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Supplementary Figure 1. Crystallographic analysis of adaptive AKgsyg mutations at 1.8 A
resolution. (a) Secondary structure of AKgsyp with the positions of mutations indicated as
colored spheres: AKpsupQ199R/Q16L (red); AKgsusQ199R/T179I (yellow);
AKgpsusQ199R/A193V (green); AKpsusQ199R/G213E (blue) and AKpsupQ199R/G214R
(orange). Secondary structure elements are labeled using the convention described by Bae and
Phillips (2004)(1). (b-f) 2Fo-Fc difference density (2Fo-Fc AKgsys double mutant — 2Fo-Fc
AKgpsus Q199R) electron density maps covering the residues immediately surrounding the sites
of each double mutant are shown in each panel. Positive density (blue). Negative density (red).
The amino acids found originally in AKgsysQ199R are shown as purple sticks. (b)
AKpsupQ199R/Q16L has excellent packing in a non-polar pocket made up of Leu-5, Ile-20,Ile-
111, Ile-113, Val-204, Tyr-205 and Ala-206 (1.4 6); (¢) AKgsusQ199R/T179I displaces a water
and packs into a non-polar pocket comprised of Met-6, Gly-7 and Leu-8 (1.4 o); (d)
AKpsupQ199R/A193V is at a largely solvent exposed position. Leu-211 and Tyr-109 are
displaced slightly to form a pocket (1.9 o); (¢) AKpsusQ199R/G213E is in a highly solvent
exposed position and may form a new electrostatic network made up of between Lys-209-Glu-
213Lys-216 along the solvent exposed face of the C-terminal helix-9 as well as Asp-23 from
helix-1 (1.7 0); and (f) AKgsusQ199R/G214R forms a new hydrogen bond to Tyr-109

potentially tethering the C-terminal helix to the core of the protein (1.3 o).



Supplementary Table 1. Data collection and refinement statistics for AKgsyg mutants

Data collection

Q199R/Q16L QI199R/T179I

Q199R/A193V QI199R/G213E QI199R/G214R

Wavelength (A) 1.5418 1.5418 1.5418 1.5418 1.5418
Resolution (A) 20.0-1.8 30.4-1.8 20.0-1.8 29.7-1.8 27.0-1.8
Space group P2, P2, P2, P2, P2:2:24
Molecules per a.u. 2 2 2 2 1
Unit Cell (A) a=34.6 a=34.8 a=34.7 a=34.7 a=44.0
b=743 b=75.8 b=75.1 b="75.5 b=45.5
c=774 c=77.5 c=775 c=77.6 c=100.2
B=100.2° $=98.2° B=98.6° =98.9° o=p=y=90.0°
Unique reflections 34,813 34,509 49,183 34,668 17,928
Completeness (%)" 96.1 (90.1) 93.4 (84.7) 94.8 (93.1) 94.7 (93.9) 95.8(92.2)
Rimerge (%)° 5.7 (44.7) 2.1(7.4) 5.2 (15.0) 5.7 (28.3) 3.2(10.4)
Refinement
Ryork/Rfree” 24.5/26.4 19.7/24.5 22.8/26.89 22.7/27.3 19.8/23.9
r.m.s.d.
bonds (A)/angles (°) 0.010/1.40 0.005/1.22 0.008/1.40 0.005/1.20 0.008/1.40
Average B-factors (A%
main chain (A/B) 23.7/25.6 15.3/13.4 17.4/18.7 20.0/21.9 19.7
overall (A/B) 27.5/26.9 16.8/15.0 18.7/20.0 21.2/23.3 21.8
Ramachandran*
favored (%) 93.1 95.0 95.3 93.7 96.2
disallowed (%) 0.0 0.0 0.0 0.0 0.0
PDB Accession Number 20sb 2007 2ori 2qaj 2p3s




* Parenthesis are values for highest resolution shell.

b Runerge = Z| I - <I> |/ X I, where I is measured intensity for reflections with indices hkl.
“ Ryork = 2 IFo-F.l / 2 IF,| for all data with F, > 2 o (F,) excluding data to calculate Ry,
and Rge. = X IF,-F.l / Z IF,l, for all data with F,>2 o (F,) excluded from refinement.

¢ Calculated by using PROCHECK (2)



Supplementary Table 2. Comparison of AKgsys Mutant Structures

QI99R QI199R/ QI199R/ QI199R/ Q199R/ QI199R/
(A/B) Ql6L T1791 A193V G213E G214R
(A/B) (A/B) (A/B) (A/B)
Average main-chain B-factors (A% 11.8/13.4 23.7/25.6 15.3/13.4 17.4/18.7 20.0/21.9 19.7
Average Overall B-factor (A% 13.4/15.2 27.5/26.9 16.8/15.0 18.7/20.0 21.2/23.3 21.8
Number of ion pairs (<4A cutoff) 26/26 27/27 27/23 23/23 22/25 23
Number of hydrogen bonds 123.4/126.5 120.8/122.6  122.3/125.8  126.1/126.2 123.3/123.4 126.9
Conditional Hydrophobic Accessible 4120/4135  4063/4277 4117/4103 4077/4112 4147/4036 4229
Surface Area (A%) (CHASA)"
r.m.s.d. relative to AKgsup (A) 0.71/0.60 0.72/0.63 0.68/0.64 0.71/0.64 0.73/0.70 0.49
reference(3).

PDB entries used for comparative analyses are AKgsus (1P3J) (1), AKgsus Q199R - (2EURB) (4) and Geobacillus stearothermophilus
AK (1ZIO) (5). Structures were aligned with O(6) or COOT using all Ca carbon positions. For determination of ion pairs using the
program WHATIF two oppositely charged residues were included if their closest oppositely charged atoms were within a 4.0 A
cutoff(7). Carboxylic oxygen atoms of Asp, Glu and the C-terminal residue were considered as negatively-charged atoms; while
amino nitrogen atoms of Arg, Lys, His and the N-terminal residue were treated as positively-charged atoms. Hydrogen bonds were
estimated using the HB2 options in WHAT IF were used to define hydrogen bonds(7). In HB2, the total hydrogen bonding energy is

optimized to find the optimal positions for all hydrogen atoms simultaneously, and hydrogen bonds are determined from the



donor/acceptor types, the H-acceptor distance, the donor-H-acceptor angle and the position of the hydrogen with respect to the
acceptor. The conditional hydrophobic accessible surface area (CHASA) was determined (3). All figures with molecular structures

were generated using CCP4AMG or PyMOL(8-10).



Supplementary Table 3. Hydrogen isotope exchange rate of AKgsyg mutants.

Protein K, [min™'] Ko [min™' |

B. subtilis WT 0.129+0.004 0.005+0.001
AKgsus Q199R 0.127+0.02 0.004+0.0006
AKgsus Q199R/G213E 0.140+0.002 0.007+0.001
AKgsus Q199R/T1791 0.133+0.006 0.004+0.001
AKsgsus Q199R/G214R 0.127+002 0.007+0.001
AKgsup Q199R/A193V 0.208+0.04 0.006:£0.0007
AKgsus Q199R/Q16L 0.137+0.0002 0.005+0.0005

B. subtilis WT + AP5A 0.100+0.002 0.004+0.0006
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Supplementary Figure 2. Fourier-transformed infrared (FT-IR) spectroscopy shows a faster rate
of deuterium exchange for AKgsypQ199R/A193V than the other adaptive mutations to AKgsus.
(a) Change in the ratio of Amide II to Amide I peaks for AKgsyg mutants over time during
hydrogen/deuterium exchange monitored by FT-IR. The line represents the best fit of double-
exponential decay curve during the time course of the experiment (7.5-8 hours at 22 °C). (b) The
difference in the fast hydrogen/deuterium exchange rate of the AK mutants at 22 °C with the
error bar showing the standard deviation.

FT-IR Studies - Hydrogen isotope exchange to probe protein flexibility. Fourier-transformed

infrared (FT-IR) spectroscopy was used to provide a measure of the global hydrogen exchange
rate of the AKpsyp mutants at 22 °C. The absorption associated with Amide I arose from the in-
plane C=O0 stretching vibration weakly coupled with C-N stretching and in-plane N-H bending.
The Amide II is primary N-H bending strongly coupled with C-N stretching(11, 12). The Amide
I band is slightly influenced during H/D exchange, which makes it a good internal standard for
protein concentration(13). Thus, for each spectrum, the ratio of the amide II peak (centered at
approximately 1550 cm™) to the amide I peak (centered at approximately 1655 cm™) was
determined (Supplementary Figure 2). The change in this ratio with time after addition of D,O is
a convenient measure for the estimation of the rate of exchange of internal amide hydrogens with

solvent deuterons. The resultant decay plots were fitted with a two-exponential model to produce



a smoothed curve (Supplementary Figure 2 and Table 3). The exponents of these curves were
taken as rate constants which represent the major population of amide hydrogens exchanging
during the time course of the experiment (14, 15). FT-IR data reveal that the rate constant for fast
and slow exchanging amide protons does not substantially change for all AK mutants with the
exception of AKgsys QI199R/A193V. AKpsup Q199R/A193V has a 2-fold change in the fast
exchange rate consistent with the protein folding kinetics described previously. As a control for
the sensitivity of the FT-IR experiment in sensing a potential change in AK dynamics we
measured the exchange rate of wild type AKgsug bound to the inhibitor Ap5A that would
stabilize the closed conformation of the LID domain of AK and presumably reduce the overall
exchange rate (16, 17). In the presence of Ap5SA, the exchange did decrease modestly and
suggests that the almost two-fold change in exchange rate for AKgsys Q199R/A193V is
consistent with a more dynamic structure.

The infrared spectra were measured with a Nicolet Nexus 470 (Thermo Electron-Nicolet,
Waltham, MA) Fourier transform infrared spectrometer. The sample chamber of the
spectrophotometer was purged constantly with nitrogen gas for at least 24 hours prior to the
experiments and during data collection. Protein samples for H/D exchange experiments were
dialyzed in 10 mM sodium phosphate buffer solution, pH 7.0 and lyophilized above liquid
nitrogen to dryness. Lyophilized samples were reconstituted by dissolving in D,O water to
produce a 1 mM protein solution in 10 mM sodium phosphate buffer and were injected
immediately into a CaF; cell with a 40 pm Teflon spacer. Spectra were recorded at 1, 2, 3, 4, 5,
6,7,8,9, 10, 20, 30, 40, 50, 60 min after initiating the H/D exchange and every 30 min
thereafter up to 450 min. A total 34 scans with a resolution of 2 cm™ were collected and

averaged for each time interval. The water vapor background spectrum was subtracted from each



sample spectrum. Spectra collection, averaging and subtraction were performed using the

OMNIC software (version 7.1a, Thermo Electron Corporation)

Additional Materials and Methods

Protein Expression and Purification — Site-directed mutagenesis of wild type B. subtilis

adenylate kinase (Sequence ID Z99104.2) in the pET-11a vector (Novagen, NJ, USA) was
performed using the Stratagene QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La
Jolla, CA, USA) as per the manufacturer’s protocol. The plasmid containing the wild type B.
subtilis adk gene was the generous gift of Dr. G. N. Phillips (U. Wisconsin at Madison). All
clones were confirmed by DNA sequencing. Proteins were overexpressed and purified from E.

coli as previously described (4).
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