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Abstract During the last 10 years, with the development of loop-mediated isothermal
amplification (LAMP) method, it has been widely applied in nucleic acid analysis because
of its simplicity, rapidity, high efficiency, and outstanding specificity. This method employs
a DNA polymerase and a set of four specially designed primers that recognize a total of six
distinct sequences on the target DNA. Expensive equipment are not necessary to acquire a
high level of precision, and there are fewer preparation steps compared to conventional
PCR and real-time PCR assays. This paper briefly summarized the applications of LAMP
method in pathogenic microorganisms, genetically modified ingredients, tumor detection,
and embryo sex identification.
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Introduction

The loop-mediated isothermal amplification (LAMP) is a novel nucleic acid amplification
method, which amplifies with high specificity, sensitivity, and rapidity under isothermal
conditions, and employs self-recurring strand-displacement synthesis primed by a specially
designed set of target-specific primers [1]. This method employs a set of four specially
designed primers that recognize a total of six distinct sequences on the target. An inner primer
containing sequences of the sense and antisense strands of the target DNA initiates LAMP.

S. Fu-G. Qu-S. Guo - S. Zhang - S. Gao * Z. Shen
Key Laboratory of Preventive Veterinary Medicine and Animal Biotechnology, Binzhou Animal
Husbandry and Veterinary Research Academy, Binzhou 256600, People’s Republic of China

S. Fu (<)) - S. Guo * L. Ma - Z. Shen
Shandong Lvdu Ante Veterinary Drug Industry Co., Ltd, Binzhou 256600, People’s Republic of China
e-mail: fs5j729@yahoo.com.cn

G. Qu - N. Zhang - S. Gao - Z. Shen
Shandong Lvdu Biological Technology Co., Ltd, Binzhou 256600, People’s Republic of China

@ Springer



846 Appl Biochem Biotechnol (2011) 163:845-850

The following strand-displacement DNA synthesis primed by an outer primer releases a single-
stranded DNA. This serves as template for DNA synthesis primed by the second inner and outer
primers that hybridize to the other end of the target, which produces a stem-loop DNA structure.
In subsequent LAMP cycling, one inner primer hybridizes to the loop on the product and
initiates displacement DNA synthesis, yielding the original stem-loop DNA and a new stem-
loop DNA with a stem twice as long. The cycling reaction continues with accumulation of 10°
copies of target in less than an hour. The final products are stem-loop DNAs with several
inverted repeats of the target and cauliflower-like structures with multiple loops formed by
annealing between alternately inverted repeats of the target in the same strand.

LAMP method acquires three main features. Firstly, all reactions can be carried out under
isothermal conditions. Compared to conventional PCR and real-time PCR assays, expensive
equipment is not necessary to obtain a high level of precision, and there are fewer preparation
steps [2—4]. Secondly, the amplification efficiency is extremely high, and tremendous amount
of amplification products can be obtained [2, 5]. The third, the reaction, is highly specific [5,
6]. During the last 10 years, LAMP method has been widely used for nucleic acid analysis
because of its simplicity, rapidity, high efficiency, and outstanding specificity. This review
focuses attention on the applications of LAMP method in pathogenic microorganisms,
genetically modified ingredients, tumor detection, and embryo sex identification.

Application in Detecting of Pathogenic Microorganisms
Detection of Bacteria Pathogenic Microorganisms

With the rapid development of molecular biology techniques, the identification of pathogenic
microorganisms is no longer confined to the external morphology and physiological
characteristics test based on the elements, in particular the detection of the nucleic acid level.
Nucleic acid hybridization and polymerase chain reaction have been applied in pathogen
detection. However, there are some drawbacks such as false positives, the formation of primer
dimers. Apart from these, the repeated PCR experiments cannot be avoided during the diagnoses
of multiplex pathogenic microorganisms. LAMP method has been used to detect various
pathogenic microorganisms with simple, rapid, and cost-effective features in recent years.

LAMP method was first used to detect stxA, in Escherichia coli O157:H7 cells [7]. The
mild permeabilization conditions and low isothermal temperature used in the in situ LAMP
method caused less cell damage than in situ PCR. Higher-contrast images were obtained
with this method than with in situ PCR.

Actinobacillus actinomycetemcomitans has been implicated in the etiology of aggressive
periodontitis, and the LAMP assay was used for the rapid detection of A. actino-
mycetemcomitans in clinical specimens [8]. In addition, Iwamoto et al. [9] used the LAMP
technology to specific detection of Mycobacterium tuberculosis complex, Mycobacterium
avium, and Mycobacterium intracellulure. LAMP has also been successfully used for
specific detection of pathogenic microorganisms such as Streptococcus pneumoniae [10],
Edwardsiella tarda [11], Edwardsiella ictaluri [12], methicillin-resistant Staphylococcus
aureus [13], and Bacillus anthracis [14].

Detection of the Virus Pathogenic Microorganisms

Various biochemical and serological tests, polymerase chain reaction, and probe-based
nucleic acid detection have become increasingly popular in virus diseases diagnosis.
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However, the time and expertise required for such diagnoses make these methods difficult
to adopt under production conditions [15]. LAMP method can rapidly amplify the target
sequence under isothermal conditions with good sensitivity and specificity and has been
widely used in detection and diagnosis of DNA and RNA virus.

Up to now, there are many reports about LAMP method for detecting DNA virus. Fukuta
et al. [16] applied LAMP method to detect tomato yellow leaf curl virus DNA. The
detection sensitivity is 100 times higher than the PCR. Qu et al. [17] adopted LAMP
method to diagnose porcine parvovirus (PPV). Their results demonstrated that the LAMP
assay could be well-applied to laboratories, as a portable device and valuable tool for
differential diagnosis of PPV in the countryside. Thira et al. [18, 19] established LAMP
method to detect human herpes virus 6. It can be applied directly in human serum HSV-6
type without the need for DNA extraction. LAMP technology was also successfully applied
to detect the human herpes virus-7 [20], herpes simplex virus and varicella-zoster virus
[21], and human influenza A virus HI-H3 [22].

LAMP has also been applied successfully for RNA virus detection with high efficiency
by directly adding the reverse transcriptase to the reaction mixture, which is termed the
reverse transcription LAMP (RT-LAMP) [23]. Fukuta et al. [24] first reported that the
Japanese yam mosaic virus from the infected plants RNA could be directly detected by RT-
LAMP. Imai et al. [25, 26] developed a rapid and sensitive detection of highly pathogenic
H5N1 avian influenza virus through RT-LAMP method. This method is more sensitive and
specific than conventional RT-PCR method. Kiatpathomchai et al. [27] developed a RT-
LAMP method for detecting Taura syndrome virus (TSV) which is a causative agent of
Penaeus vannamei. The nucleic acids of other shrimp pathogens (yellow head virus and
white spot syndrome) were not amplified by this RT-LAMP system. The detection of TSV
using RT-LAMP was ten times more sensitive than that of RT-PCR.

Detection of Fungi Microorganisms

The LAMP method has the advantage of speed and simplicity in detection of fungi
microorganisms compared with the classic diagnostic methods such as the histopathological
test and biological material culture. For instance, Endo et al. [28] and Tatibana et al. [29]
successively used LAMP method to succeed in detecting the presence of the thermo-
dependent dimorphic fungus Paracoccidioides brasiliensis.

Detection of Pathogenic Parasites

Protozoan parasites, common but important pathogens, are seriously harmful to human,
animals, and fish, which severely endanger human health and the development of animal
husbandry and aquaculture. LAMP-based technical characteristics and its detection of
protozoan parasites have also been widely used, such as Trypanosoma [30-32],
Plasmodium [33], Babesia [34, 35], Cryptosporidium [36], and Tetracapsuloides
bryosalmonae in aquatic animals [37].

Detection of Mycoplasma
Mycoplasma infection can lead to a variety of infectious diseases. Laboratory testing
methods such as Mycoplasma culture, antigen detection, and serological methods are

generally adopted during clinical diagnosis of Mycoplasma infection. These detection
methods are time-consuming and expensive. Therefore, Saito et al. [38] developed a LAMP

@ Springer



848 Appl Biochem Biotechnol (2011) 163:845-850

assay for the rapid detection of Mycoplasma pneumoniae, and no cross-reactivity was
observed for other Mycoplasma species or respiratory bacterial species. It may be applied in
the routine diagnosis of M. pneumoniae infection in the clinical laboratory. And Kawai et
al. [39] developed a LAMP method to detect Chlamydophila pneumoniae infection. This
assay exclusively amplified C. pneumoniae sequences, and no cross-reactivity was
observed for other Chlamydia species. The detection limit for this assay was found to be
ten elementary bodies in 25 min, as observed in a real-time turbidimeter and electrophoresis
analysis. Among nasopharyngeal swab specimens from 120 patients with acute respiratory
tract infections and 40 healthy individuals, the LAMP results showed total agreement with
the results of real-time PCR assays.

Application in Detecting Genetically Modified Ingredients

Many detection methods have been developed and extensively used to detect genetically
modified organisms (GMOs) based on the LAMP reaction. Cauliflower mosaic virus 35S
promoter gene, a widespread genetic element, was amplified by a set of LAMP primers
[40]. With this technique, GMO content ranging from 0.5% to 5% was found in Roundup
Ready soybean. Lee et al. [41] applied the LAMP method to amplify GMO-related DNA
sequences. Results showed that detection of 0.01% GMO in equivalent background DNA
was possible, and dilutions of template suggested that detection from single copies of the
template may be possible using LAMP. Guan et al. [42] reported one optimized visual
LAMP method for the detection of exogenous DNA targets from two GM soybean events.
This isothermal amplification could be performed within 40 min without PCR equipment,
and the derived LAMP products could be directly observed by naked eye employing SYBR
Green I dye instead of conventional gel electrophoresis analysis. The limits of detection of
these established visual LAMP assays were about four copies of haploid soybean genomic
DNA and which were much higher than those of reported conventional PCR assays.

Application in Embryo Sex Identification

LAMP method has also been successfully applied in identification of embryo sex.
Hirayama et al. [43] developed a rapid sexing method for bovine pre-implantation embryos
using LAMP. The results indicated that LAMP-based embryo sex identification accurately
determined gender and are suitable for field application. Hirayama et al. [44] further
identified a Y chromosome-specific sequence in water buffalo to establish an efficient
procedure for embryo sexing by LAMP. The LAMP reaction required only about 45 min,
and the total time for embryo sex identification was about 1 h including DNA extraction.

Application in Tumor Detection

Tailor-made surgeries for patients with tumor have been under consideration on the basis of
the development of new approaches for minor metastatic foci of malignant tumors.
Accurate and reliable methods to detect metastases in biopsy specimens with certain
rapidity are essential for the performance of these surgeries. Horibe et al. [45] developed a
rapid and practical method to detect metastasis in specimens from patients with gastric
carcinoma using RT-LAMP to detect cytokeratin 19 (CK19) mRNA. The agreement rate of

@ Springer



Appl Biochem Biotechnol (2011) 163:845-850 849

CK19 expression detection by RT-LAMP and RT-PCR analysis was 31 out of 32 (97%).
The RT-LAMP technique showed similar sensitivity to detect metastases as nested RT-PCR
assay, with a rapidity comparable to that of intraoperative histopathological examination
with frozen sectioning and hematoxylin and eosin staining.

Conclusions and Future Perspectives

LAMP method is a powerful innovative gene amplification technique emerging as a simple
rapid diagnostic tool for early detection and identification of microbial diseases.
Considering the advantages of rapid amplification, simple operation, and easy detection,
LAMP has potential applications for clinical diagnosis as well as surveillance of infectious
diseases in developing countries without requiring sophisticated equipment or skilled
personnel. During the last 10 years, this method has been successfully applied in molecular
detection and diagnostics for the detection of bacterial, viral, fungal, and parasitic diseases
in both animals and plants.

In conclusion, LAMP method has been adopted in disease diagnosis, embryo sex
identification, and genetically modified detection due to its simplicity, rapidity, high
efficiency, and outstanding specificity. This method will be widely applied in clinical
diagnostics, environmental monitoring, food safety, and health fields with a broader
development prospects in the future.

Acknowledgments The authors gratefully acknowledge Miss Shirley Wong for the critical reading of the
manuscript. This study was financially supported by the Shandong Science and Technology Development
Project of People’s Republic of China (2009GG10009001).

References

. Notomi, T., Okayama, H., & Masubuchi, H. (2000). Nucleic Acids Research, 28, ¢63.

. Ushikubo, H. (2004). Uirusu, 54, 107-112.

. Hara-Kudo, Y., Yoshino, M., Kojima, T., & Ikedo, M. (2005). FEMS Microbiology Letters, 253, 155-161.

. Hara-Kudo, Y., Nemoto, J., Ohtsuka, K., Segawa, Y., Takatori, K., Kojima, T., et al. (2007). Journal of

Medical Microbiology, 56, 398—406.

5. Yamazaki, W., Taguchi, M., Ishibashi, M., Kitazato, M., Nukina, M., Misawa, N., et al. (2008). Journal
of Medical Microbiology, 57, 444—451.

6. Yamazaki, W., Taguchi, M., Kawai, T., Kawatsu, K., Sakata, J., Inoue, K., et al. (2009). Applied and
Environmental Microbiology, 75, 1597-1603.

7. Maruyama, F., Kenzaka, T., Yamaguchi, N., Tani, K., & Nasu, M. (2003). Applied and Environmental
Microbiology, 69, 5023-5028.

8. Osawa, R., Yoshida, A., Masakiyo, Y., Nagashima, S., Ansai, T., Watari, H., et al. (2007). Oral
Microbiology and Immunology, 22, 252-259.

9. Iwamoto, T., Sonobe, T., & Hayashi, K. (2003). Journal of Clinical Microbiology, 41, 2616-2622.

10. Seki, M., Yamashita, Y., Torigoe, H., Tsuda, H., Sato, S., & Maeno, M. (2005). Journal of Clinical
Microbiology, 43, 1581-1586.

11. Savan, R., Igarashi, A., Matsuoka, S., & Sakai, M. (2004). Applied and Environmental Microbiology, 70,
621-624.

12. Yeh, H. Y., Shoesnaker, C. A., & Klesiue, P. H. (2005). Journal of Microbiological Methods, 63, 36—44.

13. Misawa, Y., Yoshida, A., Saito, R., Yoshida, H., Okuzumi, K., Ito, N., et al. (2007). Journal of Infection
and Chemotherapy, 13, 134-140.

14. Qiao, Y. M., Guo, Y. C., Zhang, X. E., Zhou, Y. F., Zhang, Z. P., Wei, H. P., et al. (2007). Biotechnology

Letters, 29, 1939-1946.

Do —

@ Springer



850 Appl Biochem Biotechnol (2011) 163:845-850

15. Savan, R., Kono, T., Itami, T., & Sakai, M. (2005). Journal of Fish Diseases, 28, 573-581.

16. Fukuta, S., Kato, S., Yoshida, K., Mizukami, Y., Ishida, A., Ueda, J., et al. (2003). Journal of Virological
Methods, 12, 35-40.

17. Qu, G. G., Fu, S. J., Shen, N., Wang, J. L., Xiao, Y. Q., Guan, Y., et al. (2010). Journal of Applied
Animal Research, 37, 113—116.

18. Thira, M., Akimoto, S., Miyake, F., Fujita, A., Sugata, K., Suga, S., et al. (2007). Journal of Clinical
Virology, 39, 22-26.

19. Thira, M., Yoshikawa, T., Enomoto, Y., Akimoto, S., Ohashi, M., Suga, S., et al. (2004). Journal of
Clinical Microbiology, 42, 140-145.

20. Yoshikawa, T., Thira, M., & Akimoto, S. (2004). Journal of Clinical Microbiology, 42, 1348—1352.

21. Kaneko, H., Iida, T., Aoki, K., Ohno, S., & Suzutani, T. (2005). Journal of Clinical Microbiology, 43,
3290-3296.

22. Poon, L. L., Leung, C. S., Chan, K. H., Lee, J. H., Yuen, K. Y., Guan, Y., et al. (2005). Journal of
Clinical Microbiology, 43, 427-430.

23. Chen, Q., Li, J., Fang, X. E., & Xiong, W. (2009). Intervirology, 52, 86-91.

24. Fukuta, S., Iida, T., Mizukami, Y., Ishida, A., Ueda, J., Kanbe, M., et al. (2003). Archives of Virology,
148, 1713-1720.

25. Imai, M., Ninomiya, A., Minekawa, H., Notomi, T., Ishizaki, T., Tashiro, M., et al. (2006). Vaccine, 24,
6679-6682.

26. Imai, M., Ninomiya, A., Minekawa, H., Notomi, T., Ishizaki, T., Van-Tu, P., et al. (2007). Journal of
Virological Methods, 141, 173-180.

27. Kiatpathomchai, W., Jareonram, W., Jitrapakdee, S., & Flegel, T. W. (2007). Journal of Virological
Methods, 146, 125-128.

28. Endo, S., Komori, T., Ricci, G., Sano, A., Yokoyama, K., Ohori, A., et al. (2004). FEMS Microbiology
Letters, 234, 93-97.

29. Tatibana, B. T., Sano, A., Uno, J., Kamei, K., Igarashi, T., Mikami, Y., et al. (2009). Journal of Clinical
Laboratory Analysis, 23, 139—143.

30. Kuboki, N., Inoue, N., Sakurai, T., Di Cello, F., Grab, D. J., Suzuki, H., et al. (2003). Journal of Clinical
Microbiology, 41, 5517-5524.

31. Thekisoe, O. M., Inoue, N., Kuboki, N., Tuntasuvan, D., Bunnoy, W., Borisutsuwan, S., et al. (2005).
Veterinary Parasitology, 130, 327-330.

32. Thekisoe, O. M., Kuboki, N., Nambota, A., Fujisaki, K., Sugimoto, C., Igarashi, L., et al. (2007). Acta
Tropica, 102, 182—-189.

33. Han, E. T., Watanabe, R., Sattabongkot, J., Khuntirat, B., Sirichaisinthop, J., Iriko, H., et al. (2007).
Journal of Clinical Microbiology, 45, 2521-2528.

34. Alhassan, A., Thekisoe, O. M., Yokoyama, N., Inoue, N., Motloang, M. Y., Mbati, P. A., et al. (2007).
Veterinary Parasitology, 143, 155-160.

35. lkadai, H., Tanaka, H., Shibahara, N., Matsuu, A., Uechi, M., Itoh, N., et al. (2004). Journal of Clinical
Microbiology, 42, 2465-2469.

36. Karanis, P., Thekisoe, O., Kiouptsi, K., Ongerth, J., Igarashi, 1., & Inoue, N. (2007). Applied and
Environmental Microbiology, 73, 5660-5662.

37. El-Matbouli, M., & Soliman, H. (2005). Journal of Fish Diseases, 28, 549—-557.

38. Saito, R., Misawa, Y., Moriya, K., Koike, K., Ubukata, K., & Okamura, N. (2005). Journal of Medical
Microbiology, 54, 1037-1041.

39. Kawai, Y., Miyashita, N., Kishi, F., Tabuchi, M., Oda, K., Yamaguchi, T., et al. (2009). European
Journal of Clinical Microbiology & Infectious Diseases, 28, 801-805.

40. Fukuta, S., Mizukami, Y., Ishida, A., Ueda, J., Hasegawa, M., Hayashi, 1., et al. (2004). European Food
Research and Technology, 218, 496-500.

41. Lee, D., La Mura, M., Allnutt, T. R., & Powell, W. (2009). BMC Biotechnology, 9, 7.

42. Guan, X. Y., Guo, J. C,, Shen, P, Yang, L. T., & Zhang, D. B. (2010). Food Analytical Methods.
doi:10.1007/s12161-010-9132-x.

43. Hirayama, H., Kageyama, S., Moriyasu, S., Sawai, K., Onoe, S., Takahashi, Y., et al. (2004).
Theriogenology, 62, 887-896.

44. Hirayama, H., Kageyama, S., Takahashi, Y., Moriyasu, S., Sawai, K., Onoe, S., et al. (2006).
Theriogenology, 66, 1249-1256.

45. Horibe, D., Ochiai, T., Shimada, H., Tomonaga, T., Nomura, F., Gun, M., et al. (2006). International
Journal of Cancer, 120, 1063—1069.

@ Springer


http://dx.doi.org/10.1007/s12161-010-9132-x

	Applications of Loop-Mediated Isothermal DNA Amplification
	Abstract
	Introduction
	Application in Detecting of Pathogenic Microorganisms
	Detection of Bacteria Pathogenic Microorganisms
	Detection of the Virus Pathogenic Microorganisms
	Detection of Fungi Microorganisms
	Detection of Pathogenic Parasites
	Detection of Mycoplasma

	Application in Detecting Genetically Modified Ingredients
	Application in Embryo Sex Identification
	Application in Tumor Detection
	Conclusions and Future Perspectives
	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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


