

















Figure S7. Combination of FISH and Raman microspectroscopy. Micrographs of bright-
field illumination and epifluorescence microscopy of the same field of view are shown.
Bacteroides acidifaciens cells from the mouse cecal contents that had been incubated with a
glucose amendment in the presence of 50% D,0O in growth water are stained in red by FISH
and indicated by arrows with a yellow border. Arrows with blue borders indicate other cells.
The single cell Raman spectra from the two B. acidifaciens cells are shown to demonstrate
that FISH-Raman can be used to identify physiological heterogeneity among cells of the
same species. The C-D peak (2040-2300 cm™) can be seen in cell 1 (red spectrum) and is
absent or present at a very low level in cell 2 (black spectrum).
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Figure S8. Effect of ethanol storage on cellular C-H and C-D content as measured by
Raman microspectroscopy. Cells of Escherichia coli, Methanobrevibacter gottschalkii, and
Methanobrevibacter smithii grown in media containing 30% D0 in growth water were fixed
with PFA and stored in a 1X PBS solution with or without 50% ethanol at 4 °C (for less than
six months) prior to Raman measurement. Single cell spectra are denoted by points and
population quartiles are shown as boxplots. (A) The lipid content of the cells was estimated
by calculating the C-H+C-D content of the cell (as defined in Materials and Methods)
normalized to the height of the phenylalanine peak as lipids roughly contribute 25% of the
cellular C-H and C-D content and proteins contribute around 65% to these bonds (B). The
%CD was calculated as C-D/(C-D+C-H) as described in Materials and Methods. Cells stored
in ethanol-containing solution have a slightly lower lipid content and %CD, but this is not
statistically significant (ANOVA, Tukey HSD test p>0.05 for all comparisons for both lipid
content and %CD).
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Figure S9. Effect of the hybridization and wash steps of the FISH procedure on the C-D
and C-H peaks in single cell Raman spectra of deuterium labeled Escherichia coli cells.
E. coli grown in media containing 50% D,O in the growth water was used for all conditions.
Between 25-32 cells were measured by Raman for each condition. (A) As explained in Fig.
S8 the lipid content was estimated by calculating the C-H+C-D content of the cell normalized
to the phenylalanine peak (B). %CD was calculated as described in Materials and Methods. A
standard liquid FISH protocol was used or modified to exclude the ethanol (EtOH) drying
steps, formamide (FA), sodium dodecyl sulfate (SDS), a combination of these, or performed
at room temperature (RT) instead of 46 °C. Spectra from these experiments were compared
against spectra from fixed cells that were not exposed to the FISH protocol. All modifications
to the FISH protocol tested statistically significantly affected %CD and all modifications
affected the lipid content except FISH without formamide and FISH at room temperature
(ANOVA, Tukey HSD test: p<0.05).
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Figure S10. Phylogenetic analysis of 16S rRNA gene sequences retrieved from sorted
deuterated cells. Clones from mucin [MC] and glucosamine [GS] incubations are shown in
blue and red, respectively and constructed from near-full-length 16S rRNA gene sequences
closely related to clone sequences using the maximum likelthood method RAXML (with 500
bootstrap re-samplings). Bootstrap support of nodes >50% are indicated. Clone sequences
were then added to the tree using the quick-add parsimony method in ARB. The taxonomic
classification of sequences is shown. Scale bar indicates number of substitutions per site.

10



% of glucose
that is deuterated

in the medium |
0

10 |
25
50
75
100

Raman intensity (AU)

500 1000 1500 2000 2500 3000 3500
Wavenumber (cm-")

Figure S11. D incorporation from other labeled compounds. In addition to incubations
with heavy water, deuterium can also be used as label of other compounds, which allows one
to directly label substrate-consuming microbes. This additional labeling strategy caused
identical peak shifts in the Raman spectra as growth in the presence of deuterated water, as
demonstrated for E. coli growing in the presence of fully deuterated glucose. Escherichia coli
cells were grown for 16 h in M9 minimal media with fully deuterated glucose mixed in
various ratios with non-labeled glucose as the sole carbon source (final concentration of the
total glucose including deuterated and non-deuterated glucose was 10 mM). Spectra are
means of 20 single cell measurements. The C-D peak (2040-2300 cm™) appears with
increasing amount of deuterated glucose and can be seen already at 5% deuterated glucose.

11



Table S1. Overview of experiments conducted. BH: bacterial heterotroph, BA: bacterial autotroph, AA: archaeal autotroph.

Exp. | Purpose Organism D,O Time Main Outcome Details

ID concentration

A Determine effect | E. coli (BH) 0,2.5,5,10, | 16h Growth in the presence of D,O Fig 1
of D,O on 15, 20, 30, increases C-D peak region and
Raman spectra 50, 100 decreases C-H peak region in
and D Raman spectra and leads to cellular
incorporation D incorporation in NanoSIMS data.

B Determine if | B. subtilis (BH) 0,30,50,100 | 16 h (BH | C-D and C-H peak regions from all | Fig 2 and
results from | B. thuringiensis (BH) strains) tested organisms show same trend | Fig S6
Exp. A hold true | N. moscoviensis (BA) 6 days (BA | as for E. coli in Exp. A.
for diverse | N. gargensis (AA) strain)
microbes M. smithii (AA) 7 days (AA

M. gottschalkii (AA) strains)
M. labreanum (AA)

C Determine effect | E. coli (BH) 0, 50 16 h Abiotic H (or D) exchange is not | Fig S2
of abiotic detectable by Raman
exchangeable H microspectroscopy.
on Raman
spectra

D Determine effect | E. coli (BH) 0, 5, 15, 30, |26 h (BH | DO can have an inhibiting effect at | Fig S3
of DO on | B. subtilis (BH) 50, 100 strains) very high levels.
growth and | B. thuringiensis (BH) 148 h (AA
activity of | N. gargensis (AA) strain)
microbes

E Determine E. coli (BH) 100 16 h Raman-based deuterium | Fig S4
reproducibility | B. subtilis (BH) quantification in microbial cells is
of %CD | B. thuringiensis (BH) highly reproducible
quantification
on a single cell

F Determine how | E. coli (BH) 0, 40 Upto4h D incorporation can be detected | Fig S5
rapidly D before a single cell division.
incorporation
occurs
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Evaluate effect | E. coli (BH) 30 16 h (BH | Storage in EtOH at 4 °C does not | Fig S8
of ethanol | M. smithii (AA) strains) significantly affect C-D content of
storage on %CD | M. gottschalkii (AA) 7 days (AA | cells.
strains)
Evaluate effect | E. coli (BH) 50 16 h FISH protocol has a measurable | Fig S9
of FISH effect on C-D content of cells, but
protocol on does not prevent its detection.
%CD
Effect of | E. coli (BH) 0 16 h Utilization of deuterated organic | Fig S11
utilization of compounds by microbes can also
deuterated be detected by Raman using C-D
glucose on peak measurements.
Raman spectra
Cecum Mixed community 50 18 h FISH-Raman can be used to profile | Figs 3
incubations activity of targeted taxa wunder | and S7
different incubation conditions.
Bacteroides acidifaciens responded
to all amendment, indicating that it
is a flexible forager, whereas
Akkermansia muciniphila
responded specifically to mucin.
Sorting and | Mixed community 50 18 h Novel microbes stimulated by | Figs 4
analysis of glucosamine and/or mucin | and S10

active cells

additions to gut microbiota were
discovered using Raman sorting of
individual labeled cells followed by
DNA amplification and analysis.
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Table S2. Classification model for the presence or absence of DO in the growth medium: confusion table. A principal components analysis in
combination with a linear discriminant analysis was applied to construct a classification model for the presence and absence of D,0. The classification
model could predict 98% of the Escherichia coli spectra correctly, e.g. only one misclassification occurred. This performance was evaluated using a

10-fold cross-validation scheme.

Predicted class labels

True class labels

Absence of D,O Presence of D,O

Absence of D,O

20 |

Presence of D,O

0 114
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