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Abstract Staphylococcus aureus causes a wide range of

suppurative infections in humans and animals. Due to its

high virulence, ability to adopt various environmental

conditions, and acquired multiple drug resistance, treat-

ment of such infections has become difficult. Therefore,

there is an immense need to develop alternate drug

modalities to control this pathogen. In past few years,

phage-encoded endolysin therapy has emerged as a new

hope not only due to its ability to specifically kill the target

bacteria irrespective of their antibiotic sensitivity but also

because of minimum or no side effects, a problem asso-

ciated with antibiotic therapy. In this article, we report

purification of a broad spectrum anti-staphylococcal end-

olysin (P-27/HP endolysin) encoded by phage P-27/HP

isolated from sewage water. On SDS-PAGE endolysin

resolved in three polypeptides of molecular weights 33.5,

48.6, and 62.2 kDa. Endolysin exhibited maximum in vitro

lytic activity at temperature between 35 and 40�C and pH

7.0. In vivo experiments revealed considerable (99.9%)

elimination of S. aureus 27/HP from spleens of endolysin-

treated mice and had saved them from death due to bac-

teremia caused by S. aureus 27/HP challenge infection.

Thus, P-27/HP endolysin offers suitable substitute of

antibiotics to control S. aureus infections.

Introduction

Staphylococcus aureus is commensally occurring oppor-

tunistic pathogen of human and other animals. In humans,

it causes several nosocomial and community acquired

infections leading to relatively milder skin diseases to

severe conditions such as pneumonia, meningitis, endo-

carditis, toxic shock syndrome, and septicemia [3, 12]. Its

enormous ability to adopt various environments and

resistance to most antibiotics including methicillin and

vancomycin has ensued it high virulence attributes [4, 13]

and as a consequence has created serious problem to

physicians and attracted attention of the researchers to

explore appropriate alternative therapeutic regimens with

the potential of eliminating such infections irrespective of

their antibiotic sensitivity [20, 21].

Bacteriophage therapy has emerged as potential sub-

stitute of antibiotics against pathogenic bacteria. Phage

virions have been extensively employed to control Staph-

ylococcus, Streptococcus, Pseudomonas, Klebsiella, and

other bacteria in human and animals [6, 7, 10, 17].

Although phages lytic activity against bacteria is natural

and non-toxic, but, resistance development in host bacte-

rium, presence of bacterial toxins in phage preparations,

development of phage neutralizing antibodies, complicated

pharmacokinetics, and transducing nature are the key

issues associated with their therapeutic applications [8, 19].

To overcome these limitations of whole virion therapy

experimental approaches aiming to utilize endolysins

(lysins) as antibacterial agent have been evaluated in last

few years [1, 5]. Lysins are dsDNA bacteriophage-encoded
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enzymes produced at the end of lytic cycle to degrade the

cell wall of infected bacteria, thereby allowing progeny

virions to be released [11].

This study was conducted with the objective of purifi-

cation, characterization, and application of P-27/HP end-

olysin to control human infection-associated multidrug

resistant S. aureus 27/HP in vitro and in vivo in experi-

mental mice.

Materials and Methods

Bacterial Strains

Multidrug resistant S. aureus 27/HP and other staphylo-

coccal strains used in this study were isolated from human

clinical samples (acne, blood, cerebrospinal fluid, ear, eye,

nasal, throat, surgical sepsis, and wounds) collected from

hospitals in India and have been reported earlier [7].

Standard bacterial strains, S. aureus ATCC 6538, Micro-

coccus luteus ATCC 9341, and Bacillus subtilis ATCC

6633, were procured from Himedia.

Lytic Bacteriophage

Broad lytic spectrum phage P-27/HP used to produce P-27/

HP endolysin was isolated from sewage water against

indicator host strain S. aureus 27/HP [7].

Endolysin Preparation and Purification

To produce endolysin, early log phase S. aureus 27/HP

broth culture growing at 37�C in NZCYM medium was

inoculated with phage P-27/HP at 0.01 multiplicity of

infection (MOI) as per Gupta and Prasad [7] and incubated

until the complete lysis occurred. Cell lysate was concen-

trated to obtain crude endolysin following the method

of Sonstein et al. [22] with appropriate modifications. In

brief, after removing the cell debris by centrifugation

(25,0009g for 15 min at 4�C), supernatant was concen-

trated by repetitive ammonium sulfate precipitation fol-

lowed by dialysis against sodium phosphate buffer saline

(0.07 M) for 48 h. Crude endolysin was purified by gel

filtration chromatography using Sephadex G–200 (Amer-

sham Biosciences) matrix. After draining off the void

volume from the column, 44 elute fractions of 1 ml volume

each were collected and analyzed for the endolysin with the

help of spectrophotometer at 280 nm. Endolysin-enriched

elute fractions constituting a sharp peak were pooled to

obtain purified endolysin. Protein content of crude and

purified endolysin was determined by Lowry’s method.

Endolysin was stored at 4�C for further application.

Purified P-27/HP endolysin was analyzed for its con-

stituting proteins through 12.5% (w/v) SDS-PAGE gel

electrophoresis (Bio-Rad mini gel apparatus) conducted in

Tris–Glycine buffer at constant voltage (150 V) for 1 h.

The gel was stained with Coomassie Brilliant Blue R-250.

Broad range (10–200 kDa) protein molecular weight mar-

ker (Fermentas) was run alongside to determine the

molecular weight of constituting polypeptides of the puri-

fied endolysin. Gel image was captured and analyzed with

Quantity-one software (Bio-Rad).

Endolysin in Vitro Lytic Activity

Endolysin dose and treatment time required to inhibit S.

aureus 27/HP growth below a certain threshold was opti-

mized in vitro. Likewise, temperature and pH conditions

for endolysin activity were also standardized. In brief,

exponentially growing (*109 cfu/ml) S. aureus 27/HP

broth cultures in NZCYM medium at 37�C were centri-

fuged to pellet the cells which were re-suspended in equal

volume of fresh NZCYM medium and distributed in 5 ml

volumes in glass culture tubes. For dose optimization,

cultures were added with endolysin so as to keep the final

endolysin concentration as 2.5, 5.0, and 10.0 lg/ml and

incubated at 37�C for a period of 4 h. Treatment time was

standardized by incubating endolysin-treated (10 lg/ml,

final concentration) cultures at 37�C for 0, 1, and 2 h.

Optimum temperature and pH conditions were determined

by incubating endolysin added (10 lg/ml, final concen-

tration) cultures at a range of temperatures (4, 10, 15, 20,

25, 30, 35, 40, 45, and 50�C) and pH (4, 5, 6, 7, and 8),

respectively. Endolysin unaided cultures served the control

in each of the four cases. Experiments were conducted in

triplicate. Declination in bacterial viable counts in terms of

colony forming unit (cfu) were determined by spreading

100 ll appropriately diluted aliquot from each culture onto

the Brain Heart Infusion (BHI) agar plates. Plates were

incubated overnight at 37�C and scored for bacterial

colonies.

Endolysin Lytic Range

In vitro lytic range of P-27/HP endolysin was tested against

40 staphylococcal isolates [28 S. aureus, 4 coagulase

positive staphylococci (CPS), and 8 coagulase negative

staphylococci (CNS)] reported earlier [7], S. aureus ATCC

6538, B. subtilis ATCC 6633, M. luteus ATCC 9341, and

E. coli. In brief, exponentially growing bacterial cultures

were added with endolysin at concentration 10 lg/ml and

incubated at 37�C for 2–6 h. Endolysin unaided cultures

served the control. Endolysin activity was assayed by

clearance in turbidity of bacterial culture.
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Safety Test

Safety test of P-27/HP endolysin was conducted in mice

model. Healthy adult mice of either sex injected with

250 lg of endolysin via intra-muscular, subcutaneous,

intra-venous, and intra-peritoneal routes were monitored

for 20 days.

Endolysin in Vivo Lytic Efficacy in Mice

In vivo lytic efficacy of P-27/HP endolysin against

S. aureus 27/HP was assessed in experimental mice.

Healthy adult mice of either sex weighing not less than

18–20 g were divided in 3 groups (G1–G3) of 5 mice each.

Single replicates of G1 (negative control) and G2 (positive

control) and triplicates (Subgroup 1, 2, and 3) of G3

(endolysin treated) were used. Each mouse except from

G1 was infected with 0.2 ml (5 9 108 cfu/mouse) expo-

nentially grown (*109 cfu/ml) S. aureus 27/HP culture

(following the lethal dose recommended by the Capparelli

et al. [2] and Matsuzaki et al. [15]) through intra-peritoneal

route. G1 mice were injected with normal saline. 24 h after

challenge infection, mice of group G3 were subcutaneously

post inoculated with 0.2 ml (250 lg/mouse, following Jado

et al. [9]) purified P-27/HP endolysin. Mice from G1 and

G2 were left untreated. Each mouse that survived was

sacrificed at 4 day after the challenge infection. Spleens

were dissected aseptically, homogenized in 0.85% normal

saline solution, and analyzed for the presence of S. aureus

27/HP on the BP (Baird-Parker) agar plates.

Results

Endolysin

The phage–bacteria system used for endolysin preparation

gave a high yield of crude P-27/HP endolysin (1.8 mg/ml).

Gel filtration chromatography resulted with the elution of

endolysin in three successive fractions with optical density

(OD) 0.459, 0.523, and 0.412 (Fig. 1a) that were pooled to

obtain final purified endolysin. Total protein concentration

of purified endolysin was 1.25 mg/ml. SDS-PAGE analysis

of P-27/HP endolysin envisaged three distinct polypeptides

of molecular weights 33.5, 48.6, and 62.2 kDa. The poly-

peptide corresponding to 48.6 kDa appeared as most

intense band (Fig. 1b).

In Vitro Lytic Activity

Dose optimization assay revealed that P-27/HP endolysin at

concentration 10 lg/ml was adequate to drop S. aureus

27/HP population by 99.99%, i.e., more than 4.0 log units

(P \ 0.00001) from 9.32 ± 0.07 to 4.59 ± 0.05 mean log10

cfu in 4 h. Endolysin worked poorly at lower concentrations.

At 2.5 and 5.0 lg/ml concentration, endolysin could reduce

the bacterial count (mean log10 cfu) only by \1.0

(P \ 0.0001) and*1.0 log unit (P \ 0.00001), respectively

(Fig. 2a). Similarly, in case of time optimization assay, it

was observed that 2 h incubation with endolysin (10 lg/ml)

conferred substantial declination of *4.0 log units

(P \ 0.00001) equivalent to 99.99% of S. aureus 27/HP

viable count which was reached to 4.82 ± 0.43 (t = 2 h)

from 9.18 ± 0.03 (t = 0 h) mean log10 cfu. An incubation

period less than 2 h was suboptimal for endolysin lytic

activity (Fig. 2b). Hereafter, for all in vitro experiments,
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Fig. 1 Endolysin purification. a Elution profile of P-27/HP endolysin

obtained by Sephadex G-200 gel filtration chromatography. Endolysin

eluted in three successive elute fractions namely 35, 36, and 37 which

made a sharp peak on the chromatogram and b SDS-PAGE of P-27/

HP endolysin. Lane 1: Broad range (10–200 kDa) protein molecular

weight (MW) marker. Lane 2: P-27/HP endolysin. Endolysin resolved

in three distinct polypeptide bands of MW 33.5, 48.6, and 62.2 kDa.

Polypeptide band of 48.6 kDa MW appeared as the major component

of endolysin
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endolysin dose and incubation period were kept as 10 lg/ml

and 2 h, respectively. Endolysin worked most efficiently at

temperature 35 and 40�C. A declination of about 4.0 log units

(P = 0.0001 and 0.00001 for 35 and 40�C respectively) in

S. aureus 27/HP count was noted at both these temperatures.

A gradually decreasing lytic activity was seen at temperature

below 35�C and above 40�C (Fig. 3a). Experiments done to

determine optimum pH for endolysin activity envisage that

endolysin was most efficient against S. aureus 27/HP at

neutral pH and mitigated its growth by *4.0 log units

(P \ 0.00001) in 2 h. Poor lytic activity was noted at pH 5, 6,

and 8 which got seized completely at pH 4 (Fig. 3b).

Lytic Range

In vitro lytic spectrum analysis revealed that 17 of 28 tested

S. aureus isolates were sensitive to P-27/HP endolysin.

Endolysin was also effective against standard S. aureus

ATCC 6538 strain, one CPS and one CNS strain. Con-

versely, heterologous bacterial strains such as B. subtilis

ATCC 6633, M. luteus ATCC 9341, and E. coli were

resistant to endolysin (Table 1).

Safety

Endolysin was safe to mice at the dose 250 lg. No adverse

physiological effects or mortality in injected mice was

recorded during 20 days of observation.

In Vivo Lytic Efficacy

Negative control mice (G1) that received saline only were

healthy and exhibited normal performance over a 4 day

follow-up period (data not shown). On the contrary, of the

positive control mice (G2) that received S. aureus 27/HP

(5 9 108 cfu/mouse) only, one mouse died on 1 day and

two mice died on 3 day after the challenge infection.

Remaining two mice were exhibiting chronic symptoms of

bacteremia. The mean log10 cfu count enumerated in

spleens of these two mice on BP Agar was noted to be

4.44 ± 0.2. Conversely, none of the mice died from G3

which were infected with S. aureus 27/HP (5 9 108 cfu/

mouse) and injected with P-27/HP endolysin (250 lg/

mouse). They showed noticeable clinical improvements at

24 h onwards of the endolysin treatment. Mean log10 cfu in

spleens of these mice (Subgroups 1, 2, and 3) were

recorded as 1.69 ± 0.23, 1.61 ± 0.14, and 1.52 ± 0.37
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Fig. 2 Endolysin in vitro lytic activity against S. aureus 27/HP.

a Dose optimization. Endolysin at the dose (10 lg/ml) could decline

bacterial growth (cfu) substantially by more than 4.0 log units. b Time

optimization. Endolysin needs minimum 2 h to reduce bacterial

population (cfu) considerably (*4.0 log units)
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Fig. 3 Endolysin in vitro lytic activity against S. aureus 27/HP.

a Temperature optimization. Endolysin works most efficiently at

temperature between 35 and 40�C. b pH optimization. From the graph

it is evident that optimum pH for endolysin activity is 7.0
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which account for about *7.0 log units (99.9%) declina-

tion in S. aureus 27/HP count (Fig. 4).

Statistical Analysis

Statistical analysis was done on Microsoft Office Excel.

The mean log10 cfu values have been given as group

mean ± standard deviation. t-test was performed to cal-

culate P-values.

Discussion

High yield of P-27/HP endolysin obtained from the lysate

of phage P-27/HP infected S. aureus 27/HP cells suggests

that phages isolated from sewage water could be employed

efficiently to isolate endolysins against human clinical

staphylococcal isolates. Occurrence of three polypeptides

of varying molecular weights (33.5, 48.6, and 62.2 kDa)

assessed through SDS-PAGE explicates this endolysin to

be the heterogeneous mixture of proteins. However, being

appeared as most intense band it can be speculated that the

polypeptide with molecular weight 48.6 kDa constitutes

the functional endolysin whereas other two polypeptides

are contaminants, though possibility of 33.5 and 62.2 kDa

polypeptides for being active endolysin can not be ruled

out. Endolysins of various molecular weights have been

reported earlier. For instance, SDS-PAGE revealed the

molecular weights of Streptococcus pneumoniae phage

lytic enzymes Cpl-1 and Pal as 39.1 and 34.6 kDa,

respectively [9]. Nelson et al. [16] have purified a phage

lysin against group A streptococci and determined its

molecular weight as 50 kDa by SDS-PAGE. On reducing

Table 1 In vitro lytic range of P-27/HP endolysin

Isolate or strain Endolysin activitya

S. aureus 1/HP –

S. aureus 2/HP 1

CPSb 3/HP –

CNSc 4/HP –

CNS 5/HP –

S. aureus 6/HP 1

S. aureus 7/HP 1

S. aureus 8/HP 1

CNS 9/HP –

CPS 10/HP –

S. aureus 11/HP 1

S. aureus 12/HP –

CPS 13/HP 1

S. aureus 14/HP –

S. aureus 15/HP 1

S. aureus 16/HP –

S. aureus 17/HP –

CNS 18/HP –

CNS 19/HP –

CPS 20/HP –

S. aureus 21/HP 1

S. aureus 22/HP –

CNS 23/HP 1

S. aureus 24/HP 1

S. aureus 25/HP 1

Micrococcus sp. 26/HP –

S. aureus 27/HP 1

CNS 28/HP –

Micrococcus sp. 29/HP –

S. aureus 30/HP 1

CNS 31/HP –

S. aureus 32/HP 1

S. aureus 33/HP –

S. aureus 34/HP –

S. aureus 35/HP –

S. aureus 36/HP 1

S. aureus 37/HP 1

S. aureus 38/HP 1

S. aureus 39/HP 1

S. aureus 40/HP –

S. aureus 41/HP –

S. aureus 42/HP 1

S. aureus ATCCd 6538 1

M. luteus ATCC 9341 –

B. subtilis ATCC 6633 –

E. coli –

a Endolysin activity was determined by bacterial turbidity clearance

assay. ‘‘?’’ clearance seen, ‘‘-’’ no clearance
b Coagulase positive Staphylococci
c Coagulase negative Staphylococci
d American type culture collection
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Fig. 4 In vivo lytic efficacy of P-27/HP endolysin in experimental

mice. Each mice was infected with S. aureus 27/HP (5 9 108 cfu)

except negative control (not shown in the graph). G2 (untreated,

n = 5): mice without endolysin treatment. G3: Three independent

subgroups (1, 2, and 3) of 5 mice each were treated with endolysin

1 day after the challenge infection. Mice were sacrificed 4 day after

infection, and spleens were analyzed for S. aureus 27/HP. Graph

shows the considerable reduction in bacterial population in endolysin-

treated mice as against untreated controls
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gel electrophoresis, P68 phage-induced lytic protein active

against S. aureus showed a single polypeptide band of

*70 kDa [23].

Our findings of in vitro assay elucidate that the treat-

ment with 10 lg/ml P-27/HP endolysin for a period of 2 h

is sufficient to reduce S. aureus 27/HP growth significantly

below threshold ([99%). Manoharadas et al. [14] reported

that P16-17 endolysin at concentration 10 lg/ml was ade-

quate for dropping the survival of exponentially growing S.

aureus strain 68 by 95% in 1 h. The maximum in vitro lytic

efficacy of P-27/HP endolysin observed at temperature

nearing 37�C and neutral pH infers its adequate function-

ality in human body. Although relatively poor but having

shown the lytic activity at a range of temperatures

(25–45�C) and pH (5–8) endolysin would be able to stand

diverse physico-chemical environments and would retain

its functional integrity and, therefore, could be employed as

therapeutic agent. Similar to P-27/HP endolysin, anti-

staphylococcal LysH5 endolysin also works optimally at

pH 7 and temperature 37�C [18].

Foregoing results obtained from in vitro lytic spectrum

analysis suggest that P-27/HP endolysin possesses a wide

lytic range specific to staphylococcal strains. Staphylo-

coccal strains sensitive to P-27/HP endolysin were isolated

from a range of human clinical samples such as wound,

acne, surgical sepsis, and infections of eye, ear, nose,

throat, cerebrospinal fluid, blood etc. which implies that

this endolysin can be used as a generic antibacterial agent

against staphylococcal infections of diverse body parts.

The broader lytic spectrum exhibited by P-27/HP endolysin

correspond with the findings of Obeso et al. [18] who

isolated a wide lytic spectrum endolysin, LysH5, from

bovine S. aureus infection which was capable of killing

several pathogenic bovine and human S. aureus strains.

LysH5 also found to be efficacious against various Staph-

ylococcus epidermidis strains from human infections.

However, it did not kill bacteria from heterologous genus

such as Bacillus, Streptococcus, Clostridium, Listeria, and

Enterococcus.

Mice administered with endolysin (250 lg/mouse) did

not exhibit adverse physiological effects suggesting that

endolysin preparation is safe to use as therapeutic agent.

Studies by other groups also advocate the safety of end-

olysins in experimental mice [1].

Results of in vivo lytic efficacy assessed in experimental

mice connote that P-27/HP endolysin conferred drastic

elimination (99.99%) of targeted bacteria S. aureus 27/HP

from spleens of infected mice. Occurrence of high splenic

mean log10 cfu value in positive control mice also supports

the above concept. These findings suggest that a therapy

employing this endolysin may be the candidate to control

S. aureus infections in human. In last few years, several

studies have shown the successful application of endolysins

purified from wild-phage strains as well as recombinant

ones to protect bacteremia and death in mice experimen-

tally infected with antibiotic resistant S. aureus and other

pathogenic bacteria [5, 17, 24].

In conclusion, this study provides a model for large

scale production of endolysin from phage–bacteria system

and gives strong evidence for the safe and efficacious

application of endolysin against antibiotic resistant staph-

ylococcal strains of human clinical origin. However, fur-

ther characterization of the endolysin is necessary before

using it for human trials.
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penstiel S, Fischetti VA, Suttorp N, Rosseau S (2009) Systemic

use of the endolysin Cpl-1 rescues mice with fatal Pneumococcal

pneumonia. Crit Care Med 37(2):642–649

R. Gupta, Y. Prasad: P-27/HP Endolysin as Antibacterial Agent 45

123

http://dx.doi.org/10.1016/j.jbiotec.2008.09.003
http://dx.doi.org/10.1086/374001
http://dx.doi.org/10.1073/pnas.061038398
http://dx.doi.org/10.1111/j.1574-6976.2009.00176.x
http://dx.doi.org/10.1016/j.ijfoodmicro.2008.08.010
http://dx.doi.org/10.1016/j.ijfoodmicro.2008.08.010
http://dx.doi.org/10.1111/j.1365-2672.2007.03498.x
http://dx.doi.org/10.1016/j.mib.2004.08.017
http://dx.doi.org/10.1126/science.303.5665.1798
http://dx.doi.org/10.1128/AAC.49.7.2934-2940.2005

	P-27/HP Endolysin as Antibacterial Agent for Antibiotic Resistant Staphylococcus aureus of Human Infections
	Abstract
	Introduction
	Materials and Methods
	Bacterial Strains
	Lytic Bacteriophage
	Endolysin Preparation and Purification
	Endolysin in Vitro Lytic Activity
	Endolysin Lytic Range
	Safety Test
	Endolysin in Vivo Lytic Efficacy in Mice

	Results
	Endolysin
	In Vitro Lytic Activity
	Lytic Range
	Safety
	In Vivo Lytic Efficacy
	Statistical Analysis

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


