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Materials and Methods
Sample Preparation: U-[2H,15N]; Ile1-[13CH3], Leu/Val-[13CH3,12CD3], Met-[13CH3]– or Ile1-[13CHD2], Leu/Val-[13CHD2,13CHD2], Met-[13CHD2]– labeled samples of the FF domain from human HYPA/FBP11 were expressed and purified as previously described [1,2]. After purification, FF was buffer exchanged into 25 mM potassium phosphate (uncorrected pH 6.8), 50 mM NaCl, 1 mM EDTA, 0.2 mM NaN3, 100% D2O NMR buffer and concentrated in a 3 kDa MWCO centrifugal concentrator (Amicon).  1.0 – 1.5 mM samples were used for subsequent NMR measurements.
	E. coli lysate was prepared by growing the BL21 (DE3) pLysS cell line in LB media, 37 °C,  supplemented with 34 g/mL chloramphenicol.  At OD600 ~ 0.8 the cells were harvested via centrifugation and the resulting pellet resuspended in 30 mL D2O.  After cell lysis, the insoluble material was spun down, protease inhibitors (5 mM benzamidine, 0.1 mg/mL PMSF, and 0.2 mM NaN3) were added, and the lysate was filtered through a 0.22 m syringe filter.  The resulting clarified lysate was concentrated using a 3 kDa MWCO centrifugal concentrator.  Small molecules, <3 kDa which flow through the concentrator, were added back to the concentrated lysate by drying the flow-through in a speed vacuum, reconstituting in a small volume of D2O and adding back to the concentrated macromolecule fraction.  Total protein concentration was determined by the BCA assay (Pierce).  Samples of FF domain dissolved in 100 g/L lysate were prepared by diluting the appropriate volumes of concentrated FF domain and lysate stock solutions.
	S. cerevisiae lysate was prepared by growing BJ2168 (MATa leu2 trp1 ura3-52 prb1-1122 pep4-3 prc1-407 gal2) cells in YPD media at 30 °C until an OD600 ~ 1.0 was reached.  Cells were harvested by centrifugation, resuspended in phosphate-buffered saline, pH 7.4, 8% (w/v) sucrose, 2% (w/v) sorbitol, 2% (w/v) glucose, 5 mM ɛ-aminocaproic acid, 5 mM p-aminobenzoic acid, 5 mM EDTA and 0.001% (w/v) PMSF, and lysed via bead beating.  Insoluble material and membranes were spun down at 3,000g and 38,000g, respectively.  An EDTA-free complete protease inhibitor tablet (Roche) and 0.1 mg/mL PMSF were added to 30 mL of the cytosolic fraction. The lysate was then filtered through a 0.22 m syringe filter and concentrated in a 3 kDa MWCO centrifugal concentrator. Total protein concentration was determined by the BCA assay.  Samples of FF domain dissolved in 100 g/L lysate were prepared by diluting the appropriate volumes of concentrated FF domain and lysate stock solutions to a final volume of 500 L achieved through the addition of D2O. Because the concentrated lysate stock solutions were typically >250 g/L after the concentration step and were therefore highly viscous, care must be taken to ensure that the correct volume is used to get the final 100 g/L concentration for the NMR measurements. This was achieved by cutting the end of a pipet tip and then calibrating it by pulling up an equivalent volume of water to that required of lysate and marking the meniscus. Concentrated lysate was then repeatedly pipetted up and down until the meniscus mark was reached.  The lysate was then added to the required protein and buffer solution to obtain 500 L and repeatedly pipetted up and down to remove the lysate from the pipet tip as well as to thoroughly mix the sample.
NMR Spectroscopy: NMR data were recorded at 30 °C on Varian Inova 14.1 T and 18.8 T spectrometers equipped with cryogenically cooled (14.1 T) or room temperature (18.8 T) pulsed-field gradient triple resonance probes.  The sample temperature was calibrated using a thermocouple inside of an NMR tube.  13C CPMG relaxation dispersion (RD) data were collected with the pulse sequence described by Lündstrom et al. [3], utilizing a 30 ms constant-time relaxation delay and 15 CPMG frequencies between 33.3 and 1000 Hz. 1H CPMG RD data were recorded using the pulse sequence described by Baldwin et al. [4], also with a 30 ms constant-time relaxation delay and using 17 CPMG frequencies between 33.3 and 2000 Hz. Each data set typically included two repeat frequencies for error analysis. RD data were collected at 14.1 T and 18.8 T for samples of FF dissolved in buffer or E. coli lysate. In contrast, RD profiles were only recorded at 14.1 T for FF dissolved in S. cerevisiae lysate because of the increased rate of FF domain proteolysis in this medium. Typical acquisition times were 18, 48 and 72 hours for complete CPMG data sets collected on FF samples dissolved in buffer, E. coli or S. cerevisiae lysates
Despite care to minimize proteolysis in FF samples dissolved in lysate (see above), we did observe degradation over time (see Fig. 2, Fig. S2). Collection of pseudo-3D CPMG data sets one complete plane at a time (i.e., each CPMG value sequentially) is potentially problematic as changes in the sample that occur on the timescale of acquisition of each 2D plane can lead to artifacts in RD profiles and hence errors in the extracted parameters. Therefore, we have chosen to record data in an interleaved manner whereby the complete list of CPMG values is cycled prior to incrementing to the successive complex t1 point. In this manner the loss of signal because of proteolysis leads to an increased effective decay of the 13C interferogram without comprising accuracy of exchange parameters. This has been verified by recording back-to-back RD data sets and establishing that very similar exchange parameters are obtained.
Diffusion coefficients of small molecule probes (10 mM each of 13C-methanol, 1-13C ethanol, 13C-acetate, 2-13C isopropanol, 2-13C glycerol and 1-13C ribose) dissolved in buffer or 100 g/L lysate were measured using a modified 2D 13C-editted, convection compensated sLED pulsed-field gradient NMR experiment similar to the sequence described by Zheng and Price [5]. For each of the three solution conditions, two data sets at 11.7 T, 30 °C were recorded with diffusion delays of 100 or 200 ms and 10 dephasing/rephrasing gradients (1 ms) with strengths ranging from 4 – 50 G/cm.  To prevent heating, 13C decoupling was not used during acquisition.  The small molecules methanol, ethanol, isopropanol, glycerol and ribose were gifts from Cambridge Isotope Laboratories Inc. (Andover, MA, USA).  All NMR data were processed with NMRPipe/NMRDraw software, with peak intensities quantified via the nlinLS utility [6]. 

Data Analysis: All CPMG RD data were analyzed with the in-house-written program ChemEx (available upon request), which utilizes the Bloch-McConnell equations [7] to simulate the evolution of the experimental magnetization through the constant-time CPMG relaxation delay. Parameters were obtained via minimization of a 2 target function as described previously [8,9]. The data were modeled as a two-state interconversion that has been shown to be appropriate in previous studies performed on FF domain samples dissolved in buffer [1,2]. Extracted parameters include the global fitted parameters kex (the exchange rate constant; kNI + kIN) and pI (fractional population of the I state) and residue specific fitting parameters: (i) || (the chemical shift difference between spins in each of the interconverting I and N states in ppm), (ii) transverse relaxation rate constant (R2 evaluated at ), and (iii) the initial intensity of magnetization (I0).  RD data for each nucleus type (1H or 13C), and for each solution condition were analyzed separately, with profiles collected at two static magnetic fields (14.1 T, 18.8 T) fitted together. Generally, RD data from L24C1 and L25C1 (13C RD) and from L52H2 and M40H (1H RD) were initially fit to obtain preliminary values for kex and pI.  These values were then used as starting parameters for the analysis of RD profiles with R2,eff(max) – R2,eff(min) > 4.0 s-1 to determine || and R2.  Finally, all global and local parameters were allowed to vary, starting from the best fit values previously obtained, to generate the final set of parameters that are subsequently reported, Table S1. To investigate whether kex and pI are correlated, and hence whether values can be compared between different lysate and buffer samples, we have performed bootstrap simulations [10] using the ChemEx program (available upon request). 1000 simulations were performed using randomly selected values from each dispersion profile while keeping the total number of data points the same. The resulting distributions for kex and pI are shown in Supplemental Figure S1.

	Translational diffusion coefficients of probe molecules in buffer and lysate were determined by fitting peak intensities as a function of dephasing/rephasing gradient strengths to Eq. [8] of Zheng and Price [5]. Two diffusion delays were utilized to insure that the effects of convection were correctly compensated by the NMR experiment, with observed differences of less than 2% in the measured diffusion coefficients. Microscopic solution viscosities were obtained using probes with hydrodynamic radii, RH, < 5 Å, similar to the effective hydrodynamic radius for the FF interconversion studied here [11]. Viscosities were calculated by fitting the average translational diffusion coefficients as a function of the probe RH using the Stokes-Einstein equation, .  Viscosity values in E. coli and S. cerevisiae lysate were increased by no more than ~40% and ~20% respectively, relative to buffer, for the probes examined.
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	Buffer
	E. coli Lysate
	S. cerevisiae Lysate

	Residue
	 13C (ppm)
	1H (ppm)
	 13C (ppm)
	1H (ppm)
	 13C (ppm)
	1H (ppm)

	L241
	1.99 ± 0.05
	0.15 ± 0.01
	2.21 ± 0.21
	0.14 ± 0.01
	NA
	NA

	L242
	0.52 ± 0.02
	NA
	0.81 ± 0.04
	0.21 ± 0.01
	0.94 ± 0.14
	NA

	L251
	1.69 ± 0.04
	0.22 ± 0.01
	1.95 ± 0.23
	NA
	1.98 ± 0.26
	NA

	L252
	0.96 ± 0.02
	NA
	1.01 ± 0.05
	NA
	1.067 ± 0.10
	NA

	V301
	NA
	0.18 ± 0.01
	NA
	0.20 ± 0.01
	NA
	NA

	V302
	1.46 ± 0.03
	0.12 ± 0.01
	1.60 ± 0.12
	0.14 ± 0.01
	1.83 ± 0.31
	NA

	I431
	NA
	NA
	NA
	NA
	NA
	NA

	I441
	0.89 ± 0.02
	0.11 ± 0.01
	1.04 ± 0.04
	0.14 ± 0.01
	0.95 ± 0.05
	0.15 ± 0.03

	M40
	NA
	NA
	NA
	0.30 ± 0.01
	NA
	0.35 ± 0.03

	M42
	NA
	NA
	NA
	NA
	NA
	NA

	L521
	0.43 ± 0.02
	0.68 ± 0.01
	0.55 ± 0.05
	0.65 ± 0.01
	NA
	NA

	L522
	0.69 ± 0.02
	0.16 ± 0.01
	0.70 ± 0.03
	0.17 ± 0.01
	0.67 ± 0.05
	0.75 ± 0.05

	L551
	1.65 ± 0.03
	0.15 ± 0.01
	NA
	0.16 ± 0.01
	NA
	0.13 ± 0.02

	L552
	1.18 ± 0.03
	0.25 ± 0.01
	NA
	0.24 ± 0.01
	NA
	0.15 ± 0.03

	V671
	NA
	0.04 ± 0.01
	NA
	0.06 ± 0.01
	NA
	0.09 ± 0.01

	V672
	NA
	0.06 ± 0.01
	NA
	0.08 ± 0.01
	NA
	0.09 ± 0.01




Supplemental Table 1.  Chemical shift differences (|| = |I - N|; in ppm) calculated from fits of 13C and 1H CPMG RD profiles recorded on samples of FF dissolved in buffer, E. coli or S. cerevisiae lysates at 30 °C.  Residues for which no dispersions were observed are indicated by “NA.”
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Supplemental Figure 1.  (pI,kex) distributions from bootstrap simulations[10] of the experimental RD data.  pI and kex values derived from fits of 13C RD (A) or 1H RD (B) simulated data sets of FF dissolved in buffer (blue circles), 100 g/L E. coli lysate (red diamonds), or 100 g/L S. cerevisiae lysate (green squares).  Histograms show the distribution of pI (right) and kex (top) for each simulation.  The black points in each graph denote optimal pI and kex values obtained from the fit, with horizontal and vertical lines depicting errors based on the covariance matrix method [10]. Note that separate lysate samples were used for 13C and 1H RD experiments, as they involve differently labeled samples. Some differences in (pI,kex) values are thus not surprising.
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Supplemental Figure 2.  The average structure of the N state is unaffected in S. cerevisiae lysate.  Overlay of 2D 13C-1H correlation spectra of U-[2H,15N]; Ile1-[13CH3], Leu/Val-[13CH3,12CD3], Met-[13CH3]– labeled FF domain recorded at 14.1 T, 30 °C. Samples were dissolved in buffer (single blue contours) or 100 g/L S. cerevisiae lysate (green). Peaks of opposite phase to those in green are shown in orange.
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[bookmark: _GoBack]Supplemental Figure 3.  Monitoring the N-I transition in S. cerevisiae lysate. Representative 13C RD [3] (A) and 1H RD [4] (B) CPMG profiles for the FF domain dissolved in buffer (filled circles) or 100 g/L S. cerevisiae lysate (open circles).  The data were recorded at 14.1 T, 30 °C with a constant time relaxation delay of 30 ms using U-2H,15N; Ile(1), Leu(), Val() and Met() -13CH3 (A) or -13CHD2 (B) labeled samples of the FF domain.  Solid lines correspond to fits using a two-state exchange model.
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