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Soll heterogeneity and microbial activity

Physical
Characterization

» Soils are highly
heterogeneous
media, variety of
microenvironments in
a given sample

. Mlcroblal activity (e.g. T B ot
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Baveye et al. Front. Microbiol. 2018



Soll heterogeneity and microbial activity

Physical
Characterization

‘%4 (Bio)chemical
%4 & | Characterization

chemical ‘—

Baveye et al. Front. Microbiol. 2018

New

Macroscopic
Measurements

Bulk measurements
of these properties
often do not correlate
well with activity

Unraveling spatial
relationships between
activity and local
environment key to
better understanding
microbial processes
in soils, including
bioremediation

Positron imaging may
reconcile these points



What Is positron imaging?

Positron: a subatomic particle with the same mass as an
electron and a numerically equal but opposite charge

000
A * e L 8o u B + v, + et
neutronsggg 6 888 5 e .
\\ +O
x© AN
‘(\e\)
e
osironemiting  Positonemitingsotope  Halfite
Radionuclides produced © 20 minutes
at cyclotron facilities 13N ~ 10 minutes
0 ~ 2 minutes

18F = 119 minutes



What is positron imaging (PET and

autoradiography)?
Positron emission tomography (PET) Autoradiography
*Radlo!racer * * *
positron g*g e'e® e‘® )
O

Regions exposed to radiotracer

/ Tracer distribution in rat brain
®
® B -

Using detector arrays, three
dimensional tracer
distribution accessible —




What are the benefits of positron

Imaging?

_Med'ca_l Radiation penetrates well in
diagnostics many media

Numerous isotopes and
chemistries available

Uses synthetic isotopes

Short half-life of radiotracers

Able to detect low tracer levels
(sub-picomolar concentrations)

Repeated scanning/imaging

Visualization in opaque
media

Tracers tailored to many
systems

What we see is what was
added (i.e. no natural
background)

Active regions visualized

Minimal disturbance to
sample chemistry and
biology

Time-resolved
visualization of tracer
movement

Plant Science

TEMPERATE TREE TROPICAL TREE HERBACEOUS CROP

Populus tremula Erythrophleum

E. suaveolens

Hubeau et al. Front. For. Glob. Change. 2019

Veterinary medicine

High "'C

Rohren et al. Vet. Comp. Oncol. 2010, 8, 163-187



Some example projects from our lab
applying positron imaging to questions in
soll science



Visualizing microbial metabolism in solls

1000 ug CO, . . . L .
evolved CO, evolution assay for microbial activity in soils
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 Localized soil environments vary greatly in 3-dimensional space

« Many existing methods for measuring metabolism destructive and/or lack
spatial resolution



Mapping microbial metabolism with PET
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Mapping microbial metabolism with PET
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Mapping microbial metabolism with PET

i " FDG
o 0
HO HO
HO HO
o OH e OH
Glucose 2-deoxy-2-[ F)-D-glucose

Column with active
P. fluorescens

Column with
autoclaved P.

L U
": et ¢ o ﬂ U OreSCe nS Sand Cores with Pseudomonas Inoculant
P ‘i? §&
T T s

.?u 3'.}"'4'::'7',5

NS e 4 .
I l o | — Culture treatment
N - == S e Culture Control
Control

-

E

g @0

T e T i T T T

0.0e+00 2.0e-08 4.0e-08 6.0e-08 8 0e-08 1.0e-07 1.2e.07

Intensity (Actiwty Concentration)



Positron imaging defines region of activity,

then what?

Targeted biochemical analysis Targeted genetic analysis

Sterile sediment  Microbially Quartz sand Reference
active sediment
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Qu et al. Plant Physiol. 2016, 172, 776-788

Thorpe et al. Appl. Radiat. Isotopes 2019, 144, 104-110

... as well as some more examples from our
lab

Focused chemical and
physical imaging
X-ray fluorescence mapping

Microdiffraction studies
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Hamilton et al. JEQ 2016, 45, 684-692 and
Hamilton et al. ACS Earth Space Chem 2018, 2,
1161-1167.



Visualizing heterotrophic activity in diesel
contaminated soil with PET
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Radiographic imaging of methanotrophs
and autotrophs in solls

Soil dosing Images of radiotracer uptake Targeted biogeochemical

and imaging analysis
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Summary of positron imaging
applications In research
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Positron emitting radiotracers can follow molecule-specific activities (what is happening?)

Positron imaging allows for time-resolved visualization of activity (where did it happen?, when did it happen?)

Subsequent genetic analysis has potential to characterize communities (who is there?)
Local biogeochemical speciation may help understand underlying factors (why did it happen?)



Future applications of positron imaging In
bioremediation processes

Remediation of Remediation of Remediation of

BTEX compounds ammonium in soils halogenated &
organics by S
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Varying tracer chemistry can open up spatial visualization of many biodegradation/transformation processes
(modify the “what”)
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