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ABSTRACT

The bacterium Zymomonas mobilis presents potential for sorbitol production when grown in culture medium
with high sugar concentration. Sorbitol is produced and accumulated in the periplasma of the bacterium to
protect the cellsfrom the harmful effects of high osmotic pressure that results from the action of invertase on
sucrose. The conversion of sucrose into glucose and fructose increases the osmolarity of the medium.
However, an excessive increase in the osmotic pressure may decrease the sorbitol production. In this work
Saccharomyces cerevisiae invertase was added two media containing sucrose 200 and 300 g.L*. Sorbitol
production in sucrose at 200 g.L* was 42.35 and 38.42 g.L, with and without the invertase treatment,
respectively. In the culture medium with 300 g.L* sucrose, production reached 60.4 g.L* and with invertase
treatment was 19.14 g.L . Theseresultsindicated that the excessiverisein osmotic pressureled to asignificant
decrease in sorbitol production by the Zymomonas mobilis bacterium in the sucrose medium treated with

invertase.
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INTRODUCTION

Sorbitol is apolyol with a sweet and refreshing flavor, and
can beused as sweetener, moisturizer, texturizer and softener in
the food industry. Other uses include vitamin C, sorbose,
glycerol propylene, plastics and resin production. Sorbitol can
be used in dietetic foods for diabetics because it is not insulin-
dependent (6,17).

World sorbitol production has been estimated to be more
than 500.000 ton per year, traditionally from glucose catalytic
hydrogenation using nickel as the catalyzer, at high pressures
and temperatures. After the catalytic hydrogenation process,
the sorbitol is collected and purified, making the process
expensive (6,8). However, other methods can be used to obtain
sorhital, such as the biotechnological process by fermentation.

The Zymomonas mobilis bacterium has been the target of
much research mainly because it presents potential for ethanol
and by-product production (including sorbitol, gluconic acid
and fructooligosaccharides) when the culture medium contains

high sugar concentrations (5,16,21). According to Bekers et al.
(2) and Sprenger (19), sorhitol production by Zymomonas
mobilis occurs by the glucose-fructose oxidoreductase enzyme
(GFOR) present in the bacterium periplasm that simultaneously
converts the glucose and fructose to glucono-6-lactone and
sorhitol, respectively. Silveiraand Jonas (17) reported in their
review that GFOR has a very important physiological function
for the bacterium, because the sorbitol produced isaccumul ated
by the microorganism to prevent the harmful effects caused by
high osmotic pressures of the cell when grown on high sugar
concentration in the fermentation medium.

Researchers have studied the effect of osmotic pressure on
the production and excretion of microbial metabolitesincluding
sorhital, ethanol, gluconic acid, glycerol. Liu et al. (13) studied
the effect of osmotic pressure on glycerol production by
Candida krusei, using glucose to raise the osmolarity of the
medium and detected that increasein osmotic pressure produced
anincreasein glycerol production by the microorganism. Wu et
al. (22) cultured Panax ginseng cellsin a culture medium with
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high osmotic pressure to produce saponin and concluded that
the high pressure of the culture medium decreased cell growth,
but increased secondary metabolite production by the cells.

The effect of osmo-induced stress on product formation by
Zymomonas mobiliswas studied by Bekerset al. (3). Theauthors
induced an increase in sorbitol production in the presence of
0.16M NaCl that wasinhibited at the highest salt concentration.
Lin et al. (12) used different glycerol concentrations in the
fermentation medium to cause an increase in osmolarity and
obtained negative effectsin cell growth and ethanol production
by Zymomonasmobhilis. Crittenden et al. (4); Leeetal. (11); Lee
et al. (10); Takeshige and Ouchi (20) also studied Zymomonas
mobilis and used yeast invertase in the fermentation medium
containing sucrose to promote sucrose hydrolysisinto glucose
plus fructose, consequently increasing the osmotic pressure of
the medium and ethanol production by Zymomonas mobilis.

Osmotic pressure is one of the preponderant factors in
sorhitol production by Zymomonas mobilis and the treatment
of the medium with invertase can causethiseffect, by increasing
the reducing sugar concentration in the fermentation medium.
The main objective of this study was to investigate sorhitol
production by Zymomonas mobilisin sucrose medium with and
without invertase treatment.

MATERIALSAND METHODS

Microorganism and preservation

The microorganism used in this study was the bacterium
Zymomonas mobilis ATCC 29191, preserved in medium
containing (in g. L'Y): 100 glucose; 10.0 yeast extract; 2.0
(NH4)-SOs4; 3.0 KH2 PO4; 0.3 Mg SO4.H;0O; 5.0 peptone; 0.2
FeSO.. After incubation for 24 hours at 30°C, the cultureswere
kept at 4°C and reactivated every 30 days.

Invertase

Invertase was extracted from baker’syeast, Saccharomyces
cerevisiae, according to Nepomuceno (16), kept in arefrigerator
at 4°C with an activity of 6400 U.g.

Fermentation and media

Medium | - sucroseat 200 g.L *of total reducing sugar (TRS);
medium |1 - sucroseat 200 g.L 2, treated with invertase; medium
[11-300g.L*sucroseof TRS; medium 1V - sucroseat 300g.L*
pre-treated with invertase. Medium preservation without
glucose was used for all the fermentation media. The sucrose
medium was treated with invertase for a period of three hours
with agitation at 28°C. The invertase ratio used was 1:50 mL
(ImL invertase and 50 mL fermentation medium).

Fermentations
Theexperimentswerecarried out in 250 mL Erlenmeyer flasks
with 50 mL of thel, I1, [11 or IV mediaat 30°C, static culture, for
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periodsof 12 and 36 hourswithinitial pH 6.0. Theinoculumwas
standardized at 0.2 g.L* for all the experiments. The process
was monitored by quantifying the biomass, sugar consumption,
and sorbitol and ethanol production. The experiments were
carried out in duplicate.

Analytical methods

Reducing sugars (RS) and total reducing sugars (TRS) were
quantified by the Somogy (18) and Nelson (15) method. Total
reducing sugars (TRS) were determined after acid hydrolysis
with HCI at 1IN according to Amorim (1). The biomass was
determined spectrophotometrically at A= 605 nm and related to
a calibration biomass curve. Sorbitol concentration was
quantified by high efficiency liquid chromatography (HPLC)
using an aminex HPX 87C column (300mm X 7.8 nm), at 55°C,
with water as eluent (1 mL/min) and arefraction index detector.
The ethanol contents were determined by the Kaye and Haag
method (9). The osmolarity was determined using osmometer
cryoscopy (Gonotec, Osmomat 30) and the osmoatic pressure
was determined according to Guyton and Hall (7). The results
were submitted to the Tukey test at the 5% level of significance.

RESULTSAND DISCUSSION

Sorbitol and ethanol production by Zymomonas mobilis in
sucrosemedium at 200g.L 1

The results of sorbitol and ethanol production by
Zymomonas mobilisin sucrose medium at 200 g.L* are shown
inTablel.

The results in Table 1 show that in medium | the highest
sorbitol production was 42.35 g.L%, with 190.91 g.L* sugar
consumption in the 36 h culture time and 1.18 g/L h* sorbitol
productivity. In medium 11, the fermentation process started
with 160.54 g.L 1 (RS), that were made available by hydrolysis
of the sucrose by invertase and the highest sorbitol production
was at 36 h, reaching 38.42 g.L! with 189.76 g.L* sugar
consumption and 1.05 g/L h* productivity.

The statistical analysis showed that sorbitol production in
sucrose media with and without treatment with invertase did
not present significant differencesinthe 12 or 36h culturetime,
indicating that the treatment with invertase did not alter sorbitol
production by Zymomonas mobilis.

Lee and Huang (10) studied sucrose mediaat 200 g.L* with
and without invertase treatment demonstrating that in the media
where the sucrose was not hydrolyzed previously, aproduction
of 24.30 g.L* of sorbitol was obtained inthe 24 culturetime, and
in the previously hydrolyzed medium sorbitol production
decreased to 15.70 g.L. According to the authors, previous
sucrose hydrolysis delayed the formation of some byproducts
by Zymomonas mobilis.

Takeshige and Ouchi (20) also reported the negative effect
of invertase on ethanol production in sugarcane molasses. They
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Table 1. Sugar consumption and ethanol, sorbitol and biomass production by Zymomonas mobilisin sucrose at 200 g.L (1) and
insucrose at 200 g.L * treated with invertase (I1); sucrose at 300 g.L2 (111) and in sucrose at 300 g.L " trated with invertase (1V).

Sugar Osmatic

Media Time(h) (RS(gL?) (TRS)(gL? Consumption Ethanol Sorhitol Biomass pressure

(gL (gL (9L (gL (mmHg)

[ 0 0.75 22990 0 0 0 0.20 14436.40
[ 12 131.17 176.66 53.25 14.18+08%  1957+3.66° 111
[ % 10.77 37.29 19091 54.88+0.88*  42.35+241° 207

Il 0 16054 22990 0 0 0 0.20 2234940
Il 12 180.78 189.76 4014 153+0.21° 8.39+0.18 044
Il % 29.85 49.80 180.01 49.01+1.96*  38.42+0.68" 183

1 0 331 335.64 0 0 0 0.20 2022640
[l 12 106.09 290.16 4548 2.65+ 0.59° 13.25+2.41° 065
[l % 87.32 157.76 17792 55.38+845*  60.42+3.83% 196

\Y; 0 144,62 335.64 0 0 0 0.20 2746040
\Y; 12 166.69 31694 23.20 0.4+0.0¢ 1151+1.25° 037
\Y; % 17760 302.05 3359 9.90+2.23° 19.14+1.17° 081

Media with the same letters do not differ for p<0.05.

explained that invertase is a potent osmotic regulator, that
causes sucrose hydrolysis in glucose and fructose increasing
the osmolarity of the medium. Consequently there was an
increase in the osmotic pressure that inhibited cell growth,
reducing sorbitol and ethanol production by the bacterium.

In the present study, medium | with 200 g.L* sucrose
presented an osmotic pressure of approximately 14436.40 mmHg.
When the medium was previously hydrolyzed with invertase,
medium I1, the osmotic pressureincreased to 22349.40 mmHg.
This increase in the osmotic pressure by hydrolysis of the
sucrose medium with invertase reduced sorbitol synthesis, but
this reduction was not significant for this condition. The same
occurred with ethanol production, where the highest value
occurred in medium | with the production of 54.88 g.L ™%, but it
was not significantly different from medium 1l where ethanol
production reached 49.01 g.L 1.

Sorbitol and ethanol production by Zymomonas mobilis
sucrosemedium at 300g.L 1

Significant difference was observed in sugar consumption,
sorbitol, and ethanol and biomass production by Zymomonas
mobilis when grown in sucrose at 300 g.L* sucrose medium
and sucrose treated with invertase, (media Ill and 1V,
respectively). The results are shown in Table 1.

Table 1 shows that the highest and statistically significant
sorbitol production occurred in medium I11 in the 36h culture
timewithaproduction of 60.46 g.L " and 1.68 g/Lh* productivity.
The highest ethanol production also occurred in medium 111 at
36 h, with a production of 55.38 g.L** and 1.59 g/L.h*
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productivity. When the media was previously hydrolyzed with
invertase, fermentation began at 144.62 g.L* availablereducing
sugar and the sorbitol production fell t019.14 g.L * with 0.53 g/
L.h? productivity and ethanol production decreased to 9.90
g-.Lwith 0.28 g/L.h productivity.

A significant decrease in sorbitol and ethanol production
by Z. mobilis was observed when medium Il was compared
withmedium IV, probably dueto the excessiveincreasein osmotic
pressure. In medium 111, the initial osmotic pressure was
approximately 20226.40 mmHg and the cellular growth reached
1.96 g.L%, whilein medium |V osmotic pressure was 27460.40
mmHg but cell growth was only 0.81 g.L %, indicating that the
excessive increase in pressure inhibited bacterial growth and
consequently decreased sorbitol and ethanol production by Z.
mobilis. Thisproved the negative effect of the excessiveincrease
in osmotic pressure in the fermentation medium reported by
Takeshige and Ouchi (20), demonstrating that the addition of
highly active invertase decreased ethanol production because
the excessive increase in osmolality, due to monosaccharide
supply that was not well balanced with their consumption, so
that the high osmolality in the medium remained.

Losset al. (14) reported in their study that GFOR, present in
the periplasm space of the bacterium, restrict sorbitol formation
to conditions of osmotic stress. Because of its extraordinarily
low affinity to fructose (Km400 mM to 1M), sorbitol isformed
at appreciable rates only when cells encounter high fructose
concentrations. Glucoseisthe preferred substrate of the glucose
facilitator in Z. Mobilis outcompeting fructose. When Z. mobilis
grown in medium with access to both substrates (glucose plus



fructose) fructoseisnot primarily transported but can be utilized
to form fructo-oligomers or levan, consequently decreasing the
sorhitol production.

Fig. 1 compares the results of sorbitol production in the
mediatested, and demonstrates the negative effect of excessive
increase in osmotic pressure caused by yeast invertase in
sorhitol production by Zymomonas mobilis.
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Figurel. Sorbitol production by Zymomonasmobilis, in sucrose
at200g.L* (1) andin sucrose at 200 g.L* treated with invertase
(I1); sucroseat 300g.L 2 (111) andin sucroseat 300 g.L * trated with
invertase (1V).

CONCLUSION

The best medium obtained in this study for sorbitol
productionwasmedium 11, sucroseat 300 g. L. Thebest ethanol
production was also obtained in medium 111, but it did not differ
significantly from medial and I1. The trestment of the sucrose
medium at 300 g.L* with invertase significantly decreased
sorbitol and ethanol production due to the excessive increase
in osmotic pressure.

RESUMO

Sintese de sor bitol por Zymomonas mobilis sob
elevada pressdo osmética

A bactéria Zymomonas mobilis, apresenta potencial para
producéo de sorbitol quando crescida em meio com alta
concentracdo de aglcar. O sorbitol produzido é acumulado no
periplasma da bactéria para conter os efeitos prejudiciais da
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elevada pressdo osmética, que resulta pela acdo da enzima
invertase, que promove hidrélise da sacarose. A conversdo da
sacarose em glicose e frutose aumentando a osmolaridade do
meio. Entretanto, um aumento excessivo ha pressao osmatica
pode inibir a producdo de sorbitol pela bactéria. Este trabalho
empregou invertase de Saccharomyces cerevisiae nos meios
de fermentacdo com sacarose a 200 e 300 g. L-*. A producéo de
sorbitol no meio com sacarose a200 g. L*foi de42,35g. Lt e
38,42 g. L' com e sem tratamento com invertase respectivamente.
No meio com 300 g. L sem tratamento, aproducédo foi de 60,42
e com tratamento 19,14 g. L. Estesresultadosindicaram quea
elevacdo excessiva da pressao osmotica, pela adicao de
invertase levou a umadiminuicdo significativa na producado de
sorhitol pela bactéria Zymomonas mobilis.

Palavras-chave: Zymomonas mobilis, invertase, presséo
osmdtica, sorbitol

REFERENCES

1. Amorim, H.V.; Zago, E.A.; Oliveira, A.J. Novos métodos analiticos
para controle de fermentacéo alcodlica. SBM, Sao Paulo, 1982,
58p.

2. Bekers, M.; Laukevics, L.; Karsakevich, A.; Ventina, E.;
Kaminska, E.; Upit, D.; Vina, |.; Linde, R.; Scherbaka, R. Levan-
ethanol biosynthesis using Zymomonas mobilis cells immobilized
by attachment and entrapment. Process. Biochem., 36, 979-
986, 2001.

3. Bekers, M.; Vigants, A.; Laukevics, J.; Toma, M.; Rapoports, A.;
Zkmanis, P. The effect of osmo-induced stress on product formation
by Z. mobilis on sucrose. Int. J. Food Microbiol., 55,147-150, 2000.

4. Critenden, R.G.; Playne, M.J. Purification of food-grad
oligosaccharides using immobilized cells of Zymomonas mobilis.
Appl. Microbiol. Biotechnol., 58, 297-302, 2002.

5. Doelle, H.W.; Kirk, L.; Crittenden, R.; Toh, H. Zymomonas mobilis
- Science and industrial application. Crit. Rev. Biotechnol., 13(1),
57-98, 1993.

6. Erzinger, GS.; Silveira, M.M.; Costa, J.PC.L.; Vitolo, M.; Jonas, R.
Activity of glucose-fructose oxidoreductase in fresh and permeabilised
cells of Zymomonas mobilis grown in different glucose
concentrations. Braz. J. Microbiol., 34, 329-333, 2003.

7. Guyton, A.C.; Hall, J.E. Medical Physiology. Mississipi, 2000, 1064p.

8. Gorp, V.K.; Boerman, E.; Cavenaghi, C.V.; Berben, PH. Catalytic
hydrogenation of fine chemicals: sorbitol production. Catalysis
today., 52, 349-361, 1999.

9. Kaye, S.; Haag, H.B. Determination of ethyl alcohol in blood. J.
Forensic Med., 1, 373-381, 1954.

10. Lee, W.C.; Huang, C.T. Enhancement of ethanol production from
sucrose by Zymomonas mobilis by the addition of immobilized
invertase. Enzyme Microb. Technol., 17, 79-84, 1995.

11. Lee, W.C.; Huang, C.T. Modelling of ethanol fermentation using
Zymomonas mobilis ATCC 10988 grown on the media containing
glucose and fructose. Biochem. Eng. J., 4, 217-227, 2000.

12. Lin, JJ; Dae, M.C.; Okos, M.R. Osmoatic (a,) effects on growth and
ethanol production of free and immobilized Zymomonas mobilis.
Process Biochem., 26, 143-151, 1991.

13. Liu, Y,; Liu, D.; Su, Q.; Liu, J; Xie, D. Critica influence of osmotic
pressure on continuous production of glycerol by an osmophilic
strain of Candida Krusei in a multistage cascade bioreactor. Process.
Biochem., 38, 427-432, 2002.

327



M. deBarrosand M.A.P.C. Cdlligoi

14.

15.

16.

17.

18.

328

Loos, H.; Kramer, H.S.; Sprenger, GA. Sorbitol promotes growth of
Zymomonas mobilis in evironments with high concentration of
sugar: Evidence for a physiological function of glucose-frutctose
oxidoreductase in osmoprotection. J. Bacteriol., 176(24), 7688-
7693, 1994.

Nelson, N. A photometric adaptation of the Somogyi method for
determination of glucose. Biochemical, 153, 375-380, 1944.
Nepomuceno, M.F. Cinética enzimatica |l: Cinética enzimética da
invertase. In: . Bioguimica experimental. Piracicaba
UNIMEP, 1998, p.57-60. Piracicaba, 1998, p.57-60.

Silveira, M.M.; Jonas, R. The Biotechnological production of sorbitol.
Appl. Microbiol. Biotechnol., 59, 400-408, 2002.

Somogy, M.A. A new reagent for determination of sugar. J. Biol.
Chem., 160, 61-68, 1945.

19.

20.

21.

22.

Sprenger, GA. Carbohydrate metabolism in Zymomonas mobilis: a
catabolic highway with some scenic routes. FEMS Microbiol. Lett.,
145, 301-307, 1996.

Takeshige, Z.; Ouchi, K. Effect of yeast invertase en ethanol
production in molasses. J. Ferment. Bioeng., 79, 513-515, 1995.
Toma, M.M.; Kalnenieks, U.; Berzings, A.; Vigants, A.; Rikmanis,
M.; Viesturs, U. The effect of mixing on glucose fermetation by
Zymomonas mobilis continuous culture. Process. Biochem., 38,
1347-1350, 2003.

Wu, J.Y.; Wong, K.; Ho, K.P; Zhou, L.G. Enhancement of saponin
production in Panax ginseng cell culture by osmotic stress and nutrient
feeding. Enzyme Microb. Technol., 6(1), 133-138, 2005.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


