Supplementary Tables
Table S1:  Clinical isolates used in this study  Chronological clinical isolates from four cystic fibrosis patients with chronic P. aeruginosa infections (Patients A-C [1]; Patient D [2])  were used in this study.  To bin data for the analysis shown in Figure 3, each strain used except for the initially-isolated ancestor strain was classified as having increased Psl, increased alginate, or both, compared with the ancestor.  Increased alginate was determined by visual identification of mucoid colonies.  Determination of increased Psl was taken from [3].  Isolates that had neither increased Psl nor increased alginate were not used because the purpose of this study was to examine the effect of changes in EPS production on biofilm mechanics.
	Label
	Sample ID
	Days in vivo
	Colony morphology
	EPS classification

	A1
	C2773C
	0
	Classic
	Ancestor

	A2
	C3470C
	570
	Classic
	Not used

	A3.1
	C3639M
	703
	Mucoid
	Increased Psl and Alginate

	A3.2
	C3640D
	703
	Small
	Increased Psl

	A4
	C4278M
	1194
	Mucoid
	Increased Psl and Alginate

	B1
	C1913C
	0
	Classic
	Ancestor

	B2.1
	C4218C
	1669
	Classic
	Increased Psl

	B2.2
	C4219D
	1669
	Small
	Increased Psl

	B2.3
	C4220M
	1669
	Mucoid
	Increased Psl and Alginate

	B3.1
	C5912M
	2790
	Mucoid
	Increased Alginate

	B3.2
	C5913C
	2790
	Classic
	Not used

	B3.3
	C5914M
	2790
	Mucoid
	Increased Alginate

	Cb1
	C2159M
	0
	Mucoid
	Ancestor

	Cb2
	C3488D
	1025
	Small
	Increased Psl

	Cb3
	C5623M
	2545
	Mucoid
	Increased Psl and Alginate

	D1
	C3881C
	0
	Classic
	Ancestor

	D2.1
	C4197D
	252
	Small
	Not used

	D2.2
	C4198C
	252
	Classic
	Increased Psl

	D3.1
	C6926M
	1988
	Mucoid
	Increased Psl and Alginate

	D3.2
	C6927C
	1988
	Classic
	Increased Psl

	D4.1
	C7514E
	2394
	Entire
	Not used

	D4.2
	C7515D
	2394
	Small
	Increased Psl


















Table S2: Lab strains used in this study.
	Strain
	Description
	Ref.

	PAO1 GFP
	Wild Type (WT) makes Psl and some Pel, no alginate
	[4]

	pel GFP
	Makes Psl, no Pel, no alginate
	[5, 6]

	psl GFP
	Makes Pel, no Psl, no alginate
	[7]

	mucA GFP
	Over-expresses alginate
	[8]

	wspF pel GFP
	Over-expresses Psl, no Pel, no alginate
	[9]

	wspF psl GFP
	Over-expresses Pel, no Psl, no alginate
	This paper (for GFP addition)
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Supplementary Figure Legends

Figure S1.  Representative (A) frequency sweeps and (B) strain sweeps at 3.14 radians/s for biofilms regrown from clinical isolates taken from Patient B. Elastic moduli are shown by filled symbols and viscous moduli are shown by the corresponding hollow symbols.  For most of these clinical isolates, the elastic modulus G of is greater than its viscous modulus G.  However, the ratio G/G, and therefore tan(), where  is the phase constant in Equation 1, is much more varied for clinical isolates than for PAO1 lineages, and for B3.1 M and B3.3 M at some frequencies and strains, G/G is approximately unity and our approximation that biofilms are predominantly solid-like breaks down. 
The legend lists strains in order of isolation – see Table S1 for timepoints of isolation.  Isolates from later timepoints in the infection’s history that have converted to the mucoid phenotype (designated by M) tend to have lower elastic moduli than do isolates from earlier timepoints.  Exceptions are found for isolates that also have increased Psl expression.  
Data points for the elastic response of bacterial strain B1 C are hidden under data points for bacterial strain B2.1 C, and data points for the elastic response of bacterial strain B2.2 C are hidden under data points for bacterial strain B3.2 C.  Data points for the viscous response of bacterial strain B2.2 C are largely hidden under data points for bacterial strains B2.3 M and B3.3 M.  

Figure S2.  Representative (A) frequency sweeps and (B) strain sweeps at 3.14 radians/s for biofilms regrown from clinical isolates taken from Patient C. Elastic moduli are shown by filled symbols and viscous moduli are shown by the corresponding hollow symbols. Data points for the elastic response of bacterial strain Cb1 M are largely hidden under data points for bacterial strain Cb2 D.  For bacterial strain Cb3 M, the ratio G/G is of order unity, indicating that our approximation of biofilms as elastic solids breaks down for this clinical isolate.

Figure S3.  Representative (A) frequency sweeps and (B) strain sweeps at 3.14 radians/s for biofilms regrown from clinical isolates taken from Patient D. Elastic moduli are shown by filled symbols and viscous moduli are shown by the corresponding hollow symbols.   Data points for the elastic response of bacterial strain D1 are largely hidden under data points for bacterial strain D2.2.
Figure S4.  Evolutionary changes in the toughness of biofilms grown from clinical bacterial isolates, broken down by increased Psl and alginate production.  Isolates from timepoints after the first are categorized as having increased Psl expression, increased expression of both Psl and alginate, or increased alginate expression. Grey highlights diminished mechanics, and orange-and-grey striped indicates diminished mechanics that are greater than for increased alginate alone. 	(A) Increasing production of both Psl and alginate increases the energy cost to break the biofilm more than increasing either polysaccharide alone.  (B)  Biofilms grown from strains that have increased production of Psl have greater breaking energy density than biofilms that increase production of alginate only.  (C)  The contribution to breaking energy that comes from elastic (stored) energy contributions is typically 3-6 greater than the contribution that comes from viscous (dissipated) energy contributions.  
Figure S5. Representative strain sweeps at 3.14 radians/s for WT and mucA biofilms. Elastic moduli are shown by filled symbols and viscous moduli are shown by corresponding hollow symbols.  Notably, for mucA, the ratio G/G, while still greater than unity, is much less than for WT or for the non-alginate lab strains measured in Figures 3 and S10.  This suggests that alginate expression is likely to be a factor in the variability of the ratio of elastic modulus to viscous modulus for clinical isolates (Figure 1, Figures S1-S3).

Figure S6.  A representative force-displacement curve associated with detaching two Psl over-producing bacteria.  At (A), the AFM cantilever tip begins to lift from the surface.  At (B), the greatest force magnitude is measured; the distance between (B) and (A) is the separation at maximum force.  At (C), the bacterium detaches completely.  The distance between (C) and (A) is the interaction range. 

Figure S7.  Histograms of quantities measured by separating two matched bacteria with an AFM.  The rate of retraction of the AFM cantilever is 10 m/s.  As with the data in Figure 3, taken with a retraction speed of 1 m/s, overall, wspF pel show stronger mechanical interaction and greater variability than WT and wspF psl. (A)  Numerical integration of force-displacement curves gives the net mechanical work of detachment.  (B)  The peak force is the maximum force measured for each detachment curve.  (C)  The separation at maximum force is the displacement at which the peak force is found.  (D)  The range measures the size of the displacement undergone before the force returns to its baseline, zero value.  This measures the lengthscale over which two bacteria can be separated but still mechanically interacting.  

Figure S8.  Representative frequency and strain sweeps measuring elastic and viscous moduli for WT, ∆pel, and ∆psl biofilms. Elastic moduli are shown by filled symbols and viscous moduli are shown by the corresponding hollow symbols. (A) Frequency sweep run at 1% strain. (B) Strain sweep run at 3.14 radians/s. 

Figure S9. (A)  Energy density required to cause yielding of biofilms grown from lab strains with different patterns of polysaccharide production.  (B)  For all lab-strain biofilms except mucA, the contribution to breaking energy that comes from elastic (stored) energy contributions is ~10 greater than the contribution that comes from viscous (dissipated) energy contributions.

Figure S10.  Schematics of rheology measurements.  (A and B) The rheometer tool (two parallel, black plates) applies a mechanical shear to the biofilm (green).  (A) shows the unstrained state; (B) shows displacement of the top plate to impose a shear strain ε = x/y.  (C)  For elastic solids, the slope of the linear regime of the stress-strain curve gives the material’s elastic modulus G.  The end of the linear regime marks the yield point, which correlates with a yield strain and yield stress.  (D)  Using our strain-sweep rheology measurements, we determined biofilm yield as the point of intersection between a linear fit to the plateau elastic modulus G and a power-law fit to the region of decreasing G with strain.

Figure S11.  Time sweep of WT to evaluate drying with and without solvent trap.  Elastic modulus G was measured for 10 minutes at constant strain and frequency. (A) Without the solvent trap, the stiffness of the biofilm increases with time as a result of water loss. (B) With the solvent trap, biofilm stiffness stays constant in time. The solvent trap alleviates the stiffness increase due to drying. (C)  Image of the rheometer tool with the solvent trap in place.
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