Size Matters For Structure And
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Supporting A Biofilm Life-Cycle Model
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Not all granules are the same _~— ™, Granules differ in structure and function
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all gPaIlU.].eS are the same Figure 1. Physico-chemical and physiological data from granule size fractions, A - J. (a) Bar plot indicating the size ranges of
. respective fractions, along with relative volumetric contributions to the sludge; (b) VS proportions of TS; (¢) typical scanning
Slze or the salne Sh&pe. electron microscopy (SEM) micrographs of selected granules (from fractions B, D, F, H and J); (@) scatter plot illustrating
density, and settling velocity, of granules (22=10) from each size fraction; (e) heat map depicting specific methanogenic activity
(SMA) of sludge samples (22=3) from each size fraction (except fraction J) against acetate (Ace), propionate (Prop), butyrate
(Buty) and H,;/CO, (Hyd); and (f) stacked bar charts
showing relative concentrations of proteins, humic-like

substances (HLS) and polysaccharides
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Granules dlsplay b ed Figure 3. Heat map showing log ratios of abundance of the 155 determinant OTUs

from sPLS analysis across the ten size fractions (A-dJ; in triplicate, 7=30) ordered using
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aACX'oSsS S1zeS granule ‘ granule One hundred and fifty-five OTUs from across the ten size
' 7 fractions were determined to be the determinant OTUs,
contributing to changes in the community structure
across the sizes. There are three distinct groupings of
these OTUs according to abundance and across the sizes.
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Alpha diversity analysis indicated a strong diversity
gradient across the size fractions with a significantly
higher rarefied richness (Fig 2a) and Shannon entropy
(Fig 2b) in the smaller granules than in the larger
granules. Additionally, beta diversity analysis revealed
a highly significant differentiation pattern Fig 2c-d.

Figure 2. Microbial diversity, and community structure, in samples (12=3) from across each of the ten size

fractions, A-J, according to variances in the 16S rRNA gene. Alpha diversity: box plot of the (&) rarefied species

richness and (b) Shannon Entropy. Beta diversity: Non-Metric Multidimensional Scaling (NMDS) using (¢) Bray-

Curtis dissimilarity and (@) weighted UniFrac distances, where each point corresponds to the community ®

structure of one sample, size fractions are indicated by colour, and the ellipses are drawn at a 95% CI; (e) depiction Dete rmlnant
of the proposed granule growth, or life-cycle, trajectory; (f) community structure based on relative abundance of

the top-25 most abundant OTUs from across each size fraction, where ‘others’ refers to all OTUs not included in the
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| OTU 8~ Phycisphaerae; MSBLO OTU 24 — Thermoplasmata; WCHA1-57 fractions binned into three size groups: small (fractions A-C), medium (fractions D-G) and
B OTU 3547 - Hyd24-12Bacteria; Hyd24-12 OTU 33 — Bacteroidetes vadinHA17 large (fractions H-J), and showing correlations with physico-chemical variables calculated

B o3 - Methanobacterium OTU 43 - Armatimonadstes using the Kendall rank correlation coefficient, where significant positive (pink) or
. OTU 19 — Nitrospirales; 4-29 OTU 32 - Syntrophobacter
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negative (blue) correlations are marked with * (Adj. P<0.08), ** (Adj. P<0.01) or ***
o OTU 4 — Synergistaceae I 07U 62 - Mesotoga (Agj. P<0.001). (b) Number of determinant OTUs (x-axis) from major phyla that were
Fraction OTU 2168 — Methanobacterium I others found in small, medium, and large bins.
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L, and N indicate the distribution of the seeded sludge and the final distribution is labelled by reactor. di A

containing only large (L) granules; and the fourth set (Ry;~Ryz) was inoculated with :zj
the unfractionated (naturally distributed) sludge (N). )
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