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ABSTRACT: Most of our understanding of chemistry derives from atomic-level structures obtained with single crystal X-ray diffrac-
tion. Metal centers in X-ray structures of small organometallic or coordination complexes are often extremely well defined, with
errors in the positions on the order of 10-4-10-5 A. Determining the metal coordination geometry to high accuracy is essential for
understanding metal center reactivity, as even small structural changes can dramatically alter the metal activity. In contrast, the
resolution of X-ray structures in proteins is limited typically to the order of 10 A. This resolution is often not sufficient to develop
precise structure-activity relations for the metal sites in proteins, since the uncertainty in positions can cover all the known ranges
of bond-lengths and bond-angles for a given type of metal-complex. Here we introduce a new approach that enables determination
of a high-definition structure of the active site of a metalloprotein from a powder sample, by combining magic-angle spinning (MAS)
nuclear magnetic resonance (NMR) spectroscopy, tailored radio-frequency (RF) irradiation schemes, and computational ap-
proaches. This allows us to overcome the “blind sphere” in paramagnetic proteins, and to observe and assign !H, 13C, and 15N reso-
nances for the ligands directly coordinating the metal center. We illustrate the method by determining the bond lengths in the struc-
ture of the Co!' coordination sphere at the core of human superoxide dismutase 1 (SOD) with 0.7 pm precision. The coordination
geometry of the resulting structure explains the non-reactive nature of the Co''/Zn! centers in these proteins, that allows them to
play a purely structural role.

of metal ion complexes in the presence of paramagnetism orig-
inating from unpaired electrons, which is a common feature of
many transition metal ions of biological relevance in metallo-
proteins. Paramagnetic metal ions induce peculiar effects on
the NMR signals of the surrounding nuclei, with a well-defined
dependence on the electronic configuration and coordination
environment of a metal center. This results in long-range per-
turbations such as hyperfine shifts and NMR relaxation en-
hancements, which are routinely used as structural probes for

INTRODUCTION

Metal ions play an important role in many processes at the core
of modern chemistry, biochemistry, and materials research,
and the accurate description of their coordination environment
is essential for understanding the function of organometallic
catalysts and metalloenzymes.12 The capacity of single crystal
X-ray diffraction3 to determine atomic positions to within 10-4-
10-5 A has enabled the development of today’s structure-activ-

ity based approaches to chemistry.4 Indeed, high accuracy is es-
sential for understanding metal center reactivity, as even small
structural changes can dramatically alter the metal activity.5
However, in proteins the resolution of crystal structures is lim-
ited typically to the order of 10-1 A,267 mostly by the need for
highly ordered crystalline samples, and this is often not suffi-
cient to develop precise structure-activity relations for the
metal sites in proteins,8 since the uncertainty in positions can
cover all the known ranges of bond-lengths and bond-angles
for a given type of metal-complex. Metal-ligand coordination
distances can be refined with X-ray absorption techniques but
these approaches share many of the limitations of X-ray diffrac-
tion.?

Nuclear Magnetic Resonance (NMR) spectroscopy is a direct
probe for the electronic structure and coordination geometry

proteins in both solution10.11 and solid state.12-14 When it comes
to the proximity of a metal, however, these paramagnetic ef-
fects are the strongest, which has to date hindered the acquisi-
tion of NMR signals in the “blind sphere” around the metal ion.

MAS solid-state NMR is particularly well suited to circumvent
the main barriers for the acquisition of paramagnetic signals in
solution, since Curie relaxation is absent in solids,15> and nu-
clear spin coherences can be transferred efficiently via strong
dipolar couplings. However, in paramagnetic solids, additional
effects broaden NMR signals and spread them over very large
spectral windows. Recently, we and others have shown that
these drawbacks can be significantly reduced with fast (60 kHz
and above) MAS and high-power radio-frequency pulses,1617
opening the way to the detection of significantly hyperfine-
shifted and broadened resonances in large biomolecules.18.19
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Here, we show that it is possible to obtain data from the “blind
sphere” of a paramagnetic Co-containing metalloprotein by
combining magic-angle spinning (MAS) NMR at 100 kHz MAS
rate, with tailored radio-frequency (RF) irradiation schemes
and modern computational approaches. We determine the
high-resolution structure of the metal coordination sphere
(Fig. 1) in the core of the thermostable mutant of human super-
oxide dismutase 1 in microcrystalline form containing a Co" ion
(CoSOD), by measuring paramagnetic NMR effects for the 1H,
13C, and 15N nuclei of the Co! ligands. This leads to pico-meter
resolution in the precision of the bond-lengths and +1° resolu-
tion of bond-angles in the metal center, and we show that the
coordination geometry of the resulting structure is precise
enough to explain the non-reactive nature of the Co!'/Zn! cen-
ters in these proteins.
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Figure 1. Structure determination of the Col! site in CoSOD. (A)
Overlay of Zn!! site in ten protein chains of the single-crystal X-
ray structure of SOD 1 (PDB code 1S0S), illustrating the crys-
tallographic uncertainty in the metal coordination geometry
and (B) the NMR ensemble of structures of the Co!' complex of
CoSOD. Schematic representation of the metal site (C) in the X-
ray ensemble and (D) in the NMR ensemble, together with the
RMSDs of the metal-ligand bond lengths and ligand-metal-lig-
and angles RMSDs.

RESULTS AND DISCUSSION

Fast MAS rates have the multiple advantage of concentrating
the signal into fewer spinning sidebands, of improving dipolar
decoupling, with a benefit in sensitivity, and of removing signal
overlap, with a benefit in resolution. As illustrated in Fig. 24,
tailored RF schemes (Fig. S1) at 100 kHz MAS enable the acqui-
sition of well-resolved 1H spectra, featuring resonances span-
ning a range of about one hundred ppm. Notably, several very
broad resonances above 60 ppm and below 0 ppm which es-
caped detection in all previous attempts at lower MAS rates and
in solution20 become observable. Improved dipolar decoupling
results in longer lifetimes for 1H and 13C coherences, which in
turn allows the acquisition of 2D Transferred Echo Double Res-
onance (TEDOR)2122 experiments (Fig. S1) that correlate the
shifts for pairs of nearby 1H,13C or 1H,15N nuclei over windows
up to more than a thousand ppm (Fig. 2B-C). The addition of a
spin magnetization exchange?3 between 'H nuclei close in
space extends the correlations to more distant 1H.

Once the paramagnetic NMR shift tensors are acquired, a relia-
ble assignment protocol is needed. For diamagnetic proteins

this is a well-established procedure relying on the fact that
atomic nuclei in given structural environments display well-de-
fined ranges of chemical shifts. However, strong paramagnetic
interactions alter the observed shifts in a manner that is not
empirically predictable and the use of theoretical modeling is
of paramount importance. Only recently the theory of para-
magnetic NMR shift tensors24 has been developed to enable
their rigorous calculation from first principles of quantum me-
chanics.2526
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Figure 2. NMR spectra of CoSOD. NMR spectra of CoSOD ac-
quired at 100 kHz MAS ~280 K on a 500 MHz spectrometer
(11.7 T). (A) 'H spectrum (spin echo), (B-C) 2D 1H,13C and
1H,15N TEDOR spectra, acquired without (black) and with (ma-
genta) spin magnetization exchange23 between 'H nuclei close
in space.

We used this approach to predict the NMR shift tensors of the
1H, 13C, and 15N nuclei in the Co!-binding complex of CoSOD. As
a starting structural seed, we adopted an ensemble of ten mod-
els A-J (Fig.1 and Fig. S2) obtained from an X-ray structure of
SOD 1.27 The main factor limiting the accuracy of predicted par-
amagnetic NMR shifts is the density functional theory (DFT)
calculation of hyperfine coupling tensors. As there is currently
no universally preferred density functional for hyperfine cou-
pling,28 we adopted a previously validated approach2? and cal-
culated the expected bounds of hyperfine couplings with PBEO
and PBES50 hybrid DFT functionals. The resulting intervals of
calculated NMR shifts were then compared to the experimental
data, leading to two important outcomes. First, a complete as-
signment was achieved for all observed 1H, 13C, and 15N reso-
nances, thus enhancing the so far limited set of resonances at
the core of CoSOD.20 Second, by selecting the models for which
the agreement between experiments and calculations is satis-
factory for all observed resonances, the structure of the metal-
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binding complex was refined as illustrated in Fig. 3. Despite a
considerable uncertainty associated with the calculations, the
even larger dispersion of paramagnetic shifts guarantees that
this procedure has a structural discriminating power. Out of
the ten models A-], only three (C, E, F) satisfied the agreement
criteria with the NMR correlation spectra. The resulting NMR
structural ensemble (Fig. 1B) has a significantly better preci-
sion at the metal site than the original X-ray-based ensemble.
The overall RMSD of non-hydrogen atoms of metal-binding
amino-acid side chains improved from 0.16 A for the X-ray
structural ensemble to 0.09 A for the refined ensemble, while
the RMSDs for the metal-ligand bond lengths and ligand-metal-
ligand angles improves by one order of magnitude (Fig. 1C-D,
Table S1) to an average of 0.7 pm and +1° respectively.
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Figure 3. Comparison between experimental and calculated
NMR correlations. Experimental 2D 1H,13C (top) and !H,15N
(bottom) TEDOR spectra and the calculated areas in which we
expect correlations for model A (left, blue boxes) and model F
(right, red boxes). Model F is in agreement with the data, while
Model A is not, and can be excluded.

With a reliable structure of the Co!-binding complex at hand,
we can directly interpret the measured NMR shift pattern in
terms of local structure of the metal site. The Co!' ion is pseudo-
penta-coordinated with short bond lengths to His63 Ns1, His71
Ns1, His80 Ns1, and Asp83 Os1, and a longer distance to Asp83
0Os2 (Fig. 1, Table S1). We found that certain NMR shifts are par-
ticularly sensitive to the mode of Asp83 binding to the metal,
most notably the Asp83 Cg shift observed at 350 ppm. The
Asp83 Cg shift values calculated for the models A-] span a wide
range and there is a clear correlation with the coordination dis-
tances Co-Os1 (r1) and Co-Osz (rz) (Fig. 4 A-B). The experi-
mental Asp83 Cg shift constrains the distances r1 and rz to the
ranges 1.94-1.96 A and 2.68-2.82 A, respectively. Both coordi-
nation distances are determined with a substantially better
precision here than was available in the original X-ray ensem-
ble (Fig. 4 C, Table S1), especially for the r» distance where the
variation is reduced from 1.23 A& to 0.14 A. The variation is fur-
ther reduced to 0.07 A if we consider the distances spanned by
the three structural models.

The relevance of such refinement is illustrated in a larger per-
spective in Fig. 4C, where the distribution of the distances ob-
tained before and after the paramagnetic NMR structure deter-
mination is compared with all the Co complexes in the Cam-
bridge Structural Database (CSD) featuring the same Co pattern
as in SOD. The original SOD ensemble covers a large portion of
the possible combinations of r; and rz values (369 structural
motifs), and thus a correspondingly large part of the chemical
activity space for Co!' complexes, while the NMR refined inter-
val discriminates a much smaller subset of 29 structural motifs

(if we consider the constraints obtained from Fig. 4A-B), and an
even smaller subset of only 2 structures if we consider the
range delimited by the three selected structures (C,E,F). These
subsets of structures significantly reduce the space of chemical
properties.
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Figure 4. Dependence of Asp83 Cg NMR shift on the active site
structure. (A-B) Calculated NMR shifts for the ten models A-]
using PBEO and PBE50 functionals for the hyperfine coupling,
compared to the experimentally observed Asp83 Cg shift, plot-
ted as a function of (A) r1and (B) r2 distances. The red lines
(parabolic fit of the calculated data) enclose the area inside
which the experimental shift is expected. The actual observed
shift is indicated by the black dashed line, which by intersecting
the red areas determines the r1 and r2 ranges compatible with
the NMR data. (C) Distribution and average values of r1 and r2
values for all (911) tetra- (NC=4) and penta- (NC=5)
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coordinated Co structural motifs with at least one carboxylate
moiety as deposited in the CSD, compared to the uncertainty of
r1and rz in CoSOD in X-ray (light magenta area, containing 368
structural motifs), and after paramagnetic NMR refinement
(blue area, containing only 29 structural motifs). Average val-
ues riav and rzav over all tetra-coordinated CSD complexes are
shown with solid lines and the analogous values for penta-co-
ordinated CSD complexes are shown with dashed lines.

This can be of primary importance since the structural param-
eters are correlated to chemical properties of a species, as is e.g.
the case of Zn binding proteins, where the metal-ligand dis-
tances are often indicators of a catalytic or structural role of the
metal in the protein.3° The uncertainty in the geometry from
the X-ray ensemble is too large to distinguish these types. The
refined bond lengths and bond angles we find are consistent
with unreactive, structural, Zn atoms. We point out that the
structural resolution we discuss here is related to the precision
of the measurement. Since there are no other independent de-
terminations with this level of resolution, it is not straightfor-
ward to assess the accuracy of the determination. That said, the
comparison between the r; and rz ranges obtained for SOD here
to those observed for all the Co! complexes in Fig.4 demon-
strates consistency: the 1.94-1.96 A range for r; compares very
well with the average value of 1.968 A obtained for tetracoor-
dinated Co!! complexes, and the range 2.68-2.82 A observed for
rz lies exactly in between the average values observed for
tetracoordinated and pentacoordinated complexes, which is in
agreement with the pseudo-pentacoordinated nature of Co in
SOD. Moreover, the r; and rz ranges obtained from the present
refinement compare well with those of some biomimetic Co
and Zn complexes (the BIYHUM and BIYJAU entries in the CSD),
which display a similar coordination sphere to that in SOD.31 In
particular, in the structure corresponding to the BIYHUM entry,
the r and r distances are equal to 1.97 and 2.79 A respectively,
comparing almost perfectly with our results, and supporting
the coordination geometry. This also validates the applicability
in the present case of the metal substitution strategy for the
study of metal binding sites in metalloproteins.

CONCLUSION

The understanding of the function of a metal center in a metal-
loprotein is intimately related to the structural environment of
the metal in the protein framework, as small structural changes
can alter dramatically the metal center activity. The difficulty
of obtaining highly resolved structures of metal sites in pro-
teins often represents the bottleneck for the development of
precise structure-activity relations for metal sites in proteins.

We have introduced a method to determine with pico-meter
precision the structure of the coordination sphere of a para-
magnetic metal ion in a metalloprotein via the measurement
and calculation of paramagnetic NMR shifts. Detection and as-
signment of NMR resonances is enabled by state-of-the-art
methodology including 100 kHz MAS, tailored radiofrequency
irradiation schemes, and advanced quantum chemistry model-
ing. The method has been applied to the CoSOD metalloprotein,
where it resulted in 0.7 pm precision in the resolution of the
Co' coordination sphere. The overall RMSD for all the heavy at-
oms in the ligands is 9 pm. In particular, the refined structure
is accurate enough to be able to correlate the coordination ge-
ometry with the unreactive, structural, nature of the Zn center
in SOD. Our approach provides a direct relationship between
metal-ligand distances and paramagnetic NMR shifts.

With ongoing progress in MAS NMR instrumentation and quan-
tum chemistry methods, we anticipate that the approach de-
scribed here will become of widespread use for the establish-
ment of structure-activity relationships in metalloproteins. No-
tably, the structural resolution reported here is in terms of pre-
cision. Determining the sources of potential systematic errors
in these methods, and translating that into the accuracy of the
structures, will be the subject of future work.

We also note that an attractive approach would be to directly
optimize structures directly against calculated paramagnetic
shifts, for example in combination with MD simulations, with-
out the need for candidate structures as inputs (here from X-
ray diffraction). This is currently not computationally feasible,
but we expect it to become possible with future developments.

EXPERIMENTAL

Sample preparation

A 1H, 13C, 15N labeled sample of the thermostable mutant of hu-
man SOD was expressed and purified as described previ-
ously.14:32 Selective metalation was achieved by treating the pu-
rified protein sample with EDTA followed by dialysis into a
buffer containing 20 mM sodium acetate pH 5.0, and then ti-
trated with CoClz to obtain stoichiometric binding. The titration
was followed with solution-state NMR to check the progress of
binding. For crystallization the sample of CoSOD was concen-
trated to 20 mg/mL in a 50 mM sodium acetate pH 5.0 bulffer,
mixed 1:1 with a precipitant solution of 20% PEG 4K in unbuft-
ered water and crystals grown in sitting drops over a reservoir
solution of the same precipitant supplemented with 2 M NaCl.
Complete crystallization occurred in 3-4 days. The suspension
of microcrystals was then packed into a 0.7 mm rotor by ultra-
centrifugation, using the ultra-centrifugal device provided by
Giotto Biotech.33

NMR experiments

Paramagnetic solid-state NMR experiments were performed
on a 500 MHz Bruker Avance III spectrometer with a triple-res-
onance 0.7 mm probe or with a 1.3 mm double-resonance
probe. All experiments were performed at an estimated sample
temperature of 280 K, unless specified otherwise. In all experi-
ments the highest allowed power was used for hard and adia-
batic pulses, corresponding to a vi field of 350 kHz for 1H,
190 kHz for 13C, and 115 kHz for 15N, respectively, on the
0.7 mm probe, and to a v1 field of 192 kHz for 1H, and 175 kHz
for 13C, on the 1.3 mm probe. Recycle delays were set to 25 ms
in 1H detected experiments and 50 ms in 13C detected ones. The
water signal was suppressed by presaturation using a continu-
ous pulse of 2 kHz for 10 ms. One-dimensional 1H and 13C spec-
tra (Fig. 2 and Fig. S3) were acquired with a rotor synchronized
spin-echo sequence at 100k Hz MAS on the 0.7 mm probe. The
1H adiabatic magic angle turning (aMAT)34 experiment (Fig. S4)
was acquired at 40 kHz MAS on the 1.3 mm probe using six
tanh/tan short high-powered adiabatic pulses (SHAPs) that
swept through 10 MHz in 50 ps. The 13C aMAT experiment was
acquired at 30 kHz MAS on the 1.3 mm probe using six tanh/tan
pulses sweeping through 5 MHz in 33.33 ps. The shifts aniso-
tropies (SAs) were estimated using the program Dmfit.35 For
this purpose, rows corresponding to the spinning-sideband
manifold of each nucleus were extracted from the aMAT spec-
tra and fitted separately. The 1H,!3C and 'H,15N transferred
echo double resonance (TEDOR)21.22 experiments (Fig. 2) were
acquired at 100 kHz MAS on the 0.7 mm probe using the same
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radio-frequency powers used in the 1D experiments; in both
cases the recoupling period was set to four rotor periods. The
1H,13C TEDOR spectrum was also acquired in a variant with
spin magnetization exchange between 'H nuclei close in space,
using the 1H-!H radio frequency driven recoupling (RFDR)
scheme?3.36 with a mixing time of 0.64 ms. Additional experi-
mental details, together with the pulse sequence schemes used
are reported in Table S2 and Fig. S1.

Quantum chemistry modeling

Molecular models were built from the X-ray structure of the
thermostable mutant of human Cu,Zn-SOD (PDB ID 1S0S).27
The crystal unit cell of 1SOS contains ten protein chains (five
dimers) labelled A-J. PNMR calculations were performed con-
sistently for all of them, thus exploiting the structural variation
naturally occurring in the crystal.

Two molecular models of the Co! site (substituted for Zn!)
were built for each chain (see Fig. S2): a larger one (m1, 86 at-
oms) for structure optimization, hyperfine coupling and orbital
shielding calculations and a smaller one (m0, 32 atoms) for sub-
sequent high-level ab initio calculations of g- and D-tensors.
Each model is named after the corresponding chain in the PDB
structure. The larger model m1 consists of the Co! ion in place
of the native Zn!, two backbone segments between Cq atoms of
residues 71-72 and 79-83, and side chains of metal-binding
residues His63, His71, His80, and Asp83. All other side chains
were removed and terminated with hydrogen atoms. The con-
formation of the metal-binding Asp83 side chain is stabilized
by two hydrogen bonds to backbone amide protons of His80
and Gly72, both essential for the proper fold of the SOD Zn!
(CoM site and both properly included in model m1. Hydrogen
atoms were added to the raw PDB structures with the Reduce
tool.37

The m1 structures were optimized at the PBE0-D3BJ38-41 level
in Turbomole 6.3.1.42 The conductor-like-screening model43
with a dielectric constant € = 4.0 was used to approximately ac-
count for the protein environment. To keep the overall fold of
the metal center as encoded in the X-ray structures while at the
same time allowing the local structure parameters to relax af-
ter substitution of Co!' for Zn!! (especially the Asp83 carbox-
ylate, Table S1), the positions of the C. atoms (8 atoms out of
86) were fixed in space during the optimization, and the rest
was freely relaxed. A locally dense Gaussian basis set was ap-
plied, using a def2-TZVP basis for Co and def2-SVP for the main-
group elements.44 From each optimized m1 structure, a model
m0 was built by truncating m1 and terminating with hydrogen
atoms whose positions were subsequently optimized. The
smaller model m0 included only the metal-binding imidazole
rings of His63, His71, His80, and HCOO- of Asp83. The total
charge was +1 for both models. All DFT calculations were done
for the high-spin (S = 3/2) ground state of the Co! complex.
We note that vibrational effects should play a bigger role for
paramagnetic NMR shifts than they do in diamagnetic NMR. We
take a large part of the vibrational effects into the account by
performing the full quantum mechanical structure optimiza-
tion with only a few atoms anchored in space to their crystallo-
graphic positions as described above. Metal center structures
obtained in this way are a harmonic average and performing
molecular property calculations for these structures should
usually well approximate the full vibrational average. Careful
choice of the metal center model and the optimization protocol
was a necessary prerequisite to ensure that each of the result-
ing metal center structures correctly represents the harmonic
average for a given configuration of the surrounding protein
chain.PNMR shift tensors were obtained according to Kurland-
McGarvey theory?24 in its recent formulation by Vaara et al.,26

where the hyperfine part of the PNMR shift tensor is expressed
in terms of electron paramagnetic resonance (EPR) property
tensors. EPR g- and D-tensors were calculated in model m0 ap-
plying a strongly contracted variant of the N-electron valence-
state perturbation theory of second order (NEVPT2)45 to a
state-averaged complete-active-space self-consistent-field ref-
erence wave-function4647 with seven electrons in five active
3d-orbitals (SA-CASSCF(7,5)), as implemented in Orca 3.0.3.48
Itis well known that standard DFT functionals dramatically un-
derestimate the magnitude of zero-field splitting (ZFS, D-ten-
sor) in high-spin Co!! complexes and correlated multi-reference
wave-function level of electronic structure theory is needed for
reliable results.49-51 Here, the spin-orbit part of the D-tensor
was evaluated using quasi-degenerate perturbation theory
(QDPT)52 applied to the NEVPT2 electronic structure (see the
calculated values in Table S3). A test CAS-CI calculation with
the converged SA-CASSCF(7,5) wave-function was performed
to confirm that the spin-spin part of the D-tensor is in this case
negligible with all Dss matrix elements being smaller than
0.15 cm-1. The EPR g-tensor was calculated at the NEVPT2 level
with the effective Hamiltonian approach.53 For both Dso and g-
tensors, the spin-orbit mean-field (SOMF) approximation5455
to the spin-orbit matrix elements in Breit-Pauli form was ap-
plied. The RI technique was applied in the orbital transfor-
mation step of NEVPT2. The state averaging in SA-CASSCF in-
volved all 10 quartet and 40 doublet roots implied by the (7,5)
active space, all equally weighted. In the multi-reference wave-
function calculations we used the def2-TZVPD basis for Co and
def2-SVPD for the main-group elements, thus enhancing the
atomic basis used in the DFT structure optimizations with dif-
fuse functions optimized for molecular properties.56 The FC
and SD terms of the EPR hyperfine coupling tensors for the 1H,
13C, and 15N nuclei were calculated on model m1 using the
PBE03839 and PBE50 functionals including 25% and 50% of
Hartree-Fock exchange admixture, respectively. GIAO orbital
shielding tensors57 were calculated at PBEO level with Gauss-
ian.58 In the DFT hyperfine coupling and orbital shielding cal-
culations the def2-TZVPD and IGLO-III5® basis sets for Co and
main-group elements, respectively, were employed.
Isotropic shifts §; were obtained from the total (orbital plus
hyperfine) isotropic nuclear shieldings oy as

8k = oit — oy 1
where g% is the reference nuclear shielding for a nucleus K.
The calculations required to obtain U§ef for 1H, 13C, and 15N nu-
clei were performed with Gaussian at conditions correspond-
ing to the experimental NMR reference measurementsé? (see
Table S4). The molecule of tetramethylsilane (TMS) was opti-
mized at PBE0-D3BJ/6-311++G(d,p) level with the polarizable
continuum model (PCM) for the chloroform solvent. The 1H and
13C orbital shielding in TMS was calculated at the GIAO-
PBEO/IGLO-III level with PCM (chloroform). In the case of the
15N reference shielding, to avoid the difficult modeling of liquid
ammonia, we employed nitromethane as an easy-to-model sec-
ondary standard. The 15N reference shielding was calculated
according to the expression

=CH3NO, (1)
gNHa(D) — ;CHsNOp(t) L B2 2

+ ENH3() 1 (2)
where o 2 is the isotropic shielding of neat liquid nitro-
methane and ECHsNO2() /gNH:(D) — 1 = 380.5 ppm is the iso-
tropic shift of nitromethane relative to the primary reference
NHs () expressed in terms of standardized resonance fre-
quency ratios.69 The structure of nitromethane was optimized
at the PBE0-D3BJ/6-311++G(d,p) level with PCM (nitrome-
thane). The 15N orbital shielding tensor was calculated at the
GIAO-PBEO/IGLO-III level with PCM (nitromethane).

CH;NO



The calculations revealed that the isotropic g-value had a ra-
ther stable value of 2.22-2.23 among all models (Table S3),
comparing nearly perfectly with the experimental value of
2.24.61 The absolute value of the zero-field splitting |D| varied
between 5.1-7.5 cm-! in the calculations which is somewhat
lower than the previously measured value of 10.8 cm-1.61 This
difference is likely caused by a combination of factors. We can-
not exclude effects beyond the NEVPT2 computational level
and those not captured by our molecular models of limited size.
Furthermore, the experimental D-value obtained by a fitting of
temperature-dependent paramagnetic susceptibility data
might be somewhat inaccurate since a simplified Hamiltonian
with isotropic g-tensor and axial zero-field splitting was as-
sumed.61 Nevertheless, the uncertainty of the PNMR shifts
(rows in Tables S5 and S6) was to a large extent dominated by
that of the EPR hyperfine couplings.

NMR resonance assignment strategy

Full assignment of paramagnetically shifted resonances of Col!l-
binding residues of SOD is reported in Table S7. The general
assignment strategy is based on the comparison between ex-
perimental and calculated isotropic paramagnetic NMR shifts
(Table S7) and shift anisotropies (SAs, Table S8). Depending on
the quality of the experimental data for a given atom, we pro-
vide an unambiguous or just a tentative assignment. We note
that, while we made use of previously published solution NMR
1H assignment to validate our method,2062 the combination of
the experimental and calculated data would have allowed a
complete assignment even without any prior 1H NMR infor-
mation, just by comparing the calculated shift intervals with
the experimental shifts.

Unambiguously assigned resonances. From the comparison of
the 1H spin-echo spectrum (Fig. 2) with the previously pub-
lished 1H solution spectrum20.62 it is evident that the pattern of
the observed shifts is preserved, and thus the available solution
assignment can be transferred to the solid state. In particular,
His71 Hez and Hsz, His80 Hez and Hsz, His63 Hsz, and Asp83 Hp:1
and Hg: are readily assigned. The His63 He2 resonance is not ob-
served. This might be due to chemical exchange phenomena oc-
curring at this solvent-exposed site, as was already noticed in
solution.20 All these nuclei can be correlated in the solid state
with the directly attached 13C or 15N nuclei through the 1H,13C
and 1H,!5N TEDOR spectra (Fig. 2). Thus, we assigned His63,
His71, and His80 Csz2, His71 and His80 Nz, and Asp83 Cg. The
1H,13C TEDOR experiment with the RFDR mixing provided an
additional confirmation of the assignment, displaying correla-
tions between Csz and Hez nuclei in His71 and His80 (Fig. 2).
The assignment made then validates our computational ap-
proach. Notably, for model F all the observed resonances in the
TEDOR spectralie in the corresponding calculated intervals, in-
dicating that our computational approach offers a reliable
PNMR shift prediction.

Tentatively assigned resonances. Once the computational ap-
proach is validated, the calculated data can be used to assign all
the other observed resonances in the H and 13C 1D spectra to
the corresponding nuclei.

Two very broadened resonances appear in the 'H spin-echo
spectrum at 82 and 68 ppm, both characterized by a very large
SA. Based on calculations these peaks might be assigned to He1
of His80 and His71, respectively. We note that, in principle,
He1-Ce1 correlations should be observable in the 1H,13C TEDOR
spectrum. However, strong relaxation effects due the metal
proximity prevent the observation of these correlations. His63
He1 is not observed even in the tH spin-echo spectrum, but it is
expected to be appreciably broadened because of relaxation

effects. Based on calculations this signal is probably overlapped
with stronger 1H signals around 50 ppm.

Broad resonances appearing at -26, -13, and -8 ppm in the 'H
spin-echo spectrum can be tentatively assigned to His63 Hgi,
His71 Hgz and His71 Hp1 nuclei, respectively (Fig. S5). Note that
the calculated SAs (Table S8) of all Co!-binding residues
strongly differ between Hgz and Hgi, and thus they might be
used to stereo-specifically distinguish between the Hg nuclei.
Moreover, His71 Hgz at -13 ppm correlates in the TEDOR spec-
trum with a 13C nucleus resonating at 119 ppm (not shown),
which is then assigned to His71 Cg. No TEDOR correlations are
observed for the other two negatively shifted 'H resonances,
probably again because of strong relaxation effects. The calcu-
lations indicate that His80 Hp1, Hgz, His63 Hgz, and Asp83 Hq are
probably buried in the diamagnetic bulk.

In the 13C spin-echo and aMAT spectra unassigned resonances
show up at 1210, 960, 915, 775, 358, and 220 ppm (Fig. S3).
Based on calculations, the resonance at 1210 ppm can be as-
signed to His80 Ce1, while the resonances at 960 and 915 ppm
likely belong to His63 and His71 Hes, respectively, although the
reversed assignment cannot be completely excluded given the
proximity of the two peaks and the computational uncertainty.
The calculated ranges for Cy of His71 and His80 almost coin-
cide, and the calculated SAs are also very similar. The broad sig-
nal at 775 ppm can thus be assigned to either of the two or to
both of them. The peak at 358 ppm is most likely assignable to
His63 Cy, although in the absence of the experimental SA value
the assignment to His63 Cg cannot be completely excluded. Fi-
nally, the signal observed in 13C aMAT at 220 ppm coincides
with the calculated shift ranges of His63 Cg and Asp83 Cq« but
only Asp83 Cq« gives acceptable agreement between the experi-
mental and calculated SA values. Unassigned remain His63 Cg,
His80 Cg, and Asp83 Cy, all of which, according to the calcula-
tions, are likely buried in the diamagnetic bulk.

In summary, the metal center of SOD contains eighteen 1H, fif-
teen 13C, and six 15N atoms in the contact-shift regime. We ob-
served and at least tentatively assigned twelve 1H, eleven 13C,
and two 15N resonances, and based on calculations predicted
the likely positions and anisotropies of all remaining signals.
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Figure S1. Pulse sequence schemes used in the present work.

(A) Spin echo. 1, indicates the rotor period.

(B) aMAT (adapted from ref. (34))
(C) 'H,X TEDOR (where X indicates either 1*C or °N). N is an integer and k is an odd integer.

(D) 'H,X TEDOR (where X indicates *C in this work) with spin magnetization exchange between
'H nuclei close in space via RFDR mixing. N and n are integers and k is an odd integer.
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Figure S2. Molecular models used for quantum chemistry calculations

Left: the larger model m 7 used for DFT structure optimization and hyperfine coupling calculations. Right:
the smaller model m0 used for ab initio calculations of g- and D-tensors, showing the spin-density distri-
bution (from a SA-CASSCF(7,5) calculation, 0.002 a.u. isosurface).
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Figure S3. Additional 3C spectra.

13C spin-echo spectrum (blue) and projection from the 3C aMAT spectrum (magenta), with assignment
of observable peaks and comparison with the calculated '*C shift ranges for model F. '3C spin-echo spec-
trum was acquired at 100 kHz MAS, ~280 K on a 500 MHz spectrometer (11.7 T) while the '3C aMAT
spectrum was acquired at 30 kHz MAS, ~280 K on a 500 MHz spectrometer (11.7 T).

anisotropic (MAS) | His80
|| Cé2
isotropic (aMAT) [
His63  His71 | |
Hise3 His7i  His7igo O | || €2 1 Asp83
His80 Cel™ Cel® Cy' Al | | His63 Asp83 ~ .
Cet” RN | &r_ CB
'
"""""""""""""""""""""""""""""""""""" c2 ¢ ¢
His63 - ! P
His71 Cy co2
Cel
His80 (] Cy Cs2
AsPBS cs Ca
d3("*C)/ppm 1000 800 600 400 200

(*) Assigned based on calculations; see the “Assignment strategy” section and discussion therein.
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Figure S4. '"H aMAT spectrum.

(A) '"H aMAT spectrum acquired at 40 kHz MAS, ~280 K on a 500 MHz spectrometer (11.7 T). (B) The
row corresponding to His71 Hs, spinning-sideband manifold (blue) and the fitted profile (magenta).

experimental |

fit :
MMWJ Vinmaaa R \

. LJ V His71
Ha2

—
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Figure S5. Additional 'H spectra.

'H spin-echo spectrum, acquired at 100 kHz MAS, with assignment of observable peaks and comparison
with the calculated 'H shift ranges for model F.

His80
His71 Ho2 His63

He2 1 92 piggo
Yo .- He2
His71 %, ) ! \
N '
| ARA | iHis71
Ny | Hp1
f\] I | J\ Asp3 v
| . .
g0 His71 || '\} Eauba | \*}L'S;] EI'S??
Rt et \J \ -~ } | Hpe” Hp
\

L AR

He2 H&2 Hp2 Hp1
His63 Hed
T Tl Hpt HB2
His71 Hel He2
His80 Hed Ha&2 - HB1HB2
Asp83 Hpt Ha
Hp2

[ I T T T T l T T T T ] T T T I

d'H)Yppm 90 80 70 60 50 40 30 20 10 O -10 -20 -30 -40

(*) Assigned based on calculations; see the “Assignment strategy” section and discussion therein.
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Figure S6. Spinning sidebands manifold of His71 H.: and His80 He;.

Full 'H spin-echo spectrum, acquired at 100 kHz MAS, with zooms on the spinning sidebands manifold
of His71 H,, and His80 H,, resonances.

His80 His71 * *

. * . * Hel Hel m
M .
K \ ! \ i N ' ,
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S('H)/ppm 200 0 -200 -400

S9



Table S1. Selected structure parameters of the metal coordination in SOD.

A B C D E F G H | J RMSD
Optimized structures:
r(Co—His63 No1) @ 2.036 2.034 2.045 2029 2046 2.042 2.035 2.037 2.044 2.046 1.700-103¢
r(Co—His71 Nd1) 2 2.054 2.047 2.048 2057 2.046 2.048 2.051 2.052 2.0583 2.052 9.428-104¢
r(Co—His80 N&1) @ 2.048 2.033 2.033 2047 2036 2.036 2.033 2.049 2.045 2.036 1.414.108¢
n(Co—Asp83 0581) 2 1.991 1.935 1947 1966 1939 1945 1940 1973 1924 1.974 3.399:103¢
n(Co—Asp83 0582) 2 2.508 2.833 2777 2.631 2.828 2762 2814 2598 2.871 2.663 2.825-102¢
Ar(Co-0d) 2 0.517 0.898 0.831 0.665 0.889 0.816 0.874 0.624 0.947 0.688 -
©(His63 N31-Co-His71 N&1) 2 99.2 1013 1038 100.2 102.1 102.8 102.0 98.6 101.2 103.0 0.488 ¢
©(His71 Nd1-Co-His80 N&1) © 123.0 1242 1194 123.3 123.0 120.1 1243 1232 1209 1193 1.377¢
©(His80 N31-Co—Asp83 0d1) 2 119.7 1150 1177 1198 1165 1174 1138 1203 1131 121.4 0.705¢
©(Asp83 051-Co— His63 N5 1) © 109.7 1043 1013 106.7 1043 1014 1039 109.2 1054 107.9 1.559¢
PDB structures:
nZn—His63 No1) 2 2102 2121 2079 2125 2124 2.088 2.071 2109 2.106 2.078 1.916-102¢
nZn—His71 No1) 2 2.058 2.076 2.062 2.081 2.097 2.050 2.070 2.051 2.053 2.068 1.426-1029
nZn-His80 N&1) @ 2.044 2.055 2.046 2093 2079 2.063 2.053 2.085 2.042 2.061 1.700-102¢
nZn-Asp83 051) 2 1.923 1966 1.943 1.955 1.964 1.951 1.948 1919 1.947 1.934 1.495.102¢
nZn-Asp83 0582) 2 3.038 2937 3.742 2890 2512 3.160 2.692 3.191 2.817 2.999 3.157-1019
Ar(Zn-09d) 2 0.772  0.701 1115 0972 1.799 0935 0548 1.209 0.745 1.272 -
©(His63 N31-Co-His71 N&1) 2 105.0 995 106.8 1079 1184 111.2 1124 1045 103.5 1135 5.326 9
©(His71 Nd1-Co-His80 N&1) v 1124 1325 111.0 1164 1120 1129 1211 119.9 1293 103.2 8.396 ¢
©(His80 N31-Co—Asp83 0d1) 2 111.4 100.8 984 1103 101.3 1019 107.3 96.9 975 107.8 5.125¢
©(Asp83 051-Co— His63 N&1) © 116.8 1059 1328 1172 101.8 1146 1027 1215 1076 118.7 9.1007

“Distance in A.
b Angles in °.
“Models C, E, F.
4 Models A-J.
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Table S2.

NMR acquisition parameters.

Max indirect Spectral . Experimental
Spectrum . window Scans per point :
evolution time
(ppm)
H spin echo - 1500 92160 2h
13C spin echo - 2980 614400 12.5h
H,’>N TEDOR 0.2ms 1500 ('H) 27136 10 h
1971 ('5N)
H,3C TEDOR 0.2ms 1500 ('H) 10240 6.5h
794 (13C)
H,3C TEDOR 0.2ms 1500 ('H) 25600 14 h
(with RFDR mix- 794 (13C)
ing)
'H aMAT 0.325 ms 800 (w2) 5120 10.5h
400 (w1)
13C aMAT 0.633 ms 1986 (w2) 24832 4.4d

1758 (1)




Table S3. EPR parameters for the Co!! center of CoSOD.

Summary of EPR parameters for the Co!! center of CoSOD calculated at NEVPT2 level, compared to
the available experimental data.

EPR parameter| A B C D E F G H | J | EXP?

Giso 2231 2222 2222 2229 2223 2221 2224 2231 2227 2226| 2.24
g1 2.183 2178 2.196 2.180 2.183 2.192 2.179 2.185 2.180 2.196
g2 2236 2232 2219 2229 2229 2223 2235 2231 2230 2.216
gs3 2274 2257 2251 2277 2256 2.247 2258 2276 2.269 2.265
Ganiso 0.064 0.052 0.043 0.072 0.050 0.039 0.051 0.068 0.064 0.059
D1y b 4.676 4.618 3.275 4.980 4.483 3.523 4.624 4.817 4.916 3.538
. - - - - - - - -
Dez 0.509 1.287 0.140 0.161 0.743 0.398 1.721 0.069 1.105 0.985
. - - - - - - - - - -
Des 4.168 3.331 3.415 4.819 3.740 3.125 2903 4.749 3.811 4.524
1Dl b 701 693 512 747 672 528 694 723 737 6.79 10.8
E/D 0.261 0.148 0.306 0.312 0.223 0.258 0.085 0.324 0.184 0.188
Qi © 13.9 87 93 110 42 110 104 108 86 18.0
Q22 © 70 140 44 6.1 9.2 66 159 91 58 121
Qas ¢ 120 163 8.4 9.2 9.1 116 175 8.0 6.4 16.5

¢ Taken from ref. (61).

b In cm!. Principal values of the traceless D-tensor (D;;, ii = 11, 22, 33) sorted in mutual correspondence
with the principal values of the g-tensor (gi;) such that the principal axes of the two tensors with the same
label approximately coincide.

¢ Angular deviation (in degree) between corresponding principal axes of the g- and D-tensors.
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Table S4. Reference isotropic shielding.

Calculated reference isotropic shielding values (in ppm).

Experimental NMR

Nucleus ot
reference K
H TMS 31.6
13C TMS 185.7
15N NHs () 218.7

@1 % solution with CDCl; solvent.
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Table SS. Calculated paramagnetic NMR shifts with PBEO hyperfine coupling.

S14

Residue Atom A B C D E F G H | J
His63 CB 300 280 264 294 261 308 274 300 335 246
Co2 790 771 735 792 758 741 760 797 698 794
Cet 947 956 995 948 921 979 967 961 976 863
Cy 570 533 562 538 525 525 555 543 456 621
HB2 -1 1 0 5 0 2 -3 -1 -3 -3
HB1 -14 -17 -7 -13 -14 -17 -14 -16 22 -13
Hd2 55 50 49 53 48 48 49 55 45 54
He1 57 59 59 56 59 58 64 55 59 58
He2 78 74 69 77 72 72 72 79 72 72
N31 17338 16426 16056 17236 16506 16210 15962 17735 15398 17187
Ne2 1296 1268 1282 1320 1266 1264 1248 1318 1219 1280
His71 CB 204 216 184 211 199 184 212 215 175 188
Cd2 706 677 693 694 663 695 660 704 696 686
Cel 961 862 879 883 926 898 879 914 920 936
Cy 807 854 911 762 877 879 820 833 846 868
HB2 -17 -16 -7 -17 -14 -8 -18 -16 -15 -7
HB1 -2 1 0 0 -3 0 0 -1 -3 -1
Hd2 64 63 64 61 63 63 61 65 62 63
He1 94 86 95 87 90 89 80 96 83 97
He2 69 65 58 70 60 60 63 70 61 59
N&1 16296 15373 15339 15970 15155 15363 15326 16109 15684 15442
Ne2 1291 1235 1277 1249 1274 1276 1231 1278 1288 1290
His80 CB 153 92 131 150 107 126 79 162 90 199
Cd2 585 568 548 551 563 545 562 573 536 596
Cel 1299 1306 1331 1297 1308 1327 1267 1315 1244 1352
Cy 726 908 870 804 901 872 911 789 944 827
HB2 -1 5 -2 -4 3 0 6 -5 13 -12
HB1 5 4 3 4 3 5 5 3 9 -1
Hd2 59 59 60 60 60 59 58 60 61 60
He1 93 101 108 99 105 107 96 97 111 98
He2 62 47 50 55 50 48 45 61 40 65
No1 13710 11663 11870 12651 11981 11778 11506 13180 11961 13588
Ne2 1355 1360 1374 1341 1364 1357 1338 1345 1355 1377
Asp83 Ca 288 256 244 270 236 262 240 272 256 243
CB 215 568 475 328 531 477 581 258 621 292
Cy -127 -2 -62 -88 -48 -44 -21 -108 81 -65
Ha 5 7 7 8 7 8 6 7 7 7
HB2 59 46 49 49 42 49 28 58 47 59
HB1 27 40 42 34 45 39 57 31 40 32




Table S6. Calculated PNMR shifts with PBES0 hyperfine coupling.
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Residue Atom A B C D E F G H | J
His63 CB 226 214 201 223 198 236 208 226 260 187
Cd2 636 607 577 630 601 586 601 637 547 640
Ce1l 711 728 749 716 693 741 737 723 761 619
Cy 415 384 413 388 378 373 401 388 320 463
HB2 -3 -2 -2 2 -3 -3 -5 -4 -9 -6
HB1 -16 -17 -9 -15 -15 -17 -16 -18 -21 -14
Hd2 38 34 34 37 32 32 33 37 30 36
Hel 43 45 43 42 44 42 49 41 44 43
He2 63 59 55 62 58 58 58 64 58 58
N31 14875 13907 13638 14699 14040 13759 13498 15163 12993 14684
Ne2 954 934 951 972 931 934 920 968 904 932
His71 CB 154 163 141 160 151 141 160 162 134 141
Cd2 544 521 526 536 504 527 504 545 529 522
Cet 652 598 597 610 645 613 613 620 642 625
Cy 612 668 724 572 691 692 639 636 656 693
HB2 -15 -14 -5 -14 -12 -6 -16 -13 -13 -6
HB1 -3 -1 0 -1 -3 -1 -2 -2 -3 -1
H32 44 45 46 42 45 45 43 44 45 45
He1 78 71 77 74 74 73 66 81 68 79
He2 53 50 44 54 46 45 49 53 47 44
No1 13571 12860 12795 13352 12647 12830 12800 13437 13155 12847
Ne2 968 937 969 942 970 969 934 960 980 972
His80 CB 123 81 108 122 92 104 73 131 77 160
Co2 434 412 400 408 409 399 406 427 390 446
Cet 932 931 946 926 933 938 896 943 869 971
Cy 566 740 708 645 730 714 747 618 794 638
HB2 -1 7 0 -3 5 2 8 -4 14 -1
HB1 4 5 4 4 4 5 6 2 10 -2
H&2 45 47 47 46 48 47 46 45 49 45
He1 73 78 85 78 82 83 73 77 85 80
He2 48 37 39 43 39 37 35 47 30 50
Nd1 11332 9663 9838 10454 9949 9742 9500 10925 9888 11280
Ne2 1031 1048 1057 1025 1053 1041 1030 1028 1029 1055
Asp83 Ca 191 170 163 180 157 174 158 180 170 163
CB 100 369 299 189 340 299 378 135 410 163
Cy -35 72 14 -9 37 23 51 -16 147 16
Ha 6 7 8 8 8 8 6 8 7 8
HB2 34 23 25 26 20 26 13 31 24 31
HB1 17 24 25 22 27 24 35 20 24 20




Table S7. Assignment of 'H, 13C, and N paramagnetic NMR shifts.

Assignment of the experimental 'H, *C, and !°N paramagnetic NMR shifts (in ppm) of the Co'-binding
residues of CoSOD and comparison with the calculated data for model F. Numbers in italics indicate a
tentative assignment.

Experiment Experiment Calculation
(solution NMR)2° | (MAS NMR) PBEO® PBE50 »
Residue M H 1H  18C/5N | 'H 13C/15N H  18C/15N
lype
His63 B1 - -26 ] -17 308 A7 g
B2 - - 2 -3
Y 358 525 373
51 - 16210 13759
52 46 45 631 48 741 32 586
e - - 960 | 58 979 42 741
€2 - - - 72 1265 58 934
His71 B1 ) 8 119 0 184 1 141
B2 - -13 -8 -6
Y 775 879 692
51 - 15363 12830
52 56 56 600 | 63 695 45 527
el - 68 915 | 89 898 73 613
€2 49 51 1034 | 63 1276 49 969
His80 B1 ) ) - 5 126 5 104
B2 - - 0 2
Y 775 872 714
51 - 11778 9742
52 49 50 458 | 59 545 47 399
e - 82 1210 | 107 1327 83 938
€2 39 38 1095 | 48 1357 37 1041
Asp83 a - - 220 8 262 8 174
B1 36 (43) 36 350 | 39 477 24 299
B2 43 (36) 43 49 26
Y - -44 23

 Structure optimized as described in the “Materials and methods” section.
> Method for hyperfine coupling.
(-) Atom unassigned.
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Table S8. Paramagnetic NMR shift anisotropies.

Experimental paramagnetic NMR shift anisotropies (SAs, in ppm, defined as §;, — 65, in Haeberlen
convention (60)) for the 'H, 13C, and >N nuclei of the Co"-binding residues of CoSOD and comparison
with the calculated data for model F.” Numbers in italics indicate a tentative assignment.

Experiment Calculation
PBEO ® PBE50 b
Residue Atomtype| 'H  1BC/N | H 13C/15N H  18C/15N
His63 B1 618¢ ] 495 582 486 .,
B2 - 871 858
Y - 925 887
o1 - 4239 3654
52 188 381 181 335 175 325
e - - 724 791 714 789
€2 - - 205 314 196 305
His71 B1 232 ] 239 483 234 ¢
B2 780°¢ 617 607
Y 1019 857 810
51 - 4237 3602
52 184 381 170 378 165 356
e 795¢ - 835 1040 822 1025
€2 223 - 204 416 197 389
His80 B1 - ) 334 561 327 .,
B2 - 956 943
Y 1019 912 858
51 - 4408 3813
52 199 405 | 172 378 165 362
e 994 ¢ - 784 989 770 959
€2 257 - 207 499 198 469
Asp83 a - 309 | 332 276 314 256
B1 201 ) 277 497 265 .
B2 211 247 234
Y - 1162 1141

 Structure optimized as described in the “Materials and methods” section.
> Method for hyperfine coupling.

¢ Estimated from 'H spin echo.

(-) Atom unassigned or SA not measurable.
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Cartesian coordinates of molecular models

32
150S.A model mO

Co -0.0242546 0.1605536 -0.3265478
H 1.7076856 -2.5647321 0.4842243
C 1.9176107 -1.7474495 1.1699444
N 1.3085046 -0.5119577 1.0573960
C 2.7669911 -1.7038601 2.2481675
C 1.7774254 0.2488030 2.0378232
N 2.6582408 -0.4404712 2.7716836
H 3.4228875 -2.4538182 2.6799148
H 1.4998462 1.2827071 2.2314129
H 3.1565346 -0.0853514 3.5804428
H 0.4146576 3.5313186 -0.5989040
C -0.2521549 3.2621232 0.2164180
N -0.5283384 1.9501894 0.5455545
C -0.9706774 4.0742706 1.0588063
C -1.3863500 1.9722419 1.5565091
N -1.6707631 3.2389857 1.8891444
H -1.0419809 5.1567282 1.1197652
H -1.8134210 1.1019318 2.0521591
H -2.3004123 3.5241700 2.6316032
H -0.1358088 -1.2562540 -3.3364084
C 0.7494183 -0.6333511 -3.2374147
N 1.0513282 0.0316070 -2.0651440
C 1.7081004 -0.3163726 -4.1686739
C 2.1696158 0.7107871 -2.2808597
N 2.5827533 0.5283201 -3.5410943
H 1.8384915 -0.6243519 -5.2025500
H 2.6972699 1.3296598 -1.5587992
H 3.4093113 0.9463235 -3.9554560
H -3.5939903 -0.4902475 -0.9356988
C -2.5191806 -0.2123368 -0.9342619
(0] -1.7374072 -0.8376142 -0.1487169
0] -2.0662745 0.6868892 -1.6834229
32
150S.B model mO
-0.0280725 0.2037086 -0.2585425
-3.2337965 0.0963939 0.5811312
-2.5966248 -0.0843209 1.4435240
-1.2223120 -0.1897439 1.3397977
-2.9354546 -0.2413988 2.7651894
-0.7517149 -0.4008740 2.5625885
-1.7587170 -0.4347515 3.4420413
-3.8963688 -0.2248320 3.2710407
0.2929076 -0.5371205 2.8323866
-1.6627949 -0.5816541 4.4410515
2.7651300 -1.7918221 -0.3530286
2.8595232 -0.9517398 0.3306420
1.8315052 -0.0596241 0.5546074
3.9386653 -0.5590803 1.0847755
2.2802086 0.8462123 1.4152201
3.5462544 0.5690991 1.7545855
4.9376804 -0.9766365 1.1740239
1.7205712 1.6995229 1.7953069

4.1126582 1.1090858 2.4003552
-1.3999808 0.8021586 -3.2324817
-1.2684374 -0.2648908 -3.0701019
-0.7016629 -0.7698333 -1.9107375
-1.5649343 -1.3257271 -3.8908179
-0.6730100 -2.0903730 -2.0344101
-1.1799164 -2.4529545 -3.2179021
-2.0151779 -1.3654083 -4.8786980
-0.3077515 -2.7985245 -1.2935890
-1.2652408 -3.4071622 -3.5524396

1.1143942 3.6884432 -1.0324162

0.9289862 2.5936254 -1.1103128
-0.0247007 2.1342280 -0.3908291

1.6029067 1.8716301 -1.8659729

oonmmmmzonzommmmznozommmmznozomg
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32

150S.C model mO
.0508109
.3896976
.1056607
.3593196
.3873059
.1987222
.8075731
.9438028
.3487799
0.8337615
-3.2169257
-2.5447672
-1.2594834
-2.7512103
-0.7112410
.5870902
-3.6176733
0.3065596
-1.4096320
0.8367259
-0.1303701
-0.7014720
-1.0105888
-1.8746930
-2.0914312
-0.9507133
-2.5699350
-2.9191172
2.3516374
1.5005472
1.6291757
0.4832282

o
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32
150S.D model mO
0.1971505
-1.7885051
-1.8704885
-1.1791566
-2.6110711
-1.4943817
-2.3541839
-3.2827183
-1.1221386
-2.7462093
-0.0891626
0.5296150
0.7446285
1.2320711
1.5543185
1.8635007
1.3409428
1.9286290
2.4658546
0.4506584
-0.3847684
-0.7202940
-1.2406742
-1.7607167
-2.0890139
-1.3123157
-2.2915940
-2.8433361
3.8212555
2.7770077
1.8404534
2.5207153

ooommmmzoozommmmzoozommmmzoozomg
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-0.1697423
2.6871649
2.1182934
0.9570255
2.3579657
0.5156352
1.3353490
3.1532224

-0.3744516
1.2167309

-1.5637667

-2.0964757

-1.6613411

-3.2584698

-2.5427361

-3.5142308

-3.9112032

-2.5104091

-4.3025739
0.8380007

1.2445809

0.9946392

2.0157616

1.6125991

2.2282932

2.4316702

1.6432865
2.7673834

-2.8334349

-2.1178673

-1.1234868

-2.2713817

0.1756679
2.4293635
1.7174053
0.5204472
1.7882735
0.1066758
0.6319555
2.5517921
1.0788147
0.3753639
-3.5469984
-3.2468653
-1.9239787
-4.0274593
-1.9072785
-3.1609015
-5.1060764
-1.0192762
-3.4180515

1.2662940

0.5717761
-0.1198596

0.1760659
-0.8868835
-0.7380527

0.4675277
-1.5462727
-1.2247008

0.5434920

0.2418062

0.8614229
-0.6557497

HOHHOOOORNWWNNKROO

NHFNHHFROOOWNNNNNKOOO

.2546018
.5969086
.4790181
.4014918
.8014212
.6424546
.5067299
.2885596
.9431939
.5137877
.4731070
.1946697
.4575039
.8998659
.2848773
.5722261
.9614474
.6713507
.1857982
.3102054
.0262552
.7885757
.7464235
.7663354
.9338511
.7481390
.9296378
.1667405
.3267378
.2886571
.4935972
.9901701

.3185337
.1709105
.9884740
.0000283
.1424916
.1254712
.8353620
.5229654
.4413336
.7349257
.5512897
.2907281
.6176782
.1760045
.6685843
.0289919
.2509846
.1753989
.8039590
.3318491
.2981970
.1472312
.2966471
.4453145
.7335759
.3407365
.7627082
.2067544
.3920378
.6236368
.0190966
.4547320



32
1S0S.E model mO
-0.0087296
3.1500158
2.4780220
1.1167073
2.7544174
0
1
3
-0

o

.5953049
.5547906
.6856088
.4531637
1.4140307
-2.8124163
-2.9364611
-1.9082962
-4.0535793
-2.3965056
.6859855
-5.0603438
-1.8510019
-4.2830420
1.5176961
1.4458832
0.8069116
1.8984066
0.8851469
1.5313130
2.4532877
0.5055183
1.7219612
-1.1849034
-0.9643568
-0.0203866
-1.5877951
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32
1S0S.F model mO
Co 0.0222598
-1.2285894
-0.9368480
-0.5091188
-0.9021173
-0.2257223
-0.4495590
-1.1498827
0.1261129
-0.3109729
-0.5556112
0.3051053
0.6721594
1.2064376
1.7666469
2.1098721
1.2775059
2.3275735
2.9069076
-0.6252381
-1.4717504
-1.4554863
-2.6726843
-2.6183824
-3.3674401
-3.0829335
-2.9447330
-4.2986338
3.4134991
2.3599112
1.7124215
1.8370622

oconQEmIEIEEzZAoaAZA@mEDmNIEIZaoAzZzZAa@nE@m@m=Zaoazomn

S20

-0.0564847
-0.0872481

0.1458157
0.3112794
0.3175345
0.5757362
0.5834970
0.2680403
0.7713130
0.7593340
1.8664189
1.1111971
0.2773073
0.7830930
-0.5329745
-0.2492866

1.1911478
-1.3257495
-0.7233021
-0.5560553

0.5046687
.9737530
.5913759
.2974612
.6977785
.6607705
.9794906

3.6623909
-3.5131767
-2.4249982
-1.9894166
-1.6873026

.0767906
.9124039
.4064549
.0920725
.8811352
.7891934
.8466385
.8519935
.1722341

1.8723549
-3.4602170
-3.1271372
-1.7979718
-3.8637486
-1.7417737
-2.9706720
-4.9337599
-0.8420150
-3.1943240

0.7665598

0.2618905
-0.1502248
-0.1198284
-0.7428305
-0.7469994

0.0156429
-1.1587020
-1.1423786

0.2650833
-0.0228558

0.7304565
-1.0245145

OCWrHRONKNNO

HORHOOOORNWWNNKROO

HFRHRFRHFROOORNNWNNKKOO

LU AL I A S A B B B B |
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.4509002
.5757333
.3980952
.2171286
.7325567
.4084217
.3406831
.2893586
.6204534
.3297547
.9308429
.1589718
.2330468
.5710219
.1645928
.3914256
.5533895
.6740313
.0607983
.3687705
.1422252
.0054660
.8502047
.0319576
.1333348
.7816120
.2737646
.3839898
.2794696
.3561034
.6042863
.1377104

.3417255
.3125503
.2296345
.2461499
.5182657
.5069720
.2951841
.9376123
.8736531
.2997526
.0987345
.4756094
.5580899
.2059259
.3076097
.7153969
.3804794
.5565707
.3019636
.5220274
.0637771
.7405957
.6093747
.5031009
.6112031
.6060915
.5520858
.6883346
.8792626
.6681614
.8665869
.1951125



32

150S.G model mO
.0566633
.3196080
.7263951
.3503920
.1288790
.9424606
.9891676
.1118770
.0849875
1.9425241
-2.8242140
-2.8545436
-1.7631478
-3.8996806
-2.1426504
.4243464
-4.9240103
-1.5255208
-3.9475986
1.2642551
1.1069155
0.6059392
1.3075556
0.5223011
0.9316127
1
0
0
1
1

o

OB HROWKHNWO

.6848561
.1847489
.9601117
.2312468
.0068870
0.0238012
-1.7141031

ocoQMEEmEmIZAAZAENIIDEIZOoAzZzZaDDNEIN@IN=Z20020EqQ
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w
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150S.H model mO
Co 0.2066505
-1.3643744
-0.7016356
0.0490409
-0.4412086
0.7379555
0.4646844
.8221764
.4295145
.8607352
.3229572
.5811432
.2633311
.7212717
.6293732
.4826355
.5854835
.4274256
.2439638
.4810053
.4843678
.0050866
.3975570
.1881220
.4548021
.3762155
.8608067
.3004479
.1324804
.3103326
.5317406
.2070129

NHEFNMNNHHOOHOWHONKFNWORO
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S21

.0034000
.1217816
.2025422
.0650730
.4500106
.2252086
.4612193
.6201181
.1682213
.6188126
.7986710
.8253415
.0175452
.2007091
.1199588
.0159549
.5191964
.9975948
.7238638

1524161
1490978
3567065
3778637
6689248
3082343
6556583
1770290
3156977

.1538864
.0788895
.8311746
.1754538

.0389056
.8665010
.5518742
.3941215
.1533365
.3026923
.3477161
.0663912
.5053265
.5106163

3286513
8183885
4103777
9041828
2251107
1353605
5211992

.1792361

8709403

.1071838
.4821399
.1760402
.2609696
.7700566
.4222582
.7061893
.7549191
.9495150
.5687745
.8384700
.8620187
.9517483

FRRPHRPHOOORNNWNNKROO

FRRPHRHOOOWNNNNNKRFHOO

LU AL I O A (N A B B B B |
NOHHFWRANKFWHWWN

.3652699
.2965850
.2041575
.2046537
.4935493
.4575855
.2554513
.9225118
.8092434
.2563521
.0617967
.5447219
.5816490
.1815351
.2169090
.5923584
.3548106
.4033871
.0968699
.4532975
.0492027
.7729542
.6279520
.5967978
.6980955
.6082222
.6959445
.8152927
.9093801
.7278329
.0137141
.2118231

.4364822
.3435441
.1459881
.0758708
.3528018
.2056080
.9950999
.8001107
.4690083
.9143536
.1112203
.5147194
.5597200
.3435693
.3921088
.8815714
.5737463
.6497477
.5380792
.5145877
.1842788
.9418225
.8521750
.8613136
.9993547
.8430801
.0071582
.1901816
.6317335
.4751507
.6824354
.0530949
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150S.I model mO

-0.
1.
0.
0.
0.
-0.
.2505904
.5013550
.7516066
.5562587
.4031615
.5327436
.8966734
.5407420
.0931368
.5043419
.6479110
.6794585
.3826732
.2214674
.9202368
.6417376
.1401793
.6772124
.5889003
.7179028
.7941303
.4650706
.0711285
.0706581
.5617221
.4924730

|}
oo
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0509751
0144625
5736821
1455051
3268252
3429606

150S.J model mO

Co 0.
.2395125
.6898661
.3058723
.1567383
.9605891
.0516982
.1658820
.0561208
.0554604
.8829444
.9201105
.8699611
.9357838
.2486206
.4880510
.9240900
.6577290
.0010904
.0887072
.9777089
.4431746
.2753079
.4353751
.9227565
.7014081
.1058189
.0148835
.3557210
.1190932
.1139406
.7962525

oconQEmIEIEEzZAoaAZA@mEDmNIEIZaoAzZzZAa@nE@m@m=Zaoazomn

S22

1028925

|
o

.1181646
.0842872
.5398834
.2303010
.9545918
.8718221
.8896015
.9025281
.1014073
.8704631
.2662214
.9316155
.6001424
.6686797
.5414418
.7718931
.7390907
.6404554
.9934847
.9270521
.3714976
.0480018
.1769218
.6430766
.8052632
.1634807
.0253997
.3070355
.4150316
.1078222
.8655564
.9012486

| L R B B B |
HOWRONKNW

|
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|
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-0.2350574
-0.2325901
-0.5398459
-0.5939064
-0.9238437
-0.9990257
-1.2052854
-1.0143298
-1.1531557
-1.5152534
-2.2749528
-1.3947626
-0.4998441
-0.9421410

0.4598076

0.2202103
-1.3490849

1.3290554
8046089
-0.3080680
-1.3203284
-1.5817181
-2.5197639
-2.8989482
-3.4897755
-2.7537094
-3.4456159
-4.4909701

3.0274460

1.9580294

1.7046582

1.0347217

o

FRRPHRPHOOORNWWNNKROO

FHRERRHOOOKBRNNWNNKROO
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.2388187
.7501795
.5816884
.4647778
.8680725
.6469040
.5096473
.3691894
.9079164
.4769929
.0151633
.4554384
.5013869
.0311313
.0741557
.4089965
.1851745
.2492947
.8666647
.3275392
.7080797
.3843649
.0212516
.9268654
.8905300
.9405726
.0854841
.7889724
.4431354
.0627568
.1673526
.5026042

.3215807
.1981290
.0843755
.1181990
.3174788
.3331377
.0789765
.7079228
.6880974
.0445246
.0410638
.5958328
.6873304
.4026130
.5226172
.9701964
.5987690
.8077910
.6216688
.3729451
.9920066
.7474803
.5917672
.5955048
.6938090
.5635388
.7150326
.8306332
.6252299
.4383641
.6899052
.9373154



86

150S.A model ml
.0242546
.5628330
4919993
.2531176
.6308998
.9176112
.3085050
.7669919
.7774259
.6582415
.3240031
.7773168
.5600082
.4228885
.4998466
.1565355
.6369302
-0.0630000
-1.2784723
-1.1988190
0.6098995
-0.2521550
-0.5283385
-0.9706777
-1.3863504
-1.6707636
-0.3184545
1.5750099
0.8320383
-1.0419812
-1.8134215
-2.3004129
-2.4384241
-3.6839990
-4.4215450
-2.4151726
-4.1114061
-3.5228579
-3.5146656
-3.3829991
-2.6192178
-2.6494105
-4.3819893
.8881816
-1.8935957
-1.3529996
-2.4661670
-3.5121754
-0.3869798
0.7494185
1.0513285
1.7081009
2.1696164
2.5827540
-2.0535936
-0.8353239
-0.9451502
0.0173340
1.8384920
2.6972707
3.4093123
-2.1666087
-3.1459991
-3.5165764
-4.5604029
-2.7655058
-1.3552121
-4.0885152
-2.6019408
-2.8579992
-3.3064291
-3.2049741
-1.7553566
-3.6646615
-1.9781711
-3.8359346
-4.3669988
-5.4666884
-3.9865199
-2.5191813
-1.7374077
-2.0662751
-3.8879135
-3.9733544
-4.3104785
-4.5044657

o
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.1605536
.8748569
.1079988
.9111011
.8807672
.7474500
.5119578
.7038606

2488031

.4404713
.5014439
.5310067
.1390034
.4538189

2827075

.0853514

6024590

.3519991
.2136922
.4276123

6420727

.2621241
.9501899
.0742717
.9722425
.2389866
.2874470

1166810
7171473

.1567296
.1019321
.5241710
.5343955
.2269988
.6817441
.5428931
.3678539
.2190457
.2108454
.7079995
.4313719
.2046992
.4580600
.3807158
.0020632
.3189996
.3678024
.1384596
.5900027
.6333513

0316070

.3163727

7107873
5283202

.4060246
.4505585
.6009915
.6067603
.6243521

3296602
9463238

.5917466
.6479987
.1576362
.7544877
.4969189
.6978231
.3264633
.9127118
.2259985
.0499658
.1276027
.4231045
.9747647
.6683133
.9915094
.8389995
.9017578
.5430884
.2123369
.8376144
.6868894
.9943881
.8724900
.5407785
.3037409

NNOOKFKNNNKKHOOOOO

.3265479
.4071192
.5099999
.2010744
.2432633
.1699447
.0573963
.2481681
.0378238
.7716844
.5240550
.7938663
.3274026
.6799156
.2314135
.5804438
.0955846
.2839994
.4399447
.5735401
.9369264
.2164181
.5455547
.0588066
.5565095
.8891449
.3693980
.8727699
.8767715
.1197655
.0521597
.6316039
.3762088
.4099993
.0183597
.1331073
.4016197
.8501501
.2987101
.3329985
.5382220
.5811812
.9410931
.6195449
.4701032
.5199987
.4146593
.8245215
.3560960
.2374156
.0651446
.1686751
.2808603
.5410953
.5444995
.4835144
.4092781
.4848679
.2025515
.5587996
.9554571
.8992529
.8679986
.4986855
.3109564
.4539065
.4966276
.3377069
.5377762
.1739997
.2997711
.9152938
.7975385
.1442400
.6849661
.9475036
.2529999
.1892668
.9447195
.9342622
.1487169
.6834234
.9646817
7717912
.9969927
.4633428
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150S.B model ml
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S24

-0.
-4.
-4.
-5.
-3.
-2.
-1.
-2.
-0.
-1.
-5.
-3.
-3.
-3.
.2929077
.6627954
.9723927
.0009992
.3633372
.3823660
.7911621
.8595240
.8315057
.9386664
.2802092
.5462554
.2032924
.8277167
.5754015
.9376818
.7205717
.1126594
.3643326
.5959984
.6058856
.4783377
.7514252
.4234165
.1781004
.7079992
.2116900
.6462428
.9988941
.0729561
.5117688
.9109997
.2388832
.5450070
.5499287
.2684378
.7016631
.5649347
.6730102
.1799167
.9841406
.3216279
.2171765
.6412956
.0151785
.3077516
.2652412
.4172135
.8809992
.1336437
.1988294
.8202286
.8860207
.1622382
.2897989
.5079990
.3227385
.5324404
.2786186
.8172326
.3272740
.0949798
.1120000
.4577788
.2084301
.9289865
.0247007
.6029072
.0035453
.1439582
.3907926
.1638531

0280725
9971647
9269986
5285065
4796316
5966255
2223123
9354554
7517151
7587175
3870175
0598547
4275250
8963699

0.2037087
-1.3139181
-0.2439999
-0.0584852

0.1760896
-0.0843209
-0.1897440
-0.2413989
-0.4008741
-0.4347516

0.3246435
-0.3531381

1.2527605
-0.2248321
-0.5371207
-0.5816543
-2.3245825
-1.4919996
-0.8444873
-1.5218820
-2.0345769
-0.9517401
-0.0596241
-0.5590805

0.8462125

0.5690993
-0.7789035
-2.5615966
-2.7743668
-0.9766368

1.6995234
.1090861
.5052871
.2489996
.0434617
.0039831
.7143078
.5553930
.4926487
.9249995
.8567254
.0527799
.9853756
.4146465
.5820803
.7799995
.2582381
.0898753
.1854354
.2648909
.7698335
.3257275
.0903736
.4529552
6592234
.2934771
.7597201

1.3247512
-1.3654087
-2.7985253
-3.4071632

3.5561108
.9079986
.4759030
.6761882
.9701831
.8638675
.5868086
.5488101
.8999986
.7725708
.6525914
.5741032
.9574487
.3127802
.8658335
4.8319986
5.8584865
4.0693932
2.5936261
2.1342286
1.8716306
4.9195586
4.3567090
4.4767483
4.1657581
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.2585426
.7381179
.4909999
.4096968
.2689646
.4435244
.3397981
.7651902
.5625892
.4420423
.3141692
.6015486
.0248158
.2710416
.8323874
.4410527
.8298029
.1119994
.1961550
.1604312
.6896546
.3306421
.5546076
.0847758
.4152205
.7545860
.3720946
.6191425
.4756822
.1740242
.7953074
.4003559
.2469658
.1959994
.9573596
.1579999
.2079505
.3882622
.4286139
.5359984
.6868551
.7529201
.4826171
.6347083
.5535244
.5699987
.6003743
.0345292
.2980599
.0701028
.9107380
.8908190
.0344107
.2179030
.6482968
.4682335
.4203410
.3667679
.8786994
.2935894
.5524406
.1779297
.1709985
.7897502
.6019457
.7392917
.7493751
.6555429
.8188323
.4579996
.5003725
.6984979
.0871862
.4326438
.0178043
.0433801
.2409999
.0287940
.9657022
.1103131
.3908292
.8659734
.0565642
.7141957
.9728557
.4233454
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150S.C model ml
.0508109
.4218104
.1079994
.3481609
.4880256
.1056610
.3593197
.3873063
.1987223
.8075733
.0428264
.5902690
.1872106
.9438033
.3487800
0.8337617
-3.9944659
-3.2169991
-3.2922787
-4.3585780
-3.4826949
-2.5447679
-1.2594838
-2.7512111
-0.7112412
-1.5870906
-2.2369373
-3.4561649
-4.5034513
-3.6176743
0.3065597
.4096324
.0909291
.0029994
.2994964
.2412624
.6702217
.9996066
.6515169
.1400000
.4917500
.8819554
0.6621292
0.8460532
0.6204203
1
2
3

o
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.4559996

.9476682

.2883067
1.2622107
-0.1303701
-0.7014722
-1.0105891
-1.8746935
-2.0914318
0.5069673
1.2236591
1.6631885
1.8901320
-0.9507136
-2.5699357
-2.9191180
.8537768
.2709985
.9649337
.0382415
.7879717
.5224447
.4335299
.3378535
.8269984
.1871674
.3358633
.4656969
.9054530
.7027982
.5190229
.9039989
.5987616
.6301437
.5005476
.6291762
.4832283
.4087132
.6964335
.8191471
.2443791
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S25

-0.1697423
4.8725708
4.2629988
4.8302919
2.9191081
2.1182940
0.9570258
2.3579664
0.5156353
1.3353494
4.1395683
3.0656239
2.3259210
3.1532233

-0.3744517
1.2167312

.3429966

.8099995

.2931842

.8934382

.4460757

.0964763

.6613416

.2584707

.5427368

.5142318

.4207350

.3544453

.7649001

.9112043

.5104098

.3025751

.8907758

.3129985

.6445584

.3434471

.7356702

.7139681

.5549375

.2979991

.9202530

.5068722

.0304954

.3447509

.1647398

OHOOOOOHOOOOONKNROOKRNRNOHR

0160000

.4121967
.4445626

8248028

.2445812
.9946395
.0157622
.6125996
.2282938
.6269009

6179343
2372850
7279761

.4316709
.6432870
.7673842

4433427
1130000

.0102749
.5565776

8830424
2305601

.8578308

5728838
4669999

.6226471
.6175589
.0584127

2524531
4214746

.5704933
.6819992
.5388878
.1195145
.1178679
.1234871
.2713823
.4941139
.3675426
.3657887
.0440959

NWOOHWNNKKHOOO KO

.2546019
.2375982
.6299998
.2798850
.2808015
.4790185
.4014922
.8014220
.6424553
.5067309
.1987361
.3422190
.3353549
.2885605
.9431947
.5137890
.8669423
.2459994
.4128812
.3866363
.7683166
.1946698
.4575040
.8998662
.28487717
.5722265
.5609372
.6385570
.5123390
.9614477
.6713512
.1857988
.5291501
.5719993
.3503584
.3887713
.6075997
.7932419
.5771963
.6419984
.7973372
.8785448
.4663093
.8007323
.6655276
.6739987
.6760232
.1149887
.3746709
.0262560
.7885762
.7464246
.7663359
.9338519
.7585785
.5649673
.5345770
.4458292
.7481403
.9296381
.1667414
.2025470
.2469985
.8790413
.7980474
.8353563
.7481854
.7373134
.8112414
.4489996
.6061032
.6074402
.9822116
.4987450
.9183304
.2826730
.6069998
.5593704
.3158553
.2886575
.4935973
.9901707
.2922122
.4245976
.3722860
.8552224



86
150S.D model ml
0.1971506
-3.7922484
-2.7599992
-2.6373131
-1.7533942
-1.8704890
-1.1791569
-2.6110718
-1.4943821
-2.3541846
-2.6254809
-1.8668058
-0.7230543
-3.2827192
-1.1221389
-2.7462101
-0.0874763
0.5329999
1.7666763
.7098295
.2394705
.5296151
.7446287
.2320714
.5543189
.8635012
.7845334
.2196900
.4371273
.3409432
.9286295
.4658553
.8981337
.1169988
.3660725
.8446139
.0051218
.9607853
.1492456
.9029989
.1272320
.2348814
.8487322
.3689624
.3011726
.7809995
.8855737
.8171603
0.6882717
-0.3847685
-0.7202942
-1.2406745
-1.7607172
-2.0890145
2.4344057
1.3908754
1.1670011
0.2342096
-1.3123161
-2.2915946
-2.8433369
.6953897
.6769990
.8427680
.8338492
.4047542
.9831056
.6757296
.8301571
.8589992
.2429924
.9447508
.0317183
.6033215
.8863519
.9404938
.3619988
.4159070
.2004798
.7770085
.8404539
.5207160
.1113600
.7456922
.7750370
.6025787
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.1756679
.4615123
.8429989
.5198629
.7012097
.7174058
.5204473
.7882740
.1066758
.6319557
.4364208
.1558188
.1008215
.5517928
.0788150
0.3753640
-3.6330862
-3.3559991
-4.2113134
-5.4231158
-3.6545661
-3.2468662
-1.9239792
-4.0274604
-1.9072790
-3.1609024
-2.2898020
-3.1557068
-4.7349967
-5.1060778
-1.0192765
-3.4180525
-3.5387306
-4.2389988
-4.2773922
-2.5391666
-5.2688273
-3.7674556
-2.2398783
-1.6469995
-0.4304932
0.1138785
-1.3177402
-2.2699880
0.0491251
.3729996
.3985777
.1296894
.6077595
.5717763
.1198596
0.1760659
-0.8868837
-0.7380529
-0.2883282
1.5080620
1.6501192
2.5965706
0.4675278
-1.5462731
-1.2247011
3.6367268
4.6719987
5.1387879
5.7623480
5.5457761
3.7750610
4.3422564
4.8342832
5.1809985
4.0488279
4.1482487
4.3385952
5.9811711
5.5653116
3.0126709
1.8719995
1.9821798
0.5874421
0.2418063
0.8614231
-0.6557499
2.9804903
1.8652049
0.6157511
-0.2665324

FNWNBOOROKFNDBEWWO
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.3185338
.0661350
.0550000
.9114127
.1281314
.9884743
.0000286
.1424922
.1254718
.8353628
.8619338
.0800252
.1316726
.5229661
.4413343
.7349267
.0776318
.2129994
.2152740
.3787091
.9168364
.2907282
.6176784
.1760048
.6685848
.0289925
.2859438
.9225436
.8681427
.2509850
.1753995
.8039598
.9343079
.6939995
.6187713
.7305754
.0554632
.2214022
.7258949
.8359986
.2366267
.3244226
.3762767
.1064529
.2702320
.4049988
.1123392
.3677046
.3422693
.2981979
.1472318
.2966483
.4453152
.7335769
.3134926
.4248171
.3515076
.5145537
.3407380
.7627087
.2067556
.6149780
.4049988
9675671
.6358162
.0131035
.3219795
.7303471
.1225796
.7319998
.2364714
.4172960
.4984108
.5994000
.3952223
.2749739
.5239999
.8307474
.2705880
.6236370
.0190966
.4547324
.2781947
.4322455
.2095086
.3009085



86

1S0S.E model ml
.0087296
.0447252
.8769986
.5242367
.4150104
.4780227
.1167076
.7544182
.5953051
.5547910
.2073442
.1238561
.2680162
.6856098
.4531638
1.4140311
-3.0287791
-3.1369991
-4.5212593
-5.5029821
-2.8333355
-2.9364619
-1.9082967
-4.0535804
-2.3965063
-3.6859865
-2.4012149
-1.8300592
-3.5498828
-5.0603452
-1.8510024
-4.2830432
-4.5693219
-5.8299984
-5.8420300
-3.7121830
-6.1179555
-6.5866580
-2.9339145
-2.4959993
-0.9964289
-0.3765490
-2.7214275
.9422239
-0.3510485
1.0679997
.3238074
.5212827
.6686419
.4458836
.8069118
.8984071
.8851471
.5313134
.8556188
.5560168
.2785673
.7543413
.4532884
.5055184
.7219617
.5029391
.7629992
.9498368
.8584675
.6744842
.0896800
.9381529
.2255784
3279991
.0680318
.1233532
.3031870
.5687836
.1465835
0.9333472
-0.3359999
-0.7713012
-1.3130987
-0.9643571
-0.0203866
-1.5877955
0.9617893
-0.1625891
-1.4285685
-2.3153538

o
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S27

-0.0564847
1.1272711
0.

-0
-0
0
0
0
0
0
-0
0
-1
0

o

NNOOOOOKRNHOKRNO

0810000
1404249
1687309
1458157
3112795
3175346
5757364
5834972
5621199
4344028
2225859
2680404

.7713132

7593342

.2236529
.4509996
.9355010
.6590372
.0909268
.1111974
.2773074
.7830932
.5329746
.2492867
.6608734
.5408625
.9066147
.1911481
.3257499
.7233023
.3949366
.0309997
.8107469
.9358049
.5025176
.2751613
.7978620
.9059995
.7701706
.0744484
.9168278
.1764800
.3192414
.5429996
.0653355
.7755610
.9478208

5046688
9737533
5913763
2974618
6977793

.3776539
.1391905
.5162075
.1356117

6607710
9794914
6623919

.5516925
.9759986
.5937706
.7998568
.1816532
.9656190
.5389516
.7490838
.1889985
.0194043
.1006480
.7614473
.2634521
.6702326
.8288623
.7079987
.7060523
.8883191
.4249989
.9894172
.6873031
.7387595
.2425109
.2998262
.9292371

NWOOHWNNKKHOOO OO

.4509003
.9213154
.6249998
.2349027
.2800077
.3980956
.2171289
.7325575
.4084224
.3406840
.4560734
.5955303
.0180068
.2893595
.6204541
.3297559
.4206988
.6429993
.6937074
.5868632
.2778295
.1589718
.2330469
.5710221
.1645931
.3914260
.8510233
.2902356
.1039797
.5533897
.6740318
.0607989
.8546929
.9209992
.6977991
.7660163
.9644865
.1628204
.7872156
.7879984
.8877451
.8949607
.4138084
.0980445
.7705448
.6989987
.5715071
.9808791
.4080362
.1422261
.0054666
.8502058
.0319582
.1333357
.8800972
.5974527
.5493748
.4333442
.7816133
.2737650
.3839908
.0161620
.9799986
.5901917
.4550125
.5581534
.5983901
.4409520
.5637530
.1899997
.3570201
.8619409
.7733403
.1979775
.6716461
.0479769
.3829999
.1975750
.2111587
.3561038
.6042865
.1377110
.0612947
.5973542
.2259243
.7534238



86
1S0S.F model ml
0.0222598
-3.3008283
-2.3919993
-2.6677129
-1.3384157
-0.9368483
-0.5091189
-0.9021176
-0.2257224
-0.4495591
-2.0145958
-1.7102193
-0.4364916
-1.1498830
0.1261129
-0.3109730
-1.2605675
-0.4279999
0.7834479
0.6990053
0.8070219
0.3051054
0.6721596
1.2064379
1.7666474
2.1098727
-0.2346087
-1.7002339
-1.0768259
1.2775063
2.3275742
2.9069084
1.9400985
3.1929991
3.7409360
1.9484510
3.8379772
2.9820124
1.8545979
1.9809994
1.1638759
0.8826827
3.0430925
1.7183083
0.7687935
0.2249999
1.3623818
2.4964351
-0.3945697
-1.4717508
-1.4554867
-2.6726851
-2.6183831
-3.3674410
1.2073503
-0.5083562
0.4112453
-0.7981086
-3.0829344
-2.9447338
-4.2986350
1.0109239
.9809994
.6265982
.6760519
.4725307
.0909273
.8071376
.9505554
.4649993
.1114393
.2698180
.0734962
.2414886
.6862463
.5129924
.1869988
.2820691
.7969505
.3599119
.7124220
.8370627
.3404737
.9199159
.9750421
.4198961

mmmmoooom0zmmmooozmmmo00zmmmmmmmzooz00o0ozmmoo0mmmmmozmmmmmmz0ozooooommmmmmmzoozoomomg
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.0767906
.7750143
.1929988
.6683768
.1133371
.4064556
.0920728
.8811360
.7891936
.8466390
.9876800
.3604945
.5514014
.8519946
.1722341
1.8723554
-4.1838241
-3.7329990
-4.6264821
-5.8363095
-3.6396009
-3.1271381
-1.7979723
-3.8637497
-1.7417742
-2.9706728
-2.7289738
-3.0102623
-4.6440948
-4.9337613
-0.8420152
-3.1943249
-3.9851030
-4.6869987
-4.3942351
-2.9634237
-4.4882668
-5.7629752
-3.3444401
-2.6259993
-1.3977821
-1.0210059
-2.3364491
-3.0959648
-0.7096148
0.5969998
1.6360810
1.4304108
1.0961763
0.2618906
-0.1502248
-0.1198284
-0.7428307
-0.7469996
-0.9216641
0.6000585
1.2173090
2.1064553
.0156429
-1.1587023
-1.1423789
2.8182883
3.8699989
4.5330909
5.1379835
4.6467946
2.8944531
3.4773230
4.4202419
4.9419986
3.9144684
4.1863862
3.9150456
5.6822011
5.4578482
2.7596481
1.7239995
1.8410573
0.3416259
-0.0228558
0.7304567
-1.0245148
2.5971805
1.8615081
0.2245643
-0.4218135
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.3417256
.6558414
.1989999
.7529062
.0225918
.2296348
.2461502
.5182664
.5069727
.2951850
.8616371
.7357740
.4868126
.9376131
.8736539
.2997538
.4230922
.8649995
.0173533
.8498326
.3760058
.4756095
.5580901
.2059262
.3076101
.7153974
.2726037
.2529449
.0198650
.3804798
.5565711
.3019642
.2915500
.3849993
.2935136
.2932528
.5122384
.4218852
.4838437
.6649984
.9465919
.0738242
.6238595
.7074456
.8425175
.9989986
.2862452
.8797209
.6743739
.0637780
.7405962
.6093757
.5031013
.6112038
.9418127
.8191185
.9346416
.8511636
.6060928
.5520860
.6883354
.8562853
.1569983
.9570520
.0761432
.7444726
.2741922
.7689285
.7920363
.5639993
.6307596
.4495985
.7969393
.8117887
.9846439
.1973063
.4449996
.5281068
.9342948
.6681619
.8665871
.1951131
.1872922
.3888580
.0145584
.4386553



86

150S.G model ml
.0566633
.1878647
.0349986
.6000891
.5562790
.7263959
.3503924
.1288799
.9424609
.9891682
.4714758
.1545016
.4244135
.1118782
.0849875
1.9425246
-3.0734897
-3.1279991
-4.4763217
-5.5023005
-2.8615317
-2.8545444
-1.7631483
-3.8996817
-2.1426510
-3.4243474
-2.3524644
-1.9046037
-3.6464809
-4.9240117
-1.5255212
-3.9475997
-4.4368080
-5.6549984
-5.6286618
-3.5475284
-5.9051088
-6.4663698
-3.5735318
-3.0059992
-1.5275104
-1.0733254
-3.2407794
.3042907
-0.7163924
0.6999998
.0567995
.3377672
.4170666
.1069158
.6059394
.3075560
.5223012
.9316130
.1148729
.0560813
.1665554
.5031496
.6848566
.1847490
.9601120
2173779
.6469993
.9354473
.9496025
.5585923
.7235329
.8782412
.1797466
.3729991
.1334520
.2824954
.1720276
.6649765
.1815085
0.9321111
-0.3169999
-0.7235412
-1.3430354
-1.0068873
0.0238012
-1.7141036
0.8838552
-0.0839388
-1.4857368
-2.3275786

o
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-0.0034000
1.0541264
0.1430000
0.2464455

-0.

-0.

-0.

-0.

-0.

-0.

-0.

0

-1.
-0.
-0.
-0.

2.

-1.
-1.

0.
-0.
-1.
-0.
-1.

0.
-0.
-0.
-0.
-0.
.6923789
.0137444
.4112587
.5559998
.0764187
.9440233
.2006898

0869873
2025423
0650730
4500107
2252087
4612194
7028249
7373089
0036695
6201183
1682213
6188128
9162673

1.9309995
1.3722536
1.9977883
2.1191718
0.8253417
-0.0175452
0.
-1
-1
1
2
2
0

2007092

.1199591
.0159552
.2886381
.6387455
.7663331
.5191965

9975954
7238643
0991538
6009998
3496970
4021176
1301142
1079488
3758578
6479998
5493257
6045342

1490981
3567069
3778644
6689255
3082352

.6074534

0648893

.9625378
.2772981

6556590
1770299
3156989

.3895771
.7719989
.6246991
.8378251
.7235158
.6421362
.3132467
.9592748
.6199987
.6694737
.9511407
.9474773
.6619838
.1480585
.4346722
.4839987
.5103193
.5308817
.0788901
.8311751
.1754541
.1753126
.2410815
.6876565
.7071435

1 1
Hooooo
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.3652700
.8523278
.2549999
.6816497
.0306129
.2041578
.2046540
.4935500
.4575862
.2554522
.8086875
.6427963
.6336751
.9225126
.8092442
.2563533
.1862330
.6979995
.9053529
.6708914
.1937378
.5447221
.5816492
.1815354
.2169093
.5923588
.1391911
.0388520
.2232896
.3548110
.4033875
.0968705
.3172742
.3989993
.2056104
.3304737
.4606625
.6033829
.4655954
.5679984
.8709072
.0033543
.3080778
.7226657
.7854295
.9279986
.1970862
.7220674
.6111750
.0492036
.7729547
.6279530
.5967982
.6980963
.8631515
.7644502
.8574427
.7827379
.6082235
.6959447
.8152935
.8367256
.1229983
.8840089
.9767554
.7334573
.2977993
.6934459
.7264798
.4579993
.5419770
.3614134
.7590491
.6595201
.8829507
.1084169
.3589996
.3760715
.9348184
.7278334
.0137144
.2118237
.0925514
.3135888
.0156702
.4711781



86
150S.H model ml
0.2066506
-1.4456471
-2.2279994
-2.8880369
-1.6241403
-0.7016358
0.0490409
-0.4412087
0.7379557
0.4646845
-2.8300722
-1.0686155
-2.4223359
-0.8221766
.4295149
.8607354
.0455301
.3099991
.4855316
.5956065
.5850203
.5811439
.2633315
.7212725
.6293734
.4826359
.3032782
.6036792
.5851973
.5854845
4274257
.2439641
.3616418
3799993
.9224905
.4640080
.4266403
.8370178
.6107482
.9339997
.2753047
.0243224
.1506999
1.4813733
-0.0451573
-0.8879998
-2.3588377
-2.7736713
-0.8722856
0.4843679
1.0050869
1.3975574
2.1881226
2.4548028
-0.0384765
-0.5495758
-1.3513332
-1.4970004
1.3762159
2.8608075
3.3004488
-3.1802252
-4.5899987
-5.4095486
-6.4953899
-5.0215661
-2.7738430
-4.7255201
-4.8491350
-5.4419985
-4.9034434
-5.0812944
-3.9544257
-6.5189021
-5.3334753
-4.3027305
-3.7829989
-4.4580221
-2.3958119
-1.3103330
-1.5317410
-0.2070130
-4.1393680
-3.7642035
-2.4076167
-2.0602320

N
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.0389056
.1331064
.3639988
.6495532
.9872110
.5518749
.3941219
.1533374
.3026927
.3477168
.3800160
.9776495
.2305003
.0663923
.5053266
.5106170

0495947
5509996

.0548049

5601646
2036658
8183890
4103781
9041836
2251113
1353614
2246048
1119137
5722218
5212002

.1792367

8709414
7736833

.2189985

7169299
2903877
5371118
5253424
2088322
9939992
6562852
2321650

.7686708

0405477

.9457848
.2079999
.2329683
.2674344
.0524169
.4821403
.1760405
.2609702
.7700571
.4222589
.4145339
.7973865
.4853211
.9444882
.7061901
.7549196
.9495158
.6319253
.3379999
.2708879
.2783795
.1127203
.4129050
.6310907
.8624869
.8069998
.2850936
.1691847
.3187489
.6138115
.7634504
.3481127
.4769993
.3437082
.8689562
.8384705
.8620189
.9517488
.3403262
.1734133
.1193403
.7827207

NNOOKFKNNNKKHOOOOO

.4364823
.3887153
.2989999
.5321082
.0573994
.1459884
.0758711
.3528025
.2056086
.9951007
.2200192
.8966708
.0483296
.8001115
.4690090
.9143547
.5090259
.8629995
.0597565
.9620272
.3967857
.5147195
.5597202
.3435697
.3921092
.8815719
.1622864
.2574455
.1288011
.5737467
.6497482
.5380799
.2993633
.4439993
.5738788
.2644508
.5231782
.3507019
.5020571
.6659984
.8979727
.0161022
.6549235
.7148741
.7806070
.9089986
.1204942
.6178301
.6266881
.1842797
.9418230
.8521761
.8613141
.9993555
.8703686
.7746784
.8138490
.7949967
.8430815
.0071585
.1901825
.7615561
.9579983
.6820118
.6670457
.6066747
.2630332
.4614284
.6030835
.3039994
.3617533
.1582749
.7251740
.4273467
.7739375
.9380363
.1829997
.2764509
.6732001
.4751511
.6824356
.0530955
.9431595
.1276919
.7452607
.1538369



86
150S.I model ml
-0.0509751
.0488488
2279994
.6462461
.1660157
.5736823
.1455051
.3268253
3429607
.2505905
.8012233
.5957915
.3445241
.5013551
.7516068
.5562589
1.5127370
0.5729998
-0.5267325
-0.3630428
.7033606
.5327437
.8966737
.5407424
.0931374
.5043426
.3517417
.5601285
0.9111159
-1.6479115
-2.6794593
-3.3826741
-1.6953332
-2.8699992
-3.4171460
-1.7779267
-3.5562556
-2.5516785
-0.8361667
-0.9889997
-0.0416081
0.4464978
-2.0127450
.9202146
0.1935192
0.7219998
-0.3432949
-1.5316524
1.0670487
.9202373
.6417381
.1401802
.6772132
.5889013
.4094634
.6044709
.1196757
.5615094
.7179038
.7941311
.4650719
0.1206657
-0.7939998
-1.5662503
-2.5717635
-0.2314872
1.0989726
-1.5500512
-1.0523069
-1.6979995
-2.5396240
-2.7816277
-0.1990099
-2.3843293
-0.9726710
-3.0071647
-3.8539989
-4.9088275
-3.4417442
-2.0706587
-1.5617225
-1.4924734
-2.7209603
-3.7614831
-3.4586380
-4.1558511
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.1181646
.8304164
.3149988
.8164562
.2967816
.5398841
.2303013
.9545926
.8718223
.8896020
.0941161
.5625670
.7965911
.9025292
.1014073
.8704636
.8491765

4739990

.4705215
.6657731

4241926

.9316163
.6001428
.6686807
.5414422
.7718939

4764552
8041114
4420003

.7390920
.6404556
.9934855
.9452959
.7679987
.4967098
.9290831
.6687391
.8160717
.0427133
.2709994
.1500407

8073617

.8787522
.7261689

4900187

.8199998
.8102863
.6093102
.2840971
.3714977
.0480018

1769218
6430768
8052634

.6941435
.8332278
.4405567
.2679643

1634807
0254000
3070359

.9688674
.0029989
.6689802
.3128435
.7803888
.0395086
.6037706
.5053312
.0199986
.0002970
.2348276
.9698939
.8209990
.4508480
.9180253
.8969995
.0721762
.5055010
.1078222
.8655566
.9012489
.7724165
.0160799
.3964871
.2388507

NWOOHFHWNNKKHOOO KO

.2388188
.3971148
.8499998
.0348685
.4386411
.5816888
.4647782
.8680733
.6469047
.5096483
.4994566
.2619888
.1055079
.3691903
.9079172
.4769942
.1875098
.7599995
.0672244
.8556376
.2199923
.4554385

0.5013870

.0311316
.0741560
.4089969
.1632134
.0765202
.1407172
.1851748
.2492951
.8666652
.4940013
.6529993
.5676801
.5474437
.7953170
.7162074
.6441384
.8789983
.0603199
.1253302
.9924058
.8810527
.9042205
.9899986
.4678292
.2645764
.5393516
.7080805
.3843653
.0212524
.9268657
.8905305
.1025676
.6444805
.9991669
.5901137
.9405737
.0854841
.7889729
.9795543
.3939982
.2695268
.5048483
.9279578
.2326275
.0870309
.0292205
.8619992
.0574870
.8825116
.9334222
.1762248
.1575883
.7197215
.1069994
.3798377
.5464135
.0627574
.1673529
.5026049
.6854137
.0203072
.6419799
.1548041



86
150S.J model ml
0.1028925
-5.2832090
-4.9879986
-5.5124391
-3.4760813
-2.6898669
-1.3058727
-3.1567392
-0.9605894
-2.0516988
-5.3407870
-3.1536545
-3.2033372
-4.1658832
.0561208
.0554610
.3075863
2949991
.6727830
.6739677
.9446783
.9201113
.8699616
.9357849
.2486212
.4880520
.5355231
.9783253
.6981860
.9240914
.6577295
.0010915
.7042782
.9489983
.9739138
.8256054
.1186738
.7622635
.8367636
.2779991
.8087978
.3370547
.5392636
.5774055
.0174100
.3829999
.6806468
0.0116546
-1.1909236
-0.9777092
-0.4431747
-1.2753083
-0.4353752
-0.9227568
1.4106011
-0.7063539
-0.9435476
-2.2587681
-1.7014086
-0.1058189
-1.0148838
-1.7931587
-2.1999994
-2.5541833
-2.5746560
-3.0751208
-2.2553562
-1.4020373
-2.8466082
-3.1289991
-1.9750932
-2.2345898
-2.8383852
-3.4135836
-3.9758436
-0.7215113
0.4609999
.9125934
.4975729
.1190935
.1139406
.7962530
.5873266
.1279346
.7873510
.4218201
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S32

-0.2350575
-1.2730340
-0.2359999

0.0774767
-0.1182193
-0.5398461
-0.5939066
-0.9238440
-0.9990260
-1.2052857

0.4034695
-0.7267829

0.9234961
-1.0143301
-1.1531560
-1.5152538
-3.1626837
-2.2389994
-1.6304208
-2.3062795
-2.5841243
-1.3947630
-0.4998442
-0.9421413

0.4598077

0.2202104
-1.5645912
-3.1058889
-3.2893355
-1.3490853

1.3290558

0.8046091
-0.3045765

0.4129999
.0924264
.2117536
.0082960
.3172990
.1531927
.3319999
.2084376
.1501449
.4023614
.0900346
.1963346
.3799999
.8599077
.7612314
.0611987
.3203288
.5817185
.5197646
.8989490
.4897765
4921435
.2672389
.7872942

0.2013539
-2.7537102
-3.4456169
-4.4909714

2.1045096
.4529990
.3504521
.5604266
.3804100
.3232633
.9698291
.7073896
.3989988
.4978143
.7596408
.6959159
.4319048
.9435061
.3354621
4.4569987
5.4568180
3.4008606
1.9580299
1.7046587
1.0347220
4.0808089
4.3556417
3.4731221
3.5815579
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.3215808
.2915748
.0710000
.8424720
.1144007
.0843758
.1181993
.3174795
.3331384
.0789774
.8941343
.9773346
.3611353
.7079236
.6880982
.0445257
.3555241
.7589995
.8288685
.6327819
.3042142
.5958330
.6873306
.4026134
.5226176
.9701970
.1835234
.2663119
.0757296
.5987694
.8077915
.6216695
.0840580
.1329994
.9981579
.1013786
.2197823
.2249065
.2268078
.4169985
.6810336
.8066694
.4194276
.4487856
.5741237
.7679987
.1430800
.6918447
.5062380
.9920074
.7474808
.5917682
.5955052
.6938098
.6755701
.5983183
.7165241
.7384677
.5635401
.7150328
.8306340
.8787032
.2549982
.0806021
.2069261
.9151477
.3289387
.8091982
.9267303
.7079992
.6947044
.5293491
.9361865
.9621250
.1753626
.1674824
.3279996
.4416604
.6864278
.4383645
.6899054
.9373159
.1450506
.2860913
.7462520
.1114085



