
September 2021⎪Vol. 31⎪No. 9

J. Microbiol. Biotechnol. 2021. 31(9): 1305–1310
https://doi.org/10.4014/jmb.2106.06009

Shikimate Metabolic Pathway Engineering 
in Corynebacterium glutamicum
Eunhwi Park1†, Hye-Jin Kim1†, Seung-Yeul Seo2, Han-Na Lee2, Si-Sun Choi1, Sang Joung Lee2, and 
Eung-Soo Kim1*

1Department of Biological Sciences and Bioengineering, Inha University, Incheon 22212, Republic of Korea
2STR Biotech Co., Ltd., Chuncheon 24232, Republic of Korea
 

Introduction
Shikimate is a key metabolic intermediate in the shikimate pathways that are indispensable for maintaining the

normal metabolism in plants, animals, and microorganisms. It is also a natural substance with high industrial
value as a precursor to oseltamivir, an anti-influenza drug known as Tamiflu [1, 2]. Shikimate can be used as an
intermediate or versatile chiral precursor to synthesize bio-renewable aromatics and stabilize metal nanoparticles.
Current methods of shikimate production include extraction from plant star anise (Illicium verum), chemical
synthesis, and fermentation of genetically modified microorganisms [1]. Shikimate production by plant-based
extraction and chemical synthesis suffers from low yield and high cost, making it difficult to meet the increasing
world demand for Tamiflu since the advent of swine and avian influenza [2-4]. Therefore, the fermentation of an
engineered microbial strain utilizing renewable resources, such as glucose, would be an alternative sustainable
approach [2-7].

Shikimate is typically synthesized by a series of enzyme-led stepwise bioconversions shown in Fig. 1. 3-Deoxy-
D-arabino-heptulosonate-7-phosphate (DAHP) is first produced by the condensation of phosphoenolpyruvate
(PEP) and erythrose-4-phosphate (E4P), followed by sequential conversions to 3-dehydroquinate (DHQ), 3-
dehydroshikimate (DHS), and shikimate. Shikimate is then transformed further to shikimate-3-phosphate by
shikimate kinase encoded by aroK. Shikimate-3-phosphate is then transformed into chorismate, which is finally
converted to phenylalanine, tyrosine, tryptophan, and other aromatic products. Several metabolic pathway-
engineering attempts have been applied to produce useful aromatic compounds and other chemicals derived from
the shikimate pathway [8, 9]. Examples include salicylic acid (SA) [10], muconic acid [11-14], and 3-
dehydroshikimate (DHS) [15], which are derived from chorismate and used as precursors in aspirin synthesis.

Corynebacterium glutamicum is a general-regarded-as-safe (GRAS) microorganism that is used industrially for
amino acid production. The microorganism has been reported to produce more than two million tones of L-
glutamate and one and a half tons of L-lysine annually [16-18]. It has also been used as a host to produce L-arginine
[19], L-cysteine [20], anthocyanin [21], hydroxybenzoic acid [22], taurine [23], and 3-hydroxypropionic acid (3-HP)
[24], as well as the lignocellulose-based production of fuels and chemicals in biorefineries [25]. Moreover, rationally
genome-redesigned C. glutamicum produced approximately 38 g/L of muconic acid in 7-L fed-batch fermentation,
suggesting that C. glutamicum could be an ideal bacterial host for an artificial cell factory design [12].

Shikimate is a key high-demand metabolite for synthesizing valuable antiviral drugs, such as the 
anti-influenza drug, oseltamivir (Tamiflu). Microbial-based strategies for shikimate production have 
been developed to overcome the unstable and expensive supply of shikimate derived from 
traditional plant extraction processes. In this study, a microbial cell factory using Corynebacterium 
glutamicum was designed to overproduce shikimate in a fed-batch culture system. First, the 
shikimate kinase gene (aroK) responsible for converting shikimate to the next step was disrupted to 
facilitate the accumulation of shikimate. Several genes encoding the shikimate bypass route, such as 
dehydroshikimate dehydratase (QsuB), pyruvate kinase (Pyk1), and quinate/shikimate 
dehydrogenase (QsuD), were disrupted sequentially. An artificial operon containing several 
shikimate pathway genes, including aroE, aroB, aroF, and aroG were overexpressed to maximize the 
glucose uptake and intermediate flux. The rationally designed shikimate-overproducing 
C. glutamicum strain grown in an optimized medium produced approximately 37.3 g/l of shikimate 
in 7-L fed-batch fermentation. Overall, rational cell factory design and culture process optimization 
for the microbial-based production of shikimate will play a key role in complementing traditional 
plant-derived shikimate production processes.
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In the present study, a shikimate high-producing C. glutamicum strain was constructed by shikimate pathway
engineering for 7-L fed-batch fermentation. These results suggest that the Corynebacterium cell factory design for
a shikimate-overproducing strain would be valuable for constructing a microorganism-based high-producing
strain for aromatic compounds with industrial value.

Materials and Methods
Bacterial Strains and Culture Conditions

Table 1 lists all bacterial strains used in this study. E. coli DH5α was used for genetic manipulation and grown in
Luria-Bertani (LB) medium at 37oC with the appropriate antibiotics. The C. glutamicum strains were cultivated in
a brain heart infusion (BHI) medium and BHIS (BHI medium containing 91 g/l sorbitol) at 30oC. The preparation
of shikimate production media and cultivations for C. glutamicum were performed as previously described [12].

Construction of Plasmid and Strains
Table 1 presents the constructed plasmids, and Table S1 lists all primer pairs used in this study. For markerless

target gene disruption, pK19mobsacB was used, and the plasmids of pCaroE, pEaroE, pE, pEC, pECB, pECBF, and
pECBFG were constructed for gene overexpression, which was controlled under the sod promoter. Target gene
disruption was verified by colony PCR using each primer set. For overexpression, the aroE genes from
C. glutamicum and E. coli were amplified by PCR and inserted into pSK003 using an In-Fusion cloning kit
(TaKaRa, Japan), yielding pCaroE and pEaroE, respectively. The qsuC, aroB genes were cloned individually into
pEaroE to generate pEC and pECB. A three-way PCR method was used for the site-directed mutagenesis of the
aroF gene from C. glutamicum and aroG gene from E. coli, and the aroFS188C fragment and EaroGS180F were inserted
sequentially into pECB, yielding pECBF and pECBFG. The constructed plasmids were introduced individually
into C. glutamicum strains via electroporation as described [12].

Shikimate and Dehydroshikimate (DHS) Analyses
Cultured broth samples were centrifuged (4oC, 15,000 RPM for 7 min), and only the supernatant was diluted

and purified using a membrane filter (Nylaflo nylon membrane filter) for high-performance liquid
chromatography (HPLC). The concentrations of shikimate and DHS were determined by HPLC using an Aminex
HPX-87H column (Bio-Rad). The column was heated to 50oC to detect shikimate and DHS. The mobile phase was
2.5 mM H2SO4, and the flow rate was 0.5 ml/min for shikimate. Shikimate and DHS were detected at 215 nm and
236 nm, respectively.

Results and Discussion
Engineering of the Shikimate Pathway in C. glutamicum ATCC13032

The shikimate pathway of C. glutamicum was engineered to build a shikimate high-production strain. To
construct a Corynebacterium strain that could accumulate shikimate, aroK (NCgl1560) encoding shikimate
kinase, which mediates the conversion of shikimate to shikimate-3-phosphate, was first disrupted (named
Inha301) and confirmed to produce 0.8 g/l of shikimate (Figs. 1 and 2A). qsuB (NCgl0407) was then deleted
(named Inha302) to accumulate the key precursor, dehydroshikimate dehydrate (DHS), blocking DHS
conversion to protocatechuate (PCA). Approximately, 0.98 g/l of DHS was accumulated in the Inha302 strain,

Table 1. Strains and plasmids used in this study.
Strain or plasmid Characteristics Sources or reference

C. glutamicum ATCC13032
Inha301 ΔaroK(NCgl1560) This study
Inha302 ΔaroK(NCgl1560)ΔqsuB(NCgl0407) This study
Inha303 ΔaroK(NCgl1560)ΔqsuB(NCgl0407)Δpyk1(NCgl2008) This study
Inha304 ΔaroK(NCgl1560)ΔqsuB(NCgl0407)Δpyk1(NCgl2008)ΔqsuD(NCgl0409) This study
Inha305 Inha304 with pCaroE This study
Inha306 Inha304 with pEaroE This study
Inha307 Inha304 with pEC This study
Inha308 Inha304 with pECB This study
Inha309 Inha304 with pECBF This study
Inha310 Inha304 with pECBFG This study

Plasmid
pK19mobsacB Vector for the construction of disruption mutants of C. glutamicum [30]
pSK003 E. coli-C. glutamicum shuttle vector harboring sod promoter) This study
pCaroE pSK003 carrying the aroE gene from C. glutamicum ATCC13032 This study
pEaroE pSK003 carrying the aroE gene from E. coli K-12 This study
pEC pEaroE carrying the qsuC gene (NCgl0408) from C. glutamicum ATCC13032 This study
pECB pEC carrying the aroB gene (NCgl1559) from C. glutamicum ATCC13032 This study
pECBF pECB carrying the aroF gene (NCgl0950) carrying S188C mutation This study
pECBFG pECBF carrying the aroG gene from E. coli K-12 carrying S180F mutation This study
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which is 1.97 times higher than 0.5 g/l of DHS produced in Inha301 (Fig. 2A). In addition, the pyruvate kinase
gene (Pyk1, NCgl2008) was removed (named Inha303) for the build-up of phosphoenolpyruvate (PEP), resulting
in 1.33 g/l of DHS and 0.95 g/l of shikimate (Fig. 2A). Finally, the quinate/shikimate dehydrogenase gene (qsuD)
involved in the conversion of 3-dehydroquinate (DHQ) and quinate was deleted (named Inha304) to produce
1.32 g/l of shikimate (Fig. 2A). Thus, the sequential elimination of the aroK, qsuB, pyk1, and qusD genes could be
inferred by a reasonable pathway engineering method for shikimate high production.

Fig. 1. Pathway engineering strategy for shikimate production in C. glutamicum. (A) Shikimate metabolic
pathway in C. glutamicum. The bold arrows and crosses indicate the steps for which corresponding genes were overexpressed
and disrupted, individually. The dashed lines represent several catalytic steps. The genes involved in each step are shown in
italics. G6P, glucose-6-phosphate; F6P, fructose-6-phosphate; GAP, glyceraldehyde-3-phosphate; PEP, phosphoenolpyruvate;
PYR, pyruvate; AcCoA, acetyl-CoA; OAA, oxaloacetate; Ru5P, ribulose-5-phosphate; X5P, xylulose-5-phosphate; R5P, ribose-
5-phosphate; S7P, sedoheptulose-7-phosphate; E4P, erythrose-4-phosphate; DHAP, 3-deoxy-D-arabinoheptulosanate-7-
phosphate; DHQ, 3-dehydroquinate; DHS, 3-dehydroshikimate; PCA, protocatechuate. Genes and corresponding enzymes are as
follows: pyk1, pyruvate kinase 1; aroF and aroG, DAHP synthase; aroB, 3-dehydroquinate synthase; qsuC, dehydroquinate
dehydratase; aroE, shikimate dehydrogenase; aroK, shikimate kinase; qsuD, quinate/shikimate dehydrogenase; qsuB,
dehydroshikimate dehydratase. (B) Gene disruption in C. glutamicum ATCC13032 and plasmid construction. The constructed
plasmids were introduced and replicated in Inha304, yielding Inha305, Inha306, Inha307, Inha308, Inha309, and Inha310,
respectively. CaroE and EaroE, shikimate dehydrogenase from C. glutamicum ATCC13032 and E. coli K-12, respectively;
aroFS188C, DAHP synthase carrying S188C mutation; EaroGS180F, DAHP synthase carrying S180F mutation. 
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Overexpression of the Shikimate Pathway Genes to Enhance Shikimate Production
Several key genes involved in shikimate biosynthesis, such as aroE, qsuC, aroB, aroF, and aroG, were

overexpressed sequentially in the above-constructed four-genes KO stain, Inha304, to maximize the metabolite
flux in the shikimate pathway. Five shikimate pathway genes (aoE, qsuC, aroB, aroF, and aroG) were over-
expressed as a single operon under the strong sod promoter, resulting in the simple and rapid construction of a
shikimate high-production strain.

Because significant amounts of DHS accumulated in Inha304, as shown in Fig. 2A, the over-expression of AroE,
a shikimate dehydrogenase involved in bioconversion from DHS to shikimate, was first attempted in Inha304. For
more efficient AroE expression, C. glutamicum-derived aroE (NCgl1567) and E. coli-derived aroE were
introduced in Inha304 to build Inha305 and Inha306, respectively, and compare the conversion rate to shikimate.
As shown in Fig. 2B, 1.55 g/l of shikimate was detected in Inha306, which is 1.11 times higher than 1.39 g/l of
shikimate in Inha305, suggesting that AroE of E. coli might have better enzyme kinetic characteristics. The
dehydroquinate dehydrate gene (qsuC, NCgl0408) involved in the reaction between 3-dehydroquinate (DHQ)
and DHS, and the dehydroquinate synthase gene (aroB, NCgl1559) involved in bioconversion from 3-deoxy-D-
arabinoheptulosanate to DHQ were sequentially expressed in Inha306, resulting in Inha307 and Inha308,
respectively. Inha307 showed a 1.6-fold increase in shikimate production (2.51 g/l) compared to Inha306 (1.55 g/l),
and Inha308 showed a 1.4- and 1.8-fold increase in DHS (1.05 g/l) and shikimate (4.59 g/l) production compared
to Inha307, respectively (Fig. 2). Point mutations to the DHAP synthases aroF and aroG, which are involved in the
biosynthesis of DHAP from PEP and E4P, have been reported to induce a higher resistance to feedback inhibition
[26, 27]. Hence, the Inha309 strain containing C. glutamicum-derived aroF with a serine to cysteine mutation at
the 188 position, and the Inha310 strain containing the E. coli-derived aroG with a serine to phenylalanine
mutation at the 180 position, were used. As a result, Inha309 produced 1.19 g/l of DHS and 4.72 g/l of shikimate,
and Inha310 exhibited the highest production yields of 0.69 g/l of DHS and 8.23 g/l of shikimate (Fig. 2B). These
results suggest that the pathway engineering strategy described here is a fast and effective approach for shikimate
over-production in C. glutamicum.

Fed-Batch Fermentation of Inha310
A 5 L batch fermentation was performed to calculate the feeding medium flow rate for the fed-batch

fermentation of the Inha310 strain. The formula for calculating the feed medium flow rate is as follows. [F] =
Qs[V]/[S0] [28]. Qs, V, and S0 are the initial glucose concentration (g/l)/glucose consumption rate (h), the initial

Fig. 2. Metabolite production yield in recombinant C. glutamicum strains. (A) Cell growth (top) and shikimate
and dehydroshikimate (DHS) production yield (bottom) in target gene deleted C. glutamicum strains; Inha301, Inha302,
Inha303, and Inha304. (B) Cell growth (top) and HPLC analysis of shikimate and dehydroshikimate (DHS) production
(bottom) in the Inha304 harboring empty vector, pSK003, and target gene overexpressed, individually; Inha305, Inha306,
Inha307, Inha308, Inha309, and Inha310. The values represent the means and standard deviations of duplicate cultivations.
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volume of the feeding medium, and glucose concentration of the feeding medium, respectively. Therefore,
Inha310 consumed all the glucose in a 2 L feeding medium containing 55 g/l of glucose for 24 h. Hence, the
calculated feeding medium flow rate was at least 0.185 ml/min based on the above formula. After 16-h of 1st seed
culture and 6-h of 2nd seed culture, the Inha310 culture was inoculated into a 5 L fermenter. The feeding medium
was added at 33.5 h at a rate of 0.189 ml/min whenever the glucose concentration decreased below 10 g/l during
104.5 h fermentation. As a result, the Inha310 continued to grow during the entire fed-batch fermentation period,
and the production of shikimate increased accordingly, finally reaching up to 37.3 g/l (Fig. 3).

Similar strategies for shikimate overproduction have been attempted in E. coli and Bacillus subtilis strains, but at
a low titer to meet commercial applications [29]. Among the results reported thus far, one of the best titers related
to shikimate production is through metabolically engineered C. glutamicum in a growth-arrested cell reaction
with 141 g/l of shikimate [2]. The shikimate titer should not be compared directly because the fed-batch system
described here is quite different from the previously reported cell-arrest culture process. In the future,
improvement in the key enzymes through protein engineering, optimization of transcription and translation
processes through promoter and ribosomal binding site (RBS) optimization, and stable chromosomal DNA
integration will enable the establishment of a more stable shikimate hyper-production strain.

Acknowledgments
This work was carried out with the support of "Cooperative Research Program for Agriculture Science and

Technology Development (Project No. PJ01563901)" Rural Development Administration, Republic of Korea and
the National Research Foundation of Korea (NRF), and the Center for Women In Science, Engineering and
Technology (WISET-2021-043) Grant funded by the Ministry of Science and ICT(MSIT) under the Program for
Returners into R&D.

Conflict of Interest
The authors have no financial conflicts of interest to declare.

References
1. Candeias NR, Assoah B, Simeonov SP. 2018. Production and synthetic modification of shikimic acid. Chem. Rev. 118: 10458-10550.
2. Kogure T, Kubota T, Suda M, Hiraga K, Inui M. 2016. Metabolic engineering of Corynebacterium glutamicum for shikimate

overproduction by growth-arrested cell reaction. Metab. Eng. 38: 204-216.
3. Bochkov DV, Sysolyatin SV, Kalashnikov AI, Surmacheva IA. 2012. Shikimic acid: review of its analytical, isolation, and purification

techniques from plant and microbial sources. J. Chem. Biol. 5: 5-17.
4. Ghosh S, Chisti Y, Banerjee UC. 2012. Production of shikimic acid. Biotechnol. Adv. 30: 1425-1431.
5. Krämer M, Bongaerts J, Bovenberg R, Kremer S, Müller U, Orf S, et al. 2003. Metabolic engineering for microbial production of

shikimic acid. Metab. Eng. 5: 277-283.

Fig. 3. Time-course profiles of cell growth (Dry cell weight) and glucose concentrations and metabolite
production by Inha310 in a 7-L bioreactor. The feeding medium was injected at 33.5, 44.5, 56.5, 68.5, 80.5, and 92.5 h
(indicated with gray arrow), at a rate of 0.189 ,0.246, 0.321, 0.416, 0.548, and 0.699 ml/min, respectively.



1310 Park et al.

J. Microbiol. Biotechnol.

6. Martínez JA, Bolívar F, Escalante A. 2015. Shikimic acid production in Escherichia coli: from classical metabolic engineering
strategies to omics applied to improve its production. Front. Bioeng. Biotechnol. 3: 145.

7. Rawat G, Tripathi P, Saxena RK. 2013. Expanding horizons of shikimic acid. Recent progresses in production and its endless frontiers
in application and market trends. Appl. Microbiol. Biotechnol. 97: 4277-4287.

8. Li Z, Wang H, Ding D, Liu Y, Fang H, Chang Z, et al. 2020. Metabolic engineering of Escherichia coli for production of chemicals
derived from the shikimate pathway. J. Ind. Microbiol. Biotechnol. 47: 525-535.

9. Averesch NJH, Krömer JO. 2018. Metabolic engineering of the shikimate pathway for production of aromatics and derived
compounds-present and future strain construction strategies. Front. Bioeng. Biotechnol. 6: 32.

10. Noda S, Shirai T, Oyama S, Kondo A. 2015. Metabolic design of a platform Escherichia coli strain producing various chorismite
derivatives. Metab. Eng. 33: 119-129.

11. Lin Y, Sun X, Yuan Q, Yan Y. 2014. Extending shikimate pathway for the production of muconic acid and its precursor salicylic acid in
Escherichia coli. Metab. Eng. 23: 62-69.

12. Lee HN, Shin WS, Seo SY, Choi SS, Song JS, Kim JY, et al. 2018 Corynebacterium cell factory design and culture process optimization
for muconic acid biosynthesis. Sci. Rep. 8: 18041.

13. Choi S, Lee HN, Park E, Lee SJ, Kim ES. 2020. Recent advances in microbial production of cis,cis-muconic acid. Biomolecules
10: 1238.

14. Fujiwara R, Noda S, Tanaka T, Kondo A. 2020. Metabolic engineering of Escherichia coli for shikimate pathway derivative production
from glucose-xylose co-substrate. Nat. Commun. 11: 279.

15. Choi SS, Seo SY, Park SO, Lee HN, Song JS, Kim JY, et al. 2019. Cell factory design and culture process optimization for
dehydroshikimate biosynthesis in Escherichia coli. Front. Bioeng. Biotechnol. 7: 241.

16. Zahoor A, Lindner SN, Wendisch VF. 2012. Metabolic engineering of Corynebacterium glutamicum aimed at alternative carbon
sources and new products. Comput. Struct. Biotechnol. J. 3: e20120004.

17. Hermann T. 2003. Industrial production of amino acids by coryneform bacteria. J. Biotechnol. 104: 155-172.
18. Ikeda M, Takeno S. 2013. Amino acid production by Corynebacterium glutamicum, pp.107-147. In: Yukawa H, Inui M (eds.),

Corynebacterium glutamicum. Microbiology Monographs, vol 23. Springer, Berlin, Heidelberg. Germany. 
19. Jiang Y, Sheng Q, Wu XY, Ye BC, Zhang B. 2021. L-arginine production in Corynebacterium glutamicum: manipulation and

optimization of the metabolic process. Crit. Rev. Biotechnol. 41: 172-185.
20. Kondoh M, Hirasawa T. 2019. L-Cysteine production by metabolically engineered Corynebacterium glutamicum. Appl. Microbiol.

Biotechnol. 103: 2609-2619.
21. Zha J, Zang Y, Mattozzi M, Plassmeier J, Gupta M, Wu X, et al. 2018. Metabolic engineering of Corynebacterium glutamicum for

anthocyanin production. Microb. Cell Fact. 17: 143.
22. Kallscheuer N, Marienhagen J. 2018. Corynebacterium glutamicum as platform for the production of hydroxybenzoic acids. Microb.

Cell Fact. 17: 70.
23. Joo YC, Ko YJ, You SK, Shin SK, Hyeon JE, Musaad AS, et al. 2018. Creating a new pathway in Corynebacterium glutamicum for the

production of taurine as a food additive. J. Agric. Food Chem. 66: 13454-13463.
24. Chang Z, Dai W, Mao Y, Cui Z, Wang Z, Chen T. 2020. Engineering Corynebacterium glutamicum for the efficient production of 3-

hydroxypropionic acid from a mixture of glucose and acetate via the malonyl-CoA pathway. Catalysts 10: 203
25. Jojima T, Inui M, Yukawa H. 2013. Biorefinery applications of Corynebacterium gluamicum, pp.149-172. In: Yukawa H, Inui M (eds.),

Corynebacterium gluamicum. Microbiology Monographs, Vol. 23. Springer, Berlin, Heidelberg. Germany.
26. Liao HF, Lin LL, Chien HR, Hsu WH. 2001. Serine 187 is a crucial residue for allosteric regulation of Corynebacterium glutamicum 3-

deoxy-Darabino-heptulosonate-7-phosphate synthase. FEMS Microbiol. Lett. 194: 59-64.
27. Ger YM, Chen SL, Chiang HJ, Shiuan D. 1994. A single ser-180 mutation desensitizes feedback inhibition of the phenylalanine-

sensitive 3-Deoxy-D-Arabino-Heptulosonate 7-Phosphate (DAHP) synthetase in Escherichia coli. J. Biochem. 116: 986-990.
28. Mears L, Stocks SM, Sin G, Gernaey KV. 2017. A review of control strategies for manipulating the feed rate in fed-batch fermentation

processes. J. Biotechnol. 245: 34-46.
29. Kogure T, Inui M. 2018. Recent advances in metabolic engineering of Corynebacterium glutamicum for bioproduction of value-

added aromatic chemicals and natural product. Appl. Microbiol. Biotechnol. 102: 8685-8705.
30. Sambrook JF, Maniatis T. 1989. Molecular cloning: A laboratory manual. 2nd Ed. Cold Spring Harbor, New York.



<<
  /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


