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In this work, using quantum mechanics, the noncovalent interactions and two mechanisms of
covalent functionalization of drug gentamicin with (5, 5) COOH and COCI functionalized car-
bon nanotubes are studied. All of the calculations are performed using a hybrid density func-
tional method (UB3LYP) in the solution phase. Quantum molecular descriptors for four possi-
ble modes of the noncovalent interaction are investigated. It is found that the binding of gen-
tamicin with COOH (NCOOH) and COCI (NCOCI) functionalized carbon nanotubes is thermo-
dynamically favorable. Among NCOOH and NCOCI, the first one has higher binding energy
and can act as a suitable system for the drug gentamicin delivery within biological systems
(noncovalent). COOH and COCI functionalized carbon nanotubes can bond to gentamicin via
OH (COOH mechanism) and Cl (COCI mechanism) groups, respectively. The activation ener-
gies of four pathways in two mechanisms are calculated and compared with each other. It is
specified that the COOH mechanism has an energy barrier higher than that of the COCI
mechanism, being the reason for the suitability of the COCl mechanism for covalent functiona-
lization.
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INTRODUCTION

Gentamicin is a commonly used antibiotic that prevents bacterial infection around the implant.
It is an aminoglycoside antibiotic, and can treat many types of bacterial infections, particularly a gram-
negative infection. It is also one of the few heat-stable antibiotics that remains active even after auto-
claving, and this makes it particularly useful in the preparation of certain microbiological growth me-
dia[1].

The rapid development of nanoscience has opened new ways in timely and prompt diagnosis of
diseases and drug delivery. The use of carbon nanotubes in the drug delivery is a new field which is
rapidly developing. So far, different systems such as polymers, dendrimers, and liposomes have been
used for the drug delivery [ 2—4 ], but carbon nanotubes provide more effective structures due to high
drug loading capacities and good cell penetration qualities [ 5 ].

Although the toxicity and low solubility create limitations in the applicability of carbon nano-
tubes, numerous laboratory-wise reports concerning the use of carbon nanotubes as the carrier mole-
cules for drugs have been presented. A major portion of researches in this field, at both theoretical and
experimental levels, has been allocated to the analysis of the possibility of adsorption of drugs and
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similar compounds onto the sidewall of carbon nanotubes without considerable disfunction in its elec-
tronic structures [ 6—10 ].

Also, the interaction of carbon nanotubes with organic and aromatic molecules through covalent
and noncovalent functionalization has been investigated [ 11—18 |. The main motive behind such in-
vestigations has been the improvement of their solubility and dispersability in aqueous and organic
solvents. Li et al. investigated the effect of COOH functionalized carbon nanotubes added into bull-
frog collagen hydrogel on the gentamicin sulfate release [ 19 ].

In spite of the extensive use of carbon nanotubes in the drug delivery, the molecular mechanism
of covalent functionalization of drugs onto COOH and COCI functionalized carbon nanotubes has not
been investigated so far. In this work, using density functional theory (DFT), the covalent and nonco-
valent functionalization of gentamicin onto COOH and COCI functionalized carbon nanotubes was
studied.

RESULTS AND DISCUSSION

Gentamicin is a non-planar molecule with the amino and hydroxyl groups protruding out of the
molecular plane, as shown in Fig. 1. The optimized geometries of gentamicin (GEN), COOH
(NCOOH) and COCI (NCOCI) functionalized single wall carbon nanotubes (SWCNTSs) in the solution
phase are shown in Fig. 1.

Gentamicin may interact with NCOOH and NCOCI through amino and hyroxyl groups to form
hydrogen bonds. These four reactants (R) are shown in Fig. 2, namely, RNCOOH/OH, RNCOOH/NH,
RNCOCI/OH, and RNCOCI/NH.

The binding energies (AE) of gentamicin with NCOOH and NCOCI were calculated using the
following equation and presented in Table 1:

AE = Exncoonrncoctyorns) ~ (Excooravcoct + Egen)- (1)

According to the calculated binding energies of four configurations in Table 1, these energies are
negative in the solution phase indicating that gentamicin is stabilized by NCOOH and NCOCI sur-
faces. Among the four configurations, the configurations related to NCOOH are more stable than the
NCOCI configurations. Among the two configurations of RNCOOH/OH and RNCOOH/NH, the se-
cond one has a higher negative energy, denoting a stronger interaction. Generally, a comparison be-
tween COOH and COCI functionalized SWCNTs shows that the use of the first one is more desirable
due to a stronger interaction between gentamicin and SWCNT. It was for this reason that COOH func-
tionalized SWCNT was used for gentamicin drugs from the applicability point of view [ 19 ].

In describing the stability and chemical reactivity of different systems, quantum molecular de-
scriptors, such as the chemical potential, the global hardness, the electrophilicity index, etc. have been
used.

Table 1

Quantum molecular descriptors (eV) and binding energies (kJ-mol ")
for the optimized geometries of gentamicin, COOH (COC]) functionalized
SWCNTs, RNCOOH/OH (NH) and RNCOCI/OH (NH) in the solution phase

SpCCiCS EHOMO ELUMO Eg n o [a) AE
GEN -5.95 | -1.85 | 7.80 | 2.05 | —=3.90 | 3.70 —
NCOOH —4.04 | -2.74 | 1.30 | 0.65 | —3.39 | 8.86 —
NCOCI —4.08 | -2.83 | 1.26 | 0.63 | —3.45 | 9.50 —

RNCOOH/OH | 4.03 | —2.73 | 1.30 | 0.65 | -3.38 | 8.76 | —36.96
RNCOOH/NH | —4.00 | —2.69 | 1.32 | 0.66 | —3.34 | 8.50 | —67.40
RNCOCI/OH | —4.07 | -2.80 | 1.27 | 0.63 | -3.44 | 9.32 | —13.87
RNCOCI/NH | -5.76 | 1.42 | 126 | 0.63 | -3.45|9.45| —4.59
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Fig. 2. Optimized structures of RNCOOH/OH (a)
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The chemical potential (i), which shows the escape tendency of an electron from the equilibrium,
is defined as follows:
p=—(I+A4)/2, )
where I = —FEyonmo 18 the ionization potential and 4 = —FEyywo is the electron affinity of the molecule.
The global hardness (1) shows the resistance of one chemical species against the change in its elec-
tronic structure (Eq. 3). An increase in 1| causes an increase in the stability and a decrease in reactivity

n={U-4)/2. 3)
The electrophilicity index () was defined by Parr as follows [ 20 ]:
o=p?/2n. (4)

Tabel 1 represents the values of quantum molecular descriptors calculated for the optimized
geometries of gentamicin, COOH (COCI) functionalized SWCNT, RNCOOH/OH (NH) and
RNCOCI/OH (NH). In this table, apart from quantum molecular descriptors, £, (HOMO-LUMO
energy gap) was also presented. £, notably shows a more stable system. Formally, the HOMO-LUMO
gap is the gap between the a-HOMO and -LUMO. However, a given pair of a- and -spin orbitals is
almost identical in terms of their density distribution and can be thought of as describing the corre-
sponding two-electron orbital. Thus, the a-HOMO-a-LUMO gap should be considered to be the
physically significant HOMO-LUMO gap in these systems [ 21 ].

According to the Table 1 data, n, /, and E, related to the gentamicin drug are higher than those for
RNCOOH/OH (NH) and RNCOCI/OH (NH), showing that the stability of gentamicin decreases in the
presence of COOH (COCI) functionalized SWCNT and its reactivity increases. Also, in confirmation
of the previous issue, it is observed that p of gentamicin becomes more positive in the presence of
COOH (COCI) functionalized SWCNT.

o of gentamicin increases in the presence of COOH (COCI) functionalized SWCNT, showing
that gentamicin acts as an electron acceptor. This issue is confirmed through the calculation of a partial
number of electrons transferred from gentamicin to SWCNT (AN)

AN = pnrvtcoon) ~ HGen / 2(MGEN — NINTNTCOOH) )- Q)
AN 1is 0.18 and 0.16 for NCOOH and NCOCI, respectively. A positive value of AN indicates that the
charge flows from the nanotube to gentamicin.

A comparison between RNCOOH/OH (NH) and RNCOCI/OH (NH) in Table 1 shows that the
second is more reactive, and amino and hyroxyl groups are prepared for attacking the carbon atom of
COCI (COOH) with transferring their protons to the Cl (OH) group. We investigated these four possi-
ble mechanisms.

Scheme 1 shows the mechanism of covalent functionalization of GEN onto COOH functionalized
carbon nanotube (COOH mechanism), where K; and Kl' are the equilibrium constants and £, is the rate

OHw H,0
COOH coon” COGA COOn
K, ) ky | Kj |
+OHw — +H,0
(NCOOH)  (GEN) (RNCOOH/OH) (PNCOO/H,0) (PNCOO)
NH, H,O
COOH coon” CONn CONww»
| o ]
+ NHy»vve — — +H,0
(NCOOH)  (GEN) (RNCOOH/NH) (PNCON/H,0) (PNCON)

Scheme 1. Mechanism of covalent functionalization of GEN onto the COOH functionalized carbon nanotube
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Fig. 3. Optimized structure of PNCOO/H,0 (a), PNCON/H,0 (b), TS, (¢), and TSy, (d)

constant. In the COOH mechanism, RNCOOH/OH and RNCOOH/NH are converted into the
PNCOO/H,0 (k, pathway) and PNCON/H,O (k, pathway) products by losing H,O, respectively.

As shown in Scheme 1, the COOH mechanism corresponds to a replacement of OH from
NCOOH by O (NH) of GEN to give the PNCOO (PNCON) product. In order to find the transition
states of k; and k, pathways (Scheme 1), the PNCOO and PNCON products in the vicinity of H,O
should be optimized (PNCOO/H,0 and PNCON/H,0). The optimized structures of PNCOO/H,0O and
PNCON/H,0 have been depicted in Fig. 3, a and b, respectively.

Considering the RNCOOH/OH reactant and the PNCOO/H,0 product, the transition state of k;
step is obtained, which we call TS;,. Fig. 3, ¢ presents the optimized structures of TS;,. As seen from
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Scheme 2. Mechanism of covalent functionalization of GEN onto a COOH functionalized carbon nanotube

Figs. 20, a, 3,a anod ¢, the C—O and O—H bond lengths increoase (decrea}se) from 1.33 A and 0.97 A
(4.43 Aand 3.11 A) for RNCOOH/OH (PNCOO/H,0) to 2.39 A and 1.46 A for TS;,, respectively. The

activation energy (E,) related to the k; pathway is 238.38 kJ-mol .
Using the RNCOOH/NH reactant and the PNCON/H,0 product, the transition state of the k, step
is obtained, which we call TS;,. Fig. 3, d presents the optimized structure of TS;,. As seen from

Figs. 20, b, 3,b anod d, the C—O and N—H bond lengths incrtgase (decrea}se) from 1.31 A and 1.01 A
(5.60 A and 4.20 A) for RNCOOH/NH (PNCON/H,0) to 2.00 A and 1.12 A for TS;,, respectively. The

activation energy (E,) related to the k, pathway is 203.42 kJ-mol .

Another method for the study of covalent adsorption of drugs onto a COCI functionalized carbon
nanotube is shown in Scheme 2 (COCI mechanism) [ 22 ]. In this method, the carboxylic acid func-
tionalized nanotube was firstly converted into alkyl chloride by treating with SOCl, (NCOCI). GEN
then reacts with alkyl chloride to form an ester bond (PNCOO/HCI) or an amide bond (PNCON/HCI).

The COCI pathway commences with the attack of OH (NH2) of GEN to Cl in NCOCI. The opti-
mized structures of PNCOO/HCI and PNCON/HCI products are shown in Fig. 4, a and b, respectively.
Using RNCOCI/OH and PNCOO/HCI (RNCOCI/NH and PNCON/HCI), a transition state is obtained,
which we call TSy, (TS;,). The optimized structures of TS, and TSy, are presented in Fig. 4, ¢ and d,
respectively.

z:&s seen frogn Figs. g, c, 4, a argd ¢, the C—Cl and O—H bond lengths incgease (decreoase) from
1.82 A and 0.97 A (5.61 A and 3.80 A) for RNCOCI/OH (PNCOO/HCI) to 3.38 A and 1.06 A for TSy,

respectively. The activation energy (E,) related to the k; pathway is 83.48 kJ-mol ™. As seen from
Figs. 2,d, 4, b and d, the C—Cl and N—H bond lengths increase (decrease) from 1.83 A and 1.02 A
(3.76 A and 2.68 A) for RNCOCI/NH (PNCON/HCI) to 2.74 A and 1.17 A for TSy, respectively. The

activation energy (E,) related to the k, pathway is 47.51 kJ-mol .

Fig. 5 shows the energy profile for the COOH and COCI mechanisms. E, for k; and k4 pathways
are lower than that for k; and k, pathways by 154.9 kJ-mol™ and 155.91 kJ-mol ', respectively.
Amongst k; and ks pathways, the contribution of the k4 pathway is higher. Therefore, it is predicted
that cross linkers such as SOCI, and POCI; are required for the covalent functionalization of gen-
tamicin onto COOH functionalized carbon nanotubes.

Both reactions involve the nucleophilic substitution at a carbonyl carbon atom. Such reactions are
generally understood to proceed via a tetrahedral intermediate. To investigate whether this matter ap-
plies as well to functionalized SWCNTSs or not, a tetrahedral intermediate was designed. Beginning
with the initial structure of this intermediate, an ultimately optimized structure was obtained, which is
similar to RNCOCI/OH or RNCOCI/NH, meaning that the tetrahedral intermediate could not be
formed, being probably due to the steric and electronic effects of functionalized SWCNTs.
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Fig. 4. Optimized structures of PNCOO/HCI (a), PNCON/HCI (b), TSy; (c), TSks (d)

CONCLUSIONS

The mechanisms of adsorption of gentamicin in the presence of COOH (NCOOH) and COCI
(NCOCI) functionalized carbon nanotubes have been studied in detail. Four possible modes of the
noncovalent interaction of gentamicin onto NCOOH and NCOCI were investigated. There are two
possibilities for the formation of hydrogen bonds between gentamicin and NCOOH (NCOCI). For the
first possibility, gentamicin is interacted with NCOOH (NCOCI) through amino groups
(NCOOH(OCI)/NH), and for the second one through hydroxyl groups (NCOOH(OCI)/OH). The bin-
ding energies of NCOOCI are lower than those for NCOOH, indicating that NCOOH/OH(NH) con-
figurations are stabilized. The global hardness and the HOMO-LUMO energy gap of gentamicin are
higher than those of NCOOH(OCI)/OH(NH), showing that the stability of gentamicin decreases in the
presence of NCOOH(CI) and its reactivity increases.
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Fig. 5. Energy profile for the COOH and COCI mechanisms

There are two mechanisms for the covalent functionalization between NCOOH(CI) and gen-
tamicin. For the first mechanism, the carbon nanotube is bonded to gentamicin through the COOH
group (COOH mechanism) and for the second one through the COCI group (COCI mechanism). The
COCI mechanism has an energy barrier lower than that of the COOH mechanism. Amongst OH (k3)
and NH (k) pathways in the COCI mechanism, the contribution of the NH pathway is higher.

COMPUTATIONAL METHODS

All of the present calculations have been performed at the UB3LYP [ 23—25 ] hybrid density
functional level and 6-31G(d,p) basis sets using the GAUSSIAN 03 package [ 26 |. The solvent expli-
citly or implicitly plays an important role in chemical reactions [ 27—33 ]. The implicit effects of the
solvent was considered using the polarized continuum model (PCM) [ 34, 35 ]. In the PCM method,
the molecular cavity is made up of the union of interlocking atomic spheres.

All degrees of freedom for all geometries were optimized in the solution phase (water). The cal-
culations were performed on gentamicin, COOH and COCI functionalized armchair (5,5) SWCNT
comprising 114 atoms (10 A) with the ends terminated by hydrogen atoms. In the optimization of the
structures, no use has been made of approximations such as ONIOM [ 36 ] and in spite of a high com-
putational cost, we preferred to obtain the results with good accuracy.

Acknowledgments. We thank the Research Center for Animal Development Applied Biology for
allocation of computer time.

REFERENCES

1. Popat K.C., Eltgroth M., LaTempa T.J., Grimes C.A., Desai T.A. // Biomaterials. — 2007. — 28. — P. 4880 —
4888.
. Tomalia D., Reyna L., Svenson S. // Biochem. Soc. Trans. —2007. —35. - P. 61.
. Chonn A., Cullis P.R. // Curr. Opin. Biotechnol. — 1995. — 6. — P. 698 — 708.
. Allen T.M., Cullis P.R. // Science. — 2004. —303. — P. 1818 — 1822.
. Prato M., Kostarelos K., Bianco A. // Acc. Chem. Res. —2007. —41. — P. 60 — 68.
. Wong S., Yoong S.L., Jagusiak A., Panczyk T., Ho HK., Ang W.H., Pastorin G. // Adv. Drug. Deliv. Rev.
—2013.—65.—P. 1964 — 2015.
7. Sharifi S., Hashemi M.M., Mosslemin M., Mollaamin F. // J. Comput. Theor. Nanosci. — 2014. — 11. - P. 1178 —
1183.
8. Hosni Z., Bessrour R., Tangour B. // J. Comput. Theor. Nanosci. —2014. —11. — P. 318 — 323.
9. Saikia N., Deka R.C. // J. Mol. Model. —2013. - 19. — P. 215 — 226.
10. Prajongtat P., Suramitr S., Gleeson M.P., Mitsuke K., Hannongbua S. // Monatsh. Chem. — 2013. — 144.
—P.925-935.

AN AW



498

A. MANSOORINASAB, ALI MORSALI, M.M. HERAVI, S.A. BEYRAMABADI

1.
12.

13.

14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.
28.
29.

30.
31.
32.
33.
34.

35.
36.

LinY., Allard L.F., Sun Y.-P. // J. Phys. Chem. B. — 2004. — 108. — P. 3760 — 3764.

Azimov J., Mamatkulov S., Turaeva N., Oxengendler B., Rashidova S.S. // J. Struct. Chem. — 2012. — 53.
—P. 829 — 834.

Star A., Liu Y., Grant K., Ridvan L., Stoddart J.F., Steuerman D.W., Diehl M.R., Boukai A., Heath J.R.
// Macromolecules. —2003. —36. — P. 553 — 560.

Beheshtian J., Peyghan A.A., Bagheri Z. // Monatsh. Chem. —2012. — 143. — P. 1623 — 1626.

Canto G., Martinez-Guerra E., Takeuchi N. // Comp. Mater. Sci. —2008. —42. — P. 322 — 328.

Dovbeshko G., Fesenko O., Obraztsova E., Allakhverdiev K., Kaja A. // J. Struct. Chem. — 2009. — 50.
—P.954-961.

Rajarajeswari M., Iyakutti K., Kawazoe Y. // J. Mol. Model. —2012. — 18. — P. 771 — 781.

Baei M.T., Peyghan A.A., Moghimi M. // Monatsh. Chem. —2012. — 143. — P. 1463 — 1470.

LiH., He J., Zhao Y., Wang G., Wei Q. // J. Inorg. Organomet. Polym. — 2011. —21. — P. 890 — 892.

Parr R.G., v. Szentpaly L., Liu S. // J. Am. Chem. Soc. — 1999. — 121. — P. 1922 — 1924.

Fehir J., Richard J., McCusker J.K. // J. Phys. Chem. A. —2009. — 113. — P. 9249 — 9260.

Lin T, Bajpai V., Ji T., Dai L. // Aust. J. Chem. — 2003. — 56. — P. 635 — 651.

Becke A.D. // Phys. Rev. A. — 1988. —38. — P. 3098.

Becke A.D. // J. Chem. Phys. — 1993. — 98. — P. 5648 — 5652.

Lee C., Yang W., Parr R.G. // Phys. Rev. B. — 1988. —37. — P. 785.

Frisch M.J., Trucks G.W., Schlegel H.B., Scuseria G.E., Robb M.A., Cheeseman J.R., Scalman G., Barone V.,
Mennucci B., Petersson G.A., Nakatsuji H., Caricato M., Li X., Hratchian H.P., Izmaylov A.F., Bloino J.,
Zheng G., Sonnenberg J.L., Hada M., Ehara M., Toyota K., Fukuda R., Hasegawa J., Ishida M., Nakajima T.,
Honda Y., Kitao O., Nakai H., Vreven T., Montgomery J.A. Jr., Peralta J.E., Ogliaro F., Bearpark M.,
Heyd J.J., Brothers E., Kudin K.N., Staroverov V.N., Kobayashi R., Normand J., Raghavachari K., Rendell A.,
Burant J.C., Iyengar S.S., Tomasi J., Cossi M., Rega N., Millam J .M., Klene M., Knox J.E., Cross J.B.,
Bakken V., Adamo C., Jaramillo J., Gomperts R., Stratmann R.E., Yazyev O., Austin A.J., Cammi R., Pomel-
li C., Ochterski J.W., Martin R.L., Morokuma K., Zakrzewski V.G., Voth G.A., Salvador P., Dannenberg J.J.,
Dapprich S., Daniels A.D., Farkas O., Foresman J.B., Ortiz J.V., Cioslowski J., Fox D.J. In: Gaussian Inc.,
Wallingford CT, 2009.

Hooman Vahidi S., Morsali A., Beyramabadi S.A. // Comput. Theor. Chem. —2012. — 994. — P. 41 — 46.
Beyramabadi S.A., Morsali A., Shams A. // J. Struct. Chem. — 2015. — 56. — P. 243 — 249.

Morsali A., Hoseinzade F., Akbari A., Beyramabadi S.A., Ghiasi R. // J. Solution Chem. — 2013. — 42.
—P. 1902 - 1911.

Beyramabadi S.A., Morsali A., Vahidi S.H., Khoshkholgh M., Esmaeili A. // J. Struct. Chem. — 2012. — 53.
—P. 460 —467.

Beyramabadi S.A., Eshtiagh-Hosseini H., Housaindokht M.R., Morsali A. // Organometallics. — 2007. — 27.
-P.72-179.

Eshtiagh-Hosseini H., Beyramabadi S.A., Mirzaei M., Morsali A., Salimi A., Naseri M. // J. Struct. Chem.
—2013.-54. -P. 1063 — 1069.

Morsali A. // Int. J. Chem. Kinet. —2015. —47. —P. 73 — 81.

Cammi R., Tomasi J. // J. Comput. Chem. — 1995. — 16. — P. 1449 — 1458.

Tomasi J., Persico M. // Chem. Rev. — 1994. —94. — P. 2027 — 2094.

Dapprich S., Komdromi 1., Byun K.S., Morokuma K., Frisch M.J. // J. Mol. Struct.: THEOCHEM. — 1999.
—461.—-P.1-21.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 (Japan Magazine Advertisement Color)
  /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 (None)
  /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 <>
    /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.)
    /RUS <>
  >>
  /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


