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Glycerol dehydratase (EC 4.2.1.30, GDHt) catalyzes
the conversion of glycerol and 1,2�propanediol (1,2�PDO)
to 3�hydroxy�propinaldehyde (3�HPA) and propionalde�
hyde, respectively [1]. This reaction is the rate limiting
step for biotransformation from glycerol to 1,3�pro�
panediol (1,3�PDO), which is widely used for many syn�
thesis reactions, in particular as a monomer for polycon�
densations to produce polyesters, polyethers and polyure�
thanes [2]. Interest in the microbial production of 1,3�
PDO has been lasting for over thirty years. Klebsiella
(K. pneumoniae), Citrobacter (C. freundii), and Clostridia
of the C. butyricum groups have been found produce 1,3�
PDO under anaerobic condition from glycerol fermenta�
tion [3–5]. They are industrially focused because of their
appreciable substrate tolerance, yield and productivity in
the production of 1,3�propanediol.

GDHt, as a key enzyme in the biosynthesis of 1,3�
PDO from glycerol, was firstly purified to a stable, inac�
tive, homogeneous complex with hydroxocobalamin
from Aerobacter aerogenes by Zekon et al. in 1970 [6].
Todd et al. [7] obtained purified GDHt from Lactobacillus
reuteri with molecular weight of approximately 200000,
while only one subunit was examined clearly [7]. The
composition of GDHt subunits was not clear until large
number of researches were carried out on these strains.
The affinity chromatography was the most effective meth�
od to obtain homogeneity from recombinant [8, 9]. It was
found that GDHt utilized adenosylcobalamin (AdoCbl,
CoB12) as a cofactor and exhibits a (αβγ)2 structure,

where α, β and γ represented the large, medium and small
subunits of the protein, respectively [10]. Substrate bind�
ing site triggers the formation of catalytic free radical
through Co–C bond homolysis in the AdoCbl�depen�
dent GDHt. This enzyme undergoes mechanism�based
inactivation by glycerol during catalysis [11]. 

One excellent potential industrial strain named
K. pneumoniae XJPD�Li was screened by Zhang et al.
[12] which could fast consume glycerol with high pro�
ductivity of 3.35 g l–1 h–1 and molar yield of 0.75 (1,3�
PDO to glycerol) under the temperature of 40°C and the
pH of 8.0. It was found that K. pneumoniae XJPD�Li
could also produce 1,3�PDO under aerobic condition
with high final concentration of 1,3�PDO (65.26 g l–1),
satisfied yield (0.56 mol mol–1) and excellent productivi�
ty (3.16 g l–1 h–1) [12, 13]. The gene (dhaBCE) of rate�
limiting enzyme, GDHt from K. pneumoniae XJPD�Li,
was obtained to discover its good catalysis characteriza�
tion [14]. The sequence alignment of gene and amino acid
was performed between GDHt (U30903) from K. pneu�
moniae ATCC 25955 and GDHt from K. pneumoniae
XJPD�Li. As a result, several amino acid residue differ�
ences were found in the non�active site. For the great in�
terest of the GDHt from K. pneumoniae XJPD�Li, the
optimization of inducing conditions were carried out to
overexpress the recombinant GDHt with energetic activ�
ity and stability. After performing facile purification pro�
cedures, the catalysis properties of homogeneity were ex�
amined subsequently.
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MATERIALS AND METHODS

Bacterial strains, media and culture conditions. The
gene (EF634063) of GDHt from K. pneumoniae XJPD�
Li has been cloned and sequenced [14]. The plasmid
pET�28a (+) (Novagen, Germany) and E. coli BL21
(DE3) (Invitrogen, Germany) were used as expression
vector and host, respectively. E. coli was aerobically grown
in Luria�Bertani (LB) medium at 37°C, containing 1,2�
PDO (0.1%) and kanamycin (50 mg ml–1), which were
added when their transformants with plasmids were cul�
tured. 

Optimization of inducting conditions. Gene of GDHt
amplified from K. pneumoniae XJPD�Li was ligated to ex�
pression vector pET�28a (+) directly, after digested by
EcoR I and Sac I. The pET�28a�dhaBCE was constructed
and transformed into E. coli BL21 (DE3). When the cul�
ture reached an OD600 of approximately 1.0 to 1.5, isopro�
pyl�β�D�thiogalactoside (IPTG) with the concentration
of 0.4, 0.8, or 1.2 mM was added into cultural medium,
respectively. The cell growth and enzyme activity were ex�
amined every one or 2 h under different cultural tempera�
tures. Bacterial growth was monitored by determining the
optical density at 600 nm of the cultures using a spectrom�
eter. Cells were harvested by centrifugation (12000 g,
5 min), and washed twice with phosphate buffer (contain�
ing 2% 1,2�PDO). 

Purification of recombinant GDHt. Harvested cells
(2 g) were suspended in the loading buffer (pH 8.0, con�
taining 50 mM phosphate, 2% 1,2�PDO, 200 mM KCl
and 2 mM phenylmethanesulfonyl fluoride (PMSF)) and
disrupted by ultrasonication in an ice�bath for 10 min at
50% of the output (750W) with an Ultrasonic Liquid Pro�
cessors (SONICS US). The cell debris was removed by
centrifugation at 12000 g for 20 min from the disrupted
solution. The cell�free supernate was decanted and cen�
trifuged again at 12000 g for 10 min. 

The cell�free supernate was applied to a column of Ni�
nitrilotriacetate (Ni�NTA) agarose gel (Qiagen GmbH,
Germany), equilibrated with loading buffer previously.
The loading buffer was not changed to washing buffer
(loading buffer with 20 mM imidazole), until all the un�
binding protein was washed out. The elution buffer (load�
ing buffer with 150 mM imidazole) was then applied to
the column. The elution peak was collected to ultra�filtra�
tion concentration system (filtration membrane 100 kDa).
The fraction harboring homogeneity proteins were pooled
and used for the following experiments. All operations
were carried out at 4°C. The samples of each step were ap�
plied to SDS�PAGE.

Enzyme and protein assays. GDHt activity was deter�
mined by improved 3�methyl�2�benzothiazolinone hy�
drazine (MBTH) method according to Zhang, et al. [12].
The resulting azine derivatives were determined spectro�
photometrically at 305 nm (A305). Since glycerol serves as
substrate and suicide inactivator for GDHt, 1,2�PDO
(0.2 M) was used as a substrate for routine assay of the en�
zyme. One unit of GDHt is defined as the amount of en�
zyme activity that catalyzes the formation of 1 μmol of

propionaldehyde per minute under the assay conditions.
Specific activity is expressed as units per mg of protein.
Protein concentration was determined using the method
of Bradford with crystalline bovine serum albumin (BSA)
as a standard. 

SDS�PAGE was performed with a 12% polyacryla�
mide gel on a vertical mini gel apparatus at 120 V for 1.5 h.
Molecular weight marker was purchased from Tiangen
Biotechnology Co., (Beijing, China). Proteins were
stained with coomassies brilliant blue R�250. The GEL�
IMAGING system (Bio�Rad, USA) was utilized to anal�
ysis the band of SDS�PAGE, quantitatively. 

Determination of properties. Assays to determine the
optimum pH and temperature were performed in differ�
ent buffer and water bath, respectively. The pH values of
the buffer were adjusted by 3.0 M hydrochloric acid or 3.0 M
potassium hydroxide. The optimum pH value was calcu�
lated by non�linear regression to the Bell�Shaped Double
pKa equation by use of the curve fit feature of the Origin�
pro 7.5 (USA).

Measurement of kinetic parameters. Purified enzyme
was used for measuring Km values for 1,2�PDO, 1,2�
EDO, glycerol and coenzyme. One�minute assay was
employed for measurement of Km for glycerol, as glycerol
induces suicide inactivation of the enzyme. The apparent
Km values were expressed in mM or nM and calculated by
non�linear regression to the Michaelis–Menten equation
by use of the nonlinear curve fitting programme (Origin�
pro 7.5). 

Thermostability of GDHt. The purified GDHt was in�
cubated under the temperature of 37, 40 or 45°C. The
measurement of residual enzyme activity was carried out
in due course. 

Oxygen inactivation of GDHt. In one case, the purified
GDHt was incubated with CoB12 (50 μM) at 37°C, ac�
cording to Toraya, et al. [15]. The residual enzyme activity
was examined after incubated 30 min. In the other case,
the purified GDHt was incubated with CoB12 (50 μM) at
37°C, and was aerated with air (0.05 v/v min) at the same
time. The residual enzyme activity was examined every
certain minute.

RESULTS AND DISCUSSION

Effect of inducing conditions on the expression of re�
combinant GDHt. First of all, E. coli BL21 (DE3) includ�
ing the pET�28a (+)�dhaBCE was induced under various
concentrations of inducing agent. The SDS�PAGE of the
whole cell sample showed that the concentration of IPTG
0.8 mM was much favored to the production of recombi�
nant GDHt, where the quantity of recombinant GDHt
did not increase with the concentration of inducer in a di�
rect ratio (Fig. 1). The bands of target protein were indi�
cated by arrows on the left of the figures. It was showed in
SDS�PAGE that apparent molecular weights of GDHt
were a bit larger than calculated ones, which was possibly
lead by the changing of protein electrophoresis behavior
with alkaline His�tag (6 Histidine) [16]. The concentra�
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tion of 0.8 mM (IPTG) was then chosen according to the
inducing performance. 

According to Catherine et al. [17], it was founded that
several proteins were all in aggregates when produced in
genetically engineered strains of E. coli grown at 37°C.
However, at a growth temperature of 23–30°C, 30–90%
of the recombinant protein was soluble [17]. It is desirable

to express recombinant GDHt in its soluble, active form.
The specific activity (U mg–1), the total activity (U) of
GDHt (crude enzyme) and the biomass of recombinant
strains (OD600) were then examined under various induc�
ing temperatures. It could be described from Fig. 2 that
the biomass of strain was enhanced along with the in�
creasing of temperature, and the total activities of GDHt
approached to the same level after inducing for 3 h under
different temperature. However, the highest specific activ�
ity of GDHt (71.4 U mg–1) was obtained under induction
temperature of 20°C for 3 h. 

In most cases, solubility is not an all�or�none phe�
nomenon. In order to obtain the efficient inducing strate�
gy, supernatant and cell debris of recombinant were exam�
ined further under the inducing temperature of 20 and
30°C (Fig. 3). The SDS�PAGE described that the ratio of
soluble to insoluble protein was improved from 0.73
(30°C) to 1.34 (20°C) (Fig. 3). Prior to high inducing
temperature, the production of soluble GDHt under the
temperature of 20°C was higher than that under the tem�
perature of 30°C. It was identical as the results in Fig. 2.
So the temperature of 20°C was selected for the inducing
condition. Under such condition, the recombinant
GDHt from K. pneumoniae XJPD�Li was over expressed
effectively with impressive specific activity which was
higher than reported by other research groups [18]. 

Purification of recombinant glycerol dehydratase. The
summary of the purification results for recombinant
GDHt was shown in Table 1. Approximately 2.11�fold
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Fig. 1. The effect of induction time and the concentration
of IPTG on the overexpression of GDHt from E. coli BL21
(DE3) (PET�28a (+)�dhaBCE).
M – standard protein weight. The arrows showed the large,
medium and small subunits of GDHt from the top. 
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Fig. 2. Effect of inducing temperature on the overexpression of recombinant GDHt:
a – specific activity; b – total activity; c – biomass; 1 – 20; 2 – 30; 3 – 37°C. 
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purification was achieved in an overall yield of 47.5% and
final specific activity was 114.2 U mg–1. The Ni�NTA af�
finity chromatography was the key step for the purifica�
tion of recombinant GDHt from E. coli BL21 (DE3) har�
boring pET�28(a)�dhaBCE. Samples from each step of
the purification process were examined by SDS�PAGE. It
was showed clearly in the Fig. 4 that few target protein was
eluted in unbinding peak and the GDHt was purified to
homogeneity almost in one affinity step. The ultra�filter
step subsequently was benefit to move part lower molecu�
lar weight impurities and the high concentrated imida�
zole, the latter of which could disturb the measurement of
activity for its strong absorbance at 315 nm. In addition,
concentrated enzyme solution from this step was of con�
venience to be examined in following researches. Both af�
finity chromatography and ultra filtration could carry out
feasibly and quickly, which was essential to avoid the loss
of enzyme activity. 

Characterization of GDHt. According to the catalysis
characterization of GDHt reported, it showed that the
optimum catalysis temperature and pH was normally
around 30°C and 7.0. And most GDHt experienced the
inactivity process with the existence of glycerol or oxygen
[6, 7, 9]. Fig. 5 described the optimum temperature and
pH for the recombinant GDHt catalyzing the conversion
of 1,2�PDO to propionaldehyde, respectively. The deter�

mination of the optimum temperature for recombinant
GDHt was performed by using a temperature range from
30 to 55°C and the optimum result was observed at 45°C.
According to Toraya et al. [8, 15], the temperature of 30 or
37°C was close to the optimum condition. Normally, pH
was also important for its influence on the diol conversion
to propionaldehyde. A range of pH from 5 to 10 was tested
and the highest activity was obtained between 7.5 and 8.5
with a maximum at pH 8.0. The further kinetic experi�
ments were then performed under the optimized reactive
conditions, pH (8.0) and temperature (45°C). 

GDHt activity was also monitored by the conversion
of various substrates. The Km of the GDHt for the three
preferential substrates (1,2�PDO, 1,2�EDO, glycerol)
and coenzyme B12 were determined. The highest substrate
affinity was obtained for glycerol with a Km of 0.48 mM
followed by 1,2�PDO (Km: 1.43 mM) and 1,2�EDO (Km:
3.07 mM). It was obviously that glycerol was the optimum
substrate among them. The Km for glycerol in this research
was lower than what was reported [8]. Affinity for the co�
enzyme B12 was considerably higher with a Km of 10.03 nM.
It showed that the recombinant GDHt from K. pneumo�
niae XJPD�Li had higher affinity with coenzyme B12 and
glycerol than that of GDHt from various strains [18]. 

The thermostability of recombinant GDHt was de�
termined by the original raw relative activity data
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Fig. 3. Effect of inducing temperature on the ratio of solu�
ble to insoluble quantity of recombinant GDHt:
1 – non�induced whole cell; 2 – induced whole cell; 3 –
cell�free supernatant/crude enzyme (30°C, 3 h); 4 – cell�
free debris (30°C, 3 h); 5 – cell�free supernatant/crude en�
zyme (20°C, 3 h); 6 – cell�free debris (20°C, 3 h); M –
standard protein weight. The arrows showed the large, me�
dium and small subunits of GDHt from the top. 

Table 1.  Purification of recombinant glycerol dehydratase of E. coli (DE3)/pET 28a (+)�dhaBCE

Purification Step Protein, mg Activity, U Specific activity, U mg–1 Yield, % Purification fold

Crude enzyme 38.1 2068 54.4 100 1

Affinity (Ni�NTA) 10.1 998.2 98.9 48.3 1.82

Ultra�filtration 8.6 982.7 114.2 47.5 2.11
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Fig. 4. SDS�PAGE analysis of the purification of recombi�
nant GDHt:
M – marker; 1 – whole cell (induced by IPTG); 2 – un�
binding peak; 3 – cell�free supernatant/crude enzyme; 4 –
elution peak (150 mM imidazole). The arrows showed the
large, medium and small subunits of GDHt from the top.
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transformed by log natural function. Results (lines) of
regression analysis of experimental data (symbols) by
the one�step two states showed that the thermo�inac�
tivation reaction of GDHt was accorded with first or�
der kinetic equation (Fig. 6). It could be observed from
the equations that the GDHt here performed the excel�
lent thermostability under the temperature of 37 and
40°С. The activity of GDHt did not reduce obviously un�
til the reaction temperature increased to 45°С. The trend
line equations shown in Table 2 indicated the good linear
character of Log�Transformed data. That is, the inactiva�
tion kinetic models were fit linear under different temper�
atures. 

As what reported before, oxygen was one of the key rea�
sons to inactivate GDHt. Among the coenzyme B12�de�
pendent GDHts from various strains, they were found to
be sensitive when exposure to oxygen [15, 19]. In addition,
coenzyme B12�independent GDHt from C. butyricum was
founded extremely oxygen sensitive [20]. The sensitivity of
oxygen by recombinant GDHt from K. pneumoniae
XJPD�Li was also determined in this research according to
Toraya et al. [15]. On contrast, GDHt in this research was

not as sensible as what was reported. When the similar ox�
ygen inactivation system was provided for recombinant
GDHt from K. pneumoniae XJPD�Li, it was found that
the enzyme showed less declination of activity after 30
min. Once aeration was applied in this system, the drop of
activity of GDHt was clear. When substrate�free apoen�
zyme was incubated with CoB12 in the water bath of 37°C,
aerated with air (0.05 v/v min), about 40% percent original
activity of GDHt remained for 30 min (Fig. 7). The mech�
anism for inactivation of GDHt by glycerol has been ex�
plained by the loss of the intermediate radical from the ac�
tive site, leaving catalytically incompetent cofactor (cobal�
amin and 5'�deoxyadenosine) tightly bound in the active
site. Though it was common that oxygen was harmful for
the anaerobic bioprocesses, such as the catalysis of nitroge�
nase [21], the inactivation mechanism of key enzyme by
oxygen was not yet obtained.

The results obtained in present research demonstrate
that the recombinant GDHt from K. pneumoniae XJPD�
Li is one good biocatalyst with high activity and catalyzing

100

80

60

40

6050403020

%

°C

(a) 100

80

60

40

10654

%

pH

(b)

7 8 9

20

0

Fig. 5. Effect of temperature (a) and pH (b) on the activity of the purified GDHt.

5

4

3

2

1

0 108642

1

2

3

lnA

h

Fig. 6. Thermo�inactivation model of the recombinant
GDHt.
lnA: A – relative activity. 1 – 37; 2 – 40; 3 – 45°C. 

100

80

60

40

20

0 252015105

%

min
30

1

2

Fig. 7. Oxygen inactivation of the recombinant GDHt:
1 – purified GDHt incubated with coenzyme B12 (50 µM)
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condition under relatively high temperature and soft alka�
line condition. It also shows thermostability and oxygen�
blunt during catalyzing which was important for industrial
enzyme. 

ACKNOWLEDGEMENTS

This work was financial supported by National Natu�
ral Science Foundation of China (20776017), and Fok
Ying Tung Education Foundation (101071), Natural Sci�
ence Foundation of Beijing (5072028), Fundamental Re�
search of Beijing Institute Technology (20060642004),
Natural Science Foundation of Shihezi University
(ZRKX2008005).

REFERENCES

1. Daniel, R., Bobik, T.A., and Gottschalk, G., FEMS
Microbiol. Rev., 1998, vol. 22, no. 5, pp. 553–566.

2. Biebl, H., Menzel, K., Zeng, A.P., and Deckwer, W.D.,
Appl. Microbiol. Biotechnol., 1999, vol. 52, pp. 289–297.

3. Cheng, K.K., Zhang, J.A., Liu, D.H., Sun, Y., Liu, H.J.,
Yang, M.D., and Xu, J.M., Process Biochem., 2007,
vol. 42, no. 4, pp. 740–744.

4. Reimann, A., Biebl, H., and Deckwer, W.D., Appl. Mi�
crobiol. Biotechnol., 1998, vol. 49, no. 4, pp. 359–363.

5. Boenigk, R., Bowien, S., and Gottschalk, G., Appl. Mi�
crobiol. Biotechnol., 1993, vol. 38, no. 4, pp. 453–457.

6. Schneider, Z., Larsen, E.G., Jacobsonm, G., Johnson B.C.,
and Pawelkiewicz, J., J. Biol. Chem., 1970, vol. 245,
no. 13, pp. 3388–3396.

7. Todd, L.T. and Walter, J.D., Appl. Biochem. Biotechnol.,
1990, vol. 56, no. 4, pp. 1195–1197.

8. Takamasa, T., Muneaki, A., Hirokazu, M., Hiroe, T.,
Takashi, N., Kyouichi, N., Hideaki, S., Ryuji, H., and

Tetsuo, T., J. Biol. Chem., 1996, vol. 271, no. 37,
pp. 22352–22357.

9. Sauvageot, N., Pichereau, V., Louarme, L., Hartke, A.,
Auffray, Y., and Laplace, J.M., Eur. J. Biochem., 2002,
vol. 269, no. 22, pp. 5731–5737.

10. Liao, D.I., Dotson, G., Turner, I., Reiss, L., and
Emptage, M., J. Inorg. Biochem., 2003, vol. 93, no. 1–2,
pp. 84–91.

11. Toraya, T., Chem. Rev., 2003, vol. 103, no. 6, pp. 2095–
2127.

12. Zhang, G.L., Ma, B.B., Xu, X.L., Li, C., and
Wang, L.W., Biochem. Eng. J., 2007, vol. 37, no. 4,
pp. 256–260.

13. Ma, B.B., Xu, X.L., Zhang, G.L., Wang, L.W., Wu, M.,
and Li, C., Appl. Biochem. Biotechnol., 2009, vol. 152,
no. 1, pp. 127–134.

14. Xu, X.L., Zhang, G.L., Wang, L.W., Ma, B.B., and
Li, C., J. Mol. Catal. B: Enzym., 2009, vol. 56, no. 2–3,
pp. 108–114.

15. Toraya, T. and Mori, K., J. Biol. Chem., 1999, vol. 274,
no. 6, pp. 3372–3377.

16. Tang, W.H., Zhang, J.L., Wang, Z.Y., and Huang, M.M.,
Acta Phytophysiol. Sinica, 2000, vol. 26, no. 1, pp. 64–68.

17. Catherine, H.S. and Mathieu, H.M.N., Nat. Biotech�
nol. 1988, vol. 6, no. pp. 291–294.

18. Wang, F.H., Qu, H.J., Tian, P.F., and Tan, T.W., Bio�
technol. J., 2007, vol. 2, no. 6, pp. 736–742.

19. Kajiura, H., Mori, K., Tobimatsu, T., and Toraya, T.,
J. Biol. Chem., 2001, vol. 276, no. 39, pp. 36514–36519.

20. O’Brien, J.R., Raynaud, C., Croux, C., Girbal, L.,
Soucaille, P., and Lanzilotta, W.N., Biochemistry, 2004,
vol. 43, no. 16, pp. 4635–4645.

21. Peters, J.W. and Szilagyi, R.K., Curr. Opin. Chem. Biol.,
2006, vol. 10, no. 2, pp. 101–108.

Table 2.  Linear regression analysis the thermal inactivation*

T, °C Trend line equation Y = A + BX R SD N P

45 Y = 4.33456 – 0.15631X –0.9518 0.19405 8 2.69936E�4

40 Y = 4.59774 – 0.07529X –0.97408 0.06736 8 <0.0001

37 Y = 4.58469 – 0.02859X –0.98662 0.0182 8 <0.0001

* R�relative coefficient; SD – standard deviation; N – number; P – probability.



<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


