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The two FSC-SSC bivariate plots (Al, B1) at the top of (a) and (b) are examples for showing how to select and gate microbeads populations. It should
be noted that microbeads with other sizes are not in the same gating regions. Distribution peaks in the one dimension histograms are gated by similar

way, among which red peaks are the distribution of background noises gated from FSC-SSC plot and all the blue curves are the distribution of calibrated

beads.
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Fig. 1 Comparison of the flow cytometers Influx(SPO) and FACSArialll on their FSC

and SSC signals derived from microbeads
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Fig. 2 Growth Curve of Bacillus subtilis strain 168

in LB liquid medium
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Fig. 3 FSC-SSC bivariate distribution plots of subpopulations of Bacillus subtilis strain 168 at various growth stages

(a~m) An overnight culture of Bacillus subtilis was seeded by 1 : 100 and cultured for 0~ 190 h. The culture time and A values for all samples are

labeled above FSC-SSC plots. (n) After A value increasing to 1.0, the culture was diluted 1 100 into fresh medium and cultured again under similar

conditions. The dilution/growth cycle was repeated three times. (0) Using ultrapure water (filtered by 0.1 wm) as a sample to check the background

noise level.
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Fig. 4 Comparison of Influx(SPO), FACSArialll and FACSCalibur on their FSC

and SSC signals collected from Bacillus subtilis at various growth stages

0.1 pm filtered ultrapure water was used as a sample to determine background noise level and data were acquired for 60 s consistently when run on

different flow cytometers (a, f, k). The same plots as Figure 3 are listed here again just for the convenience of comparison (b~ e). We can identify and

gate out 8 subpopulations of Bacillus subtilis as shown on the plot (c) that measured by Influx (SPO).

/12 3 4 5 6 7 8 9

10 11

Fig. 5 NAD(P)H levels of Bacillus subtilis at various growth
stages by monitoring autofluorescence using Influx(SPO)
The NAD(P)H fluorescence intensity of Bacillus subtilis were acquired
by using 355 nm UV excitation and 420 ~ 480 nm emission. /: Oh, A=
0.1; 2: 2h, A=0.1; 3: 3h, A=0.43; 4: 4h, A=0.51; 5: 5Sh, A=1.175; 6: 6h,
A=2.2; 7: 12h, A=5.78; 8: 24h, A=6.61; 9: 36h, A=5.76; 10: 48h, A=

4.33; 11: 60h, A=4.39.
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Fig. 6 NAD(P)H levels of every subpopulation of Bacillus subtilis at various growth stages

by monitoring autofluorescence using Influx(SPO)

On it's SSC-FSC bivariate plot, Bacillus subtilis of different growth states exhibited widely varied distribution modes (a~ ¢). Note that these plots are

same as those with identical name in Figure 3. But here we separately gate out and name every subpopulation as shown on each plot (a~ ¢) and analyze

it's NAD(P)H signal respectively (f~ j).
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Fig. 7 Colony-forming abilities of Influx (SPO)-sorted
subpopulations of Bacillus subtilis at different growth stages
Cell subpopulations distribution at different growth stages and the
sorting gates are shown on (a). Cloning efficiency of each sorted
subpopulation is displayed on (b). 1000 Bacillus subtilis cells sorted by
Influx (SPO) were plated on 100 mm culture dish overnight.
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5 h-P1 5h-P2

Fig. 8 Phase contrast microscopy images on

Influx (SPO)-sorted Pland P2 subpopulations of
Bacillus subtilis at the 5 h growth stage
P1 and P2 subpopulations from 5 h cultured Bacillus subtilis were
enriched vie Influx (SPO) sorting. The Gating strategy for sorting was
indentical with Figure 7a. When observed by a microscope, it can be
found that bacterial cells of P1 subpopulation presented rod shape but
cells from P2 appeared spherical shape (pointed out by the red arrows in
right picture).
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Abstract
genomes, and it is closely related to physiological functions of microbes. The multiple heterogeneous states of

Recent studies revealed that heterogeneity is a general phenomenon among microbes with identical

microbes requires single-cell level tools to uncover. Flow cytometry is one of the most important methods to obtain
accurate information on quantitative distribution of heterogeneous states of microbes. However, the small size,
much less biomolecule contents and general lack of specific reagents limit the application of conventional flow
cytometry to investigations of the heterogeneity of microbes. In this study, we applied a newly developed flow
cytometer with increased resolution and sensitivity on three label-free parameters which include FSC,SSC and
autofluorescence level of NAD(P)H to analyse Bacillus subtilis. And for the first time we revealed that the bacterial
culture exhibited complicated and dynamically distributed multiple heterogeneous subgroups depended on its
growth stage. This method has low background noise, high sensitivity and great resolution. The newly identified
multiple subpopulations of Bacillus subtilis and their changes dynamically associated with the biological functions
are likely to provide new opportunities to understand physiological change patterns and their underlying molecule
mechanisms. We also discussed that the new method based on flow cytometric measurements of non-label
parameters with high sensitivity and resolution had great potency for studies on the heterogeneity of various

microbes.
Key words heterogeneity of microbial pupolation, flow cytometry, Bacillus subtilis, forward scattering, side
scattering, NAD(P)H
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