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Theory of Anomalous Diffusion Dynamics in
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Biomacromolecular Media
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Abstract Diffusion behavior in life system involves important life processes such as nutrient uptake and drug delivery. A
deeper understanding about diffusive behavior of particles in complex biomacromolecular media will facilitate the under-
standing of relevant life phenomena as well as the development of novel medical materials. The diffusion behavior in biom-
acromolecular media is often anomalous and cannot be described simply based on the conventional diffusion constant equa-
tion. This is usually attributed to the continuous correlation of diffusion caused by crowded environment and complex inter-
actions in biological medium, which leads to the central limit theorem no longer applicable. The mechanism and physical
characteristics of anomalous diffusion were analyzed from three aspects: diffusion coefficient, mean square displacement, and
displacement probability distribution function. The recent progress of anomalous diffusion in biomacromolecular media was
summarized. The physical model and existing theoretical framework of anomalous diffusion are then outlined. Finally, the

future direction of anomalous diffusion dynamics in biomacromolecular media is discussed.
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Figure 1 Common diffusion phenomena in biomacromolecular media. (a) Polystyrene microspheres endocytosed by multinucleated giant cells?®.. (b)
Diffusion trajectory of RNA-protein particles in Vibrio cholerae!'. (c) Diffusion process of RNA molecules in E. colil'?. (d) Diffusion trajectory of small
quantum dot aggregates in chromatin!!”). () Diffusion trajectory of adenovirus-associated virus-infected HeLa cells!'”’
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Figure 2 (a) Transmission electron microscope (TEM) micrographs of oleic acid-covered quantum dots dispersed in polystyrene. (b) The experimentally
measured diffusion coefficient from a quantum dot in polystyrene as a function of the ratio of theoretical diffusion coefficient calculated from S-E relation:
True viscosity, Rouse viscosity, Blend viscosity*®.. (c) Schematic representation of individual nanoparticles in polymer melts, indicating critical length
scales and two extreme states. The left is a "small" (2R<<dr) particle not constrained by entanglement; the right is a "large" (2R >dy) particle trapped by an
entangled network, strongly coupled to the exclusion of the surrounding polymer. (d~1) S-E violation ratio as a function of the ratio of nanoparticle diam-
eter versus entangled mesh size. Different color lines represent different levels of entanglement (from bottom to top): N/N,=1 (black), 2 (red), 4 (blue), 8
(pink), and 16 (green). (d) The solid curves correspond to the uncorrected SCGLE method, and the dashed lines correspond to constraint-release model. (e)
The dashed lines correspond to the SCGLE results considering the numerical prefactor memory function, and the solid lines correspond to the results
without numerical prefactor. (f) Black squares represent experimental results and lines represent SCGLE results. The solid lines uses a numerical prefactor
of 3.6, and the dashed lines ignore prefactor!’”)
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Figure 3 (a) Schematic representation of particles in a four-functional macromolecular network. (b) The grid model of macromolecular network, the
parameters are: g, genus; 1, degree; k, functionality. (¢) Mesh models with different topologies. (d~f) Trajectories of particles in three diffusion modes in a
macromolecular network: Brownian (d), hopping (e) and trapped (f). (g) Mean square displacement (MSD) of particle diffusion in a macromolecules net-
work of different stiffness and their non-Gaussian parameters. (h) Typical diffusion trajectory of particles in networks at g=6, d/a, of 1.00,1.65 and 1.90,
respectively. (i) MSD of particles in different grids!**4
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Figure 5 (a) A Schematic representation of the graphene oxide (GO) within the cell membrane. (b) Janus particles that diffuse in the environment sur-
rounded by E. coli. (c) Schematic representation of particles with different charges spreading on the cell membrane surface. (d) The segment MSD of the
persistence part (red) and oscillation part (blue) in the super diffusion trajectory. (e) Schematic representation of the super diffusion trajectory of GO within
the cell membrane. (f) Hopping length distribution under different interaction energies. (g) Statistical distribution of angles between adjacent persistent
segments of the trajectory, top: normal diffusion, bottom: super diffusion!*->!1
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Figure 6 (a) Schematic diagram of pores induced by GO. (b) The pore and GO area ratio and diffusion index vary with the interaction energy K,, the red
and blue curves depict the most likely pore area and the mean pore area, respectively, and the four colors of the background correspond to the four pore
states. (c) Schematic representation of the GO motion at different times, K,=25.29 kgT/nm?, t=221601, 222407, 22480z, 228007, 230407 (top) and K,=
34.74 ksTinm?, t=22320t, 22360z, 224007, 224407, 224807 (bottom). (d) Distributions of bacterial density around the particle with R=6.97 um and c¢,=
0.05 mmol/L (left), co=1.0 mmol/L (right). (¢) Fluctuations of lipid bilayer membranes containing nanoparticles with surface charge f=0.8 (left), 0 (mid-
dle), and —0.8 (right). (f) The changes of the distance / between the contact points of uniformly charged particles to the cell membrane and the membrane
plane with charge |>!
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Figure 7 (a) In slow relaxation environment, displacement distribution of an object with a diffusion distance r at a certain time ¢ can be described by the
non-Gaussian probability distribution function G,(r,t), which can be decomposed into a set of basic diffusion Gaussian processes (white curves)!*. (b) The
relationship between appearance time of Gaussian behavior ., Fick diffusion zy;, average relaxation time of environment <z.,,> and its fluctuation range.
(c) Schematic representation of colloidal beads spreading along linear phospholipid bilayers with close radius, and the corresponding Brownian MSD and
non-Gaussian DPDFP3. (d) Schematic representation of the diffusion of colloidal beads in an entangled fiber-type actin grid, and the corresponding
Brownian MSD versus abnormal DPDF. (e) Schematic representation of coarse rod diffusion in polymer network, MSD of different rod length particles.
When the rod length to grid size is an integer multiple, the particle presents Brownian behavior, and the non-Gaussian DPDF under the corresponding rod
lengthl®!
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Figure 8 (a) Log mean square displacement of liposome diffusion in a nematic solution of F-actin filaments. Direction parallel to the actin filament re-
sults (open circles and cyan lines), direction perpendicular to the actin filament results (filled circles and orange lines), results of liposomes in water with-
out actin (dashed lines), and the hypothesis inferred from the tail of the displacement probability distribution shown in (b) (gray symbol). (b) Displacement
probability distribution under the corresponding system, with the same symbol as in (a). (c) Probability distribution P(D) of the diffusion coefficient of
liposome diffusion in the system, calculated from a non-Gaussian probability distribution of liposome displacement, for motions perpendicular to actin
filaments (yellow) and parallel (cyan). The vertical line represents the average diffusion coefficient. (d) For (c) results plotted in logarithmic coordinates.
Where the vertical lines distinguish the "slow" sharp and "fast" broad peaks, which indicates an independent diffusion process acting intermittently on the
liposomes!®4

R TZ BN B R . ZEAE G R BT E B sy 2P0 o
L3251 S A B 1] 7 [ 5, BRIR A K Ax 395 2 — AN =k, 5)]

AN, 1 CTRW FURRAESBEHAT E RIS — N E Hr1(Eq. 22)):

BEHEP, A R T I 25 R 3 A M2 4 A, B B}

Eq. (19): w(=["_x(x0)dx (22)

NEERFIN (B 34T, AR R IEOL N, AT LA SR
5] 53 Ay (¢) 5 BOERK JE 23 A1 A(x) AHEASL, U Bq. (21)

Ax, 7~ y(Ax,7) (19)

AT LS R F-32 Bl ()57 B A 5 25 B 43 A7 bR BN

Eq. (20):
. 20
P(x,z)zjjt S(x) p(x, e dx'+ 20
[ jo’ Px—x',t— ") y(x',¢')de " dx’

HoAr 58— R R AR 58— IR BR T, W7 1E ¢ B [a] 7= A2
T x FIMER. XF Eq. (20)fi Fourier-Laplace 48, Jf
AT R LRI, W19 Eq. (21):

976  http://sioc-journal.cn

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

A LA Eq. (23):
s ()
Plk,s)=—————F— (23)
s(I— @ (s)A(k))
BiZ% 4 i) Montroll-Weiss 2. WER L, XFAEE
FE AP 1, WOk BCA S 1Ay I ) Ak R
i, FRATTENATfEBh Montroll-Weiss 77 23R Hibi T FRIAr #
W26 B 0 A7 pR AR
4.3 Fokker-Planck 5%2
Fokker-Planck 75 % /& fifi it Bl AT ok 52 A0 358 2 5 bR 4
M — AN EE R TR, NI EENH— T Fokker-

Acta Chim. Sinica 2023, 81, 967—978



F F R

Planck J7 F& RS U781 R FLA3R B W B 70 B B 2K
XA B P(x0), U0 ST
Eq. (24):

P(x,t+17)= j p(x,t+ 7| x£)P(x", )dx' (24)

o p(x,tt+ 7| x\0) NEHREL, A M, AL x—x" [
n B, Bl Eq. (25):

M (x',1,7)= j (r—x'")" P(x,+ 7| x',£)dx (25)
N FEAL R0 7] 5N Bq. (26):
1 p— < 1 p— a n S |
p(x,t+2'|x,t)—[1+;a( g) M, 16(x—x" (26)

/\?\
D(n) 1 aMn | B
n! ot =0 (27)
X M, JEFF IR E] Eq. (25), I3 Eq. (28):
P9 pym 28
Y ;( ax) D™ (x,£)P(x, 1) (28)
AT LAIE B T3 &2 ) X Langevin 772 Eq. (29):
&=h(&.0+g(&.0r @) (29)
IR FE, BEq. Q) ATE n>3 MAKH N 0, T42:
1) o 9 oy e
o [ axD (x,0)+ - D'V (x,0)]P(x,t) (30)

=Lgp P(x,1)
Eq. (30)EIA—4E R ¥ Fokker-Planck J5 %, R E Al Ll
FHFRffEHT X Langevin /72 Eq. (29)f#iR AL E Y HL

NT IR R EY B, FATATLLYE Fokker-Planck 7
FEF G EIN A7, B Bq. (31):

PED) DLy G
Horp o D" RFRG-XN4E RPN EAF. Eq. (31)EIASY
¥ Fokker-Planck 7772, & HTH#iid R E¥ HOdHE, I
HAMW WD (WELISm &84T, BT i
N o BIIITTAIRS. ()i 2] X Stokes-Einstein K 5. (3)
TE I T T 2R 1 7137 BRS8NI R 282 0 A (4)
Mo — 11, Bq. G)IKE N IEH 1 Fokker-Planck J7 742,

5 REERE

AW TN BRI A B, 4TI RGK
RL £ 2 AWK I 19 52 vh iz 21 0 2 1) SE IR A 4D
SR WECHERE, R P ORRL T R R
178, BATVE T 7 AR TR IE R BRI =%
RIS, WY BERED, Y7568 MSD ML F 14
oAk DPDF, JEX =AM RG24 T R A

Acta Chim. Sinica 2023, 81, 967—978

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Jit DNA FUBARRIURL S G AKL 575 i R B
A2 0 J5 55 B 2% AR Jo o I 2 SR B 3 S L i R
FRIE. B, BATESE 7IEFRA TR RS Hsh 114
BT, PER F 25 52 2 PRS0 R 137 5 i 1) EL L A
Fe. X HRHEQU B AR AR S AE ar LR, R R L A
B2 FIAH R A T PR A5 R4

S RFET BB HE ey D kg, (Hx T2
i E i RE rp SRR R AL AT A7 A R, 2
AHR S e, B, ik R AR RS
PEXT BT IR, R AT P IR A A A
X AT RIS, R IX LR 2 A EEALA X T
B SR A A R R PR T RO AR A G R, SR HAT
ReHE— IR BLOC TR Ar i AR AT B, DAL, A A
VB m T ECRS B L LN R SR 115455
A2 HETREFE R, B, RIEE R RN
{3935 PR B 7 HOELAR 52 A SR AE R 23 1 B ok 1
BB AR R T EE T ).

fEE =N
\‘\ @) ‘SQ .7
MIAK, FRRFNFIARRASELATA 2022 £ K

HELFHFLERE. ATIENFRSFHRATERE T
Tl h 3 E A R

MK, FHHEXFFIRRARE LA 2022 5K
FELFELERE. TENFRSTRE T KA F 0
FEAEE AT .

B, FERXFHNFIRER LS LT A 2014 £ K
FELFFEFERFE TERNFRXS T EME ST LB
PR, CLIEREMMRILSRER, ROTMEIRZE,

http://sioc-journal.cn 977



oF ¥ R

MIE, FRRFLIARBHIZ L2METOH, &
CUARKBREDEEERG S THE, LRI EHEA
FefE AL, RAT RS FHRE. BIRARAR LS XS TR
AWMABBELHE. CHARERFEELS BRAS LKL
FHEFERAFERAR FEAF A4 B F o).

References

[1] Brown, R. Philos. Mag. 1828, 4, 161.

[2] Einstein, A. Ann. Phys. 1905, 17, 549.

[3] Smoluchowski, M. von. Ann. Phys. 1906, 21, 756.

[4] Sacanna, S.; Pine, D. J. J. Colloid Interface Sci. 2011, 16, 96.

[5] Lee, K. J.; Yoon, J.; Lahann, J. J. Colloid Interface Sci. 2011, 16,

195.

[6] Li, X.; Vlahovska, P. M.; Karniadakis, G. E. Soft Matter. 2013, 9, 28.

1 Frey, E.; Kroy, K. Ann. Phys. 2005, 517, 20.

[8] Smith, P. R.; Morrison, I. E. G;; Wilson, K. M.; Fernandez, N.;
Cherry, R. J. Biophys. J. 1999, 76, 3331.
[9] Caspi, A.; Granek, R.; Elbaum, M. Phys. Rev. Lett. 2000, 87, 5655.

[10] Seisenberger, G.; Ried, M. U.; Endress, T.; Buning, H.; Hallek, M.;
Brauchle, C. Science 2001, 294, 1929.

[11] Weiss, M.; Elsner, E.; Kartberg, F.; Nilson, T. Biophys. J. 2004, 87,
3518.

[12] Golding, I.; Cox, E. Phys. Rev. Lett. 2006, 96, 098102.

[13] Saxton, M. J. Biophys. J. 2007, 92, 1178.

[14] Weber, S. C.; Spakowitz, A. J.; Theriot, J. A. Phys. Rev. Lett. 2010,
104, 238102.

[15] Malchus, N.; Weiss, M. J. Fluoresc. 2010, 20, 19.

[16] Hofling, F.; Bamberg, K. U.; Franosch, T. Soft Matter. 2011, 7, 1358.

[17] Bancaud, A.; Huet, S.; Daigle, N.; Mozziconacci, J.; Beaudouin, J.;
Ellenberg, J. EMBO J. 2009, 28, 3785.

[18] Weber, S. C.; Spakowitz, A. J.; Theriot, J. A. Phys. Rev. Lett. 2010,
104, 238102.

[19] Wong, 1. Y.; Gardel, M. L.; Reichman, D. R.; Weeks, E. R.; Valen-
tine, M. T.; Bausch, A. R.; Weitz, D. A. Phys. Rev. Lett. 2004, 92,
178101.

[20] Gielen, E.; Vercammen, J.; Sykora, J.; Humpolickova, J.; Vandeven,
M.; Benda, A.; Hellings, N.; Hof, M.; Engelborghs, Y.; Steels, P.;
Ameloot, M. C. R. Biol. 2005, 328, 1057.

[21] Dai, X. B.; Zhang, X. Y.; Gao, L. J.; Yan, L. T. Acta Polym. Sin.
2021, 52, 1076 (in Chinese). (FRBEMS, SKEFER, muNdE, HE 7 FE,
BT 3248, 2021, 52, 1076.)

[22] Weiss, M.; Elsner, M.; Kartberg, F.; Nilsson, T. Biophys. J. 2004, 87,
3518.

[23] Ando, T.; Skolnick, J. Proc. Natl. Acad. Sci. U. S. 4. 2010, 107,

18457.

1 Baumg, artner, A.; Muthukumar, M. J. Chem. Phys. 1987, 87, 3082.

] Slater, G. W.; Wu, S. Y. Phys. Rev. Lett. 1995, 75, 164.

] Nixon, G. I; Slater, G. W. Phys. Rev. E 1999, 60, 3170.

] Tabatabaei, F.; Lenz, O.; Holm, C. Colloid Polym. Sci. 2011, 289,

523.

[28] Shi, H. B.; Yu, Y. X.; Gao, G. H. Acta Chim. Sinica 2005, 63, 358 (in
Chinese). (SRZLEE, T3, motfE, 15 5, 2005, 63, 358.)

[29] Huang, Y. R.; Zheng, X.; Hu, G. Q. Physics of Gases, 2018, 3, 1 (in
Chinese). (3 22¢, A0, SHERK, k4L, 2018, 3, 1)

[30] Skaug, M. J.; Faller, R.; Longo, M. L. J. Chem. Phys. 2011, 134,
215101.

[31] Nicolau, D. V. Jr.; Hancock, J. F.; Burrage, K. Biophys. J. 2007, 92,

—
~

[24
[25
[26
[27

978  http://sioc-journal.cn

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1975.

[32] Niehaus, A. M. S.; Vlachos, D. G.; Edwards, J. S.; Plechac, P.; Tribe,

R. Biophys. J. 2008, 94, 1551.

] Fick, A. Ann. Phys. 1855, 170, 59.

] Perrin, J. Acad. Sci. Paris C. R. 1908, 146, 967.

] Langevin, P. Acad. Sci. Paris C. R. 1908, 146, 530.

] Anish, T.; Michael, E. M. Nano Lett. 2007, 7,1276.

1 Yamamoto, U.; Schweizer, K. S. Macromolecules 2014, 48, 152.

] Popova, H.; Egorov, S. A.; Milchev, A. J. Chem. Phys. 2020, 152,

234902.

[39] Kalathi, J. T.; Yamamoto, U.; Schweizer, K. S.; Grest, G. S.; Kumar,
S. K. Phys. Rev. Lett. 2014, 112, 108301.

[40] Cai, L. H.; Panyukov, S.; Rubinstein, M. Macromolecules 2015, 48,
847.

[41] Dell, Z. E.; Schweizer, K. S. Macromolecules 2013, 47, 405.

[42] Guo, H.; Bourret, G.; Lennox, R. B.; Sutton, M.; Harden, J. L.; Le-
heny, R. L. Phys. Rev. Lett. 2012, 109, 055901.

[43] Xu, Z.; Dai, X.; Bu, X.; Yang, Y.; Zhang, X.; Man, X.; Zhang, X.;
Doi, M.; Yan, L. T. ACS Nano. 2021, 15, 4608.

[44] Dai, X.; Zhang, X.; Gao, L.; Xu, Z.; Yan, L. T. Nat. Commun. 2022,
13,4094.

[45] Viswanathan, G. M.; Buldyrev, S. V.; Havlin, S.; da, luz, M. G E;
Raposo, E. P.; Stanley H. E. Nature 1999, 401, 911.

[46] Wang, B.; Kuo, J.; Granick, S. Phys. Rev. Lett. 2013, 111, 208102.

[47] Barthelemy, P.; Bertolotti, J.; Wiersma, D. S. Nature 2008, 453, 495.

(48]

[49]

[33
[34
[35
[36
[37
[38

Chen, K.; Wang, B.; Granick, S. Nat. Mater. 2015, 14, 589.
Chen, P.; Yue, H.; Zhai, X.; Huang, Z.; Ma, G. H.; Wei, W.; Yan, L.
T. Sci. Adv. 2019, 5, 3192.
[50] Huang, Z.; Chen, P.; Zhu, G;; Yang, Y.; Xu, Z.; Yan, L. T. ACS Nano.
2018, 12, 6725.
[51] Chen, P; Huang, Z.; Liang, J.; Cui, T.; Zhang, X.; Miao, B.; Yan, L.
T. ACS Nano. 2016, 10, 11541.
[52] Chen, K.; Wang, B.; Guan, J.; Granick, S. ACS Nano. 2013, 7, 8634.
[53] Wang, B.; Anthony, S. M.; Bae, S. C.; Granick, S. Proc. Natl. Acad.
Sci. U. S. A. 2009, 106, 15160.
[54] Leptos, K. C.; Guasto, J. S.; Gollub, J. P.; Pesci, A. I.; Goldstein, R.
E. Phys. Rev. Lett. 2009, 103, 198103.
[55] Menzel, A. M.; Goldenfeld, N. Phys. Rev. E 2011, 84, 011122.
[56] Kurtuldu, H.; Guasto, J. S.; Johnson, K. A.; Gollub, J. P. Proc. Natl.
Acad. Sci. U. S. A. 2011, 108, 10391.
[57] Eaves, J. D.; Reichman, D. R. Proc. Natl. Acad. Sci. U. S. A. 2011,
106, 15171.
[58] Stariolo, D. A.; Fabricius, G. J. Chem. Phys. 2006, 125, 064505.
[59] Saltzman, E. J.; Schweizer, K. S. Phys. Rev. E 2008, 77, 051504.
[60] Weeks, E. R.; Crocker, J. C.; Levitt, A. C.; Schofield, A.; Weitz, D.
A. Science 2000, 287, 627.
[61] Kegel, W. K.; van Blaaderen, A. Science 2000, 287, 290.
[62] Chaudhuri, P.; Berthier, L.; Kob, W. Phys. Rev. Lett. 2007, 99,
060604.
[63] Gao, Y.; Kilfoil, M. L. Phys. Rev. Lett. 2007, 99, 078301.
[64] Wang, B.; Kuo, J.; Bae, S. C.; Granick, S. Nat. Mater. 2012, 11, 481.
[65] Zhang, X.; Dai, X.; Habib, M. A.; Xu, Z. Y.; Gao, L. J.; Chen, W. L.;
Wei, W. J.; Tang, Z. Q.; Qi, X. Y.; Gong, X. J.; Jiang, L. X.; Yan, L.
T. arXiv preprint arXiv:2212.13341, 2022.
] Beck, C.; Cohen, E. G. Physica A 2003, 322, 267.
1 Beck, C. Prog. Theo. Phys. Supp. 2006, 162, 29.
] Van der Straeten, E.; Beck, C. Phys. Rev. E. 2009, 80, 036108.
] Hapca, S.; Crawford, J. W.; Young, 1. M. J. R. Soc. Interface 2009, 6,
111.
[70] Chubynsky, M. V.; Slater, G. W. Phys. Rev. Lett. 2014, 113, 098302.
[71] Jain, R.; Sebastian, K. L. J. Phys. Chem. B 2016, 120, 3988.
[72] Chechkin, A. V.; Seno, F.; Metzler, R.; Sokolov, I. M. Phys. Rev. X.
2017, 7,021002.
[73] Mura, A.; Tagqu, M. S.; Mainardi, F. Physica 4 2008, 387, 5033.
[74] Mura, A.; Mainardi, F. Integral Transform Spec. Funct. 2009, 20,
185.
[75] Pagnini, G; Kober, E. Fract. Calc. Appl. Anal. 2012, 5, 117.
[76] Benoit, B. M.; John W. V. N. SIAM Rev. Soc. Ind. Appl. Math. 1968,
10, 422.
[77] Montroll, E. W.; Weiss, G. H. J. Math. Phys. 1965, 6, 167.
[78] Risken, H. In Part of the Springer Series in Synergetics Book Series,
Vol. 18, Ed.: Haken, H., Springer, Berlin, 1996, Chapter 3.
[79] Ralf, M.; Eli, B.; Joseph, K. Phys. Rev. Lett. 1999, 82, 3563.

(Lu, Y.)

Acta Chim. Sinica 2023, 81, 967—978




<<
  /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


