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Abstract Semiempirical molecular orbital theory has been
used for a systematic scan of the binding positions for a
Mg2+ ion with 5a,6–anhydrotetracycline taking both
conformational flexibility and possible different tautomeric
forms into account. The magnesium ion has been
calculated alone and with four or five complexed water
molecules in order to simulate the experimental situation
more closely. The results are analyzed by comparing the
behavior of the title compound with that of tetracycline
itself and possible causes for the stronger induction of the
Tetracycline Receptor (TetR) by 5a,6–anhydrotetracycline
than by tetracycline are considered.
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Introduction

The tetracycline class of antibiotics [1] has recently gained
increased significance because of its ability to induce
expression of the tetracycline repressor (TetR) and tetracy-
cline antiporter (TetA) proteins as part of the resistance
mechanism evolved to remove tetracyclines actively from
bacterial cells [2]. This system has become an important
tool that allows gene expression to be turned on and off at
will with tetracyclines [3]. 5a,6–anhydrotetracycline, 1, a
toxic photoproduct from tetracycline, [4] although a weaker
antibiotic than tetracycline, 2, is found to be approximately
500 times more effective in inducing the expression of TetR
and TetA by complexing to the dimeric TetR protein [5]. 1
is also notable for its ability to induce TetR without

dipositive metal ions, which are essential for induction with
other tetracyclines [6]. Thus, the efficiency of 1 as an
inducer when complexed to Mg2+, the metal ion usually
involved in TetR induction, and its ability to induce in the
absence of metal ions make it an attractive compound for
research into the induction mechanism of the TetR system.
Unfortunately, the structure of 1 in aqueous solution is
hardly less complicated than that of tetracycline, 2,
especially in the presence of metal ions.

2 is known both experimentally [7] and from theoretical
studies [8, 9] to exist in two distinct conformations,
designated extended and twisted. The extended conforma-
tion is found to be the more stable in aqueous solution,
although the more compact twisted structure is calculated
to be more stable in the gas phase [9, 10]. Furthermore,
nine different tautomers of neutral 2 were found to lie
within 5 kcal mol−1 of the most stable structure at 298 K in
aqueous solution [9, 10]. Complexation to Mg2+ was found
computationally not to affect the relative stabilities of the
twisted and extended conformations of tetracycline sig-
nificantly, but to have a major effect on the tautomeric
equilibria [11].
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1 is also known [12] to exist in extended and twisted
conformations. Less flexibility than in 2 might be expected
because of the extra quinone-like (B) ring, which could
explain its stronger binding to the TetR dimer because of

less loss of conformational entropy on binding. We now
report an extensive study of the conformations of three
protonation states of 1 and their complexes with hydrated
magnesium ions analogous to our previous work [8, 11] on
tetracycline. Note that an extensive conformational study
on a series of tetracyclines has appeared recently [13]. This
work is intended as a high-volume scan of the confor-
mational and tautomeric diversity, rather than a definitive
high-level computational study of relative stabilities.
Semiempirical molecular orbital techniques are well suited
for such purposes, whereas force-field methods have shown
significant deficiencies for related problems [14]. As for
tetracycline, [11] the results of this work will be used for
high-level (density functional theory, DFT) studies on the
structures and tautomers of 1 in aqueous solution.

Materials and methods

The different protonation states used for 5a,6–anhydrotet-
racycline are shown below. The labeling of the rings and
atoms given above will be used throughout. Two neutral
structures, the completely unionized tautomer 1n and the
commonly accepted zwitterion 1z, and the anionic
zwitterionic structure 1a were considered.

Molecular dynamics sampling (8000) 

“Hot” cluster analysis (6) 

 MM-Optimized cluster centers (2) 

Split in protonation patterns (2+2+2) 

Side chain conformational search (720+384+192) 

Cluster analysis (5+6+5) 

Magnesium interaction points (119+80+58) 

Optimized structures with 0, 4 or 5   

water molecules (357+240+174) 

Cluster analysis (2) 

Scheme 1 Flow chart of the scan procedure. The numbers of
structures obtained in each step are given in brackets. Triple entries
indicate the different numbers for 1n, 1z and 1a, respectively

Dihedral Angle (°) 
Cluster 

3-4-4a-12a 4a-5-5a-6 1-12a-4a-5 

1 -41.0 -176.7 -66.0 

2 23.0 157.1 -174.6 

3 -1.6 136.8 -162.6 

4 36.9 175.3 167.3 

5 40.9 153.8 -171.8 

6 -40.4 -146.8 -76.6 
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Scheme 2 Location and values of selected dihedral angles for the “hot” cluster centers from the molecular-dynamics simulation
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All molecular mechanics calculations were performedwith
AMBER 5.0 [15] using the parm94 force field [16]. The
semiempirical calculations used VAMP 9.0 [17] with the

AM1 Hamiltonian [18] using the magnesium parameters
published by Hutter et al. [19] For the consideration of
solvent influence COSMO [20] was used. Cluster analyses
were performed with TSAR 3.3 [21] using Ward's procedure
[22].

8,000 initial conformations of 1 in its unionized form,
generated by molecular dynamics simulations at a constant
temperature of 1,200 K, heat-bath coupling constant of 2.0 ps,
constant dielectric scaling constant of 4.0, a time-step of
0.5 fs, a time of 50 fs between snapshots and no cutoffs, were
clustered by their ring conformation into six different struc-
tures. Time-dependent data for 31 dihedral angles were
extracted from the molecular dynamics trajectory file. Angles

Scheme 3 Representative structure examples of 1 for the twisted
and extended conformations. Hydrogen atoms are omitted through-
out for clarity

Fig. 1 Conformations and energy differences in the gas phase for 1n, 1z, and 1a. The numbers indicate the different conformations and are
consistent for Table 1, and Figs. 1, 2 and 3
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with the highest information content in describing conforma-
tional changes were selected and highly correlated angles
were removed for clustering. After molecular mechanics
(MM) optimization and removal of converged structures, the
minimized cluster centers were used to create zwitterionic and
zwitteranionic protonation states for each conformation. The
transfer of the O3 hydrogen to Namine generated 1z and 1a.
Additionally, O12 was deprotonated to generate the protona-
tion state 1a. Systematic conformational searches for all polar
and rotatable side chains were carried out in the gas phase
using AM1 with full geometry optimization for all three
conformations of the three protonation states. The resulting
geometries for each protonation pattern were again clustered
by their ring geometries. The clustering technique used is
described in detail in [8].

The resulting cluster centers were reoptimized with AM1,
but this time including a solvent correction for water using
COSMO. The resulting structures were all used for system-
atic scans of interaction positions with a magnesium ion.
Special regard was paid to interaction positions masked by
acidic hydrogen atoms. The structures thus obtained for
significant magnesium positions were fully optimized with
AM1/COSMO. Alternate water complexation spheres for
the metal ion containing either four or five water molecules
were generated for each significant magnesium position and
also fully optimized with AM1/COSMO. Details of the scan
procedure can be found in [11].

As optimization of a sample of structures calculated to
have low imaginary frequencies did not result in significant
changes in geometry and heat of formation, low imaginary
frequencies were ignored. Finally, the conformational
similarities to the X-ray structure of tetracycline in the
binding site of TetR (pdb–entry: 2TRT [23]), the intramo-

lecular hydrogen bond networks and the Boltzmann
populations in water at 298 K, using the absolute minimum
for each total formula as reference, were calculated.
Geometries were superimposed according to the root-
mean–square deviation (RMSD) of their heavy-atom
positions using Quatfit [24]. The exact sequence of the
calculations performed and the number of structures
resulting from each step is shown as a flow chart in
Scheme 1.

Results

Metal-free 5a,6–anhydrotetracycline

Scheme 2 shows the conformationally descriptive dihedral
angles 3-4-4a-12a, 4a-5-5a-6 and 1-12a-4a-5 for the six
“hot” clusters of the molecular dynamics simulation.
Angles and their boundaries used for the clustering of the
trajectory structures are given in Table S1 of the
supplementary material. The six different “hot” cluster
centers converge to the twisted T or extended E conforma-
tions (Scheme 3) known in literature [7] and were used to
generate the zwitterionic 1z and zwitteranionic form 1a.

Systematic conformational searches for polar and
rotatable bonds of the side chains resulted in six clusters
for 1z and five clusters each for 1n and 1a, as shown in
Fig. 1. Their heats of formation and conformationally
descriptive dihedral angles are shown in Table 1. The
absolute minimum of 1n is conformation T, with an energy
difference of 5.9 kcal mol-1 to E, whereas 1z and 1a prefer
conformation E over T by 4.8 and 3.1 kcal mol−1,
respectively. Within T and E the conformations differ

Table 1 Heat of formation (AM1) and selected dihedral angles for the different gas phase and COSMO optimized conformations of 1n, 1z
and 1a

Protonation state Conformation Gas phase optimized COSMO optimized

ΔH0
f (kcal mol−1) Dihedral angles (°) ΔH0

f (kcal mol−1) Dihedral angles (°)

3-4-4a-12a 4a-5-5a-6 1-12a-4a-5 3-4-4a-12a 4a-5-5a-6 1-12a-4a-5

1n 1 −205.2 −26.7 −152.9 −68.0 −244.4 −24.3 −153.5 −69.9
2 −210.2 −39.8 −158.4 −67.3 −246.6 −35.3 −155.7 −68.5
3 −213.8 38.9 151.0 −175.7 −247.9 52.7 158.2 178.8
4 −216.1 39.1 151.6 −177.0 −248.2 47.5 154.2 −178.3
5 −200.2 51.6 162.1 174.9 −244.6 49.4 160.3 177.4

1z 1 −186.3 −54.0 −160.0 −73.1 −247.1 −51.0 −156.8 −71.2
2 −184.7 −59.7 −164.1 −72.1 −250.0 −58.1 −162.3 −71.8
3 −181.5 53.5 148.2 −178.0 −246.9 51.9 150.7 −178.4
4 −180.6 64.6 139.0 −173.9 −245.0 63.9 141.7 −173.5
5 −176.3 57.6 157.8 174.3 −245.8 51.6 156.0 176.5
6 −177.9 54.4 148.4 −177.3 −246.4 53.1 153.1 179.3

1a 1 −221.3 −54.0 −153.9 −69.0 −343.8 −53.2 −158.7 −69.3
2 −233.4 −55.2 −154.4 −69.3 −347.9 −58.6 −158.1 −73.9
3 −237.4 −61.0 −151.5 −77.8 −347.8 −58.5 −157.7 −73.8
4 −234.3 59.9 148.3 179.6 −343.8 51.6 151.3 179.8
5 −227.6 71.1 132.6 −174.2 −340.2 65.1 144.6 −177.7
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mainly through the rotation of the OH-, amine- and amide
groups, but some small differences in the distortion of ring
A can be seen for both conformations. As zwitterionic
structures are strongly disfavored in the gas phase, the
minimum of 1n is 29.8 kcal mol−1 more stable than 1z.
Because of different charges and the deprotonation states,
no energy comparison of 1a with 1n or 1z is possible.

Including solvent effects by COSMO only resulted in
small structural changes. The conformation T for 1n and E
for 1z and 1a for the absolute minima are retained, but are
represented by different conformers than in the gas phase
for 1z and 1a, as shown in Fig. 2. The energy differences
between the two conformations are 1.6 kcal mol-1 for 1n,
3.2 kcal mol−1 for 1z and 4.1 kcal mol−1 for 1a.

Magnesium surface scan

Magnesium-interaction positions within a 15 kcal mol−1

range above the absolute minimum of the same total
formula are shown in Fig. 3. Because of the special
attention paid to masked interaction positions, the
optimized structure for each magnesium position within
one conformation can differ only in the rotation of acidic
hydrogen atoms [11]. For clarity, these acidic hydrogen
atoms are shown in the conformation obtained for the
absolute minimum of the protonation state/conformation.
Almost every absolute minimum is positioned in the
vicinity of the region defined by O1, Namide and O3, with
the exception of the extended 1a conformations, where

Fig. 2 Conformations and energy differences in solution for 1n, 1z and 1a. The numbers indicate the different conformations and are
consistent for Table 1 and Figs. 1, 2 and 3
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magnesium is either bound to the amine group, causing an
extreme energy minimum, or positioned between O11 and
O12, resembling the position taken in the active site of
TetR. Less stable interaction positions are found for every
other electronegative atom in 1. For 1n, additional
magnesium positions interacting with the aromatic π-
system and even the methyl group of C6 are found.

Magnesium–5a,6–anhydrotetracycline complexes

Additionally to the pure magnesium complexes of 1, water
complexation spheres were created for the magnesium ions
for each of the structures detected above by the surface
scan. The magnesium ions were complexed with both four
and five water molecules using predefined geometrical

Fig. 3 Magnesium interaction points (green) for the different
protonation states and conformers. The magnesium position for the
absolute minimum of each cluster is distinguished by a darker shade
of green and a larger sphere radius. Bonds between magnesium and

1 are indicated with dashed lines. The acidic hydrogen atoms are
shown in the position present in the absolute minimum. The
numbers indicate the different conformations and are consistent for
Table 1 and Figs. 1, 2 and 3
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fragments (see [11] for details) and were then optimized
fully with AM1/COSMO. This approach yields three
structures that differ by their water complexation spheres
for each magnesium interaction position. The resulting 771
geometries (the total for the three protonation states) were
clustered by the scaffold conformation of the carbon ring
atoms, yielding the known conformations T and E shown
in Figs. 4, 5 and 6 for 1n, 1z and 1a, respectively. 1n

prefers T for all water-complexation spheres with an
energy difference to the extended conformation of 1.4,
3.4 and 3.1 kcal mol−1 for zero, four and five water
molecules, respectively (Table 2). Low-energy magne-
sium-ion positions are centered between O1, O3 and the
amide group for complexes with conformation E, whereas
for conformation T different areas are preferred by the pure
complexes and the complexes with explicit water. The pure

Fig. 4 Calculated magnesium ion positions for 1n projected onto
the cluster centers for the twisted (left) and extended (right) con-
formation. The upper half depicts the structures in top view, while
the lower half gives their side view. The magnesium positions are

colored by their heat of formation relative to the minimum for the
corresponding total formulae and distinguish by their form between
the complexes with zero (sphere), four (box) and five (cross) ex-
plicit water molecules. For clarity, all hydrogen atoms are omitted

Fig. 5 Calculated magnesium ion positions for 1z projected onto
the cluster centers for the twisted (left) and extended (right) con-
formation. The upper half depicts the structures in top view, while
the lower half gives their side view. The magnesium positions are

colored by their heat of formation relative to the minimum for the
corresponding total formulae and distinguish by their form between
the complexes with zero (sphere), four (box) and five (cross) ex-
plicit water molecules. For clarity, all hydrogen atoms are omitted
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complexes prefer direct amide binding, while the water
complexes prefer O1 as the interaction partner for the metal
ion. A wider variety of magnesium ion positions is found
for 1n than for 1z and 1a. Unlike 1n, 1z prefers E by 3.9,
1.4 and 1.6 kcal mol−1 for zero, four and five water
molecules, respectively, (Table 2), with a high density of
magnesium ion positions between O3 and the amide group.
The extended 1z clearly prefers magnesium ion positions at
ring A, with only one exception for each protonation sphere
in which magnesium binds to O11 and O12, whereas the
twisted conformation also exhibits magnesium ion posi-
tions near O10, O11 and O12. In comparison to 1n, these ion
positions are energetically closer to the absolute minimum
for explicit water complexation spheres, and farther away
for the pure magnesium complex. The twisted conforma-
tion differs analogously to 1n between pure and explicit
water complexes, but this time exhibits low-energy
interactions with the explicit water complexes in the

complete area defined by O1, O3 and the amide group and
no real low-energy structures for pure complexes in
conformation T. 1a shows mixed behavior for the confor-
mation of the absolute minimum for each complexation
sphere. Pure magnesium complexes prefer the extended
conformation E over T by 2.9 kcal mol−1, while the water
complexes prefer conformation T by 1.2 kcal mol−1 and
0.7 kcal mol−1 for four and five water molecules,
respectively (Table 2). The interaction positions of the
absolute minima for the complexes with explicit water are
located between O12 and O1, while the minimum of the
pure magnesium complexes lies between O3 and the amide
group. Direct magnesium binding to the amide group is
unfavorable and the areas around the absolute minima are
preferred. One low-energy conformation with five water
molecules in the extended conformation can be observed.
Geometry data for the minima of each total formula in both
conformations are given in the supplementary material.

Fig. 6 Calculated magnesium ion positions for 1a projected onto
the cluster centers for the twisted (left) and extended (right) con-
formation. The upper half depicts the structures in top view, while
the lower half gives their side view. The magnesium positions are

colored by their heat of formation relative to the minimum for the
corresponding total formulae and distinguish by their form between
the complexes with zero (sphere), four (box) and five (cross) ex-
plicit water molecules. For clarity, all hydrogen atoms are omitted

Table 2 Conformation population and minimum energy for the different total formulae

Protonation Water Twisted conformation Extended Conformation

Structures Minimum energy (kcal mol−1) Structures Minimum energy (kcal mol−1)

1n 0 77 −77.9 42 −76.5
4 77 −411.8 42 −408.4
5 77 −495.3 42 −492.2

1z 0 61 −81.5 19 −85.4
4 61 −415.4 19 −416.8
5 61 −496.7 19 −498.3

1a 0 38 −179.6 20 −182.5
4 38 −516.8 20 −515.6
5 38 −597.1 20 −596.4

Bold numbers indicate the conformation of the absolute minimum
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Calculated Boltzmann populations

Boltzmann populations were calculated for each set of
isomeric structures using the calculated heat of formation
in water at 298 K. Fig. 7 shows the resulting populations
plotted on a grid whose axes are the distance between the
magnesium positions and the heavy-atom RMSD com-
pared to the X-ray structure of tetracycline in the binding
site of TetR [23]. The plot is clearly divided along the
RMSD axis, separating the conformation E with low
RMSD values and conformation T. Along the magnesium-
distance axis, three significantly populated distances at
about 3.5, 6.5 and 10 Å can be identified. The 1a structure
with five water molecules in extended conformation E
described above shows a population proportion Ni/N0 of
11%, a magnesium position distance of 1.3 Å and a RMSD
of 0.3 Å. Only 1a with a five water complexation sphere
yields populated conformations this close to the X-ray
structure of tetracycline in the binding site of TetR.

Hydrogen-bond network

The hydrogen-bond acceptor for O12aH indicates the
conformation of the structure. O1 as acceptor is indicative
of conformation T and is bonded in 345 structures (65% of
all possible structures), while the acceptor O12 indicates
conformation E and is bonded in 139 structures (57%).
Another parallel between the complexes with and without
magnesium is the acceptor for the protonated amine in 1z
and 1a as another indicator for the favored conformation.
The acceptor O12a, participating in 90 (77%) structures,
indicates E and acceptor O3, participating in 204 (69%)
structures, indicates T. This classification is correct with
only one exception each for O12aH–O12 and Namine–O3. As
the magnesium ion easily reorders and inserts into

hydrogen bonds, no further specific hydrogen bond
interactions could be observed.

Discussion

As 1 binds 500 times more strongly to TetR than 2 and
induction without magnesium is observed for 1 [5], all
differences in their conformations and magnesium com-
plexes are important for understanding TetR induction. We
therefore focus our discussion on the differences between
the results for 1, presented above, and those found
previously for 2 [8–11].

The extended conformation E is more stable for all
protonation patterns investigated previously for 2 and its
magnesium complexes, [8–11] whereas unionized 5a,6–
anhydrotetracycline 1n shows a preference of the twisted
conformation in the gas phase, in solvent and in complex
with magnesium. 1z and 1a show an analogous behavior to
2 in the gas phase and in solvent, but the magnesium
complexes of 1a are very sensitive to explicit water
complexation and only the complex without an explicit
water complexation sphere exhibits conformation E. Other
theoretical studies of 1 indicate the extended conformation
to be preferred for 1z [25], while for 1a the two
conformations are energetically nearly identical with a
slight preference of the extended conformation [26]. As
expected, the stiffening of ring B reduced the number of
conformations found for 1, but the preference of different
conformations and the sensitivity to water complexation
results in an even more complex conformational behavior
than for 2.

The magnesium ion positions identified are very similar
for the two compounds, but 1 shows a greater density at
ring A, while for 2 the O10, O11 and O12-regions are more
highly populated, especially in the case of conformation E.

Fig. 7 Boltzmann population
depending on the RMSD and
the Mg2+ distances to the X-ray
geometry of induced tetracy-
cline. 1n is colored green, 1z
blue, and 1a red
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Theoretical studies of the interaction of 1z and 1a with
aluminum [27] and zinc ions [28] identify for 1z the O3-
amide and for 1a the O11–O12 as binding sites. The O11–
O12 and O1–Namide regions are found for zinc with 1a.
These regions are also important for the magnesium ion,
but there are additional interaction sites as Oamide–Namide

for 1z and O3–Oamide for 1a. Furthermore the interaction
sites are not clearly differentiated by their energies.

No conformational change induced by addition of a
magnesium ion or the water complexation sphere occurred.
Of the 257 starting triplets, composed of one magnesium
ion position with zero, four and five water molecules each,
only 5% differed more than 2 Å in the optimized
magnesium position, showing nearly no influence of the
water complexation sphere on the final magnesium posi-
tion but, as can be seen by the color coding of the mag-
nesium ions within confined areas in Fig. 4, on the resulting
heat of formation. A prominent example is the area around
O10, O11 and O12 in conformation T of 1z, with energies
in the lower third region for complexes with explicit
water present and in the upper third for pure magnesium
complexes. For 2 the mobility of starting triplets was 30%
[11].

Comparison of the Boltzmann population between 1 and
2 shows significant differences for the conformations. For
2, only extended conformations are significantly populated,
whereas the conformation of 1 strongly depends on the
protonation pattern and water complexation. Also no
differentiation within the twisted conformation T between
protonated and deprotonated Namine, as exhibited for 2,
exists and large deviations in the magnesium position
compared to the TetR X-ray structure for conformation E in
1 are preferred. 1 and 2 have low-energy, zwitteranionic
structures with five water complexation spheres that
resemble the X-ray structure of the tetracycline magnesium
complex in the binding site of TetR strongly in common.

Conclusions

We have shown similarities and differences in the
conformations of 5a,6–anhydrotetracycline 1 and tetracy-
cline 2 and their magnesium complexes. Instead of the
expected stiffening of the scaffold by dehydration and
simplification of the structural diversity, our results suggest
that 1, while actual only exhibiting the twisted T and the
extended E conformations, is far more complex than 2, as
the equilibrium between the conformations with and
without magnesium complexation is very sensitive to
environmental influences. Additionally, widespread mag-
nesium complexation sites were identified for the different
protonation patterns/water complexation spheres. These
differences and similarities may play a role in determining
the experimentally observed differences in their abilities to
bind to the TetR dimer. Therefore, the results of this study
will be used as a starting point for more accurate and more
focused DFT calculations.
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Supporting Information Available

Dihedral angles and their boundaries used for clustering the
“hot” structures obtained by molecular dynamics simula-
tion. Geometric data for the minima of the 5a,6–
anhydrotetracyline: magnesium complexes for each clus-
ter/protonation pattern/water complexation sphere.

References

1. Chopra I, Roberts M (2001) Microbiol Mol Biol R 65:232–260
2. Hinrichs W, Orth P, Kisker C, Schnappinger D, Hillen W,

Saenger W (1999) NATO Science Series, Series C: Mathemat-
ical and Physical Sciences 519:349–365

3. Hillen W, Berens C (2002) BIOspektrum 8:355–358
4. Hasan T, Allen M, Cooperman BS (1985) J Org Chem

50:1755–1757
5. Scholz O, Schubert P, Kintrup M, Hillen W (2000) Biochem-

istry 39:10914–10920
6. Takahashi M, Altschmied L, Hillen W (1986) J Mol Bio

187:341–348
7. Mitscher LA, Bonacci AC, Sokoloski TD (1968) Tetrahedron

Lett 9:5361–5364
8. Lanig H, Gottschalk M, Schneider S, Clark T (1999) J Mol

Model 5:46–62
9. Othersen OG, Beierlein F, Lanig H, Clark T (2003) J Phys

Chem B 107:13743–13749
10. Othersen OG, Lanig H, Clark T (2006) J Phys Chem B (in

preparation)
11. Othersen OG, Lanig H, Clark T (2003) J Med Chem 46:5571–

5574
12. Machado FC, Demicheli C, Garnier-Suillerot A, Beraldo H

(1995) J Inorg Biochem 60:163–173
13. Cosentino U, Varì RM, Saracino GAA, Pitea D, Moro G,

Salmona M (2005) J Mol Model 11:17–25
14. Petrov AS, George R, Lamm G (2004) J Phys Chem B

108:6072–6081
15. Case DA, Pearlman DA, Caldwell JW, Cheatham III TE, Ross

WS, Simmerling CL, Darden TA, Merz Jr KM, Stanton RV,
Cheng AL, Vincent JJ, Crowley M, Ferguson DM, Radmer RJ,
Seibel GL, Singh UC, Weiner PK, Kollman PA (1997)
AMBER 5. University of California, San Francisco

16. Cornell WD, Cieplak P, Bayly C, Gould IR, Merz Jr KM,
Ferguson DM, Spellmeyer DC, Fox T, Caldwell JW, Kollman
PA (1995) J Am Chem Soc 117:5179–5197

17. Clark T, Alex A, Beck B, Burkhardt F, Chandrasekhar J,
Gedeck P, Horn AHC, Hutter M, Martin B, Rauhut G, Sauer W,
Schindler T, Steinke T (2003) Vamp, 9.0. Erlangen

18. Dewar MJS, Zoebisch EG, Healy EF, Stewart JJP (1985) J Am
Chem Soc 107:3902–3909

19. Hutter MC, Reimers JR, Hush NS (1998) J Phys Chem B
102:8080–8090

20. Klamt A, Schüürmann G (1993) J Chem Soc Perk T 2:799–805
21. Grassy G, Blaney F, Bradshaw J, Huxley P, Lahana R, Snarey

M (2000) Tsar 3.3. Oxford
22. Ward JH (1963) JASA 58:236–244

962



23. Protein Data Bank, http://www.rcsb.org/pdb
24. Heisterberg D, Labanowski J (1992) Quatfit. Columbus, Ohio;

http://www.ccl.net/cca/software/SOURCES/C/quaternion-mol-
fit/index.shtml

25. Dos Santos HF, de Almeida WB, Zerner MC (1998) J Pharm
Sci 87:190–195

26. Dos Santos HF, Nascimento Jr CS, Belletato P, de Almeida WB
(2003) J Mol Struct (Theochem) 626:305–319

27. de Almeida WB, Dos Santos HF, Zerner MC (1998) J Pharm
Sci 87:1101–1108

28. de Almeida WB, Dos Santos HF, Rocha WR, Zerner MC
(1998) J Chem Soc, Dalton Trans 15:2531–2536

963

http://www.rcsb.org/pdb
http://www.ccl.net/cca/software/SOURCES/C/quaternion-mol-fit/index.shtml
http://www.ccl.net/cca/software/SOURCES/C/quaternion-mol-fit/index.shtml

	The structure of 5a,6–anhydrotetracycline and its Mg2+ complexes in aqueous solution
	Abstract
	Introduction
	Materials and methods
	Results
	Metal-free 5a,6–anhydrotetracycline
	Magnesium surface scan
	Magnesium–5a,6–anhydrotetracycline complexes
	Calculated Boltzmann populations
	Hydrogen-bond network

	Discussion
	Conclusions
	Appendix
	Supporting Information Available

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


