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This technical note describes a method for the rapid and high-
throughput detection and quantitation of glucase in a defined budding
yeast fermentation medium using the Echo® MS module with the SCIEX
Triple Quad 6500+ system. Glucose is one of the most widely used
carbohydrates in the formulation of defined culture media, and it is used
commercially to support the growth of yeast and bacteria in industrial
biosynthesis.

Optimal growth conditions are crucial for achieving high biosynthetic
yields; therefore, glucose levels must be continuously monitored.
Current methods for measuring glucose in defined media are
enzymatically based or require derivatization and chromatographic
separation prior to analysis. The ability to rapidly, accurately, and
precisely measure glucose without using time-consuming assays is a
significant analytical advance that addresses the high-throughput
demands of a commercial biosynthetic enterprise.

The Echo MS system utilizes an acoustic ejection system and an open
port interface [OPI) to measure analytes without the need for
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A ‘dilute-and-shoot’ method for high-throughput glucose
quantitation in fermentation medium using the Echo® MS system

levels directly from diluted fermentation media with a throughput of 1
sample every 2.5 seconds. The inclusion of 3C-glucose in the diluted
sample enables accurate quantitation. Furthermore, the unique design
of the ECHO module eliminates carryover, which would otherwise affect
the quantitative performance of the assay.

Here, Saccharomyces cerevisiae grown in defined media was used as a
model system to test the Echo® MS system’s ability to monitor glucose
levels (Figure 1). These data were favarably compared to those obtained
by HPLC-FTIR analysis—a comman, but more time-consuming, method
used for glucase monitoring.

Key features for saccharide analysis using the
Echo® MS module with the SCIEX Triple Quad

6500+ system

e  Minimal, dilution-based sample preparation in multi-well plates,
facilitating high throughput fermentation experiments [dilute-
and-shoot’)

e Sample analysis speed of 2.5 seconds per sample
e Rapid contactless sampling and no carryover.

e MRM-methaod for simultaneous quantification of the saccharide

_ _ _ and 13C-glucose internal standard, which enables high
chromatographic separation. The instrument can measure glucose reproducibility and batch-to-batch comparisan
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Figure 1. Extracted lon Chromatogram (XIC) of glucose and **C-glucose overlaid. Green shows the intensity (in counts per second) for the glucose quantifier
transition [179.0 = 89.0 m/z), dark grey shows the intensity of the **C-glucose internal standard quantifier transition (185.0 = 92.0 m/z).



Introduction

Glucose is the simplest and preferred primary energy source that drives
the metabalism of budding yeast, such as Saccharomyces cerevisiae.
These cells can readily shuttle available glucose into the central carbon
metabolism pathway, enahbling cell growth, maintenance, proliferation,
and survival [1]. Glucose metabolism has been extensively studied, and
due to its importance in conserved central metabolism, microbial
studies often include glucose as the most abundant carbohydrate in
chemically defined media. One of the most frequently used chemically
defined media, SC, is featured in this note. The main ingredient of SC
medium is yeast nitrogen base [YNB] that contains all necessary
vitamins and trace elements in a concentration that promotes growth.
Supplementation with all the essential amino acids and a primary
carbohydrate, such as glucose, completes the defined medium, making
it a suitable growth medium for microbial cells [2,3].

Several analytical solutions are currently available for the analysis of
carbohydrates such as glucose, including but not limited to HPLC-RI [4-
6], HPAEC-PAD [7,8], and LC-MS [9,10]. Here, we introduce a novel
quantitation method that utilizes the Echo MS module with the SCIEX
Triple Quad 6500+ system. This high-throughput mass spectrometry
platform emplays acoustic droplet ejection to deliver nanoliter-scale
samples directly into the mass spectrameter, thereby enabling rapid,
label-free analysis with minimal sample preparation and no sample
carryover. One advantage of this method is the ahility to significantly
improve sample throughput by effectively reducing the analysis time
from several minutes per sample using traditional chromatography-
based systems to just 2.5 seconds per sample.

Materials and methods

Sample preparation: Samples were generated by inducing
engineered strains of S. cerevisiae to ferment in chemically defined SC
medium. An aliquot of the fermentation medium was diluted 1/10in
water [Biosolve), and the *C-labelled glucose internal standard was
added for a final concentration of 0.1% [w/v]. S0 pL of the prepared
sample was transferred to an Echo MS® system-qualified 384-well
plate (Labcyte, San Jose, USA; part number: C74290]), which was then
centrifuged for 5 min at 3000 rpm and subsequently shaken far 1 min
at 1350 rpm in a plate shaker. The samples were then analyzed using
the Echo® MS system, equipped with the SCIEX Triple Quad 6500+
system.

Acoustic ejection: Using the Echo® MS module with the SCIEX Triple
Quad 6500+ system, a 2.5 nL-sized droplet was ejected from every well
of the plate into the Open Port Interface (OPI), which connects the
acoustic ejection system to the mass spectrometer’s ionization source
via a capillary. SP mode was used for analysis, and droplet ejections
were inter-spaced with a delay of 2.5 seconds. The carrier solvent
consisted of 70% (v/v] acetonitrile [VWR] in LC-MS grade water

(Biosalve), spiked with 0.1% [v/v] farmic acid [VWR], and had a constant
flow rate of 400 uL/min.

Mass spectrometry: Data were acquired using an Echo® MS madule
with the SCIEX Triple Quad 6500+ system in MRM scan made, which
simultaneously measured 4 transitions in negative ion mode: 2 for
glucose and 2 for 3C-glucose. The deprotonated molecular ion [M-H]
for each compound was selected in Q1 and subsequently fragmented in
the collision cell. In Q3, the quantifier ions at m/z 89.0 and 92, and the
qualifierions at m/z119.0 and 123.0 were analyzed for glucose and *C-
glucose, respectively.

The spray voltage was set to -4000V, and the source temperature was
350°C. lon source gas 1 was 90 psi, gas 2 was 70 psi, and the curtain
gas was 30 psi. Table 1 lists MRM transitions and compound-specific
parameters used for the glucose method, such as callision energy [CE],
declustering potential [DP], and cell exit potential (CXP).

Table 1. MRM transitions and instrument parameter settings for the analysis
of glucose

Q1 [m/z) Q3[m/z) DP[V) CE[V] CXP[V]
Glucose 179 89 -82 -10 -6
119 -82 10 5
13C-Glucose 185 92 -82 -10 -6
123 -g82 12 5

Data processing: Peak area integration and analysis were performed in
the Analytics module of the SCIEX OS software suite, utilizing the MQ4
algorithm, which enables automatic baseline correction. The naise
percentage was set to 40%, the baseline subtraction window to 2.00
min, and the minimum peak height to 100. After analysis, the data were
visualized using custom-made R scripts.

Calibration curve for quantitation of glucose

A series of eight different calibration standards was prepared in LC-MS
grade water [Biosolve] with a glucose concentration ranging between
0 and 0.4% [w/v) and a 13C-glucose concentration of 0.1% [w/v] per
standard (Figure 2). Area ratios were calculated by dividing the area of
the glucose quantifier by the area of the 1°C glucose quantifier. These
ratios were then plotted against the concentration ratios of each
sample, calculated as the percentage of glucase [%w/v] divided by the
percentage of °C glucose [% w/v] in the respective standard. The
calibration curve, measured over six replicate injections per standard,
was linear over the reported concentration range [r° = 0.9995] and was
used for interpolating sample data.
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Figure 2: Internal standard calibration curve for the guantitation of
glucose. The calibration curve was constructed using the area ratio of
glucose/**C-glucose guantifier transitions versus its concentration ratio.

High-throughput quantitation of glucose in fermented SC medium

The sample type used to test the method’s performance was fermented
SC medium, in which the performance of 16 genetically modified S.
cerevisiae strains was assessed by tracking their glucose consumption
over time. For each strain, 3 biological replicates were included. 50 pL
of a 1:10 diluted sample, with 0.1% [w/v]) **C-glucose internal standard
added, was transferred to every well of an Echo® MS-qualified 384-well
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plate and subsequently analyzed in triplicate. Figure 1 shows two
overlaid XICs (glucose- and internal standard quantifier transitions] of a
set of 336 samples analyzed on the system. This data shows a relatively
stable signal for the quantifier of 3C-glucose across all samples, with
the first set of 48 samples (5% (w/v] glucose medium fermented
overnight at a low pitching rate) exhibiting a signal in the range of 10°
Subsequent samples showed significantly lower signal intensities in the
10° range, following the consumption of glucose by yeast during
fermentation, starting at a glucose concentration of 0.05% (w/v]. Using
the previously constructed calibration curve, area ratios were converted
to concentrations. The glucose concentration of the unfermented
samples was approximately 0.054% (w/v] on average, which matches
the concentration added to the medium before the start of the
fermentation experiment (0.05% w/v]). The measured concentrations of
the samples taken at different time points during the fermentation
experiment are visualized in Figure 3.

Performance comparison between Echo® MS and HPLC-IR for
glucose quantitation

To assess the analysis quality of the Echo® MS, the same set of samples
was subsequently analyzed on an Acquity Arc HPLC (Waters] equipped
with a 2414 RI detector [Waters). An Aminex HPX-87H 300 x 7.8 mm
column (Biorad] was used, with a 5 mM sulphuric acid mohile phase at
a flow rate of 0.6 mL/min and a sample injection volume of 20 pL. The
column temperature was 50°C, the RI flow cell temperature was 35°C,
and the autosampler temperature was 8°C.

The relation between the results of both analyses is shown in Figure 4.
Alinear regression fit explained 99% [R® = 0.9947) of the variation in the
Echo® MS data compared to the validated HPLC-IR data but exhibited a
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Figure 3. Glucose concentration [%w/v] in SC medium at different timepoints during fermentation, using different genetically
modified strains of S. cerevisiae. Each data point represents the average of 3 biological replicates, which were measured 3 times

each on the Echo® MS.
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Figure 4. Linear regre

cansistent 16% deviation from a 1:1 relationship. This deviation was the
immediate motive for the high number of technical replicates measured
for each sample and calibration standard (Figure 2), after which we
determined that this deviation was indeed consistent and could be
carrected faor in sample data processing. This correction factor was not
applied to the sample data shawn in this technical note, as the Echo®
MS was the only measuring platform used routinely for this research,
emplaying the same matrix and calibration methaod for every batch.

Due to the very high throughput of the Echo® MS module with the SCIEX
Triple Quad 6500+ system, the number of technical replicates can be
increased from 1 to 6 compared to HPLC, thereby enhancing accuracy
and precision per individual sample, which would otherwise be too time-
consuming on HPLC.

Conclusions

e  The Echo® MS module with the SCIEX Triple Quad 6500+
system can accurately measure glucose in fermentation
media at a rate of 1 sample per 2.5 seconds

e Adirect comparison of glucose measurements obtained
using the Echo® MS system or HPLC-IR showed similar
quantitative perfarmance

e The rapid rate of sample measurement using the Echo® MS
system enables multiple replicates for each sample that can
improve guantitative accuracy and precision
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