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Nanoplasmonic Biological Sensing and Imaging
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Abstract The localized surface plasmon resonance of metal nanoparticles is the collective oscillation of electrons on parti-
cle surface. The localized electromagnetic interaction brings a series of novel functions and applications. Plasmonic nano-
materials have been the significant part of nanophotonics, since its’ localized surface plasmon resonance (LSPR) can focus
incident phonons on the nanoscale surface. The unique plasmonic property is highly sensitive to their size, shape, coupling
between particles as well as local dielectric environment. These properties can be utilized for the development of new bio-
sensing and bioimaging applications. To date, many LSPR sensing strategies have been developed with outstanding meas-
urement capabilities, enabling detection down to the single-molecule level, including LSPR-based sensing, surface-enhanced
Raman scattering, metal-enhanced fluorescence, dark-field light-scattering, metal-mediated fluorescence resonance energy
transfer. Moreover, the unique optical stability of plasmonic nanoparticles enables them as ideal probes in cellular imaging.
Here, recent examples on application of plasmonic nanostructures in sensing and bioimaging are summarized, and perspec-

tives are provided as well.
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Figure 1 Illustration of localized surface plasmon resonance
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Figure 2 Schematic illustration of plasmonic properties of noble metal
nanoparticles and its’ applications in sensing, tracking and imaging
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Figure 3 Hydrogen sensing with a single palladium nanoparticle (a),
hydrogen sensing using a resonant antenna-enhanced scheme (b),
dark-field image (c) and Representative SEM image (d) of the palladi-
um-gold antennas, optical-scattering measurements of a single palladi-
um-gold triangle antenna on hydrogen exposure (e)
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images (B) and SPR spectra (C) of bare Au NPs, ds-DNA-loaded Au
NPs, and ds-DNA-HRP-loaded Au NPs respectively
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Figure 3  Schematic illustration of the principle of the nanoplasmonic
DA sensor
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Figure 8 In conventional colorimetric ELISA, enzymatic biocatalysis
generates a coloured compound (a), in plasmonic ELISA the biocatalytic
cycle of the enzyme generates coloured nanoparticle solutions of charac-
teristic tonality (S, substrate; P, product; NP, nanoparticle) (b), photo-
graph (c) and ultraviolet-visible spectra (d) for different hydrogen perox-
ide concentrations, transmission electron microscopy (TEM) images of
nanoparticles grown with hydrogen peroxide at concentrations of 100
mmolsL ™" (e) and 120 mmoleL™" (f), and (g) graph showing that the
absorbance of the solutions at 550 nm varies with concentration of hy-
drogen peroxide
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Figure 10 Synthetic scheme for the preparation of Au nanohalo through
the self-assembly of Au NPs of different diameters modified with com-
plementary oligonucleotides (a, b), number of oligonucleotides per parti-
cle of different kinds of L- and S-Au NPs. Inset shows the colored prod-
uct that is catalyzed by L- and S-Au NPs that loaded different amounts of
oligonucleotides, respectively, as tested by a HRP-cascaded colorimetric
reaction (c), LSPR spectra (d) and the corresponding plasmonic band
peak shifts (e) of one Au nanohalo during the catalytic reaction, and
LSPR spectra (f) and the corresponding plasmon band peak shifts (g) of
one L-NPs along the catalytic process under same experimental condition
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Figure 11 SERS nanoparticle decorated with randomly orientated
antibodies via electrostatic assembly (a), SERS nanoparticle (b) and
SERS nanorod (c) decorated with orientational antibody half-fragments
and orientational antibody half-fragments respectively, and single-step
SERS immunoassay based on plasmonic coupling enhancement via
sandwiched antibody-antigen assembly (d)
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Figure 14 Sketch of the modified DNA pillar for the DNA binding
assay (a), fluorescence intensity transient showing several binding and
unbinding events on a DNA origami pillar with two NPs (b), enlarged
views reveal the magnitude of enhancement (c), sketch of the DNA ori-
gami dimer with an incorporated HJ labeled with green and red dyes (d),
and fluorescent intensity and FRET transients show oscillations of the HJ
for a pillar with no NPs (e) and a NP dimer (f).

3.6 HFRIBER

B4 K JBURL 1) JR) 35 3 THT 45 8 1 4k L 91 288 7 Tt
FHMR R CEMER, 3T HE S P AR E 5 A
AR R SIS, &S BRI e
2. 2017 4E, Qin 2025 i3 A% R DNA 1S 1) J7 14
T Rk S R N IR B 1S B A BT ARk
YK ik (B 15). AXTHR DNA 18105 804 90K Bk (13
nm) {40 3% VEAL S RS BR 90 A, FEHEAR RN 61 R,
TEBURBIRERE S, W9k Gis AT B ki sh. Fl
Fl Au NPs B S S1ENBE S S, @i IHRCEUN
HH 2 1 Xt T 3 IR 332 Bl T R 5 4 Ak e I % 1) A 9%
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SN A ) BE A LA L.
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Figure 15 (a) Schematic diagram of the movement of Janus NPs (up-
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Figure 16 A representative dark-field microscopy (DFM) image show-
ing the presence of single particles (green spots in blue rectangle), small
clusters (yellow spots in green rectangle) and large clusters (bright yellow
spots in red rectangle), respectively (a), DFM and (f) transmission elec-
tron microscopy (TEM) images for time evolution of fPlas-gold incubated
with HeLa cells. Scale bar in b, 5 mm; scale bar in f, 2 mm, inserted 50
nm (b), Inductively coupled plasma atomic emission spectrometry
(ICP-AES) analysis of elemental gold in cells along with the time (¢) (c),
and averaged particle counts (d) and percentages of different clustering
states (e) of fPlas-gold in cells over time (¢)

Data were analyzed from 20 cells.
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Figure 11 Real-time images of cancer cell division showing an apparent
cytokinesis arrest followed by binucleate cell formation in the presence of
0.4 nmolsL ' nuclear-targeting gold nanoparticles (a), surface functional-
ization and conjugation of Au NRs and Ag or Au NPs (b) and multiplexed
imaging of Panc-1 cells labeled with antibody conjugated Au NRs and Ag
NPs (¢)
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and calculated time-dependent change in local sulphide concentrations
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Figure 19 Spectral characteristics of different nanoparticle structures
formed by DNA hybridization for sequence-specific detection (a) and
schematic diagram of single mRNA mutants imaging detection in cellular
environment (b)
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Figure 20  Schematic depicting the gold probe attached to one head of
the dimeric kinesin moving processively along a microtubule protofila-
ment (a), changes of the center position (x and y direction) of the gold
nanoparticle probe which attached to the drive protein and move along the
microtube (b) and the two-dimensional correlation of the position uncer-
tainty of the gold nanoparticles in the x and y (c)

AR AR B EOK RS AE. 2011 4F, Kawata 2514'¢)
FIH &4 K B0k SERS FREFXT J774A.1 B VR4 N FR &
BHNS AT T ISR E AR (E 21). &K BRIE
i P 2 3 e R i e T G B 2 e, AT SR e L
JE B A R IR BEAIE. 2010 4F, Kneipp 25! 5@ i3 78 G442k
SR T 1 4-37 352K H R (pMBA) [A) I /24 Raman {5
FIRNRE o pH FRIERER, BT R TR LR T
PMBA 73 F1E 1423 F1 1076 cm™ ' &b UG58 FF LU AR (A8 1K,
SEIR T AL P JEAL pH R (B 21).

M SR TH 2 05 o T AR E 5 A T 40 i Dh ge B
AW EEME . R, BT 2R TRREZL Ak
ZHES R R 4y, 6 R ALK I — B AR K Bk
%, PRI R T T R SR B8 e A
YIIERZhr 2 A ic RIS (B 22). A2 RGO,
SEPLG FERE 0 B AL S R, AT TR A AR IERS
SN, AT AR T SR CLEMIEAS R R 1)

AERIRGEIREE. “AWIEASHh 2 FE 7 52 SONZEERIH
LR IRENE SVREAMMLN “ 4 SFERIXE 7, Rigipg+
MIRIRAEN > AR A 255, BHREIERAR

BERIZR TG SRR, A ATTSEEL 1 20 0 R T PR 1 R
B R @A AR, JEHE b SAR I TT i B 57

http://sioc-journal.cn 1043



LRk

Molecular map of
cellular transport pathway

its]

5
5

50 54

l’II
s
3

tribution of pH [arb.

Di

Bl21  HHL AT SRR 302 SERS B4R 5 (A AN T SERS
2R N & pH &% (B)
Figure 21 Dynamic SERS imaging of cellular transport pathways with
endocytosed gold nanoparticles (A) and the pH imaging of the endosome
in cells based on SERS (B)

Raman
reporter
R

B 22 A G 5 A 2 A (SER S)AS: I i 41 S 4% 1 4 22 A £
Mg

Figure 22 Direct detection of glycans on live cells using sur-
face-enhanced Raman scattering (SERS)

TEBRTAN, FTHET— R F RS 7.

5 REERE

MR 57 2 55 B 1 R R A PR (1 Mie BE
WK, PRI VIR S &R 5 TR MRHE
I LU A AR SIS ORI FU st e kT 51 s 5
BT AUKAR RSB 5. LSPR AU, KI5
WL R AR A VRSB, KR T —RAIm R
B R RETE R R VE R AOR AR K S R R e, RS
TRbm ARSI 240 0 A BT BB DL A P B R
SEYURAT T IR,

IR 2 AT 51 R S5 T AR 9 KRR % JE
AL AR AR IR ET CHUS BRI AR, SR T Z A AT 17

1044 http://sioc-journal.cn

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

FEVF 2 PRl 7 Bt — 20 R RISt . (1% T SR el
orifr, A SO SR R m R R L, T
PR RAIPR BL R 3 . (2)il 3 55 HAR BRI, #E—
AR o AT IR A S AT REE. (3)X T4 A A SR AR, i
ok 2 T P AT AZ A 55 T Bt — b d vy AR [ 1 DL R
AR, (4)iE— D IR R I S R B AR B AR e 1
AAERAE, s HEE I R S B 2

EE RN

&%, 1991 £ B A T s A4, 2015 F A TR L RS
FAFEEE L, 2015 $ELAFEAHFE R LG R
MR L RFHEASBRARTE, IFANTHFR R FAE
FERHIZ, BT @A E o FIHEA

HRW, 1988 Fh A F¥mHim, 7201247 ALtw
WL KBTI E S L34 20124587 A 24048V HKE SR
AU ERRITHEADERREFRTAE, MAFHARA,
ERARHT GAREHE B TIRARM A LA R R R
ACAR 38,89 5 R A 5

ARIEFE, 1978 S AT ERITE AL 199 7 AFEL
IRFAFATFREFRE S EF45,2006 43 AT FEAH
ZREAEDANEFRRH LT RGEAHNABRELLESE
FFEFH LR AL RKANFEM RS TF 50 5F
HypAn ZAE R AR, EAF DS TF AR A TR &
A BRABARR T £ F AR 5. 2006 49 A 5] LK

Acta Chim. Sinica 2017, 75, 1036—1046



1 F F ®R

WE S A T, TR IAE B A WA ENF AL
BACHT 50 R A )N 2 F B AW 69 A AR BARAL L AR AT 5.

Zeid1, 2000 38 K £ T K55 1445, 2005 4 3% + B A
e AR A E P 245, 2005 2 £ 2008 442 VL &, 5 BF
BBAT B FEREANFHLEH L. 2008 FEFEAFERE L
B MR RATRARL R, 2010 FHIBARRTR. LENF
BHMALFE 5 AEYERILEH, QA EHFR UL EEY
R B R(E /M KMA, F.55)EWiER S % DNA &
FHUB A Y4 BARBA B RS T @

#EM, BFEKRFEAEADEF (1996 ). H1(2000 ),
Jm i K% e 245 44 (UCSB) A AL E ARBF R B Fo o 01 24 K £
KA R LG, 2004 51 A A2l B4 K Lk w7 4 25
RUARAR. AENRAEDFARE R LHELRBDRZHFE T
S (F) R BARF s 24E, FEAR RSB R, 2004 £
o BAF T AR, 2007 FEAE RS FF A4, 2012
FERERERAEAARNGPRDETRAER REE£EL
% 4 ACS Applied Materials & Interfaces | £ %. £ ZHARTH
WA AW E RS R DNA #h R K5 DNA #HHE =449k
T¥.

References

[1] Kawata, S.; Ohtsu, M.; Irie, M. Nano-Optics 2002, 84.

[2] Gramotnev, D. K.; Bozhevolnyi, S. 1. Nat. Photonics 2010, 4, 83.

[3] Quidant, R.; Kreuzer, M. Nat. Nanotechnol. 2010, 5, 762.

[4] Ozbay, E. Science 2006, 311, 189.

[5] Schuller, J. A.; Barnard, E. S.; Cai, W.; Jun, Y. C.; White, J. S.;
Brongersma, M. L. Nat. Mater. 2010, 9, 193.

[6] (a) Mayer, K. M.; Hafner, J. H. Chem. Rev. 2011, 111, 3828; (b) An-
ker, J. N.; Hall, W. P.; Lyandres, O.; Shah, N. C.; Zhao, J.; Van
Duyne, R. P. Nat. Mater. 2008, 7, 442; (c) Jung, L. S.; Chinowsky,
T. M.; Mar, M. N.; Yee, S. S.; Campbell, C. T. Langmuir 1998, 14,
5636; (d) Li, Y.; Jing, C.; Zhang, L.; Long, Y. T. Cheminform 2012,
43, doi: 10. 1002/chin. 201218277; (e) Peng, H.; Tang, H.; Jiang, J.
Sci. Chin. Chem. 2016, 59, 783; (f) Xu, H.; Li, Q.; Wang, L.; He, Y.;
Shi, J.; Tang, B.; Fan, C. Chem. Soc. Rev. 2014, 43, 2650.; (g) Lu,
N,; Gao, A.; Zhou, H.; Wang, Y.; Yang, X.; Wang, Y.; Li, T. Chin. J.
Chem. 2016, 34, 308.

[7] (a) G, M. Ann. Phys. Berlin 1908, 25, 377; (b) Bohren, C. F.; Huff-
man, D. R. Opt. Laser Technol. 1998, 31, 328.

[8] Gans, R. Ann. Phys. Berlin 1912, 342, 881.

[9] Kelly, K. L.; Coronado, E.; Lin, L. Z.; Schatz, G. C. Cheminform

Acta Chim. Sinica 2017, 75, 1036—1046

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2003, 34, 668.

[10] Choi, Y.; Park, Y.; Kang, T.; Lee, L. P. Nat. Nanotechnol. 2009, 4,
742.

[11] Liu, N.; Tang, M. L.; Hentschel, M.; Giessen, H.; Alivisatos, A. P.
Nat. Mater. 2011, 10, 631.

[12] Xu, Y.; Li, K.; Qin, W.; Zhu, B.; Zhou, Z.; Shi, J.; Wang, K.; Hu, J.;
Fan, C.; Li, D. Anal. Chem. 2015, 87, 1968.

[13] Qin, W. W.; Wang, S. P;; Li, J.; Peng, T. H.; Xu, Y.; Wang, K.; Shi, J.
Y.; Fan, C. H.; Li, D. Nanoscale 2015, 7, 15070.

[14] Li, K.; Qin, W.; Li, F.; Zhao, X.; Jiang, B.; Wang, K.; Deng, S.; Fan,
C.; Li, D. Angew. Chem., Int. Ed. 2013, 52, 11542.

[15] Peng, T.; Qin, W.; Wang, K.; Shi, J.; Fan, C.; Li, D. Anal. Chem.
2015, 87, 9403.

[16] Jain, P. K.; Huang, W.; El-Sayed, M. A. Nano Lett. 2007, 7, 2080.

[17] Prodan, E.; Radloff, C.; Halas, N. J.; Nordlander, P. Science 2003,
302, 419.

[18] Lee, S. E.; Alivisatos, P.; Bissell, M. J.; Chen, Q.; Bhat, R.; Petkie-
wicz, S.; Smith, J.; Correia, A.; Ferry, V. Nano Lett. 2015, 15.

[19] Jun, Y. W.; Sheikholeslami, S.; Hostetter, D. R.; Tajon, C.; Craik, C.
S.; Alivisatos, A. P. Proc. Natl. Acad. Sci. U. S. A. 2009, 106, 17735.

[20] Kim, S.; Park, J. E.; Hwang, W.; Seo, J.; Lee, Y.; Hwang, J.; Nam, J.
J. Am. Chem. Soc. 2017, 139, 3558.

[21] (a) Liu, D.; Chen, W.; Wei, J.; Li, X.; Wang, Z.; Jiang, X. Anal.
Chem. 2012, 84, 4185; (b) Chen, G.; Chen, W.; Yen, Y.; Wang, C.;
Chang, H.; Chen, C. Anal. Chem. 2014, 86, 6843; (c) Sener, G.; Uz-
un, L.; Denizli, A. Anal. Chem. 2014, 86, 514; (d) Soh, J. H.; Lin, Y.;
Rana, S.; Ying, J. Y.; Stevens, M. M. Anal. Chem. 2015, 87, 7644.

[22] Jain, P. K.; Lee, K. S.; El-Sayed, I. H.; El-Sayed, M. A. J. Phys.
Chem. B 2006, 110, 7238.

[23] delaRica R.; Stevens, M. M. Nat. Nanotechnol. 2012, 7, 821.

[24] Novo, C.; Funston, A. M.; Mulvaney, P. Nat. Nanotechnol. 2008, 3,
598.

[25] Li, K.; Wang, K.; Qin, W.; Deng, S.; Li, D.; Shi, J.; Huang, Q.; Fan,
C.J. Am. Chem. Soc. 2015, 137, 4292.

[26] Porter, M. D.; Lipert, R. J.; Siperko, L. M.; Wang, G.; Narayanan, R.
Chem. Soc. Rev. 2008, 37, 1001.

[27] (a) Sun, L.; Yu, C.; Irudayaraj, J. Anal. Chem. 2007, 79, 3981; (b)
Wang, Y.; Tang, L. J.; Jiang, J. Anal. Chem. 2013, 85, 9213; (c) Lee,
J. H.; Nam, J. M.; Jeon, K. S.; Lim, D. K.; Kim, H.; Kwon, S.; Lee,
H.; Suh, Y. D. ACS Nano 2016, 6, 9574, (d) Qian, X.; Zhou, X.; Nie,
S. J. Am. Chem. Soc. 2008, 130, 14934; (e) MacAskill, A.; Craw-
ford, D.; Graham, D.; Faulds, K. Anal. Chem. 2009, 81, 8134; (f) Li,
Z.; Zhao, A.; Gao, Q.; Guo, H.; Wang, D.; Li, L. Acta Chim. Sinica
2015, 73, 847. (R, BER, mfh, FAM, XM, F4E,
F IR, 2015, 73, 847.)

[28] Thacker, V. V.; Herrmann, L. O.; Sigle, D. O.; Zhang, T.; Liedl, T.;
Baumberg, J. J.; Keyser, U. F. Nat. Commun. 2014, 5, 3448.

[29] Su, J.; Wang, D.; Norbel, L.; Shen, J.; Zhao, Z.; Dou, Y.; Peng, T.;
Shi, J.; Mathur, S.; Fan, C.; Song, S. Anal. Chem. 2017, 89, 2531.

[30] (a) Kinkhabwala, A.; Yu, Z.; Fan, S.; Avlasevich, Y.; Miillen, K.;
Moerner, W. E. Nat. Photonics 2009, 3, 654; (b) Wang, Y; Zu, X.;
Yi, G; Luo, H.; Wang, H.; Song, X. Chin. J. Chem. 2016, 34, 1321.

[31] Acuna, G. P.; Moller, F. M.; Holzmeister, P.; Beater, S.; Lalkens, B.;
Tinnefeld, P. Science 2012, 338, 506.

[32] Qin, W.; Peng, T.; Gao, Y.; Wang, F.; Hu, X.; Wang, K.; Shi, J.; Li,
D.; Ren, J.; Fan, C. Angew. Chem., Int. Ed. 2017, 56.

[33] Liu, M.; Li, Q.; Liang, L.; Li, J.; Wang, K.; Li, J.; Lv, M.; Chen, N.;
Song, H.; Lee, J.; Shi, J.; Wang, L.; Lal, R.; Fan, C. Nat. Commun.
2017, 8, 15646.

[34] Kang, B.; Mackey, M. A.; El-Sayed, M. A. J. Am. Chem. Soc. 2010,
132,1517.

[35] Qian, W.; Huang, X.; Kang, B.; El-Sayed, M. A. J. Biomed. Opt.
2010, /5, 046025.

[36] Hu, R.; Yong, K.-T.; Roy, L.; Ding, H.; He, S.; Prasad, P. N. J. Phys.
Chem. C 2009, 113, 2676.

[37] (a) El-Sayed, 1. H.; Huang, X.; El-Sayed, M. A. Nano Lett. 2005, 5,
829; (b) Kang, B.; Mackey, M. A.; El-Sayed, M. A. J. Am. Chem.
Soc. 2010, 132, 1517; (¢) Yu, C.; Nakshatri, H.; Irudayaraj, J. Nano
Lett. 2007, 7, 2300; (d) Yu, C.; Irudayaraj, J. Anal. Chem. 2007, 79,
572.

[38] Xiong, B.; Zhou, R.; Hao, J.; Jia, Y.; He, Y.; Yeung, E. S. Nat.
Commun. 2013, 4, 1708.

[39] Lee, K.; Cui, Y.; Lee, L. P.; Irudayaraj, J. Nat. Nanotechnol. 2014, 9,
474,

[40] Isojima, H.; Iino, R.; Niitani, Y.; Noji, H.; Tomishige, M. Nat. Chem.
Biol. 2016, 12, 290.

http://sioc-journal.cn 1045



& F F H# P

[41] (a) Qian, X.; Peng, X. H.; Ansari, D. O.; Yin-Goen, Q.; Chen, G. Z.; J.; Kneipp, H.; Wittig, B.; Kneipp, K. J. Phys. Chem. C 2010, 114,
Dong, M. S.; Yang, L.; Young, A. N.; Wang, M. D.; Nie, S. Nat. Bi- 7421; (e) Wang, Z.; Zong, S.; Yang, J.; Li, J.; Cui, Y. Biosens. Bioe-
otechnol. 2008, 26, 83; (b) Wang, X.; Wang, C.; Cheng, L.; Lee, S. lectron. 2011, 26, 2883.

T.; Liu, Z. J. Am. Chem. Soc. 2012, 134, 7414; (c) Ando, J.; Fujita, [42] Lin, L.; Tian, X.; Hong, S.; Dai, P.; You, Q.; Wang, R.; Feng, L.;
K.; Smith, N. I.; Kawata, S. Nano Lett. 2011, 11, 5344; (d) Kneipp, Xie, C.; Tian, Z.; Chen, X. Angew. Chem, Int. Ed. 2013, 52, 7266.
(Zhao, C.)

1046  http://sioc-journal.cn © 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2017, 75, 1036—1046




<<
  /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


