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Abstract−Adenylate cyclase (EC 4.6.1.1) catalyzes the formation of cyclic adenosine-3',5'-monophosphate (cAMP)

from adenosine 5'-triphosphate (ATP). Recombinant Escherichia coli overexpressing adenylate cyclase was used to

synthesize cAMP by whole cell catalysis. Some key parameters were examined during the catalytic process, while pH

and Mg2+ were found to influence cAMP production significantly. Optimum conditions were pH 8.52 and 30 oC with

77.2 mM Mg2+ in 100 mM Tris-HCl buffer, including 0.25% Triton-X 100 as detergent and 30 mM pyruvate sodium

as enzyme activator for 6 h. 14.93 g/L of cAMP was produced with a conversion rate of 91.5%. The current work provided

a potential way for the industrial production of cAMP.
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INTRODUCTION

Since the discovery of cyclic adenosine-3',5'-monophosphate

(cAMP) by Sutherland [1] and the pioneering studies scientists there-

after [2-4], biological, physiological and biochemical properties of

cAMP have been extensively investigated. This nucleotide is widely

distributed in all kinds of organisms, and is well known as the second

messenger in cellular signal transduction and an important bioac-

tive substance for numerous biological activities in both prokaryotes

and eukaryotes [5,6]. cAMP is also known to act as a mediator of

hormone-induced changes in the metabolism of vertebrates and in-

vertebrates [7]. Due to its multiple physiological functions, cAMP

has various pharmaceutical effects, including relaxing smooth mus-

cle, expanding blood vessels, improving liver function, and pro-

moting nerve regeneration [8]. Medical application of derivatives

of cAMP has also been developed as cardiotonic agents [9] in re-

cent years. cAMP has attracted considerable attention due to its wide

clinical applications in treating hyperthyreosis, hepatopathy, as well

as cardiovascular, nervous system, cholic, and respiratory diseases

[10,11]. Improved production of cAMP would therefore be desirable.

cAMP can be obtained from diverse manufacturing routes from

chemical synthesis to fermentation. The chemical synthesis has to

go through multiple complicated steps with low yield and high cost

which was not commercially available. Several kinds of microor-

ganisms have been discovered to accumulate cAMP to different

extent by fermentation, including Brevibacterium liquefaciens, Micro-

bacterium sp., Corynebacterium murisepticum and Arthrobacter

sp., etc [12-14]. However, the route of cAMP synthesis has been

long and the metabolism within the microorganisms is complicated,

which are obstacles hindering the improvement of cAMP produc-

tion. So far as concerned, no whole cell catalysis method has been

reported to produce cAMP.

Whole-cell catalysis method has attracted more and more attention

since it is simple and economical [15,16]. Compared to the lengthy

and laborious procedure during the preparation of purified enzymes,

whole-cell catalysts can be prepared easily and inexpensively [17,

18]. In addition to streamlined operation, whole cell catalysis in some

cases could reduce the risk of enzyme inactivation during the pro-

cess of enzyme purification and catalysis [19,20]. Thus, the use of

whole-cell catalysts can prolong the use of the biocatalyst [21], which

is more favorable in industrial applications.

Recently, we reported the isolation and expression of a bacterial

adenylate cyclase that can be applied to the synthesis of cAMP from

ATP [22]. In this study, we have developed a whole-cell catalysis

system to synthesize cAMP based on the activity of the recombinant

adenylate cyclase. Since the substrate and product (ATP and cAMP)

are small molecules permeable to the cell membranes [23], whole-

cell catalysis might be cost-effective to avoid enzyme isolation and

purification steps. In addition, it is known that whole-cell catalysis

often supplies a stable and protective environment for enzyme reac-

tions [24]. To use Escherichia coli cells overexpressing the recom-

binant adenylate cyclase as the whole cell catalyst, we determined

the relevant conditions giving the maximum whole-cell catalytic

activity and cAMP yield.

MATERIALS AND METHODS

1.Microorganism, Vector and Media

Adenylate cyclase gene (Genbank ID: JN415128) had been cloned

from Arthrobacter A302 (CGMCC No. 3584, preserved in our labo-

ratory) in previous study [22]. pET-28a vector was used as an ex-

pression vector and E. coli Rosetta strain was used as a host for protein

overexpression. The recombinant E. coli, named E. coli Rosetta
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(pET28a-cya) (CGMCC No. 4706), was maintained on Luria-Ber-

tani (LB) agar slants with yeast extract 5 g/L, tryptone 10.0 g/L,

NaCl 10.0g/L, and agar 20g/L. Kanamycin (50µg/ml) and chloram-

phenicol (34µg/ml) were added for plasmid maintenance.

2. Induction of Recombinant E. coli by Lactose

For inoculation, the strain, E. coli Rosetta (pET28a-cya), was

transferred from a slant culture into an Erlenmeyer flask (500mL)

containing 30mL seed medium, which was the same as above slant

medium without agar. The seed cultures were grown at 37 oC on a

rotary shaker incubator (Shanghai Zhicheng, China) at 200 rpm for

12 h. Inoculum (3%, v/v) was transferred into an Erlenmeyer flask

(1L) containing 100mL of LB medium. For the induction of recom-

binant adenylate cyclase expression, different concentrations of lac-

tose were added and the cultures were reduced to 30 oC when the

OD600 reached 0.8. The induction of IPTG (0.8mM) was carried

out as a control to compare the induction effect.

3. Biocatalysis of cAMP from ATP

Biocatalysis of cAMP was carried out by whole cells of E. coli

Rosetta (pET28a-cya) from batch cultures. Recombinant cells were

harvested at the end of exponential phase of growth by centrifuga-

tion at 8,000 rpm, 10min, 4 oC (Eppendorf, Germany) and washed

twice with 100mM Tris-HCl buffer (pH 8.0). The biocatalytic reac-

tion mixture contained 100mM Tris-HCl buffer (pH 8.0), 0.3 g of

wet cells, ATP, MgCl2, nonionic surfactant Triton X-100 and pyru-

vate. The reactions were performed at 30 oC in 250-mL flasks con-

taining 10mL of the reaction mixture on a rotary shaker at 200 rpm

for 6 h. All measurements were made in triplicate and the error bar

indicated the standard deviation of those measurements.

4. Analytical Method

Adenylate cyclase assay was conducted according to the method

described by Bellalou [25] with a few modifications. The assay mix-

ture was comprised of 100mM Tris-HCl buffer (pH 8.0), 5mM

ATP, 50mM MgCl2, and the purified adenylate cyclase to a final

volume of 1mL. The reaction mixture was incubated at 30 oC for

15min and then reaction was stopped by increasing the tempera-

ture to 95 oC for 5min. One unit of adenylate cyclase was defined

as the amount of enzyme required to produce 1µmol cAMP per min.

The protein concentration was measured by the Bradford method

[26]. All tests were in triplicate and the mean value was calculated.

The concentration of cAMP in the reaction mixture was meas-

ured by high performance liquid chromatography (HPLC) with an

Agilent 1200 system with a UV detector and a C-18 column (4.6

mm×300mm, 5µm). Methanol and 0.05mol/L dipotassium phos-

phate solution (25 : 75, v/v) was used as the mobile phase at a flow

rate of 0.8mL/min. The detection wavelength was 254 nm.

5. Experimental Design and Data Analysis

The influences of five factors on cAMP production were inves-

tigated using a fractional factorial design. Those factors, which were

significant at 95% of confidence level (P<0.05) from the regression

analysis, were considered to have greater effects on cAMP produc-

tion and were further optimized by a central composite design. The

statistical software package STATISTICA 6.0 was used for the ex-

perimental design and regression analysis. To validate the optimi-

zation of the medium composition, three tests were carried out under

the optimized conditions and the results analyzed statistically.

RESULTS AND DISCUSSION

1. Induction of the Recombinant Rosetta (pET28a-cya)

To save cost and meet the requirements of industrial production,

lactose was used for the induction of the whole cell recombinant

adenylate cycalse overexpression instead of IPTG. Different con-

centrations (0.1-1.2%, w/v) of lactose had little influence on cell

growth (Fig. 1(a)), but the proportion of target protein was not the

same. The results showed that 0.9% lactose was the most benefi-

cial to the expression of the recombinant enzyme (0.255mg/mL of

recombinant adenylate cyclase constituting 10.2% of the total protein).

According to the time course shown in Fig. 1(b), the specific activ-

ity of adenylate cyclase in whole cells reached the maximum at 20h

(0.034U/mg protein), which was almost consistent with that of IPTG

induction (0.031U/mg protein). The cells were harvested at 20 h

cultivation and used for subsequent experiments.

2. The Effect of pH Control on the Catalytic Process

As shown in Fig. 2, the reaction profile was totally different with

or without pH control. When the pH of reaction mixture was con-

trolled by the reaction buffer alone, the pH value dropped sharply

in the previous 2 hours, especially the beginning 2 h of the catalytic

process and 5.16 g/L of cAMP was obtained after 6 h with the

Fig. 1. (a) The effect of different concentrations of lactose on the cell growth and expression of recombinant adenylate cyclase after the
induction of 16 h; (b) The time course with 0.9% of lactose induction. All measures were in triplicate samples and the error bar
indicates the standard deviation of those measures.
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molar conversion rate of 31.6% from 30 g/L of ATP. However, 9.15

g/L of cAMP was yielded within the same time when the pH was

maintained at 8.0 by feeding 1N NaOH.

The transformation from ATP to cAMP catalyzed by adenylate

cyclase was a dephosphorylation process. The pH of reaction mix-

ture dropped quickly at the initial phase due to the rapid reaction

rate and the resultant diphosphate. The reaction buffer, 100mM

Tris-HCl (pH 8.0), has a certain capacity to maintain the pH within

a range. However, the recombinant adenylate cyclase was sensitive

to a slight pH decrease when pH was below 8.0 (data not shown).

The results indicated that the control of pH during the catalytic pro-

cess was necessary and the strategy was used for subsequent exper-

iments.

3. Different Concentrations of Substrate on the Production

of cAMP

With the addition of nonionic surfactant Triton X-100, the cyto-

plasmic membrane was partially solubilized and the cells were per-

meabilized for molecules, such as ATP and cAMP, to penetrate [29].

So the substrate uptake and product release were no longer obsta-

cles in this whole cell catalysis system. In the range of 5-30 g/L of

ATP, the yield of cAMP increased with the concentration of the sub-

strate (shown in Fig. 3). However, suppression of the substrate ap-

peared when the concentration of ATP exceeded 30 g/L, which was

five times of the pure enzyme (the pure enzyme would be restrained

when the concentration of ATP surpassed 6g/L). Therefore, the limit

concentration of substrate in batch reaction is 30 g/L.

4. Screening Key Factors with Fractional Factorial Design

Since the production of cAMP by whole cell catalysis system

was first reported here, it is necessary to screen key factors that sig-

nificantly influenced the cAMP production. The fractional factorial

design has proven to be an effective tool for screening important

medium components [27]. The levels of the key factors tested in

the experimental design are shown in Table 1. In our previous study

[22], adenylate cyclase exhibited sensitivity to pH and temperature

change. Mg2+ and pyruvate were the cofactor and activator to this

catalyst, respectively. The concentration of Triton X-100 determined

the permeability of whole cell catalyst. The experimental results

with the fractional factorial design are shown in Table 2. According

to the analysis by Statistica 6.0, a linear regression equation could

be obtained from the regression results of fractional factorial experi-

ments:

Y=9.90+1.03X1+0.16X2+2.87X3+0.02X4−0.07X5 (1)

The regression coefficients and determination coefficient (R2)

for the linear regression model of cAMP production are presented

in Table 3. The model was significant (P<0.05) and R2=0.9850,

indicating that 98.50% of the variability in the response could be

Table 1. Levels of the factors tested in the experimental design

Factor
Levels

−1 0 +1

pH (X1) 07.5 08.0 008.5

Temperature (X2, 
oC) 25 30 035

Mg2+ (X3, mM) 20 60 100

Triton X-100 (X4, %) 00.1 00.25 000.4

Pyruvate (X5, mM) 10 30 050

Table 2. Experimental design and results of the 25-2 design

Run X1 X2 X3 X4 X5

cAMP g/L

Observed Predicted

01 −1 −1 −1 −1 −1 05.62 05.79

02 −1 −1 −1 −1 −1 07.77 07.96

03 −1 −1 −1 −1 −1 06.46 06.07

04 −1 −1 −1 −1 −1 08.72 08.31

05 −1 −1 −1 −1 −1 12.05 11.66

06 −1 −1 −1 −1 −1 13.96 13.55

07 −1 −1 −1 −1 −1 11.77 11.94

08 −1 −1 −1 −1 −1 13.72 13.91

09 −0 −0 −0 −0 −0 09.51 09.90

10 −0 −0 −0 −0 −0 09.43 09.90

Fig. 2. Time course of ATP consumption (square), cAMP produc-
tion (circle) and pH fluctuation (rhombus) with (filled sym-
bols) and without (hollow symbols) pH control during the
catalytic process.

Fig. 3. The effect of substrate concentration on the production of
cAMP.



916 N. Li et al.

April, 2013

explained by the model. Statistical analysis of the data showed that

in the concentration range tested, only Mg2+ and pH influenced cAMP

production significantly, which had confidence levels above 95%

(P<0.05) and were considered to influence cAMP production sig-

nificantly. The other factors had confidence levels below 95% and

hence were considered insignificant.

Mg2+ was considered as a cofactor to adenylate cyclase during

the transformation from ATP to cAMP. In our previous study, diva-

lent magnesium exhibited indispensable effect to the activity of re-

combinant adenylate cyclase (data not shown). pH was another key

factor that influenced the production of cAMP to a large extent. The

effects of pH and Mg2+ were investigated for further optimization

to achieve a maximum response.

5.Optimization of pH and Mg2+ Content Using Central Com-

posite Design

Following screening, response surface methodology using central

composite design was employed to determine the optimal levels of

the two selected factors that affected cAMP production. The respec-

tive low and high levels with the coded levels for the factors are

defined in Table 4. The concentrations of the other factors were fixed

at zero level as shown in Table 1. Experimental design and results

are shown in Table 5. The experimental results were fitted with the

second-order polynomial:

Y=12.56+2.55A+1.84B−1.02A2
−0.90B2 (2)

where Y is the predicted response, and A and B are coded values

of Mg2+ and pH, respectively.

The analysis of variance (ANOVA) of the regression model given

in Table 6 gives a satisfactory value for the coefficient of determi-

nation R2, which was calculated as 0.9731, indicating that 97.31%

of variability in the response could be explained by the model. Nor-

mally, a regression model having an R2-value higher than 0.9 is con-

sidered as having a very high correlation [28]. The present R2-value,

therefore, reflected a very good fit between the observed and pre-

dicted responses, and it was considered reasonable to use the regres-

sion model to analyze trends of the responses.

The 3D response surface plots described by the regression model

were drawn to illustrate the effects of the independent variables and

interactive effects of each independent variable on the response vari-

ables. The response surface based on the independent variables pH

Table 3. Regression results of the fractional factorial design

Factor Coefficient T-value P-value

Intercept −9.901000 58.77161 0.000001*

X1 −1.033750 −5.48844 0.005369*

X2 −0.158750 −0.84284 0.446765*

X3 −2.866250 15.21765 0.000109*

X4 −0.018750 −0.09955 0.925492*

X5 −0.068750 −0.36501 0.733584*

R2=0.9850

*Statistically significant at 95% confidence level

Table 4. Levels of factors tested in the central composite design

Factor
Levels

−1.41 −1 0 +1 +1.41

pH (A) 7.3 7.5 8.0 8.5 008.7

Mg2+ (B, mM) 3.6 20 60 100 116.4

Table 5. Experimental design and results of the central compos-
ite design

Run pH Mg2+
cAMP g/L

Observed Predicted

01 −1 −1 06.06 05.20

02 −1 −1 10.86 10.98

03 −1 −1 12.91 12.40

04 −1 −1 13.52 13.99

05 −1.41 −0 06.46 06.91

06 −1.41 −0 14.18 14.13

07 −0 −1.41 07.27 08.16

08 −0 −1.41 13.87 13.37

09 −0 −0 12.60 12.56

10 −0 −0 12.52 12.56

Table 6. Regression results of the central composite design

Factor Coefficient P-value

Intercept 12.56000 0.000023*

A 02.55347 0.000787*

A2
−1.02188 0.050189*

B 01.84298 0.002707*

B2
−0.89688 0.071703*

AB −1.04750 0.056466*

R2=0.9731

*Statistically significant at 95% confidence level

Fig. 4. Response surface plot of the combined effects of pH and Mg2+

on cAMP production by whole cell catalysis in recombinant
E. coli.
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and Mg2+ is shown in Fig. 4. It is clear that cAMP production was

sensitive to even small changes of pH and Mg2+ concentration. The

model predicted that the optimal values of test factors in the coded

units were A=1.03, B=0.43. At these values, the values of pH and

Mg2+ were 8.52 and 77.2mM, respectively. The maximum pre-

dicted value of cAMP concentration was 14.27 g/L.

6. Experimental Validation of the Optimized Condition

To confirm the model adequacy, three additional experiments

were performed in shake flasks in the optimum conditions. The mean

value of cAMP concentration was 14.93 g/L, which was close to

the predicted value (14.27 g/L). Hence, the model was proved to be

adequate. The final medium composition optimized with response

surface methodology was (g/L): 30 g/L ATP, 30 g/L wet cells, pH

8.52, 30 oC, 77.2mM Mg2+, 0.25% Triton X-100 and 30mM pyru-

vate.

CONCLUSION

A gene encoding adenylate cyclase from Arthrobacter was over-

expressed in E. coli Rosetta by the induction of inexpensive lactose

instead of IPTG. The recombinant E. coli Rosetta (pET28a-cya) was

permeabilized by the addition of nonionic detergent Triton-X 100

and used as whole cell catalyst for the biotransformation from ATP

to cAMP. Some key parameters of the biocatalytic process, includ-

ing pH, temperature, Mg2+, Triton X-100 and pyruvate, were opti-

mized. Utilizing whole cell catalysis instead of conventional enzyme

catalysis is a potential way to reduce the cost for the preparation of

biocatalyst and to increase the substrate tolerance. Compared to fer-

mentation, the production of cAMP by whole cell catalysis greatly

shortened the production cycle from 66 h to 6 h and improved the

productivity from 0.17 g/h to 2.49 g/h. The current work provided

a potential way for the industrial production of cAMP.

ACKNOWLEDGEMENTS

This work was supported by the National Basic Research Pro-

gram of China (973) (Grant No.: 2012CB721100); the National Sci-

ence Fund for Distinguished Young Scholars (Grant No.: 21025625);

Program for New Century Excellent Talents at the University of

Ministry of Education of China (Grant No.: NCET-11-0987); the

Research Fund for the Doctoral Program of Higher Education of

China (RFDP) (Grant No.: 20113221120007); Program for Chang-

jiang Scholars and Innovative Research Team in the University (Grant

No.: IRT1066); The Natural Science Foundation of Jiangsu Prov-

ince (Grant No.: BK2011031) and the Priority Academic Program

from Development of Jiangsu Higher Education Institutions.

REFERENCES

1. E.W. Sutherland and T.W. Rall, J. Am. Chem. Soc., 79, 3608 (1957).

2. M. J. Buettner, E. Spitz and H.V. Rickenberg, J. Bacteriol., 14, 1068

(1973).

3. R.S. Adelstein and D.R. Hathaway, Am. J. Cardiol., 44, 783 (1979).

4. S. Ando, H. Kametani, H. Osada, M. Iwamoto and N. Kimura, Brain

Res., 405, 371 (1987).

5. F. A. Antoni, Front. Neuroendocrin., 21, 103 (2000).

6. W. A. Sands and T. M. Palmer, Cell Signal., 20, 460 (2008).

7. P. M. Hoonekamp, Bone, 6, 37 (1985).

8. S. F. Tsai, C. Yang, S. C. Wang, J. S. Wang, J. S. Hwang and S. P.

Ho, Toxicol. Appl. Pharm., 194, 34 (2004).

9. T. Kawada, Y. Yoshida and S. Imai, Br. J. Pharmacol., 97, 371 (1989).

10. D. Hong and X.R. Peng, Chin. Pharmacol. Bull., 19, 940 (2003).

11. I. Mcphee, L. C.D. Gibson, J. Kewney, C. Darroch, P.A. Stevens

and D. Spinks, Biochem. Soc. Trans., 33, 1330 (2005).

12. M. Hirata and O. Hayaishi, Biochim. Biophys. Acta., 149, 1 (1976).

13. J. Ishiyama, Appl. Microbiol. Biotechnol., 34, 359 (1990).

14. X. C. Chen, H. Song, T. Fang, J. M. Cao, H. J. Ren, J. X. Bai, J.

Xiong, P.K. Ouyang and H. J. Ying, Bioresour. Technol., 101, 3159

(2010).

15. T. Ishige, K. Honda and S. Shimizu, Curr. Opin. Chem. Biol., 9, 174

(2005).

16. X. Wang, C.Q. Ma, X.W. Wang and P. Xu, J. Bacteriol., 189, 9030

(2007).

17. P. V. Iyer and L. Ananthanarayan, Process Biochem., 43, 1019

(2008).

18. A.A. Chakraborty, R. P. Phadke, F.A. Chaudhary, P. S. Shete, B. S.

Rao and K. D. Jasani, World J. Microbiol. Biotechnol., 21, 221

(2005).

19. J.W. Zhou, L. Huang, J. Z. Lian, J. Y. Sheng, J. Cai and Z.N. Xu,

Biotechnol. Lett., 32, 1481 (2010).

20. S. Gough, L. Dostal, A. Howe, M. Deshpande, M. Scher and J.N. P.

Rosazza, Process Biochem., 40, 2597 (2005).

21. K. Goldberg, K. Schroer, S. Lütz and A. Liese, Appl. Microbiol. Bio-

technol., 76, 237 (2007).

22. Y. He, N. Li, Y. Chen, X. C. Chen, J.X. Bai, J. L. Wu, J. J. Xie and

H. J. Ying, Appl. Microbiol. Biotechnol., DOI: 10.1007/s00253-012-

3890-x. PMID:22290647 (2012 Jan. 31).

23. R. R. Chen, Appl. Microbiol. Biotechnol., 74, 730 (2007).

24. C. C. C. R. de Carvalho, Biotechnol. Adv., 29, 75 (2011).

25. J. Bellalou, R. S. Sarfati and R. Predeleanu, Enzyme Microb. Tech-

nol., 10, 293 (1988).

26. M.M. Bradford, Anal. Biochem., 72, 248 (1976).

27. X.C. Chen, J.X. Bai, J.M. Cao, Z. J. Li, J. Xiong, L. Zhang, Y. Hong

and H. J. Ying, Bioresour. Technol., 100, 919 (2009).

28. Y. Li and J. Lu, J. Am. Soc. Brew. Chem., 63, 171 (2005).

29. C. A. Schnaitman, J. Bacteriol., 108, 545 (1971).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


