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INTRODUCTION 
 
A recently discovered member of the transforming 

growth factor (TGF)-β superfamily of growth and 
differentiation factors, myostatin, has been shown to act as 
a negative regulator of skeletal muscle growth (Grobet et al., 
1997; Kambadur et al., 1997; McPherron et al., 1997; 
McPherron and Lee, 1997). Knockout of the myostatin 
results in considerable acceleration of body weight and 
muscle growth in mice (Chen, 2001). The increased muscle 
hypertrophy and hyperplasia or double muscling observed 
in Belgian Blue and Peidmontese cattle is due to a loss of 
functional myostatin protein (McPherron and Lee, 1997; 
Westhusin, 1997; Thomas et al., 2000). A deletion of 
myostatin 11-nucleotide coding sequence in Belgian Blue 
cattle and a missense mutation in the gene sequence in 
Peidmontese cattle have expressed a truncated or non-
functional myostatin proteins (Kambadur et al., 1997; 
McPherron and Lee, 1997). It is a goal of researchers and 
animal producers to promote muscle growth with 

maintaining the quality of meat. Compared to callipyge 
lambs known as the muscle hypertrophy but poor meat 
quality (Koomaraie et al., 1995) double muscling in cattle 
has a good marbling score as well as muscle hypertrophy 
(Hendricks et al., 1973; Wegner et al., 2002). To improve 
the muscle growth, muscle-specific gene expression vector 
system was developed and injected into muscle (Xie et al., 
2004) but it was not a feasible scheme to augment growth in 
livestock. Therefore, myostatin is one of major target gene 
to utilize in farm animal industry. Our hypothesis is that 
myostatin auto-immunized mother delivers the myostatin 
antibody to the next generation (maternal passive 
immunization) resulting in inhibition of endogenous 
myostatin in embryo which in turn stimulating muscle 
development in chicken. The objective of the present 
experiment was to isolate chicken myostatin and to induce 
growth improvement by myostatin auto-immunization in 
chicken.  

 
MATERIALS AND METHODS 

 
Cloning of myostatin in chicken 

A muscle tissue was collected from white leghorn 
chicken at each of the days 10, 15 and 20 of embryo stage 
and days 1, 3, 5, 7 and 14 of post-hatch stage and adult. 
Muscle tissue was aseptically removed, immediately frozen 
in liquid nitrogen, and stored at -70°C until RNA isolation. 
Total RNA was isolated using guanidinium thiocyanate-
phenol-chloroform (Chomczynski and Sacchi, 1987). Two 
primers (forward 5’-TTCATATGCAAAAGCTA GCAG 
TCTATG-3’ and reverse 5’-TTCTCGAGTGAGCACCC 
GCAACGAT-3’) were designed for RT-PCR to encompass 
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entire coding sequences of avian myostatin according to 
Genbank. The amplified PCR product was cloned into 
pGEM TA cloning vector (Promega). The cloned myostatin 
cDNA was sequenced by double-stranded dideoxy chain 
termination method (USB Sequence version 2.0) and was 
confirmed myostatin in Genbank database. The confirmed 
myostatin gene was cloned into pET vector (Novagen) or 
pMAL vector (New England Biolabs. Inc.) to induce 
myostatin or fused myostatin with maltose binding protein. 
After treatment of enzyme factor Xa, myostatin protein was 
purified using affinity chromatography. The purified 
myostatin protein was separated on SDS-PAGE and the 
correct size of myostatin was confirmed.  

A 350 bp mature myostatin was amplified by PCR using 
5’ primer (TTC ATA TGG ATT TTG GCC TTG ACT GTG) 
and 3’ primer (TTC TCG AGT GAG CAC CCG CAA CGA 
T), and the product was cloned into Nde I and Xho I sites of 
pET expression system (pET-BME350) (Novagen) for 
histidine-tagged myostatin fusion protein. Myostatin was 
induced using IPTG (1 mM) at pET-BME350 transformed 
BL21 (DE3) E. coli for 3 h. The mature myostatin (15 kDa) 
was confirmed at SDS-PAGE and purified for myostatin 
conjugation with KLH (Keyhole Limper Hemocyanin), a 
carrier protein. 

 
Production of myostatin auto-immunized chicken 

For myostatin auto-immunization, conjugated mature 
myostatin was produced by MBS (m-maleimidobenzoyl-N-
hydroxysuccinimide) coupling method (Dendren et al., 
1989) with carrier protein KLH (Keyhole limpert 
hemocyanin) (Elliot et al., 1995). Briefly, 5 mg of KLH 
were dissolved in 0.5 ml of 0.01 M-phosphate buffer (pH 
6.0), and then activated with 70 µl of MBS solution for 30 
min at room temperature. The mixture was eluted by PD-10 
column, and measured at 280 nm. 5 mg of myostatin 
protein dissolved in 1 m of 0.01 M PBS and added the 
conjugated MBS/KLH. The mixture was dialyzed against 
phosphate buffer at saline (PBS), pH 7.5. Conjugated 
myostatin (25-125 µg/chicken) was injected to the legs of 
female broiler chicken (n = 20, 18 weeks of age) and 
determined the level of antibodies against myostatin by 
ELISA after 1, 2, 3, and 4 weeks injection, respectively. The 
second and third conjugated myostatin was injected to the 
chicken when the level of antibody titer was dropped up to 
1/3 of maximal titer. The fertilized eggs were produced 
from the auto-immunized chicken and the blood was 
sampled for antibody titer from hatched chick and 6 weeks 
old chicken, respectively. ELISA plates were coated with 
uniform amount (2.0 µg/well) of recombinant chicken 
myostatin in PBS buffer and incubated for 18 h ant 37°C. 
The coating mixture was removed and wells were filled 
with blocking buffer (PBS containing 0.1% BSA and 0.02% 
sodium azid). After a 1 h incubation 4°C, the blocking 
buffer was removed, and the plates were washed three times 

with PBS containing 0.05% Tween 20 and 0.02% sodium 
azid. Serum form an animal immunized with conjugated 
myostatin were thawed, diluted (1:20 or 1:400) in PBS with 
0.1% BSA, 0.05% Tween 20, and 0.02% sodium azide, 
plated in triplicate in 50 µl volumes, and incubated at 37°C. 
Alkaline phosphates conjugated goat anti-chicken IgG 
(1:5,000 in Tween-PBS; BETHYL Lab., INC, TX) was 
added to the appropriate plates and incubated for 18 h ant 
37°C. For the colorimetric reaction, p-nitrophenyl 
phosphate (1.0 mg/ml in carbonate buffer) was added to 
each well, allowed to develop for 1 h at room temperature, 
and then measured at 405 nm using a ELISA reader 
(Genelab. Diagnostic, Germany). The body weight was 
measured every week for growth curve.  

 
Statical analysis 

Data were analyzed by the Duncan’s multiple range 
tests using General Linear Model (GLM) procedure of the 
SAS program package (SAS, 1988). 

 
RESULTS AND DISCUSSION  

 
Cloning of myostatin cDNA in chicken 

A complete broiler myostatin cDNA was cloned and it 
was revealed that myostatin cDNA was expressed into two 
transcripts as 1,128 bp and 985 bp by alternative splicing 
(Figure 1A). The mature myostatin was consisted of 339 bp 
(787-1,125 bp) sequences that encoded 113 amino acids. 
The intact myostatin transcript has 375 deduced-amino 
acids, identified by nucleotide sequencing. The intact form 
of chicken myostatin was identical to AF019621 in 
Genbank previously reported by McPherron and Lee (1997). 
The smaller transcript (truncated isoform) has 143 bp 
deletion at 374-516 bp from the initation codon, ATG, and 
contains 129 amino acid open reading frames by reading 
frame shift (Figure 1B). To authors’ knowledge, the 
truncated isoform of myostatin has not been reported to date. 
The 143 nucelotides deletion causes a frame-shift, which is 
predicted to result in a truncated protein that terminates 5 
codons downstream of the alternatively spliced site. Thus, 
the truncated transcript is expected to produce small 
polypeptide because it has 138 amino acids less than 266 
amino acids of normal pro-peptide region. In embryonic 
stage, the steady-state level of intact myostatin mRNA was 
gradually increased in the developing period, but decreased 
at day 1 post-hatching, while it increased again at day 3 
post-hatching and then maintained constant until adult 
chicken (data not shown). The steady-state level of 
truncated myostatin mRNA was low in embryonic stages 
and increased at day 3 post-hatching and then maintained 
constant until adult chicken (data not shown). The 
physiological role of truncated isoform of myostatin 
remains to be answered in the future.  
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Induction of auto-immunization against myostatin in 
chicken 

The myostatin autoimmunization was induced by the 
injection of conjugated myostatin to adult chicken every 4 
weeks intervals after second injection (Figure 2). The titer 
of myostatin antibody was maintained at a high level after 
second injection as compared to controls. The myostatin 
autoimmunization group was divided into low (1.033±0.087, 
n = 8) and high titer groups (1.523±0.050, n = 8) based on 
the results of titering of antibody from hens. The titer of 
antibody from control group was 0.323±0.032, n = 11. The 
fertilized eggs were obtained from myostatin 

autoimmunized broiler chicken and the average egg weights 
of control, low and high titer groups were 60.8±0.4 g (n = 
87), 59.5±0.8 g (n = 43), and 60.8±0.4 g (n = 45), 
respectively. We expected that the passive immunization 
against myostatin in chicken could affect the weight of eggs 
produced from active immunized hens but the egg weight 
was not affected from myostatin auto-immunization. The 
average egg weight in control, low and high titer groups 
were 60.1 g, 60.3 g and 60.5 g, respectively. The chick 
survival rates in control, low and high titer groups were 
80%, 80% and 94.8%, respectively.  

To confirm the passive autoimmunization against 
myostatin, the titer of myostatin antibody was measured 
from chickens at the time of hatching (0 week) and at 6 
weeks of age that produced from control and myostatin 
autoimmunized adult chickens (Figure 3). As expected, the 
autoimmunized groups have shown higher titer of myostatin 
antibody than that of control group at hatching. The low and 
high titer groups have shown a 2.3- and 3.4-fold increase, 
respectively as compared to the control group. This result 
demonstrated that myostatin auto-immunized mother 
delivered the myostatin antibody to the next generation 
named maternal passive immunization. However, the titer 
of antibody from treatment group was diluted and reached 
to almost the same level as the control group at 6 weeks of 
age. Without additional booster immunization on the second 
generation, the auto-immunization against myostatin was 
affected on the early stage of growth in chicken.  

 
Growth performance of chicken derived from maternal 
passive autoimmunization 

The positive relationship between birth weight and 
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Figure 1. The intact and truncated myostatin cDNAs in chicken 
by RT-PCR and nucleotide sequences of chicken myostatin. (A) 
Myostatin cDNA was expressed into two transcripts as 1,128 bp 
(intact isoform) and 985 bp (truncated isoform) by alternative 
splicing. (B) The nucleotide sequences belonging to the 143 bp 
region deleted in the alternative-spliced, truncated myostatin 
cDNA are underlined. The nucleotide sequences encoding mature 
myostatin are indicated by italic type and underline. 
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Figure 2. Induction of myostatin autoimmunization in adult 
female broiler. The myostatin autoimmunization was induced by 
the injection of the conjugated myostatin every 2 or 4 weeks 
intervals and titered for the myostatin antibody using ELISA. Data 
represent the mean±SE for hens (control n = 11; myostatin 
boosted group n = 16). ↓: Appears the boost time of conjugated 
myostatin. * p<0.05, compared between the control and the 
boosted group at the same week. 
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growth rate has been reported in some species (Dwyer et al., 
1993; Rehfeldt et al., 1993; William, 1994). We expected 
that the maternal passive immunization onto eggs might 
affect on embryonic development that in turn muscle 
development during growing period. Because myostatin 
expression is detected in somites during embryonic 
myogenesis (McPherron et al., 1997; Oldham et al., 2001), 
and its expression is continued in postnatal muscle 
(Kambadur et al., 1997; McPherron et al., 1997), myostatin 
may play a role at all stages of myogenesis. The early stage 
of detection of higher titer of antibody in treatment group 
may be generated a useful information on growth 
performance. Therefore, the body weight of chickens was 
measured every week to monitor growth performance. At 0 
week of age, the body weights of control, low and high 
groups were 41.3±0.5 g (n = 28), 40.2±1.3 g (n = 12), and 
41.2±0.7 g (n = 11), respectively, with no differences 
among the treatments (Figure 4). After 1 week, however, 
the body weights of chicken have shown a significant 
difference between control and auto-immunized groups, but 
there was no difference within auto-immunized groups. The 
auto-immunized groups did not catch the control group and 
the difference was getting bigger along with time until 6 
weeks of age we determined. The body weights of the low 
titer (747.7±45.5 g, n = 12) and high titer (691.9±45.8 g, n 
= 11) groups were a 15.2% and 21.6% smaller, respectively, 
than that of the control group (882.2±31.1 g, n = 28) at 6 
weeks of age. Sillence et al. (1992) have reported that 
growth rate was increased by a passive immunization 
against ACTH in the rat, suggesting the possibility that 
animal growth may be enhanced by passive immunization 
against the peptide. The ACTH is catabolic hormone by 

nature in the pig and rat, as evidenced by its negative effects 
on growth in these species (Chapple et al., 1989; Guo et al., 
2000; Huang et al., 2000). As myostatin has a negative 
effect on growth, autoimmunization of myostatin might 
result in an increase in weight gain, possibly muscle mass in 
the chicken. Surprisingly, however, the higher titer groups 
of chicken have shown the smaller body weight during all 
weeks of age except at the time of hatching. We expected 
that the maternal passive myostatin autoimmunization could 
stimulate the muscle development during the 
embryogenesis and the early stage of growth of chicken. 
However, our result is opposite to what we expected. Our 
speculation is that the myostatin autoimmunization 
generates the physiological stress to the chicken resulting in 
the lower body weight. Another possibility is that the 
myostatin passive immunization was not enough to bring 
immunoneutralization of endogenous myostatin in chicken 
resulting in a negative growth performance.   

In conclusion, the results of initial trial suggest that the 
passive autoimmunization against myostatin used in this 
study are not potent enough to stimulate growth 
performance, even that induces down regulation of growth 
rate in chicken. Therefore, the present autoimmunization 
and passive immunization against myostatin will not 
probably be effective for improving growth of chicken. It 
will be worthwhile, however, to further investigate the 
effect of passive immunization against myostatin with 
different dose of titer or different myostatin conjugates used 
in the present study. 

 
REFERENCES 

 
Chapple, R. P., J. A. Cuaron and R. A. Easter. 1989. Effect of 

glucocorticoids and limiting nursing on the carbohydrate 

Figure 3. Titer of myostatin antibody at 0 and 6 weeks of age in 
chickens induced myostatin-autoimmunization from the sixth 
antibody boosting. Data represent the mean±SE for hens (week 0: 
control n = 4; low titer group n = 8; high titer group n = 4; week 6: 
control n = 26, low titer group n = 12, high titer group n = 9). a, b: 
p<0.05, compared between the control and the low, high titer 
groups on the same week. 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 week 6 week

A
B

S 
(4

50
 n

m
)

Control

Low titer group

High titer groupb

a

b

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 week 6 week

A
B

S 
(4

50
 n

m
)

Control

Low titer group

High titer groupb

a

b

0.0

200.0

400.0

600.0

800.0

1,000.0

0 1 2 3 4 5 6

Week

B
od

y 
w

ei
gh

t (
g)

Control
Low titer group
High titer group

0.0

200.0

400.0

600.0

800.0

1,000.0

0 1 2 3 4 5 6

Week

B
od

y 
w

ei
gh

t (
g)

Control
Low titer group
High titer group

Figure 4. The growth curves of chickens produced by the 
maternal passive myostatin autoimmunization. Data represent the 
mean±SE for hens (control n = 28, low titer group n = 13, high 
titer group n = 11). * p<0.05, compared among the control, low
and high titer group at the same week. 



AUTOIMMUNIZATION AGAINST AVIAN MYOSTATIN 

 

1021

digestive capacity and growth rate of piglets. J. Anim. Sci. 
67(11):2956-2973. 

Chomczynski, P. and N. Sacchi. 1987. Single–step method RNA 
isolation by acid guanidinium thiocyanate-phenol-chloroform 
extraction. Anal. Biochem. 162:156-159.  

Chen, D. 2001. Biotechnologies for improving animal metabolism 
and growth- a review. Asian-Aust. J. Anim. Sci. 14(12):1794-
1802. 

Dwyer, C. M., J. M. Fletcher and N. C. Stickland. 1993. Muscle 
cellularity and postnatal growth in the pig. J. Anim. Sci. 
71(12):3339-3343. 

Elliot, M. F., R. I. Michael and N. Katsonori. 1995. Neuropeptide 
Y inhibits in vivo specific antibody production in rats. Brain, 
Behavior, and Immunity, 9:182-189. 

Grobet, L., L. J. Martin, D. Poncelet, D. Pirottin, B. Brouwers, J. 
Riquet, A. Schoeberlein, S. Dunner, F. Menisier, J. 
Massabanda, R. Fries, R. Hanset and M. Georges. 1997. A 
deletion in the bovine myostatin gene causes the double-
muscled phenotype in cattle. Nat Genet. 17(1):71-74. 

Guo, C. Y., W. Ward, Cairns and S. Atkinson. 2000. Comparative 
response in growth and bone status to three dexamethasone 
treatment regimens in infant piglets. Pediatr Res. 48(2):238-
243. 

Hendricks, H. B., E. D. Aberle, D. J. Jones and T. G. Martin. 1973. 
Muscle fiber type, rigor development and bone strength in 
dobule muscled cattle. J. Anim. Sci. 37(6):1305-1311. 

Huang, H., C. Gazzola, G. Pegg and M. N. Sillence. 2000. 
Differential effects of dexamethasone and clenbuterol on rat 
growth and on beta2-adrenoceptors in lung and skeletal muscle. 
J. Anim. Sci. 78(3):604-608. 

Kambadur, R., M. Sharma, T. P. Smith and J. J. Bass. 1997. 
Mutations in myostatin (GDF8) in double-muscled Belgian 
Blue and Piedmontese cattle. Genome Res. 7(9):910-916. 

Koohmaraie, M., S. D. Shackelford, T. L. Wheeler, S. M. 
Lonergan and M. E. Doumit. 1995. A muscle hypertrophy 
condition in lamb (callipyge): characterization of effects on 
muscle growth and meat quality traits. J. Anim. Sci. 
73(12):3596-3607. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

McPherron, A. C. and S. J. Lee. 1997. Double muscling in cattle 
due to mutations in the myostatin gene. Proc. Natl. Acad. Sci. 
USA. 94(23):12457-12461. 

McPherron A. C., A. M. Lawler and S. J. Lee. 1997. Regulation of 
skeletal muscle mass in mice by a new TGF-beta superfamily 
member. Nature 387(6628):83-90. 

Oldham, J. M., J. A. Martyn, M. Sharma, F. Jeanplong, R. 
Kambadur and J. J. Bass. 2001. Molecular expression of 
myostatin and MyoD is greater in double-muscled than 
normal-muscled cattle fetuses. Am. J. Physiol. Regul. Integr. 
Comp. Physiol. 280(5):R1488-1493. 

Rehfeldt, C., I. Fieldler, R. Weikard, E. Kanitz and K. Ender. 1993. 
It is possible to increase skeletal muscle fibre number in utero. 
Biosci Rep. 13(4):213-220. 

SAS. 1988. SAS/STAT User’s Guide. SAS Inst. Inc., Cary, NC. 
Sillence, M. N., M. R. Jones, P. Lowry and J. R. Basset. 1992. 

Passive immunization with antiserum to adrenocorticotropin 
increases weight gain in normal female rats. J. Anim. Sci. 
70(5):1382-1388. 

Thomas, M., B. Langley, C. Berry, M. Sharma, S. Kirk, J. Bass 
and R. Kambadur. 2000. Myostatin, a negative regulator of 
muscle growth, functions by inhibiting myoblast proliferation. 
J. Biol. Chem. 275(51):40235-40243. 

Van Denderen, J., A. Hermans, T. Meeuwsen, C. Troestra, N. D. 
Zegers, W. Boersma, G. Grosveld and W. Van Ewijk. 1989. 
Antibody recognition of the tumor-specific berabl joining 
region in chronic myeloid leukemia. J. Exp. Med. 169:87-98. 

Wegner, J., E. Albrecht, I. Fiedler, F. Teuscher, H. J. Papstein and 
K. Ender. 2002. Growth-and breed-related changes of muscle 
fiber characteristics in cattle. J. Anim. Sci. 78(6):1485-1496. 

Westhusin, M. 1997. From mighty mice to mighty cows. Nat 
Genet. 17(1):4-5. 

Williams, T. D. 1994. Intraspecific variation in egg size and egg 
composition in birds: effects on offspring fitness. Biol. Rev. 
Camb. Philos. Soc. 69(1):35-59. 

 
 
 
 
 



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


