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taxa within natural communities? and approach minimum values as f,,, approaches S L Fig. 9. (A) Bright-field image of interrogated cells and (B) comparison of measured and
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« How variable are intra-population single-cell growth rates among different phytoplankton abundances )are constant through time. (dotted I Nee o . ) | SP. (Hpop = O.-16_ d™) in labeled .F/2 media (fn:,edia = 0.48) were s-ubsampled through expohential

taxa (e.g., rare vs common species)? lines represent theoretical predictions based on 1000 - : ﬁ‘éﬁ%% __%-_ growth. Solid line represents linear regression of all observations (N = 253 cells) including

To address such questions, we developed the method described below to measure growth population growth rate). i o ¢ 7 ° natural 1*C abundance controls (f.., = 0.0107); f,,(SCRR) = 0.005 + 0.92+0.02 f_, (fluor), r* =
rates of individual photoautotrophic cells by combining Stable Isotope Probing (SIP) and o 5 10 15 o0 o5 0.32.
Single-Cell Resonance Raman (SCRR) microspectrometry, fully described in Taylor et al. (2017); days * Measured f_, values computed from SCRR peak positions <AV > appear equivalent to
doi: 10.3389/fmich.2017.01449 and accessible here. predicted f_., values computed from a,, f,.4i., and 4, measured by in vivo fluorescence,

within the uncertainty of all measurements.
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is one of the few tools to directly link function with phylogeny.
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* Analysis of wavenumber shifts <AV > in Raman scattered photons enables quantitative
GTTP membranes | treatments. (¢ - SCRR samples withdrawn) /Compute single-cell growth rates () from SIP-Raman experiment (Fig. 7)\

determination of degree of biomass labeling (f_.,), a virtual single-cell mass spectrometer.

£ TR * Single-cell specific growth rates (i) computed from f, match u,, determined
k ) f..; is derived from: AU =b,+b, f.. fluorometrically from entire populations.
- = _ where b, =1157; b; = -30.3 * However, SCRR enables examination of intra- and inter-specific variability in growth,

A. SIP experiment W/ Synechococcus in serum t Hsc microbial processing of carbon, and other biogeochemically important elements
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C. Place droplet of sterile MilliQ water onto mirror-finished stainless steel slide and * Total propagated analytical error (CV) is typically less than 2%.

press wedge sample side down on droplet. 1 o . . . . .

— solve for n (generations) n = In fmedia — fo  Sample preparation requirements are relaxed, i.e., live, dried, preserved, frozen, and probe-
n(2) Janaon = @ 2 (@ = Ve mvczb_l b, hybridized cells can all be interrogated under ordinary lab conditions.
* S|IP-Raman revealed that single-cell growth rates within a given isogenic Synechococcus sp.

n
\Knowing n and t, solve for u, (specific growth rate, d!)  u, =0.693 T / population could vary by ~27% (CV) around the mean at any particular time point.

e Similar cell-to-cell variability has been reported for cultures of Chlorella and
Chlamydomonas within mineral oil-encapsulated droplets of media in a microfluidic devices
(CV = 27-35%) (Dewan et al., 2012; Biotechnol. Bioeng. 109, 2987; Damodaran et al., 2014; PLoS ONE

| W — ‘U . - pef 3 10:¢0118987) and in chemostat cultures of bacteria (CV = 19-51%) using SIP-nano-SIMS (Kopf et

D. Place s.s. slide and filter on -80°C chilled
aluminum block. Once frozen, peel membrane
away leaving most cells frozen to slide. Return slide

to RT and air dry. Let the interrogation commence!
(Taylor et al., 2017; dx.doi.org/10.17504/protocols.io.g4qbyvw )

Fig. 3. Sample preparation for SIP-Raman-FISH
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Fig. 4. Single-Cell Resonance Raman (SCRR) spectral detection of 13C labeling. (B) Stacked SCRR spectra from cells #1-13. (C) Bright field image of cells #1-13 heterogeneous microenvironments, (IV) appllcatlon of agent-based
acquisition through time. SCRR spectra of carotenoids were targeted for Raman interrogation in a single field superimposed with (AV._.) \{vavenumber models to planktonic systems, (v) diazotrophy, (vi) C and N flow among
obtained before growth was detectable by in vivo fluorescence in color codes. (D) Frequency of occurrence of cells added from each f ., population (open lanktonic functional esroups
dilute cultures. bars) and those detected by SCRR (shaded bars). P & Ps.
* Frequency distributions of populations added and detected by SCRR are statistically
indistinguishable (p = 1.00; ANOVA). Intrigued? Contact Gordon (gordon.taylor@stonybrook.edu)
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