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SUPPLEMENTARY METHODS 

Data collection and processing: X-ray diffraction data of lysozyme crystals produced in the absence of 

crowders were recorded from single cryocooled (100 K) crystals at beamline ID291 of the European Synchrotron 

Radiation Facility (Grenoble, France; two passes (with 90 or 99% beam attenuation) of 120 frames each in 1° 

oscillation steps and 1 s exposure) or in-house on a Gemini PX Ultra diffractometer (Oxford Diffraction) 

equipped with an Onyx CCD detector using Cu K radiation (676 1° oscillation frames with 20 s exposure in 8 

 and 5  scans). The latter experimental setup was also used to record diffraction data from lysozyme crystals 

grown in the presence of 300 g/L sucrose (211 0.75° oscillation frames with 17 s exposure in 3  scans) or 300 

g/L Ficoll-70 (98 0.75° oscillation frames with 60 s exposure in 2  scans). The diffraction data were integrated 

with XDS,2 scaled with AIMLESS,3 and reduced with utilities from the CCP4 program suite.4 The structures 

were solved by molecular replacement with PHASER,5 using the coordinates of PDB entry 2W1X as search 

model.6 The models were completed in alternating cycles of refinement with PHENIX 7 and manual model 

building with COOT.8 The final coordinates and structure factors were deposited at the Protein Data Bank under 

entries 6RT1 (Native in-house), 6RT3 (Native ESRF), 6RT9 (Sucrose) and 6RTA (Ficoll). The experimental 

data were deposited at the SBGrid Data Bank,9 under entries doi:10.15785/SBGRID/654 (6RT1), 

doi:10.15785/SBGRID/655 and doi:10.15785/SBGRID/656 (6RT3), doi:10.15785/SBGRID/657 (6RT9), and 

doi:10.15785/SBGRID/658 (6RTA). Data collection and processing and refinement statistics are summarized 

in Table S1. Software used in this project was curated by SBGrid.10 
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Table S1. Crystallographic data collection, processing and refinement statistics. 

 Native in-house Native ESRF Sucrose Ficoll 

Source In-house sealed 

tube 

ESRF ID29 In-house sealed 

tube 

In-house sealed 

tube 

Wavelength (Å) 1.5406 0.9795 1.5406 1.5406 

Resolution range 

(Å) 

14.6 – 1.34 (1.36 

– 1.34) 

39.4 – 1.05 (1.07 

– 1.05) 

14.8 – 1.55 (1.58 

– 1.55) 

14.6 – 1.80 (1.84 

– 1.80) 

Space group P43212 P43212 P212121 P43212 

Unit cell 

dimensions 

a=78.6 Å; b=78.6 

Å; c=37.0 Å 

a=78.9 Å; b=78.9 

Å; c=36.8 Å 

a=30.1 Å; b=56.1 

Å; c=72.5 Å 

a=78.7 Å; b=78.7 

Å; c=37.1 Å 

Total reflections 543,281 (1,739) 532,395 (4,316) 61,197 (1,827) 51,828 (1,657) 

Unique 

reflections 

26,070 (655) 53,373 (1,955) 18,289 (859) 11,092 (616) 

Multiplicity 20.8 (2.7) 10.0 (2.2) 3.3 (2.1) 4.7 (2.7) 

Completeness 

(%) 

96.9 (50.7) 97.6 (73.8) 99.1 (95.5) 98.5 (95.5) 

Mean I/sigma(I) 30.4 (1.2) 11.4 (0.5) 11.7 (0.8) 15.5 (1.3) 

Rmerge 0.068 (0.735) 0.098 (1.001)) 0.071 (0.872) 0.083 (0.720) 

Rp.i.m. 0.014 (0.450) 0.027 (0.810) 0.044 (0.754) 0.042 (0.510) 

CC1/2 1.000 (0.526) 0.998 (0.349) 0.991 (0.349) 0.997 (0.570) 

Rwork 0.122 0.124 0.184 0.164 

Rfree 0.162 0.146 0.228 0.191 

Non-H atoms 1257 1328 1283 1227 

Macromolecules 1064 1111 1057 1042 

Ligands 18 37 26 3 

Solvent 175 180 200 182 

Protein residues 129 129 129 129 

RMSD bonds (Å) 0.007 0.006 0.005 0.006 

RMSD angles (°) 0.94 0.90 0.89 0.79 

Ramachandran 

favoured (%) 

97.6 99.2 98.4 99.2 

Ramachandran 

allowed (%) 

2.4 0.8 1.6 0.8 

Ramachandran 

outliers (%) 

0.0 0.0 0.0 0.0 

Statistics for the highest-resolution shell are shown in parentheses. 

 

  



Table S2. Thermodynamic analysis by the crystallization, enzyme kinetics, and precipitation methods. The 

activity coefficients (𝛾), enthalpic contribution (∆ℎ) and entropic contribution (−𝑇∆𝑠) are obtained from the 

experimentally determined values of lysozyme solubility (crystallization and precipitation methods) and 

Michaelis constant (enzyme kinetics method). The uncertainty intervals correspond to the error propagation of 

standard deviation.  

Method Additive 
Thermodynamic Parameter 

𝛾 (-) ∆ℎ (kcal/mol) −𝑇∆𝑠 (kcal/mol) 

Crystallization 
Ficoll 1.667 ± 0.030 -0.75 ± 0.02 1.07 ± 0.03 

Sucrose 0.294 ± 0.011 -0.75 ± 0.02 0.00 

Enzyme kinetics 
Ficoll 2.781 ± 0.726 -0.26 ± 0.12 0.89 ± 0.20 

Sucrose 0.661 ± 0.133 -0.26 ± 0.12 0.00 

Precipitation 
Ficoll 0.014 ± 0.004 -0.91 ± 0.38 -1.71 ± 0.42 

Sucrose 0.230 ± 0.142 -0.91 ± 0.38 0.00 
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Figure S1. Measurements of lysozyme solubility (symbols) using the crystallization method. These preliminary 

results were used to determine the crystal solubility (𝑐∗) of lysozyme at a saturation temperature 𝑇∗ = 37 °C in 

the presence and absence of 300 g/L of crowders. Error bars represent standard deviations of triplicate 

measurements of 𝑇∗. 

  



 

Figure S2. Influence of crowding on the loss of catalytic activity of lysozyme. (A to C) Symbols and error bars: 

means and standard deviations of the normalized enzymatic activity measured after different periods of 

incubation and in the presence of (A) no crowders, (B) 300 g/L of Ficoll-70 and (C) 300 g/L sucrose. Solid lines 

are visual guides. No major changes in the enzymatic activity are observed after long periods of incubation in 

the presence and absence of crowders. 

  



REFERENCES 

1. D. de Sanctis, A. Beteva, H. Caserotto, F. Dobias, J. Gabadinho, T. Giraud, A. Gobbo, M. Guijarro, M. 

Lentini, B. Lavault, T. Mairs, S. McSweeney, S. Petitdemange, V. Rey-Bakaikoa, J. Surr, P. Theveneau, 

G. A. Leonard and C. Mueller-Dieckmann, Journal of Synchrotron Radiation, 2012, 19, 455-461. 

2. W. Kabsch, Acta Crystallographica Section D, 2010, 66, 125-132. 

3. P. R. Evans and G. N. Murshudov, Acta Crystallographica Section D, 2013, 69, 1204-1214. 

4. M. D. Winn, C. C. Ballard, K. D. Cowtan, E. J. Dodson, P. Emsley, P. R. Evans, R. M. Keegan, E. B. 

Krissinel, A. G. W. Leslie, A. McCoy, S. J. McNicholas, G. N. Murshudov, N. S. Pannu, E. A. Potterton, 

H. R. Powell, R. J. Read, A. Vagin and K. S. Wilson, Acta Crystallographica Section D, 2011, 67, 235-

242. 

5. A. J. McCoy, R. W. Grosse-Kunstleve, P. D. Adams, M. D. Winn, L. C. Storoni and R. J. Read, Journal 

of Applied Crystallography, 2007, 40, 658-674. 

6. M. Cianci, J. R. Helliwell and A. Suzuki, Acta Crystallographica Section D, 2008, 64, 1196-1209. 

7. P. D. Adams, P. V. Afonine, G. Bunkoczi, V. B. Chen, I. W. Davis, N. Echols, J. J. Headd, L.-W. Hung, 

G. J. Kapral, R. W. Grosse-Kunstleve, A. J. McCoy, N. W. Moriarty, R. Oeffner, R. J. Read, D. C. 

Richardson, J. S. Richardson, T. C. Terwilliger and P. H. Zwart, Acta Crystallographica Section D, 

2010, 66, 213-221. 

8. P. Emsley and K. Cowtan, Acta Crystallographica Section D, 2004, 60, 2126-2132. 

9. P. A. Meyer, S. Socias, J. Key, E. Ransey, E. C. Tjon, A. Buschiazzo, M. Lei, C. Botka, J. Withrow, D. 

Neau, K. Rajashankar, K. S. Anderson, R. H. Baxter, S. C. Blacklow, T. J. Boggon, A. M. J. J. Bonvin, 

D. Borek, T. J. Brett, A. Caflisch, C.-I. Chang, W. J. Chazin, K. D. Corbett, M. S. Cosgrove, S. Crosson, 

S. Dhe-Paganon, E. Di Cera, C. L. Drennan, M. J. Eck, B. F. Eichman, Q. R. Fan, A. R. Ferré-D'Amaré, 

J. Christopher Fromme, K. C. Garcia, R. Gaudet, P. Gong, S. C. Harrison, E. E. Heldwein, Z. Jia, R. J. 

Keenan, A. C. Kruse, M. Kvansakul, J. S. McLellan, Y. Modis, Y. Nam, Z. Otwinowski, E. F. Pai, P. 

J. B. Pereira, C. Petosa, C. S. Raman, T. A. Rapoport, A. Roll-Mecak, M. K. Rosen, G. Rudenko, J. 

Schlessinger, T. U. Schwartz, Y. Shamoo, H. Sondermann, Y. J. Tao, N. H. Tolia, O. V. Tsodikov, K. 

D. Westover, H. Wu, I. Foster, J. S. Fraser, F. R. N. C. Maia, T. Gonen, T. Kirchhausen, K. Diederichs, 

M. Crosas and P. Sliz, Nature Communications, 2016, 7, 10882. 

10. A. Morin, B. Eisenbraun, J. Key, P. C. Sanschagrin, M. A. Timony, M. Ottaviano and P. Sliz, elife, 

2013, 2, e01456. 

 


