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Abstract: Metabolism of sulfur (sulfur assimilation pathway, SAP) is one of the
key pathways for the pathogenesis and survival of persistant bacteria, such as
Mycobacterium tuberculosis (Mtb), in the latent period. Adenosine 5'-phospho-
sulfate reductase (APSR) is an important enzyme involved in the SAP, absent
from the human body, so it might represent a valid target for development of
new antituberculosis drugs. This work aimed to develop 3D-QSAR model
based on the crystal structure of APSR from Pseudomonas aeruginosa, which
shows high degree of homology with APSR from Mtb, in complex with its
substrate, adenosine 5'-phosphosulfate (APS). 3D-QSAR model was built from
a set of 16 nucleotide analogues of APS using alignment-independent descrip-
tors derived from molecular interaction fields (MIF). The model improves the
understanding of the key characteristics of molecules necessary for the inter-
action with target, and enables the rational design of novel small molecule inhi-
bitors of Mtb APSR.
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INTRODUCTION

Various studies showed that the metabolic pathway of sulfur (sulfur assimil-
ation pathway, SAP) is crucial for the survival of persistant bacteria, such as
Mycobacterium tuberculosis (Mtb) in the latent period, after adaptation on pri-
mary cell response from the host.1-3 This pathway provides reduced form of sul-
fur which serves for biosynthesis of a number of metabolites, including cysteine,
methionine, various coenzymes, as well as mycothiol.# The metabolic pathway of
sulfur starts with the active transport of sulfates catalyzed by sulfate-permease.
Adenylation catalyzed by ATP sulfurylase (CysD) yields adenosine-5‘-phospho-
sulfate (APS). This product is then converted to sulfite and adenosine by APS-
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reductase (APSR), with cofactor thioredoxin.> APSR is not synthetized in human
organism, therefore could be one of the selective targets for blocking sulfur meta-
bolic pathway. Upregulation of CysH, that codes APSR, was observed during the
resting state of bacteria, as well as during exposition to hydrogen peroxide and
starving, which suggests that APSR is activated immediately after the initial inf-
ection and allows survival of bacteria.®

Recently, small-molecule inhibitors of APS reductase were discovered
through virtual ligand screening.” However, it was stated that the development of
more specific and potent inhibitors would be greatly aided through knowledge of
the functional importance of interactions between the substrate and enzyme at the
active site. For that purpose, several analogues of APS were synthetized and their
affinities for APSR were experimentally determined. These studies define chem-
ical groups that are essential for molecular recognition and reveal a network of
electrostatic interactions, which play an important role in substrate discrimin-
ation. To gain further insight into substrate recognition of Mtb APS reductase,
energetic contribution of individual portions of APS to the enzyme-binding inter-
action was analyzed.

For further contribution in design of APSR inhibitors, we used 16 synthe-
tized analogues with determined Ky values for generation of pharmacophoric
model based on interactions of ligands with the active site of homologous APSR.
Since three-dimensional structure of Mtb APSR is not known, we used the struc-
ture of APS in complex with APSR of Pseudomonas aeruginosa, that shows high
degree of homology (27.2 % identical sequences and 41.4 % similar). As exp-
ected for phylogenetically related proteins, the highest degree of similarity was
observed for the APSR active site residues.® Using a known structure of natural
substrate for APSR and its 16 structural analogues, alignment-independent 3D-
-QSAR model was developed from the MIF-based descriptors. The model was
interpreted in order to elucidate interactions between APS analogues and APSR.
The obtained pharmacophoric hot-spots could serve as the basis for rational
design of novel APSR inhibitors.

EXPERIMENTAL

The structure of APS ligand was retrieved from the complex with APSR from P. aerugi-
nosa (PDB code 2GOY). Since three-dimensional (3D) crystal structure of APSR of Mtb is
not defined, structural data from the complex of APS with P. aeruginosa, showing high deg-
ree of homology,? were utilized for QSAR studies.

The set of 16 APS analogues, along with their K, values are collected from literature’
and in house laboratory data that are not published yet. The conformer ensemble for each
molecule was generated by Omega — e,%10 and conformers most similar to the conformation
of natural APS ligand were selected by VROCS.!1:12 These conformers were used for gener-
ation of 3D-QSAR models, computing GRIND descriptors from the encoded molecular inter-
action fields (MIF) in Pentacle program.!3> MIFs characterize the interaction features of a
molecule with the environment which could be mapped using chemical probes. Four mole-
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cular probes mapping different chemical/pharmacophoric features of ligands were applied in
this study: DRY probe that simulates hydrophobic interactions of molecules with active center
of the target; N1 probe (amide nitrogen) mapping hydrogen-bonding acceptors (HBA) of a
ligand; O probe (carbonyl oxygen) mapping hydrogen-bonding donors (HBD), and TIP probe
showing what shape of the molecules fits within the active center of the enzyme. The MIFs
are computed by placing the molecule in a grid having certain, predefined resolution. The
chemical probes are then positioned at each nodal point and the corresponding interaction
energy is computed. Obtained interaction energies represent the molecular descriptors of hyd-
rophobic, hydrogen bonding interactions, and shape complementarity with the protein target.

RESULTS AND DISCUSSION

Chartron et al. published 3D crystal structure of APSR of bacterium P. aeru-
ginosa in complex with the substrate (APS).14 APSR of P. aeruginosa and M.
tuberculosis show high degree of homology (27.2 % of identical sequences and
41.4 % of similar), especially within the active site. This structure was the base
for investigation of significant interactions between enzyme and substrate, which
could give an idea for rational design of potential APSR inhibitors.

Hong et al.®> performed structure-activity study of various substrates and
product analogues in order to analyse molecular determinants important for bind-
ing and specificity on APSR. Study showed that binding of dianions is more
favorable compared to monoanions. Analysis of adenosine, D-ribose and adenine
fragments showed that they exhibit weak binding affinity comparing to the whole
molecule. Detailed study of substrates and products showed: loss of sulphate
reduces binding affinity, A-sulphate groups play a modest role in recognition of
substrate, sulphur substitution is considered to be a good mimic of the phosphate
moiety because it is isosteric, pseudoisoelectronic, and similar charge distribution
and net charge at physiological pH. Contribution of o~/ bridging oxygen was
analysed in respect to geometry, charge density and distribution, as well as ioniz-
ation state of the molecules. The substitution of a-nonbridging oxygen by sul-
phur, indicated possible disruption of contacts with residues, which could be
important for stabilizing charge development in transition state. The similarity of
Kd for different analogues, however, could possibly indicate the different modes
of nucleotide binding, so further studies should be performed for detailed mech-
anisms of action.

This study provides additional insights into ligand binding to APSR. The
hydrophobic, shape and hydrogen bonding properties of 16 nucleotide analogues
of APS (Table S-I of the Supplementary material to this paper) are quantified by
computing GRID molecular interaction fields (MIFs). This ligand-based approach
utilized the bioactive conformation of APS in complex with P. aeruginosa APSR.
The most similar conformation was extracted from the conformer ensemble of
ligands and used for model generation. The interaction profiles are encoded into
alignment-independent GRIND independent descriptors (GRid) descriptors and
correlated with inhibitory activities to develop 3D-QSAR models.57 GRIND
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descriptors describe the most important network interactions as a function of dis-
tance instead of describing precise position of every point in the net.

Compounds from the data set were classified, on the basis of structural
similarity, into three main groups: 1) adenosine 5'-monophosphate (AMP) and
analogues: 3'-AMP, 5'-AMP, AMPS, AMPCF2P, AMPCP, AMPNP and
AMPPN; 2) adenosine 5'-diphosphate (ADP) and analogues: 3',5'-ADP, ADPasS,
ADPBS and ADPF; 3) APS and analogues: APSaS and APSBM. Structural
modifications in analogues are explained in the text.5

The large differences in APSR inhibitory activity were observed between
three classes of compounds, indicating that slight differences in structure lead to
significant changes in protein-ligand binding. For example, the K4 values for
APS, ADP and AMP are 0.2, 4.3 and 5.4 uM, respectively. Following classific-
ation of compounds, the groups of ligands were further investigated. APS is a
natural ligand of APS reductases with Kq value of 0.2 uM. Replacing sulfate
group of APS with phosphate, as it is in the case of ADP, or by elimination of
that group in AMP, the affinity for APS reductase decreases, which proves the
importance of this group. Phosphate and sulfate groups are of similar size and
shape, and they differ in the net charge. Sulfate group is mono-anion (charge —1)
whilst phosphate group is di-anion (charge —2). Additional insights into the imp-
ortant structural and pharmacophoric features were obtained from the3D-QSAR
model.

The preliminary SAR complemented by the analysis of GRIND descriptors

Fig. 1 shows all interactions that natural ligand APS might form with the
active site of APSR, including possibility of hydrophobic interactions, H-bond
donors, H-bond acceptors, as well as favorable shape of the molecule.

Fig. 1. Interactions of APS and active
place of APSR: hydrophobic interact-
ions (yellow), H-bond donors (blue),
H-bond acceptors (red), MIFs des-
cribing the favorable shape of the
molecule (green).

Concerning shape analysis, the significant differences were observed
between APS, ADP and AMP. The most significant differences are observed
between 6.8 and 10.4 A, where APS shows significant shape complementarity
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while ADP do not exert such interactions and do not completely fit within the
active site.

The net charge for AMP and APS is the same, —2, which is a prerequisite for
excellent binding to APSR.5 Similar binding of two ligands is visible in TIP-TIP
correlograms, where AMP shows favorable regions. The difference is that the
charge of AMP is localized in a-position, and the implications of such charge
arrangement on binding affinity will be further discussed.

The analysis of hydrophobic interactions indicated that purine part of the lig-
and is responsible for the hydrophobic interactions with the active site of enz-
yme. The heatmaps of DRY-DRY interactions show that APS forms the weakest
hydrophobic interactions on short distance (between 3.8 and 5.6 A), whilst inter-
actions with ADP are the strongest. This could be the consequence of the parti-
cular conformation of ADP that enables intramolecular hydrogen bonding
between the oxygen on S-phosphate and —NH at position 2 of purine ring. We
suppose that additional intramolecular bonding decreases the overall binding affi-
nity for APSR. As the position 2 of purine ring does not establish energetically
favorable interactions within the APS reductase active site, its modification to
=CH- will probably lead to more potent analogues.

To study whether the decreased binding affinity of ADP is connected with
additional charge of phosphate group in S-position, we further evaluated how the
replacement of negatively charged oxygen (ADP) with sulfur (ADPBS) or fluor-
ine (ADPPF) atoms influence the binding affinity. Two analogues show higher
degree of binding for APS reductase, whilst significant improvement is observed
for compound ADPBS. Higher affinity of ADPBS compared to ADPBF might be
explained by larger size and polarizability of S atom. This substitution might
enable the additional interactions that improve fitting of ligand in the active site.
Additional hydrophobic interactions could be observed at the distances from 4.0
to 5.6 A and 8.0-9.6 A.

The replacement of negatively charged oxygen in a-position of ADP with
sulfur also increases the binding affinity. Better shape complementarity of
ADPaoS with the active site is observed in the range between 7.2 and 12.0 A.

The introduction of phosphate at 3'-OH of ribose yields 3'5'-ADP with sig-
nificantly decreased binding energy. The changes in the skeleton of the molecule
imposed by the introduction of additional ribose moiety reflect in the restricted
conformational freedom and possibly lower fit with the APS reductase. Weaker
DRY-DRY interactions of 3'5'-ADP compared to ADP and ADPS are observed
at the distance range from 4.4 to 9.6, suggesting that certain portion of important
hydrophobic interactions are missing.

Concerning APS analogues, modification of APS in o and S-positions dec-
reases the binding energy. In general, APSaS can be a substrate for APSR, but in
the case of saturation of enzyme with the substrate there is no evidence that inter-
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medier, S-sulfocysteine, could be formed.> It is not clear why APSR does effect-
ively reduce APSaS. By analogy with a-S substitution in ADP, one of the exp-
lanations would be that the added S is an obstacle for contact with amino acid
residues of active center of enzyme, while at the same time allowing the form-
ation of some unfavorable hydrophobic interactions at the distance range from
3.6t0 5.6 and 7.6-9.2 A.

In APSPM, oxygen bridge was replaced with methylene with an idea to
explain the importance of this bridge during binding with enzyme. The binding
energy decreased significantly, and the reason could be that methylene bridge
increases the length of S—X—P bond and decreases the angle of rotation. It is also
reflected as an increase in hydrophobic interactions with APSR between 4.4 and
5.6 A and 7.6 and 8.4 A. In further text, the importance of oxygen bridge will be
explained through the analysis of AMP and its analogues.

The AMP is an important part of APS and plays role in enzyme recognition.
However, the binding affinity of AMP for APSR is smaller comparing to ADP
and ASP. It indicates that Po—O—Sp bridge is essential for the activity. To deter-
mine the importance of oxygen in the bridge we compared the following AMP
analogues: AMPCP, AMPCF2P and AMPNP. Each derivative has smaller bind-
ing affinity comparing to ADP and ASP. Among those analogues, the highest
affinity is observed for AMPCF2P and lowest for AMPNP. However, concerning
the size of AMPNP, it fits better within active site of enzyme than AMPCF2P, as
observed on heatmaps of TIP-TIP interactions at the distance between 4.4 and
8.6 A. It could be the consequence of voluminous —~CF,— bridge that hinders fit-
ting of compound into active site.

The neutralization of negatively charged oxygen in f-position decreases the
activity. Consequently, the activity of AMPPN is significantly lower than the act-
ivity of AMPNP. On DRY-DRY correlograms, it can be seen that AMPPN
forms weak hydrophobic interactions at the distance between 4.0 and 5.6 A, and
8.4 and 9.6 A, opposite to AMPNP. This trend might be explained by the proton-
ation of f-NH; group at physiological pH and subsequent formation of intra-
molecular electrostatic interactions that prevent ligand binding to enzyme.>

The influence of a-substituents was further investigated by comparing the
biological activities of AMP and a-substituted derivatives with sulfur (5'-AMPS)
or amino group (5'-AMPN). Better shape complementarity of 5'-AMPS com-
pared to AMP is indicated though stronger TIP-TIP interactions between 12.0
and 14.4 A, allowing better fit into the APS reductase active site and lower Ky
values (3.3 vs. 5.4 uM).

A significant decrease in binding affinity of 5'-~AMPN analogue might also
be explained through the formation of additional hydrogen bonds that prevent
optimal fitting of substrate in the active site. This is visible from the differences
in O-NI1 interactions at the larger distances (from 15.2 to 17.2 A), where 5'-
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-AMPN forms hydrogen bonds while AMP cannot establish these interactions
with the environment.

Table with structures and Ky values used in the study is presented in Table
S-1, as well as in figures connected with the preliminary QSAR studies: TIP-TIP
interactions for ADP and APS, and TIP-TIP probe heatmap for ADP, AMP and
APS (Fig. S-1 of the Supplementary material), the location of favorable hydro-
phobic interactions of ADP mapped using DRY probe (Fig. S-2 of the Supple-
mentary material), differences in DRY-DRY interactions that ADPBF and
ADPBS form with target and differences in TIP-TIP interactions ADPaS and
ADP (Fig. S-3 of the Supplementary material), DRY-DRY interactions that
ADPS and ADPBF form with enzyme (Fig. S-4 of the Supplementary material),
differences in DRY-DRY interactions between APS and APSaS, and APS and
APSBM (Fig. S-5 of the Supplementary material), TIP-TIP interactions for
AMPCF2P and AMPNP (Fig. S-6 of the Supplementary material), TIP-TIP inter-
action 5'-AMPS and AMP and O-NI1 interaction 5’~AMPN and AMP (Fig. S-7
of the Supplementary material) and the structural features associated with the
additional variables positively and negatively correlated with the APS reductase
inhibitory activity (Fig. S-8 of the Supplementary material).

Partial least square regression model

To establish the quantitative relation between the biological activity and
computed GRIND descriptors, partial least square (PLS) regression was applied.
The optimum model, by means of 72 and g2, was generated using 3 latent vari-
ables (LV). Further increase in the number of LV didn’t improve the statistical
quality of the model. Statistically acceptable models are those with 72 > 0.5 and
g?>0.09.

The statistical parameters of the developed model are shown in Table 1.

TABLE I. The statistics of PLS model developed for the APS reductase inhibitory activity of
APS analogues; SSX — X variable explanation; SSXacc — X accumulation (cumulative value);
SDEC — standard deviation of error of calculation; SDEP — standard deviation of error of

prediction; 72acc — 72 accumulation; g2acc — g2 accumulation

LV SSX SSXace SDEC SDEP p2ita racch® q*acc™
1 30.75 30.75 0.89 1.15 0.52 0.52 0.19
2 21.05 51.8 0.57 0.95 0.28 0.8 0.44
3 7.7 59.51 0.37 0.94 0.12 0.92 0.46
4 9.92 69.42 0.27 0.94 0.04 0.96 0.46
5 423 73.66 0.18 0.98 0.03 0.98 0.41

From the PLS scores plot (Fig. 2) several variables positively and negatively
correlated with the biological activity are observed.

The most significant variables obtained in PLS analysis are presented in
Table II. Each variable represents the product of interaction energies of two

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



568 ERIC, CVIJETIC and ZLOH

chemical probes at certain distance. PLS correlates these variables with bio-
logical activity where positive variable values indicate positive influence on bio-
logical activity and vice versa.

LV 3 coefficients

b
=
a

] DRY-DRY 0-0 N1-N1 TIP-TIP DRY-0 DRY-N1 DRY-TP 0-N1 o-TP N1-TP

Variable sequential number

Fig. 2. PLS scores plot for 3LV model where the most significant variables are labeled.

TABLE II. The most significant variables obtained by PLS analysis

Variable Distance, A Correlogram The influence on activity
13 5.2-5.6 DRY-DRY Negative
19 7.6-8.0 DRY-DRY Negative
149 3.2-3.6 TIP-TIP Positive
167 10.4-10.8 TIP-TIP Negtive
287 2.0-2.4 DRY-TIP Positive
393 16.4-16.8 O-TIP Positive
413 14.8-15.2 N1-TIP Negative
CONCLUSION

Concerning that APSR is essential for the survival of mycobacteria in latent
phase of infection, discovery of small molecules that would inhibit its action is of
interest for the development of new potential antituberculotics. In this study, the
set of synthetized ligands for APSR was studied using 3D QSAR methodology
with the descriptors derived from MIFs. Compounds from the data set, 16
analogues of natural substrate, were classified on the base of structural similarity,
into three main groups: 1) AMP and analogues, 2) ADP and analogues and 3)
APS and analogues.

Significant differences in APSR inhibitory activity, probed on DRY, O, N1
and TIP interactions, were observed between three classes of compounds, indi-
cating that slight differences in structure leads to significant changes in protein—
—ligand binding. Studies showed the differences of analogues in shape comple-
mentarity. Interactions with active site were also influenced by modifications in
o and f positions, charge, size and polarizability of groups and atoms, conform-
ational freedom, as well as protonation at physiological pH. Quantitative relation
between biological activity and computed GRIND descriptors was established by
partial least square (PLS) regression. The optimum model (2acc = 0.92 and
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g?acc = 0.46) was generated using 3 latent variables (LV). The most significant
variables obtained in PLS analysis were further interpreted.
SUPPLEMENTARY MATERIAL

Additional data are available electronically at the pages of journal website: https://
//www.shd-pub.org.rs/index.php/JSCS/index, or from the corresponding author on request.
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U3BO[
3D-QSAR CTYOIHMJA AHAJIOTA AJEHO3UH 5'-©0CPOCYJIOATA (APS) KAO JIMTAHIA 3A
APS PEOVKTA3Y
CJIABULIA EPUR', WIHJA LIBUJETUR’ 1 MUPE 3/10X>*

’Ynueepmmem y Beoipagy, ®apmaueyiicku paxynitiei, Bojeoge Ctuetie 450, 11 221 Beoipag, Cpduja;
ZYnueepsumem y Beoipagy, Hnosavyuonu uenitiap Xemujcxol paxynmemia, Cuygenticku wpi 12-16, 11 000
Beoipag, Cpbuja; *Nanopuzzle Medicines Design, Stevenage, United Kingdom; *®apmaueyiicxu paxyniiiei,

Yuueepsuitiewi [TIpuspegna Axagemuja, Hosu Cag, Cpouja

Mertadonusam cymmnopa (IyT acuMunanyje cymnopa, SAP) jenaH je on K/bydHHX IyTeBa
3a martoreHe3y W NpexuBibaBame Mycobacterium tuberculosis (Mtb) y mareHTHOM mepuomy.
AneHo3uH 5'-docdocdat pepykraza (APSR) je 3HauajaH eH3UM KojH je ykibydeH y SAP, He
HaJla3y Ce y JbyICKOM OPraHHU3My U MO’ke DHUTH BJIMITHO LIWJBHO MECTO 3a pPa3B0j HOBUX aHTH-
TydepkynoTuka. Lum oBor paga je pa3soj 3D-QSAR mMogena koju ce 3aCHMBA Ha KPUCTAIHO]
cTpykTypu APSR u3 Pseudomonas deruginosd, KOju UMa BUCOK CTeneH Xxomoioruje ca APSR 13
Mtb, y xommtekcy ca cymcTpatoMm, aneHo3uH 5'-gocdocyndarom (APS). 3D-QSAR mogen je
nocTasbeH kopuirhewem ceta 16 HyKI€OTUIHUX aHanora APS npuMeHOM JecKpUnTopa He3a-
BUCHHX OJ TIOJIa3HUX TadakKa, U3BEJJIEHUX U3 M10Jba MOJIEKY/IapHUX HHTepakuuja (MIF). Mopen
CIIyXH4 3a Do/be pasyMeBame K/bYYHHUX KapaKTEDPUCTHKa MOJIEKyJa HEONXOJHUX 3a MHTEpaK-
IHjy ca UWBHUM MECTOM, Y CBPXY PallMOHAIHOT JU3ajHUpaba Malux MOJeKysia, HHXUOUTopa
APSR u3 Mtb.

(ITpummeno 28. HoBembpa 2020, pesunupano 21. janyapa, npuxsaheno 26. ¢edpyapa 2021)

REFERENCES

1. R. Schnell, G. Schneider, Biochem. Biophys. Res. Comm. 396 (2010) 33
(https://doi.org/10.1016/j.bbrc.2010.02.118)

2. 0. Poyraz, K. Brunner, B. Lohkamp, H. Axelsson, L. G. J. Hammarstrom, R. Schnell, G.
Schneider, PLOS ONE 10 (2015) 0121494
(https://doi.org/10.1371/journal.pone.0127016)

3. R.Iwanicka-Nowicka, A. Zielak, A. M. Cook, M. S. Thomas, M. M. Hryniewicz, J.
Bacteriol. 189 (2007) 1675 (https://doi.org/10.1128/J1B.00592-06)

4. P.B. Palde, A. Bhaskar, L. E. Pedro Rosa, F. Madoux, P. Chase, V. Gupta, T. Spicer, L.
Scampavia, A. Singh, K. S. Carroll, ACS Chem. Biol. 11 (2015) 172
(https://doi.org/10.1021/acschembio.5b00517)

5. J. A. Hong, D. P. Bhave, K. S. Carroll, J. Med. Chem. 52 (2009) 5485
(https://doi.org/10.1021/jm900728u)

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



570 ERIC, CVIJETIC and ZLOH

6. S. K. Hatzios, C. R. Bertozzi, PLOS Pathog 7 (2011) 1002036
(https://doi.org/10.1371/journal.ppat.1002036)

7. S. Cosconati, J. A. Hong, E. Novellino, K. S. Carroll, D. S. Goodsell, A. J. Olson, J. Med.
Chem. 51 (2008) 6627 (https://doi.org/10.1016/j.biotechadv.2011.08.021)

8. H. Wieman, K. Tendel, E. Anderssen, F. Drables, Mini Rev. Med. Chem. 4 (2004) 79
(https://doi.org/10.2174/1389557043403639)

9. OMEGA 2.5.1.4: OpenEye Scientific Software, Santa Fe, NM (http://www.eyesopen.com)

10. P. C. D. Hawkins, A. G. Skillman, G. L. Warren, B. A. Ellingson, M. T. Stahl, J. Chem.
Inf. Model. 50 (2010) 572 (https://doi.org/10.1021/ci100031x)

11. ROCS 3.2.1.4: OpenEye Scientific Software, Santa Fe, NM (http:/www.eyesopen.com)

12. P. C. D. Hawkins, A. G. Skillman, A. Nicholls, J. Med. Chem. 50 (2007) 74
(https://doi.org/10.1021/jm0603365)

13. M. Pastor, G. Cruciani, I. McLay, S. Pickett, S. Clementi, J. Med. Chem. 43 (2000) 3233
(https://doi.org/10.1021/jm00094 1 m)

14. J. Chartron, K. S. Carroll, C. Shiau, H. Gao, J. A. Leary, C. R. Bertozzi, C. David Stout C.
J. Mol. Biol. 364 (2006) 152 (https://doi.org/10.1016/j.biotechadv.2011.08.021).

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




