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Overview Methods

« An atmospheric monitoring mass Gas sampling system
spectrometer designed for real-time data | A Shimadzu QP2010 quadrupole mass spectrometer using
acquisition electron impact ionization was fitted with a novel patented

atmospheric inlet technology that allows instrument inlet and

* Plant metabolic pathway switching sample throughput flow metering (Figure 2). Atmospheric

characterization studied via light cycling sample stream-filtering capabilities are built into the design to

e« Demonstration of method for determining trap particulates for further downstream analysis, such as ICP
single-plant-leaf CO, fixation and
respiration rates

Prototype Real-Time AMMS Features

or biological agent identification.

Figure 2. Design of the atmospheric inlet technology

Single-plant-leaf monitoring
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Figure 1. Fully automated atmospheric monitoring +
mass spectrometer prototype ol m'g‘:ﬁt‘i‘;‘”"
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Introduction

 Traditional approaches (e.qg., infrared
and photochemical-based methods) for
carbon exchange assessments of plants,
lack the selectivity and sensitivity offered
by mass spectrometry (MS)

 With MS, we can obtain real-time, high-
definition data for Iimportant processes chamber with downdraft flow diagram

Involved In gas (e-g-’ O2 and COZ) Plants were placed in a 4-L/min downdraft environmental
uptake and exchange chamber developed in-house (Figure 3B). Individual plant

» We report the utility of atmospheric Real- leaves were Isolated in plastic bags and sampled through a

. : . press-fitted Teflon transfer line (Figure 3A). A wire clasp kept
Time ngh Definition Mass spectrometry the bag collapsed around the leaf surface to reduce dilution

(RTHD-MS) developed in our lab to effects without obstructing flow. All plants were acclimated in
assess In VIvo single-leaf carbon darkness and room air for 24 hours with a constant transfer

: line flow of 2.0 mL/min prior to experiments.
exchange rates (Figure 1). P P
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The darkness-acclimated state served to 1) deplete the plant
of all starch reserves, and 2) establish an initial baseline
concentration of CO,, (ppm) by combining the atmospheric
CO, value (background) with that produced by the subject leaf
via photorespiration, respiration, or other CO,-producing
reactions. A sampling rate of 2.0 mL/min was used to obtain
highly resolved (in time) metabolic processes. A General
Electric F15T8, 510 lumen, mercury vapor light source was
used for its spectral characteristics (Figure 4). Each plant was
light and dark cycled as follows: initial off, 30 min on, 50 min
off, 65 min on, 79.5 min off, 85 mi -on, 96 min off. The leaf was
then excised at the base of the wire clip, dried, and weighed
for ppm/mg calculations.
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Figure 4. Exposure light spectral power distribution graph

Results
Instrument Calibration

Instrument calibration standards were volumetrically prepared
In 3-L Tedlar gas bags at five concentrations using room air
scrubbed of CO,. Approximately 100 scans were collected and
averaged at each concentration.

1350 Typical 5 Level Carbon Dioxide Calibration Data Acquisition Session

1150 $1=3.12 ppm
$2=31.25 ppm
$3=156.23 ppm

950 =
CO, Scrubbed | $4=625.00 ppr
. = .00 ppm
Room Air Blank

750
Room Air

550
Floom Air ~415 ppm CO,

S3

350
150

-501000 2000 3000 4000 5000 6000 7000 8000 9000

Figure 5. The novel inlet design allowed Tedlar gas bag
standards to be continuously changed during a single
monitoring session without flow or signal disruption
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Figure 6. CO, calibration graphs for each single-leaf exposure
sessions used in this experiment
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Typical Arabidopsis Monitoring Chromatogram Showing the 24 Points of Interest

Initial CO2 Concentration from Room Air
with Additional conc. from Respiration ‘
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2,10,18: Shows time required to change metabolic pathway from dark cycle to photosynthesis when light is turned on
6,14,22: Shows time required to change metabolic pathway from photosynthesis to dark cycle when light is turned off
3,11,19: Shows metabolic pathway switching rate from dark reactions to photosynthesis
7,15,23: Shows metabolic pathway switching rate from photosynthesis to dark reactions
4,8,12,16,20,24: Shows metabolic pathway switch end time or equilibrium state
5,9,13,17,21:Shows metabolic pathway switch end time or equilibrium state

Blue Dots= Raw Data
Black Dots= Averaged Trend Line

Figure 7. For each 100-minute single-leaf light-exposure-monitoring
session, 12,000 scans were acquired
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Figure 8. Averaged triplicate single-leaf rate data Included is
total CO, fixed/mg of leaf, CO, released during increased

respiration during dark reaction cycles.
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Figure 9. Light-to-dark and dark-to-light reaction CO, rates.
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Figure 10. Data showing a single leaf of Arabidopsis consistently consumes more
atmospheric CO, than it produces. Difference can be used to calculate total CO,
fixed by the leaf over a given time.

Conclusions

« RTHD-MS provides highly time-resolved data for monitoring CO,
photosynthesis/ carbon fixation and respiration in plants

» Single-leaf monitoring provides detailed, real-time data for CO,, uptake
during light-dark cycling

e Carbon fixation rate and total amount were demonstrated directly through
gas measurements

« RTHD-MS showed excellent resolving power to reveal metabolic activity o
the single-mg per plant leaf scale.
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