report the 
utility of leaf spray to soybean leaf metabolomics, and 
demonstrate that there are substantial qualitative 
differences in the metabolites detected by leaf spray in 
comparison to ESI of soybean leaf extracts.

Fig.1:  Flow diagram for preparing soybean leaf extracts.

ESI of Ethanol Soybean Leaf Extract

Full ESI FT-ICR mass spectra of ethanol extracts prepared 
using the flow diagram of Fig. 1 were collected.  As shown 
in Fig. 1, some 100 distinct m/z are observed, with ca. 70 
matching one or more possible formulas by METLIN. Many 
of the m/z were observed previously (pheophytin a and 
chlorophyll a highlighted by the maroon and green dots, 
respectively) [1] as well as fatty acids, phospholipids, 
phytyl phosphate, lipids and cholinergic substances.

RESULTS (CONT.)
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Fig. 3:  ESI FT-ICR mass spectrum of an ethanol extract of a 
summer-harvested soybean leaf.

Direct Leaf Spray of Soybean Leaf

In contrast to the ESI of leaf extracts, leaf spray produces 
a much different profile that favors lower m/z species, as 
shown in Fig. 4. Approximately 60 unique isotopic 
distributions are observed but none in common with the 
extracts.  In leaf spray, 33 had one or more matches in the 
METLIN database, including notable expected metabolites 
such as palmitic acid, stearic acid, phytanic acid, and 
various isoprenoids.
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