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Toém tat Trong nghién ctru nay su anh huong cua cac yéu té dinh dudng nhu KH,PO,, MgSO, va
cao nAm men dén sy sinh truéng va sinh tdng hop poly(3- -hydroxybutyrate) (PHB) cua chung vi
khuén Yangia sp. NP199 da dugc 1an luot nghién ctu. Két qua nghién ctru chi ra rang ndng do
0.85 g/l MgS0Oy, 0.55 g/l KH,POy,, va 1.5 g/l cao nam men la diéu kién dinh dudng phu hgp cho su
sinh truong va sinh tong hop PHB cua chung vi khuén Yangia sp. ND199. O diéu kién nay khdi
luong té bao kho khoang 5 g/l véi ham luong PHB khoang 77.5% di dat dugc sau 48 h nudi ciy
trén moi truong MT2. Anh chup té bao sau 48 h nudi cdy bang kinh hién vi dién tir truyén qua cho
thdy cac hat PHB to dong nhét, khoang 1-2 hat trong mdi té bao va chiém gan hét khoang té bao.
V6i kha nang sinh truong manh va sinh tong hop nhiéu PHB chung vi khuan Yangia sp. ND199 co
nhiéu tiém niang dé phat trién san xuat trén quy mo cong nghiép.

Tir khéa: polyhydroxyalkanoate, poly(hydroxybutyrate), polymer, vi khudn wa mén, Yangia sp. ND199

1. M& dau

Polyhydroxyalkanoates (PHA) 1a polyester
cua cac don phan hydroxyankanoate. PHA
dugc tich Iy trong té bao cua nhiéu vi sinh vt
nhu 1a nguén dy trlr carbon va nang lugng,
thuong 1a khi trong méi truong sdng du thira
ngudn carbon va thiéu mot vai nguyén t6 dinh
dudng nhu oxygen, nitrogen, phosphorus,
sulfur, magnesium [1, 2]. PHA 1a polymer cua
khoang 10° dén 10* monomer, chung ton tai
dudi dang cac hat ri€ng biét trong té bao, cb
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khoang tir 5 dén 13 hat trong mot té bao, mdi
hat ¢6 kich thu6c khoang tir 0.2 dén 0.5 um [3-
5]. Sau khi duoc tach chiét ra khoi té bao, cac
PHA thé hién cac tinh chit chung dic trung nhu
khong ddc hai, khong tan trong nudc, twong
thich sinh hoc cao, c6 kha néng tu phén huy, la
nhitng nhwa ua nhiét c6 thé tai sir dung [2].

nhéom PHA thi poly (3-
hydroxybutyrate) (PHB) 1a loai polymer dugc

Trong

nghién ctru nhiéu nhat. PHB c6 cac tinh chat vat
ly twong tw nhu mot s plastic co ngudn gde tir
dau mo chinh vi vy chang duoc s dung dé
san xuat rat nhiéu cac san pham khac nhau nhu:
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bao bi, cac tii dung dung trong si€u thi, khay
dung trai cay, rau qua, tring va thit, chai lg
dyng my pham, chai lo dyng d6 uéng. PHB
cling dugc dung dé san xuét cac dung cu dung
mot 1an nhu hop dung dd an nhanh, dung cu
dung trong gia dinh nhu cdc, thia, dia, dia.
Ngoai ra PHB ciing dugc ding dé ché tao cac
san pham c6 d6 bén cao nhu linh kién dién tir vi
du vé dién thoai, vé may tinh, hoac dugc st
dung dé ché tao vat dung noi that xe hoi [6].
Sau khi sir dung, cac san phim nay c6 thé duoc
phan hiy thanh H,O va CO, trong diéu kién
hiéu khi hodc CO, va CH, trong diéu kién ki khi
nho cac vi sinh vat ¢ mat trong ty nhién [4, 7].

Tuy nhién do gi4 thanh san xuit PHA nodi
chung va PHB néi riéng con kha cao so vai cac
loai nhya thong thudng c6 ngudn gdc tir ddu mo
nén kha nang tng dung PHA vao trong cudc
song thuong ngay con nhiéu han ché. Rat nhiéu
yéu t& anh huong dén gia ca cua PHA, vi du
nhu: hiéu suét san xuit PHA, ham lugng PHA
tich liy trong té bao, hiéu sudt chuyén hoa
ngudn cic bon thanh PHA, gia ciia cic nguyén
liéu dung trong 1én men (chu yéu 1a ngudn céac
bon), va gia cua qui trinh tach chiét, tinh sach
PHA [8].

Hién nay cac nha khoa hoc dang nd luc
nghién ctru nhim giam gia thanh cua PHA,
trong d6 cac hudng nghién ctru chu yéu la: tim
ra cac chung vi sinh vat méi c6 kha nang tao ra
ham luong PHA 16n tir cic ngudn nguyén liéu
ré tién, t6i wu hoa cac qui trinh san xuét va tinh
sach dé dat duoc hiéu suét cao hay tao ra céc
dong sinh vat chuyén gen c6 kha ning tao ra
nhiéu PHA [8].

Gan day chung toi c¢6 phan lap duge chung
vi khuan ua min Yangia sp. ND19 tir rirng ngap
man huyén Giao Thuy, tinh Nam Pinh. Chung

vi khuan nay sinh truong t6i wu ¢ nhiét do 32
°C va nong d6 4.5% NaCl. Trén méi truong co
ngudn carbon 1a glucose chung vi khuan nay
tich liiy PHA véi thanh phan chu yéu 1a PHB
(98-99%) cung  voi 1-2%  poly(3-
hydroxyvalerate) (PHV) [9]. Khi s dung
ngudn carbon 1a fructose ching nay sinh trudng
phat trién manh va tich liy PHB la chu yéu.
Trong nghién ctru nay thanh phan méi truong
dinh dudng can thiét cho su sinh truong phat
trién va tich liy PHB cia ching vi khuan
Yangia sp. ND199 nhu MgSO,4, KH,PO,4 va cao
nam men s& dugc nghién ctru t6i wu.

2. Nguyén liéu va phwong phap
2.1. Nguyén liéu

Poi tuwong

Chung vi khuan va min Yangia sp. ND199
phan 1ap tir dat rimg ngip min huyén Giao
Thuy, tinh Nam Dinh.

Cac logi moi truong su dung

Méi truong gitr gidng va hoat hoa vi khuin
Yangia sp. ND199 1a méi truong chuyén dung
ding cho cac vi khuan wa min trung binh [9]
(ky hiéu 1a MT1) c6 thanh phan g/l: NaCl, 45;
MgS0,.7H,0, 0.25; CaCl,.2H,0, 0.09; KCI, 0.5;
KBr, 0.06; peptone, 5; cao nim men, 10;
glucose, 1. Mbi truong san xuat PHB (ky hiéu
la MT2) c6 thanh phan g/l: NaCl, 45;
MgS0,4.7H,0, 0.25; CaCl,.2H,0, 0.09;
KCL, 0,5; KBr, 0.06; KH,PO,, 0.25; cao nim
men, 1; fructose, 25. Cac thanh ph?m cua moi
truong duoc hoa tan trong 1000ml nude cit, pH
cia moi truong duge diéu chinh dén 7.0 bang
dung dich 5SM NaOH, moi truong dic dugc bd
sung 2% agar (20 g/1).
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2.2. Phuwong phap
Hoat hoa chung nghién ciru

Ciy ching Yangia sp. NDP199 trén moi
truong MT1 dac & nhi¢t do 32 °C trong 24 h,
cdy chuyén sang moi trudong MTI1 long, nudi
trong may lac v6i tbc 6 180 vong/phit & nhiét
d6 32 °C trong 14 h, lac nay ching vi khuan da
duoc hoat hoa xong (giéng vi khuan) sing sang
sir dung cho cac thi nghiém tiép theo.

Nghién ciru anh hwéng ciia cdc yéu té dinh
duwéng trong méi truong nudi cdy dén sw sinh
truong va tich lity PHB ciia chiung Yangia sp.
ND199

B6 sung 5% gidng vi khuan di hoat hoa 14
h vao binh nén 250 ml chira 50 ml moi truong
MT2 léng, thanh phan cac chat dinh dudng
trong moi truong lan lugt dwoc thay ddi theo
ting cong thirc thi nghiém: (1) thay ddi nong do
MgSO, (ndng do g/l: 0.1, 0.25, 0.4, 0.55, 0.7,
0.85, 1), (2) thay d6i noéng do KH,PO, (ndng
do g/1: 0.1, 0.25, 0.4, 0.55, 0.7, 0.85), va (3)
thay d6i néng d6 cao nim men (ndng do g/l:
0.25, 0.5, 1, 1.5, 2). Chung vi khun Yangia sp.
ND199 duge giit trong ti nudi cdy ¢ nhiét do
32 °C véi toe do lic 180 vong/phat. Sau 30 h
dich nudi cdy dugc thu lai dé xac dinh khdi
luong té bao khé (CDW) va ham luong PHB
tich Iy trong té bao. Dua vao CDW va ham
luong PHB tich lity dé danh gia anh huong ciia
cac chat dén sy sinh truong va tich lily PHB cua
chung vi khuan Yangia sp. ND199.

Anh hieong ciia cdc thoi gian nudi cdy dén
sy sinh truong va tich lily PHB cua chung vi
khudn Yangia sp. ND199

B6 sung 4% gidng vi khuén di hoat hoa 14
h vao trong binh néon 250 ml chira 50 ml méi
truong MT2 long c6 thanh phan 0.85 g/l
MgSQO,, 0.55 g/l KH,POy, 1.5 g/l cao nidm men.
Dit cac binh nén trong ti lic 180 vong/phut &

nhiét do 32 °C. Lay miu & cac thoi diém: 0 h,
16 h, 24 h, 32 h, 40 h, 48 h, 52 h. Xac dinh khdi
luong té bao khé (CDW) va ham luong PHB
tich liiy trong té bao. Mau té bao c6 chira nhiéu
PHB sé& duoc giit lai dé chup anh kinh hién vi
dién tir truyén qua (TEM) tai Vién V& sinh Dich
té Trung uong.

Phwong phdp xdc dinh khoi lwong té bao
khé (CDW) trong dich nudi cdy va xdc dinh
ham heong PHB tich Ly trong té bdo ciia ching
Yangia sp. ND199

CDW duogc xéac dinh theo cac bude: chuin
bi eppendorf 2 ml danh s tht tu, siy kho dén
khéi luong khong dbi sau do cin dé xac dinh
khéi Iuong ban dau (Mo) cua timg eppendorf,
hat 14n luot 2 14n mdi 1an 2 ml dich nuéi cdy
cho vao eppendorf trén, li tdm 10000 vong
trong 5 phut, gitr lai sinh khéi té bao, rira sinh
khéi bang nudc cit. Sy kho eppendorf chira
sinh khéi dén khéi lugng khong dbi sau do can
eppendorf dé xac dinh khdi lvong eppendorf va
té bao (M). Tinh khdi lugng té bao khé (CDW)
theo cong thirc: CDW (g/1) = (M — Mp) x 250.

Ham luong PHB tich lity trong té bao duoc
xac dinh theo phuong phdp cia Law va
Slepecky (1961) [10], day la phuong phap dac
hiéu duoc sir dung dé x4c dinh ham luong PHB
tich liiy trong té bao cta vi sinh vat. Theo
phuong phap nay, khoang 10 mg sinh khéi té
bao kho co6 tich lily PHB s€ dugc thuy phéan
bang 10 ml dung dich 98% H,SO, trong 1.5 h &
nhiét dd 100°C dé thu duoc axit crotonic, hdn
hop sau d6 duogc dé ngudi ¢ nhiét d6 phong.
Pha lodng dich thity phan bang dung dich 98%
H,S0, 16i do OD & budc song 235 nm. PHB
tinh khiét dugc sit dung dé xdy dung do thi
chuén, dya vao dd thi chuin dé xac dinh ham
lugng PHB trong mau thi nghiém.
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3. Két qua va thao luin

3.1. Anh hwéng ciia nong dg MgSO, dén sw sinh
truong va tich lily PHB cua chung Yangia sp.
ND199

Théng thuong PHB duoc tich liy trong té
bao vi khuan khi méi truong séng du thira
ngudn carbon va thiéu mot nguyén té dinh
dudng nao d6 vi du nhu N, P, Mg, O, S...[1, 2].
Trong nghién nay anh hudng cua nong do
MgSO, t6i1 su sinh trudng va kha nang tich iy
PHB cua chung Yangia sp. ND199 da duoc
chung toi nghién ciru. Két qua dwoc thé hién
trong hinh 1.

Cac ndng d6 MgSO, khac nhau c6 anh
hudng nhung khéng qua 16n téi sy sinh truong
phat trién va tich liiy PHB cua chung Yangia sp.
ND199. Khi ndng do MgS0,.7H,0 ting tir 0.1
g/l dén 1 g/l thi sinh khéi té bao ciing ting va
dat gia tri cuc dai (4.2 g/l) tai nong d6 1 g/l
MgS0,.7H,0. Pong thoi v6i su sinh trudng
phat trién, ham lugng PHB tich lily trong té bao
ciing tang khi ting ndng d6 MgS0,.7H,0 va dat
gia tri cuc dai (62%) tai ndng do d6 0.85 g/l
MgS0,.7H,0, sau d6 ham lugng PHB giam chi
con 56% & nong d6 1 g/l MgS0,.7H,0. Nhu
vdy, ¢ thé nhan thdy rang khdi lwong PHB thu
dugc cao nhat (2.48 g/l) tai nong d6 0.85 g/l
MgSO47H20
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Hinh 1. Anh huéng cua ndng d6 MgSO, dén sinh
khoi va sy tich [ty PHB cua ching Yangia sp.
Nb199.
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Hinh 2. Anh huéng ciia nong o KH,PO, dén su
sinh trudng va kha nang tich lity PHB cta chung
Yangia sp. ND199.

3.2. Anh hwong cia nong @6 KH.PO, dén su
sinh truong va tich lity PHB cua chung Yangia
sp. 199

Theo cic nghién ciru truée ddy ndng do
photphorus ciing anh huéng twong dbi 16n t6i
kha ning tich lily PHB cua cac ching vi khuan
[3], vi vAy chung t6i tién hanh nghién ctru anh
hudéng cua ham luong KH,PO, t6i sy sinh
truong phat trién va tich liy PHB cta ching
Yangia sp. ND199. Két qua thi nghiém cho
thy, cic nong d6 KH,PO, khac nhau co anh
huéng 16n toi su sinh trudng phét trién va tich
lily PHB cua chung Yangia sp. ND199. Khi
néng d6 KH,PO, tang thi sinh khdi té bao cling
tang va dat gia tri cao nhit (4.8 /1) tai nong do
0.55 g/l KH,PO,. Pong thoi véi su sinh trudng
phat trién, ham luong PHB tich lily trong té bao
cling tang khi ting nong d6 KH,PO, va dat gia
tri cuc dai (74%) tai néng do do 0.55 g/l
KH,PO,4. Sau d6 su sinh truéng va kha nang
tich Ity PHB cua chung Yangia sp. ND199
giam dan khi ting nong d6 KH,PO,, sinh khéi
té bao va ham lugng PHB tich lity chi con lan
luot 1a 4.5 g/l va 69% & ndng do 0.85 g/l
KH,PO, (Hinh 2). Ham lugng PHB (3.6 g/l) va
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sinh khoi té bao kho dat gid tri cuc dai tai ndng
d6 0.55 g/l KH,PO, (Hinh 2).
—e—CDW —&— Khéi lugng PHB —=—PHB tich Ity (% CDW)
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Hinh 3. Anh huéng ctua ham lugng cao ndm men
dén sy sinh truong va tich lity PHB cua ching
Yangia sp. ND199.

3.3 Anh heong ciia ham heong cao ndm men
den sy sinh truong va tich lity PHB cua chung
Yangia sp. ND199

Ham lugng cao ndm men c6 anh huong toi
sy sinh truong cta cac vi khudn noéi chung va
cua chung Yangia sp. ND199 néi riéng. Thong
thuong, cao ndm men 1a ngudn nito rat tdt cho
su sinh truong cta vi khuan. Tuy nhién, d6i voi
chung Yangia sp. ND199 ham luong cao nim
men con anh hudng toi kha nang tich lily PHB
trong té bao. Chinh vi thé chung t6i tién hanh
thi nghiém nay nham tim ra néng d6 cao ndm
men thich hop dé cho sinh khéi cao dong thoi
cac té bao tich liiy ham lugng PHB cao nhét.
Hinh 3 cho thdy vi khuan sinh truong kém &
ndéng d6 cao ndm men bang va thap hon 1 g/l, vi
sinh truong kém nén khdi lugng PHB thu duogc
rat nho. Khi ham lugng cao nim men cua moi
truong tang thi sinh khdi té bao tang (Hinh 3).
Tuy nhién, khi ting ham luong cao ndm men
1én 2 g/l thi ham lugng PHB tich lily giam do
vay sinh khéi té bao kho ciing giam. Do PHB
chi tich liy trong diéu kién du thira ngudn
carbon va thiéu téi mirc giéi han mot nguyén t6
dinh dudng nao d6 [1]. Ma ting ham lugng cao
nam men nghia 13 ting ham luong cac chit dinh
dudng do vay su tich lily PHB d bi trc ché. Khi

ham luong cao nidm men la 1.5 g/I chung toi
nhan théy dung dich 1én men duc va c6 mau
trang bac. Phan tich ham luong PHB nhan thay
ching tich liiy PHB cao nhat, dat 77,8% va
ddng thoi sinh khéi t& bao thu dwoc twong dbi
cao (4.8 g/l). Két qua nghién ciu nay ciing
twong tu nhu nghién ctru cua Quillaguaman va
dong tac gia trén chung vi khuan wva man trung
binh Halomonas boliviensis LC1 [11]. Khi ting
ndng do cao ndm men hodc cac chat dinh dudng
khac thi sinh khdi t& bao va ham lugng PHB
tich lily trong té bao ciling ting, tuy nhién néu
tang qua cao thi lugng PHB tich lily s€ giam do
ap sudt tham thiu ting hodc diéu kién mat can
bang dinh dudng (diéu kién thuan loi dé vi sinh
vat tich liy PHA) khong con.

3.4. Nghién ciru lwa chon thoi gian nudi cdy
phu hop

Trong qua trinh lam thi nghiém ching t6i
nhan thiy & cac thoi diém khac nhau téc do
sinh truéong va kha nang tich liiy PHB cua
chung Yangia sp. ND199 la khac nhau. Viéc
tim ra thoi diém nao ching c6 kha ning sinh
truong tot nhét va tich liiy PHB cao nhét co y
nghia rit 16n trong qua trinh lam thi nghiém va
trong thuc té. Do d6 chung toi tién hanh thi
nghiém nghién ctu dong thai sinh truong va
tich liiy PHB trong té bao ching Yangia sp.
ND199. Két qua duoc thé hién trong hinh 4.
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Hinh 4. Sy sinh truong va tich 1y PHB cua chung vi
khuan Yangia sp. ND199 theo thoi gian nudi ciy.
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Két qua cho thdy, theo thoi gian nudi ciy
sinh khdi té bao tang dan va ham hugng PHB
tich lily ciing ting dan. Tai thoi diém 0 h, sinh
khéi té bao dat 0.025 g/l nhung té bao chua tich
lity PHB. Tai thoi diém 16 h, mic du sinh khi
té bao chua cao nhung ching dd bit dau tich
lily PHB, ham lugng PHB dat gan 44% tai thoi
diém nay. Trong khoang thoi gian tir 32 h dén
48 h sinh khdi té bao ting déu tuy nhién sy tich
lity PHB cling nhién sy tich liy PHB ciing tang
nhung cham (Hinh 4). Ham lugng PHB dat cuc
dai sau 48 h nuéi cy (77.5%), tai thoi diém nay
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sinh khdi té bao ciing dat gia tri cao nhit (5 g/l).
Tiép tuc nudi cdy va thu sinh khéi té bao, chiing
t6i nhan thay tai 52 h sinh khdi t& bao bét dau
gidm va ddc biét ham luong PHB tich lily trong
té bao giam manh. C6 thé do lic nay chat dinh
dudng trong mdi truong da can kiét nén PHB —
ngudn carbon tich lity trong té bao di bi phan
hay dé cung cip dinh dudng duy tri sy sinh
truong cta vi khuan. Nhu vdy két qua nghién
ctru chi ra rang thoi diém thuén loi dé dung thi
nghiém thu sinh khéi té bao va PHB la 40-48 h
sau khi nuoi cdy.
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Hinh 5. Anh kinh hién vi dién tir truyén qua (TEM) cua té bao chung vi khudn Yangia sp. ND199
c6 chira céac hat PHB mau trang.
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So sanh ham luong PHB tich liy trong té
bao cua chung vi khuan Yangia sp. ND199 véi
chang vi khuén Alcaligenes eutrophus (nay
duoc goi 1a Cupriavidus necator) - hién nay
dang dugc dung dé san xuat PHB trén quy md
cong nghiép chung toi nhan thdy: ham luong
PHB ma chung Yangia sp. ND199 tich lly
(khoang 77.5% khbi lugng té bao kho) tuong
duong voi chung C.necator trong nghién ctu
ctia Linko va dong tac gia (1993) [12] (khoang
69% khoi lugng té bao kho) khi cing sir dung
ngudn carbon 14 fructose sau 48 h nudi ciy.

Sinh khéi t& bao cia ching Yangia sp.
ND199 & thoi diém 48 h nudi cdy da duoc
chung t6i gitr lai dé tién hanh chyp anh hién vi
dién tir tai vién Vé sinh dich t& Trung uong.
Hinh 5 cho thdy cdc hat PHB mau tring chiém
toan bo khoang té bao chat, mdi té bao chi chira
khoang 1-2 hat PHB do vdy kich thudc cia cac
hat twrong ddi 16n va dao dong tir 0.3 dén 1.3um
(Hinh 5C). Hat PHB tich liy trong té bao cua
chung vi khudn Yangia sp. ND199 it va 16n
hon nhiéu so vé6i kich thude cua cac hat PHB
duoc mo ta trude d6 (khoang 3-15 hat/té bao va
kich thudc hat khoang 0.2 dén 0.5um) [5]. Két
qué & hinh 5B ciing cho thdy 16p thanh va mang
bao quanh té bao cua chung vi khuan Yangia
sp. ND199 kha mong (chi khoang 19nm) khi té
bao tich liiy nhiéu PHB. Kha ning tich liy
lugng PHB 16n, hat PHB to dong thoi thanh té
bao mong 1a nhimg lgi thé 16n cua chung vi
khuin Yangia sp. ND199 dic biét trong qua
trinh tach chiét va tinh sach sau nay. Vi¢c tinh
sach s& d& dang hon vi thanh té bao kha mong
nén d& dang bi pha v&, con hiéu suét thu hdi
PHB sé& cao hon vi hat PHB to nén d& thu hoi
khi loc hodc dé lang trong khi ly tam.

4. Két luan

Ching t6i da nghién cuu tim dugc moi
truong thich hop cho sy sinh truéng phat trién
va sinh tong hop PHB ciia ching vi khuan

Yangia sp. ND199. Luong sinh khdi va ham
luong PHB tich lily dat 5 g/l va 77.5% sau 48 h
nudi cdy trén modi truong MT2 c6 st dung:
0.85g/1 MgS0O,, 0.55g/1 KH,PO,, va 1.5 g/l cao
ndm men. Véi kha nang tich liy ham lugng
PHB cao, cac hat PHB to va dong nhét dong
thoi thanh va mang té bao kha mong nén ching
vi khuan Yangia sp. ND199 c¢6 nhiéu tiém ning
dé phat trién san xudt trén quy mé cong nghiép.
Céc nghién ciru tiép theo ¢ trong ndi 1én men
dang duoc ching toi tién hanh.
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Effect of Medium Composition on Cell Growth and poly(3-
hydroxybutyrate) Production by Yangia sp. ND199

Doan Van Thuoc, Luu Thi Hoi
Faculty of Biology, Hanoi National University of Education, 136 Xuan Thuy, Hanoi, Vietnam

Abstract: In this study the effect of different nutrient concentrations in the culture medium such as
KH,PO4, MgSO,4 and yeast extract on cell growth and PHB synthesis was study. Our results
demonstrated that high CDW of 5 g/l and PHB content of 77.5% were obtained after 48 h of
cultivation when 0.85 g/l MgSQ,, 0.55 g/l KH,PO,, and 1.5 g/l yeast extract were supplied in the
culture medium. Transmission electron microscopy pictures of bacterial cells after 48 h cultivation
shown that there were about 1-2 PHB granules per cell with diameter of 0.3 to 1.3 um. The PHB
granules fulfilled the cytoplasm of all bacterial cells. Yangia sp. ND199 with the capacity of fast
growth and synthesis of high PHB content is an attractive option for further study.

Keywords: halophilic bacteria, polyhydroxyalkanoate, poly(hydroxybutyrate), polymer, Yangia sp.
ND199




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


