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Abstract Potato is the 4th important crop along with rice,
wheat and maize. It contains high quality of starch with
relatively high content of vitamin C and protein. However,
there is a nutritionally limiting factor due to a low level of
sulphur-containing essential amino acid including methionine
and cysteine. Recently, recombinant DNA technology and
metabolic engineering with genes involved in the bio-synthetic
pathway have been applied to enhance the level of these
essential amino acids. In this report, it has been discussed
about the current status and bottleneck on the development of
transgenic potato containing high level of sulphur-containing
essential amino acids.
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Table 1 Seed storage proteins that have been used for the enhancement of methionine content in potato

Met. content Cys. content

Protein Origin (mol %) (mol %) Ref.

[3-Zein (15 KDa) Maize (Zea mays L.) 11.3 44 Kirihare et al. 1988
[3-Zein (10 KDa) Maize (Zea mays L.) 22.5 4.9 Pederson et al. 1986
BNA or BN2S Brazil nut (Bertholletia excelesa H.B.K) 18.8 7.9 ls\lllzznfl:;agll‘n. ;?217. 1987
AmAl Amaranth (Admaranthus hypochondriacus L.) 23 1.6 Raina and Datta. 1992
PrLeg Perilla (Perilla frutescens) 4.24 1.06 Jin et al. 2000

Table 2 Summary of transgenic potato generated through the over-expression of genes encoding methionine-rich storage proteins

Genes Promoter Targeted organ Met. content Ref.
o Leaf tissue : 0.01 to 0.2 % of total protein Tuber
BN2S CaMV-358 Constitutive tissue : 2 to 4-fold lower than those of leaf tissue Tu et al. 1998
AmAl GBSS Tuber 4 to 8-fold increase in Lys. Met. Cys. Tyr
o ) ) Chakraborty et al. 2000
CaMV-35S Constitutive 2.5 to 4-fold increase in Lys. Met. Cys. Tyr
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2O A E serineo]| A OASE A dt= TA ol #ofst
= SAT, homoserineo]|A] OPHSE ¢HA]5}= w4 2] homoserine
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Atk ol ol AlF Ao A E2|gt 04S-TL A7}
HAE Gufol A d Aakel AR 5FITh(Saito et al. 1994).
o]t A= 0ASS} sulfide”} cysteine2] gHAd ol Alsta
27 A4Ths AAE ReAelel E0h T} A2
of Stiller 5(2007)2] ALE 116 ©]3HH Harms S5(2000)0]
AHESE A3 U ops E gene WE FHHEE AFE-5)o]
Are1stE 7hA 291 White Ladyo] =3 A9 Q%32
Bk opy et 7473011*15 LSHi71A] cysteine ] ol 5
et Aom manshelrh $As Aol He FAAo|
g BT MR AGHE Slak AN E N
dulshel AR A $ARE Aot AL
olt}. wheba] B0l W Aukeby ¥ 4 glovt AUz
ZA = thopsl Yolo] ZAE 4= gJoz gl Aast Al
A& astojor & Aot

OAS-TLo| 9J5}o] OAS 3HgHEof &2 =915t cysteine
o2 ME oS cysteine> CgSoll &J3}¢] cystathionine & 2

_g

WHSA I, whebA] off 7] T oF g Aol 4] &2t CeS
AARE AAA I HE Al7]= A2 S = methionine 2]
sheFS o] 1} k= AGL7F Al H ik Kreft 5(2003)
= %‘ZMW Hast (gf GAAE CaMV-358 T2 E S
Faboll Al I A A 5 FAAe] A
G2 27 7HA] F7bE AL E3 sl
S oty W37t ¢l

it 18 Di
5(2003)> of 7] eholl A & 2|3F CgS FHAE Russet
Burbank potato &Zof =3t

A2} v e 2o kol 6
W7HA el A A3E st o] 5 o
AR A ol A 4=2F3t 3] 7 of| A methional o] FHgo] 2.49]
A 44u77) Z7ksrlon] ol MY f2) ofu
Akel Wl 2 d o) gheFy A2)sl¢ okl 3+t Methional
< YR Fulol Fa3 JFe T FdEEA vE
Lo Faff AbEolrt o]t ARt AFANE HH
Hguz Cesel A87120] Aol7t 9L & 4 AUtk

ol of7|F ol A 2]t CgS FAAE Hufjol 2 Hd
AIZ1 7§ v g @ o gheko] 40u71A] F7HE A dtol A
= A2 4~ 9l th(Gakiere et al. 2002; Hacham et al. 2002;
Kim et al. 2002). Di 5(2003)2 o] &3t x}o]Hd & gene
silencing A3} W) Folekn Asheich = FapolA Bl
2 CeS SAAE Aol ThAl EUstel T wAAY 4
S0 &3] 2= gene silencing A0 AW}E Kref =
003) 5& vlE ool 1A 2 4 7 gag
olabi 23ehelet. olele AitE A7 58 %
sto] Bl A Eo| }E2 BE (gf $AATS _ga
247k] A4 7Y Z ] Aol S BAslolo} H
2 5 S Aoz BHQtH(Table 3).
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07 zxe) Weed gl 2 WskE Holx] kot
(Maimann et al. 2000). 23 H] FAAZH Q] of =9
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e dabolek 2ttt olele 1S Hukd

o 2 o >ﬁ 01

'\O_?LON

cystathionine &
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Table 3 Summary of transgenic potatoes created by overexpression of genes involved in the biosynthetic pathway of sulphur-containing

amino acids

Genes Origin Promoter Targeted organ  Met. content Ref.

StCgS Solanum tuberosum  CaMV-35S Constitutive No change in Met. evel Kreft et al. 2003

StCbL Solanum tuberosum  CaMV-35S Constitutive No change in Met. level Maimann et al. 2001

AtCgS Arabidopsis CaMV-35S Constitutive 6-fold increase in Met. Di et al. 2003
2.0-fold increase of cys. and

Cys E (SAT) E. coli CaMV-35S Chloroplast glutathione in leaf tissues but Harms et al. 2000
no change in tuber

Cys E (SAT) E. coli CaMV-35S Chloroplast 1.5-fold increase in Cys. Stiller et al. 2007

thr B E. coli CaMV-35S Chloroplast No effect in Met. content Rinder et al. 2008
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t}. 3} X9t cystathionineX} homocysteine®| 32 Z7}3k
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o Badl S 2N Ao mel T a9
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O SAMSE) I ES AA SR Aom 2ARE G
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o 9Jdle] HuE|g)on, 7z TS SAAE CaMV-35S

H 9| ofu] Ak = Lys, lle, Ala, Val 121 Glue =
o vl sto] & WIS Holx] ¢Fekrh 12y} homoserine
2 1754], homocysteine-> 468712 Z713} =4 o] &
e o) A AtEd=E v FEAASA QL =
TFolAe A9 AEo] HA de FEoE A5
ol gt A A A= HA M= FASHA FAME o
lled] =9 Z713 A o= ZAEG oY HE ofn| e
At & Lys, Val, Ala, Glu 5& & H3lE Ho|x| okqtr).
N} vlaste] 7p 2 Zpo] 32 thronine | hEFS & W
7t glel o wig e o gheko] 308 7kA] F7takith
= ApAlolt), oFH Shaul¥} Galili(1992)+= feedback-insensitive
aspartate kinase(AKs)E Hufjoll W& A|7] 21} threonine ]
kol 2 - 9uf) 7hA] F718Fl o Lys, lleo] oFzt F7tst
siov veeye] skl Wabh figich sk
O ofj 7| A o] feedback-insensitive AKsS W& A 7]
Ao el eue] gl 267k ZAskAtha 5
C}H(Heremans and Jacobs. 1995). o] 23t A1 A= 71}

g 5 A3 4BS o)/ grjett BhE 28/AE
203 912 Aoleha o 2 Hrk(Table 4)
urh Ful2e ALe W ol ATl 27t
1

o} o

3}9+= 91 homo-serine, homo-cysteine®] $HFE 74 =7}

o o] 9] A of] Bofst= mAQl CgS, CbL,
$Ae) BT Ga5e] BAolE
YT 222 45T Agiche A
ojt}. o] st AL L2 CgSQF CbL-E 717t antisense= 1 WF
A 222 AN FUABANA Qe A} A
ATh Kreft 5-(2003)> ZHAFoll A 2|3 CgS 44
upeF El odulaFo @ T olake] Ao & A A

- 2 %
ato] AR 23 CeSe e ed A AR

Table 4 Summary of transgenic potatoes created by suppression of specific genes involved in the metabolic pathway of sulphur-containing
amino acids or by combination of metabolic engineering and overexpression of genes encoding high-methionine seed storage protein

Strategies Genes Origin Promoter Targeted organ Met. content Ref.

TS Solanum tuberosum ~ CaMV-35S  Constitutive IT‘eif : ’2;3-1;0113 Zeh et al. 2001
Antisense uber = SU-lo
inhibition StCgS Solanum tuberosum  CaMV-35S  Constitutive No change in Met. level Kreft et al. 2003

StCbL Solanum tuberosum  CaMV-35S  Constitutive Reduced Met. Maimann et al. 2000
Co-trans AthS (CgSQO) AVabidOpSiS CaMV-35S CthrOpIaSt 2-to 6-fold increase in

. o Dancs et al. 2008

-formation  Rzein Maize CaMV-35S  Constitutive the free Met.
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ofL o7 g%% At E3F Maimann 5-(2000)2
el gt g eges sud

£l 50%7HA] A& TE LR
C ataAS Adoel AdSds Ao ad
© 1, cystathionine, homoserine, cysteine 52| -2 & *|5}
A F7F 3t Aoz XAt E9o|5HA = homocysteine
of Fabrb $7bE AoR ZAFEIgoL o2 d SakE
o AAAA ] BHAst= ALES Y2 7%
AASE BABAE A8 ek ghu AAT FES
SIS owumable 9. oleld ATANES 5
Foto] B 0|5 27 thA o] RAS = (g8, MS, HSK
ol 940] FEAN G 714 A5 5 Aoz
osto] A Y SHgEEC] SAEHY aagdS o
q3 pEoz AHES ol A0 2SHNT oY
ot 28y olgdt dats 7| A N} L. paucicostata S
Ao &2 ZASE 23 (Thompson et al. 1982; Inaba et al.
1994; Ravanel et al. 1998; Chiba et al. 1999)9} = AMHI & =
Aoz oA A4S T AT 4B AR e %

W)t 2w 8 Ao R33h
QA ol&ste] 159 WS AAA 7 AY
CgS, CbL, MS 5& 1} THA|A cysteine E methionine

=9 g 38 ofnAlS TEZ ZHA 7| TR =
AETF AR HFE stglot 4= A1) o] Aa)H
U 2P 7|Fo] dstAY M9 ¢EEe] |
AotA DAt AE 295 th(Zeh et al. 2001).

3l o 7| A & 0] &35} gSQJ S o3 Ao g

- 208 9] HEl e steko] Zrlet AL eIty o o
Aol fFHEA, 37|22 FolAw SAEHN e 4

H oAM= zz%E]X] oFOITHKim et al. 2002). E3
CeS +AA7F I E Ae] fAoflA dF= 6ulj7t
A el o] greFo] Skt Hithal skl o Uk(Di et al.
2003), E ot Aol A= 278 7HA] Aol FUHE
AL Selstglont e eyel gae 75A o 5
(Kreft et al. 2003) & FZA 7} AT A ?;8 AOI —“rZHOI
th & thE o2 A CbL FAAe] HE S
749 cystathionine, homoserine, cysteine 2] ﬂaﬁﬁ 57}0}01
o wEede o] AR o™ Lys, Asp, Thr.J
FHe dekd gskeh AL Ao el
Sl A A EA7E 71A7h gobAl o], 370] 2, vhe
8 Qo) 277 e B8RS thehhglch. ol e o

el d g2 oA HEdS FFe FSol I &
= Ao 7 ZAE QI thH(Maimann et al. 2000). E3F A E2

of EAISHE THe] felobuiate A% g ol

&
Soh GAAE SAG] T HHNY O 2H ALY
A5 7heFo] o] vE 9 Ue EApA AR o] AF<]
52 ohi 7142 AR ofu) AR (oS S AAE
off 71 o Al K Eldt Z O 2 N-terminal®] 907 & 7]7}
AR E A28 type2] - AHCgS <o) 21Tl ©]+= N-terminal
o] Cos Tao) RS 2 ol EI] o)
wol o] Bt AAR CgS FAAE AEA o =Yt
A A7 A, WEede 4 anrt FHoju A4
SAAE T ARt ol 9 U 9 o] AAH
=9k2S &9ldl 4 th(Hacham et al. 2006). CgS o 4}
9} 15-kD Bzein FARE AR FAlo =Yslo] A}
A3 fauE U eing Feeks Bud 3
ol AN FAHAQ2 - 64l) T7HE A= FAFA
o Rk oby e, Tle, serine] @ = FAlO] F7FskAT
(Table 4). T2t A9 RE FLATA7L B &o] A3}
A AstEom, Q1o Fx7F My H o, WA 4
shapo] 40 - 6%7LA] aakl MAAN Y FHY
B gk 53] 79 AZE rEAlob ] 4w v
FE Ao 7 AR 1AL, phenylpropanoid pathway 2] At
Aol Tost= 7HY a3 a4 F9 1<l phenylalanine
ammonia-lyase(PAL) 32z} 2] ZH A0 AASHA A
E]OLQ_,Q_ D}O] o]_O:]];]_

ﬁrﬁ:d{n

011

il
T

¢

I_-II o

WA w5, W @A A 4 o AREe] Sty
nELS AL W HE C Gl En g
e woh 2y e ed sl 59 3 Fh
obwl i AbT} g7 Worobu]imAbo] HEsho] apabA o
2 7HX7h tha ek Ro] eaolch, wehd Ho)k
SAAA£Y 1% W PR &S o] §3te] olF I
sofulette] e o477 97 A7 s A
W Gheh B =oAL B 3 B4 opu Ak @
F& 370717 G0 AFAS 9 2AE 58 24t
ek

AF A}

B =B0 2205 H A Yuto] 2 1214 GMAE
A THPI008097)T} 2012V = 7 3}8ly] & et
71798 A+tu] o] ol ofal o]Folxl A Y.



J Plant Biotechnol (2013) 40:1-8

USEE

Altenbach SB, Pearson KW, Leung FW, Sun SSM (1987) Cloning
and sequence analysis of a cDNA encoding a Brazil nut
protein exceptionally rich in methionine. Plant Mol Biol
13:513-522

Bogdanova N, Hell R (1997) Cysteine synthesis in plants:
protein-protein interactions of serine acetyltransferase from
Arabidopsis thaliana. Plant J 11: 251-262

Bryan JK (1980) Synthesis of the aspartate family and branched-
chain amino acids. In: Miflin BJ (ed) The biochemistry of
plants, vol 5. Academic Press, New York, pp 403-452

Casazza AP, Basner A, Hofgen R, Hesse H (2000) Expression
of threonine synthase from Solanum tuberosum L. is not
metabolically regulated by photosynthesis-related signals or
by nitrogenous compounds. Plant Sci 157:43-50

Chakraborty S, Chakraborty N, Datta A (2000) Increased nutritive
value of transgenic potato by expressing a nonallergenic seed
albumin gene from Amaranthus hypochondriacus. Proc Natl
Acad Sci USA 97:3724-3729

Chiba Y, Ishikawa M, Kijima F, Tyson RH, Kim J, Yamamoto A,
Mambara E, Leustek T, Wallsgrove RM, Naito S (1999)
Evidence for autoregulation of cystathionine-synthase mRNA
stability in Arabidopsis. Sci 286:1371-1374

Dancs G, Mihaly Kondrak M, Banfalvi Z (2008) The effects of
enhanced methionine synthesis on amino acid and anthocyanin
content of potato tubers. BMC Plant Biol 8:65-75

Di R, Kim J, Martin MN, Leustck T, Jhoo J, Ho C-T, E. Tumer N
(2003) Enhancement of the primary flavor compound methional
in potato by increasing the level of soluble methionine. J Agric
Food Chem 51:5695-57025

Gakiere B, Denis L, Droux M, Job D (2002) Over-expression of
cystathionine-synthase in Arabidopsis thaliana leads to
increased levels of methionine and S-methylmethionine. Plant
Physiol Biochem 40:119-126

Hacham Y, Avraham T, Amir R (2002) The N-terminal region of
Arabidopsis cystathionine-synthase plays an important role in
methionine metabolism. Plant Physiol 128:454-462

Hacham Y, Schuster G, Amir R (2006) An in vivo internal deletion
in the N-terminus region of Arabidopsis cystathionine y-
synthase results in CGS expression that is insensitive to
methionine. Plant J 45:955-967

Harms K, von Ballmoos P, Brunold C, Héfgen R, Hesse H (2000)
Expression of a bacterial serine acetyltransferase in transgenic
potato plants leads to increased levels of cysteine and glu-
tathione. Plant J 22:335-343

Heremans B, Jacobs M (1995) Threonine accumulation in a mutant
of Arabidopsis thaliana (L.) Heynh. with an altered aspartate
kinase. J Plant Physiol 146:249-257

Inaba K, Fujiwara T, Chino M, Komeda Y, Naito S (1994) Isolation
of an Arabidopsis thaliana mutant, mto1, that overaccumulates
soluble methionine. Plant Physiol 104:881-887

Jin UH, Jin BR, Lee JW, Cho YS, Kwon OC, Kim YK, Chung CH
(2000) Characterization of a methionine-rich storage protein
cDNA from perilla (Perilla frutescens) seeds. Aust. J. Plant

Physiol 27:701-707

Kapoor A, Desborough SL, Li PH (1975) Potato tuber proteins and
their nutritional quality. Potato Res 18:469-478

Kim J, Lee M, Chalam R, Martin MN, Leustek T, Boerjan W
(2002) Constitutive overexpression of cystathionine-synthase
in Arabidopsis leads to accumulation of soluble methionine
and S-methylmethionine. Plant Physiol 128: 95-107

Kirihara JA, Hunsperger JP, Mahoney WC, Messing JW (1988)
Differential expression of a gene for a methionine-rich storage
protein in maize Mol. Gen. Genet. 211:477-484

Kreft O, Hoefgen R, Hesse H (2003) Functional analysis of
cystathionine -synthase in genetically engineered potato plants.
Plant Physiol 131:1843-1854

Liedl BE, Kosier T, Desborough SL (1987) HPLC isolation and
nutritional value of a major tuber protein. Amer. Potato J
64:545-557.

Maimann S, Wagner C, Kreft O, Zeh M, Willmitzer L, Hofgen R,
Hesse H (2000) Transgenic potato plants reveal the indis-
pensable role of cystathionine (3-lyase in plant growth and
development. Plant J. 23:747-758

Maimann S, Hoefgen R, Hesse H (2001) Enhanced cystathionine (3
-lyase activity in transgenic potato plants does not force
metabolite flow towards methionine. Planta 214:163-170

Nikiforova V, Kempa S, Zeh M, Maimann S, Kreft O, Casazza AP,
Riedel K, Tauberger E, Hoefgen R, Hesse H (2002) Engin-
eering of cysteine and methionine biosynthesis in potato.
Amino Acids 22:259-278

Pavia E, Lister RM, Park WD (1983) Induction and accumulation
of major tuber proteins of potato stems and petioles. Plant
Physiol. 71:161-168

Pedersen K, Agros P, Naravana SVL, Larkins B (1986) Sequence
analysis and characterization of a maize gene encoding a
high-sulfur zein protein of Mr 15,000. J Biol Chem 261:
6279-6284

Pots AM, Grotenhuis ET, Gruppen H, Voragen AGJ, de Kruif KG
(1999) Thermal aggregation of patatin studied ir situ. J Agric
Food Chem 47:4600-4605

Raina A, Datta A (1992) Molecular cloning of a gene encoding a
seed-specific protein with nutritionall balanced amino acid
composition from Amaranthus. Proc Natl Acad Sci USA
89:11774-11778

Ravanel S, Gakiere B, Job D, Douce R (1998) The specific features
of methionine biosynthesis and metabolism in plants. Proc
Nat Acad Sci USA 95:7805-7812

Rinder J, Casazza AP, Hoefgen R, Hesse H (2008) Regulation of
aspartate-derived amino acid homeostasis in potato plants
(Solanum tuberosum L.) by expression of E. coli homoserine
kinase. Amino Acids 34:213-222

Ruffet M-L, Droux M, Douce R (1994) Purification and kinetic
properties of serine acetyltransferase free of O-acetylserine
(thiol)lyase from spinach chloroplasts. Plant Physiol 104:
597-604

Saito K, Kurosawa M, Tatsuguchi K, Tagaki Y, Murakoshi I
(1994) Modulation of cysteine biosynthesis in chloroplasts
of transgenic tobacco overexpressing cysteine synthase



J Plant Biotechnol (2013) 40:1-8

(O-acetylserine (thiol)-lyase, Plant Physiol 106:887-895

Shaul O, Galili G (1992) Threonine overproduction in transgenic
tobacco plants expressing a mutant desensitized aspartate
kinase of Escherichia coli. Plant Physiol 100:1157-1163

Shewry PR (2003) Tuber storage proteins. Ann Bot 91:755-769

Snyder JC, Desborough SL (1980) Total protein and protein
fractions in tubers of Group Anigena and Phureja-Tuberosum
hybrids. Qual Plant Foods Hum Nutr 30:123-134

Stiller I, Dancs G, Hesse H, Hoefgen R, Banfalvi Z (2007) Improv-
ing the nutritive value of tubers: Elevation of cysteine and
glutathione contents in the potato cultivar White Lady by
marker-free transformation. J Biotechnol 128:335-343

Sun SSM, Altenbach SB, Leung FW (1987) Properties, biosyn-

thesis and processing of a sulfur-rich protein in Brazil nut
(Bertholletia excelsa H.B.K.). Eur J Biochem 159:597-604

Thompson GA, Datko AH, Mudd SH (1982) Methionine bio-
synthesis in Lemna: studies on the regulation of cystathionine
gamma-synthase, O-phosphohomoserine sulthydrylase, and
O-acetyl sulthydrylase. Plant Physiol 69:1077-1083

Tu HM, Godfrey LW, Sun SSM (1998) Expression of the Brazil
nut methionine-rich protein and mutants with increased
methionine in transgenic potato. Plant Mol Biol 37:829-838

Zeh M, Casazza AP, Kreft O, Roessner U, Bieberich K, Willmitzer
L, Hoefgen R, Hesse H (2001) Antisense inhibition of thre-
onine synthase leads to high methionine content in transgenic
potato plants. Plant Physiol 127:792-802




<<
  /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


