Tap chi Khoa hoc va Céng nghé 50 (1) (2012) 45-52

PHAN LAP CHUNG VI KHUAN CO KHA NANG PHAN HUY
POLY( L-LACTIC AXIT)

Nguyén Thj Thanh Lich', Lé Hai Van', Nguyén Quang Huy" 2

! Truong Dai hoc Khoc} hoc tw nhién, PHQOG Ha Noi
’Phong Thi nghiém Trong diém Cong nghé protein va enzyme

Email: huy_nq@hus.edu.vn
Dén Toa soan ngay: 7/9/2011; Chap nhan dang ngay: 20/4/2012

TOM TAT

Ngay nay, cdc san phim nhya truyen thong ngay cang duoc st dung phd bién. Tuy nhién,
do dic tinh khé phan huly, cdc san pham nhya c6 ngudn gdc héa dau nay da gy nén hién twong
0 nhiém réc thai dang bdo dong. Viéc sir dung cédc vat li€u sinh hoc (biopolymer) c6 tinh nang tu
phan huy nhu hydroxybutyrate (PHB), poly (lactic acid) (PLA), poly (e-caprolactone) (PCL)...
dé thay thé cdc san phim nhya truyén thong da va dang thu hit sy quan tim cta nhiéu nha
nghién ctru. Mic dii 1a vat liéu c6 kha ning ty phan hity sinh hoc, tuy nhién c6 it nghién ciru vé
kha nang ty phan huy sinh hoc cia PLA, déac biét 1a sy phan hiy nho cac vi sinh vat. Tur cac mau
dat va nuoc thai thu dugc tai cdc dia diém 6 nhidm rac thai & Viét Nam, 12 chung vi khuén c6
kha ning phan huy PLA da dugc phan lp bang phuong phép lam giau moi truong. Trong 5O cac
chung phén 1ap, chung T2 dugc chon cho nghién ctu tiép theo nho kha néng sinh truong tot
trong mdi trudng tuyén chon c6 bd sung PLA 13 ngudn cac bon duy nhit. Sau 20  ngay nudi ciy
& nhiét 6 37 °C, ching T2 ¢6 kha niang phan huy hon 79,9 % lugng PLA duogc b sung vao moi
truong. Chung T2 cling phan hiy hon 39,9 % PCL va 71 % PHB ban diu sau 20 ngay nudi
cdy & 37 °C. Két qua phén tich trinh tw 16S rDNA cho thdy chung T2 tuong ddng 99,9 % véi
trinh tu gen 16S rDNA cua Klebsiella variicola_AJ783916.

Tur khoa: Vi sinh vat phan huy, Poly lactic axit, phén 1ap, Klebsiella,

1. MO PAU

Polymer sinh hoc c¢6 nhiéu dic tinh twong ty nhu polymer tong hop tir ddu mo nhung lai uu
diém 1a c6 kha nang bi phan hily boi vi sinh vat trong ty nhién thanh céc hop chat co ban nhu
cacbon, CO,, H,O do d6 khong giy 6 nhiém moi trudng. Polymer sinh hoc 1a dang polymer tong
hop tir cic polyester nhu poly (L-lactic) (PLA), poly (B- -hydroxybulyrate) (PHB), poly (e-
caprolactone) (PCL)... PLA hién dugc san xuét véi sé luong ngay mot nhleu trong nhirng nam
gén day. Ching dugc su dung trong cong nghiép gia cong nhya dé san xuét cdc san pham nhu
chai lo, céc loai bao bi hay trong cong nghiép dugc pham, y té nhu céc loai chi khau, vat liéu
thay thé... [1].



Nguyén Thi Thanh Lich, Lé Hai Van, Nguyén Quang Huy

Vi sinh vat phan hity polymer sinh hoc néi chung va PLA ndi riéng ludn ton tai trong cic
mdi truong tu nhién khic nhau nhu dét, nude, bun... SO luwong, chung loai céc vi sinh vat ¢ kha
ning phéan hity polymer sinh hoc phu thudc vao céc diéu kién ty nhién [2 - 4] Két qua nghién
ctru cua Song va cong sy cho thay trong 1g dat chira tir 1,6 x 10" dén 8,7 x 10° té bao, trong dat
bin 12 5,1 x 10 t& bao con nudc bién ciing ¢ tir 10> dén 10’ t& bao/ml vi sinh vat c6 kha ning
st dung hay phén huy céac loai polymer sinh hoc khac nhau [5].

Vi sinh vét c6 kha ning sir dung, phan hity PLA bao gom ndm mdc, xa khuan va vi khuan.
Jarerat va cong su [60] dd nghién ctru kha nang phan huy PLA cua céc chi thudc 16p xa khuén va
thy rang cdc ching xa khudn c6 kha nang phan huy poly(L-lactide) chu yéu Ia céc loai thudc ho
Pseudonocardiaceae va céc chi lién quan nhu Amycolatopsis, Saccharothrix, Lenzea,
Kibdelosporangium va Streptoalloteichus. Trong dé chi Saccharothrix c6 kha nang phan huy
PLA manh nhét. Paramuda va cong su [7] da phan 1ap ching xa khuén Amycolatopsis sp c6 kha
nang phan hay téi 60 % PLA dang mang mong sau 14 ngay nudi cdy. Torres va cong su [8] da
phan 1ap va nghién ciru trén 14 loai ndm khac nhau trong tu nhién sir dung PLA bao gom cic
chi: Aspergilus, Rhizopus, Penicillium, Fusarium va Trichoderma. Cic ching nAm mdc phan lap
¢6 kha ning sir dung axit lactic va PLA khi luong phan tir thip. Trong sé d6 ching Fusarium
moniliforme c6 kha ning phan hity manh nhat [8].

Tuy nhién, hién nay chua c6 nhiéu cong bb dén céc ching vi khuan c6 kha ning sir dung
PLA. Mot s it cong trinh méi dé cap dén kha ning phan huy PLA tir cc chung vi khuén ua
nhiét [9, 10]. Hién nay ¢ Viét Nam s lugng céc cong bd diéu tra nghién ctru vé vi sinh vat c6
kha néng phén huy cdc polymer sinh hoc trong d6 ¢6 PLA con it va chua day do. Gan day moi
¢6 mot s6 it cong trinh dé cap dén mot s6 chung xa khuan, nam c6 kha nang sir dung PLA va
mot sd polymer sinh hoc [11]. Trong bai bdo nay chiing tdi trinh bay céc két qua nghién ciru
trong viéc phan lap cic ching vi khuan & Viét Nam c6 kha niang phan huy PLA cling nhu mot 50
polymer sinh hoc khic lam co s cho viéc ung dung trong viéc tao céc ché pham, chu dong
trong viéc tang nhanh qua trinh phan huy ty nhién va giam thiéu 6 nhim moi truong.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu

Cdc mau dat duogc thu thap tu kh~u vuc nha mdy xtr Ii rdc thai Cau Dién, T}‘I Lig?m, Ha Néi
trong thoi gian thang 4/2011. Cic mau sau khi thu thdp duoc bao quan chuyén v€ phong thi
nghiém va phén tich trong vong 24 gio.

Poly L-lactic axit (PLA), Poly (B-hydroxybulyrate) (PHB)V, poly(e—caprolactone)’ (PCL)
dugc mua tir hang Sigma (M¥) va Takara (Nhat Ban), cac hoa chat khac dat d¢ tinh khiét trong
phan tich.

2.2. Phwong phap nghién ciu
Mo6i truong khoiang KH,PO,: 1,55 g; NaH,PO,.2H,0: O, 85 g; (NHy),SO4: 2 g;
MgCl,.6H,0: 0, 1g; CaCl,.2H,0: 2 mg; FeS0,.7H,0: 2 mg; nu’orc cat 1 ht PLA duoc hoa tan

hoan toan trong chloroform va bd sung vao mdi trudng nudi cdy véi nong do 0,2 % (w/v) la
ngudn cacbon duy nhat [11].
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Diénh gid sy sinh trudng cua cic ching vi sinh vét dya trén viéc do do hap thu anh sang ¢
buge séng 600 nm. Phdt hién kha nang sinh truong cua vi khuéan trén dia thach b6 sung PLA
bang phuong phép st dung thuéc nhudm lodoritrotetrazolium chloride 0,25 % [12] .

Dénh gid kha nang phén huy PLA dugc thuc bién bang phuong phép can thu hoi [6].
Lugng PLA duoc thu h01 bang céch li tim dich nudi cdy tich phan can, hoa tan trong
chloroform sau d6 dugc sdy 70° trong 24 gid khdi lugng khoéng doi. Té bao vi sinh vat sau khi
tach PLA ciing dugc say kho dén lugng khong d6i ¢ 105 °C trong 6 gid.

M3u vi khuan duoc ) dinh trén lamen sau dé dugc phu vang Ién bé mat. Tién hanh soi va
chup anh trén kinh hién vi dién to quét JEOL 5410 LV (Nhat Ban) ¢ cac d§ phéng dai khac
nhau tai Trung tam Khoa hoc Vit liéu, Truong Pai hoc Khoa hoc Ty nhién .

Trinh ty gen 16S rDNA ciia cédc chiing vi khuan duoc doc tryc tiép trén may phan trinh tu
tu dong 3100-Avant Genetic Analyzer (M) v6i sy gitp d6 cia Vién Vi sinh vt va Cong nghé
sinh hoc, Pai hoc Quéc gia Ha Noi. Trinh ty gen dugc so sdnh voéi trinh tu gen 16S rDNA trong
ngan hang gen quéc té, xay dung trén ciy phan loai dva trén phan mém Treeview.

3. KET QUA VA THAO LUAN
3.1. Phan 13p cac chiing vi sinh vit cé kha nang phan hiy PLA

Tur cdc miu dat, nude tai khu vuc xt Ii rdc thai Cau Dién, Tir Liém, Ha Noi ching t6i da
phén 1dp dugc 12 ching vi sinh vat c6 hinh thai khiac nhau c¢6 kha nang sinh trudéng trén moi
truong khodng c6 bd sung PLA 1a ngudn cacbon duy nhat. Trong sé 12 ching vi sinh vat dwoc
phan 14p, ching t6i lya chon 4 chung sinh truong manh nhét ky hiéu T1, T2, T4, T8. Sau 5 ngay
nudi cdy trén méi trudng thach khodng bo sung PLA cé 4 ching déu c6 kha ning tao vong phan
huy kha r6 trong d6 chung T2 c6 kha nang tao vong phan huy 1on nhit dudng kinh vong phén
huy gin 2,5 cm cic ching con lai c6 vong phén giai thdp hon, déu duéi 1,2 cm (hinh 1). Kha
nang phén huy PLA duoc tim thy & vi khuan nam s¢i va xa khuan nhung hau hét déu thugc 16p
xa khuan [5]. Khong c6 nhiéu cong bd vé kha nang phan huy PLA tir céc ching vi khudn do vay,
ching t6i Iya chon chiing T2 nay cho céc nghién ctru tiép theo.

Hinh 1. Kha nang sinh truéng va tao vong phén huy PLA cia cdc chung vi khuén phén 1ap trén moi
truong thach bo sung PLA (st dung thuéc nhuém lodoritrotetrazolium chloride)
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3.2. Nghién ctru mét s6 dic diém sinh hoc, phan loai chiing T2

Nghién ctru dic diém hinh théi cua chung T2 cho thay té bao chung T2 c6 dang hinh que

ngén (rod), khuén lac béng hoi nhay va 1a ching gram (-) (hinh 2).
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Hinh 2. Hinh thai té bao chung T2 dudi kinh hién vi dién tir (X 5000)

Bdng 1. Mot sb dac diém sinh hoc cua chung T2

Pic diém nghién ciru Chung T2
Nhiét do sinh trudng 37-65°C
pH t6i wu 5

Nong d6 NaCl ti vu 0,5%
Kha nang sir dung duong

D(+) Galactose +

D(+) Glucosamin -

L(-) Fucose +
Fructose +
Sucrose +

D(+) Glucose +

L(+) Arabinose +
Lactose +

Hoat tinh enzym

Catalase +
Cellulase +
Protease +
Amylase -
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Nghién ctru cdc diéu kién sinh truéng ctia ching T2 trong mdi trudng khodng c6 bd
sung PLA la nguén cacbon duy nhét, nhan thdy khi nhiét 4o moi truong nudi cay dudi 20 va
trén 65 °C chung T2 déu khong sinh truong. Chung T2 sinh truong t6t trong khoang nhiét do tr
37 dén 65 °C. Vé do pH moi truong két qua nghién ctru cho thdy ching T2 sinh trudng tot trong
mdi trudng axit yéu va trung tinh va khong sinh trudng trong méi truong kiém. Ching T2 ¢6 kha
ning str dung nhiéu loai duong khic nhau. Trong so 8 loai duong thi nghiém chung T2 chi
khong st dung dugc D(+) Glucosamine trong qud trinh sinh trudng. Nghién cuu hoat tinh cta
mot s enzym phén giai nhu amylase, catalase, protease va cellulase nhan thdy ching T2 khong
¢6 kha ning tong hop amylase nhung c6 hoat tinh protease, cellulose va catalase (bang 1).

Nghién ctru cdc diéu kién sinh truéng ctia ching T2 trong mdi trudng khodng c6 bd
sung PLA 12 ngudn cacbon duy nhat, nhin thiy khi nhiét d6 moi truong nudi cdy dudi 20 va
trén 65 °C chung T2 déu khong sinh truong. Chung T2 sinh truong t6t trong khoang nhiét do tur
37 dén 65 °C. Vé d6 pH mdi truong két qua nghién ctru cho thdy ching T2 sinh trudng tét trong
moi truong axit yeu va trung tinh va khong sinh truong trong moi truong kiém. Chung T2 c6 kha
ning st dung nhiéu loai duong khic nhau. Trong s6 8 loai duong thi nghiém chung T2 chi
khong sir dung dugc D(+) Glucosamine trong qud trinh sinh truéng. Nghién ciru hoat tinh cia
mot s enzym phén giai nhu amylase, catalase, protease va cellulase nhan thiy ching T2 khong
c6 kha ning tong hgp amylase nhung c6 hoat tinh protease, cellulose va catalase (bang 1).

Két qua giai trinh ty gen 16S rDNA cua chung T2 cho thdy doan trinh ty nay tuong dong
99,9 % (1398/1400 bp) véi doan 16S rDNA cia Klebsiella variicola_AJ783916; tuong ddong
99,6 % (1394/1400 bp) véi Klebszella pneumomae X87276 (hinh 3). Chi Klebsiella thudong
phén bd trong dat nudc va trong mot s6 mau bénh phim & nguoi va dong vat. Hién nay, chua c6
nhiéu céng b vé kha ning phan hily PLA hay polymer sinh hoc clia cic loai thugc chi nay.

0.01
Klebsiella pneumoniae_X87276

Klebsiella variicola_AJ783916
84 Chl]l’lg T2
Klebsiella singaporensis_ AF250285

Klebsiella pneumoniae subsp.

33 . ,
61 Klebsiella bneumoniae subsp. ozaenae

92 100 [— Enterobacter cloacae_AJ251469

Enterobacter dissolvens_Z96079

okl Klebsiella oxytoca_ AF129440
Salmonella subterranea_ AY373829
Erwinia amylovora AJ233410

59

52

100 [ Pantoea calida_GQ367478
- Pantoea gaviniae GQ367483
Enterobacter pulveris DQ273684
Shimwellia pseudoproteus FJ267523

Hinh 3. Vi tri phan loai chung vi khuan T2 va céc loai ¢6 quan hé ho hang gan dya vao trinh
tu gen 16S rDNA
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3.3. Kha niing phan huy PLA va mjt sé polymer sinh hoc ciia chiing T2

Két qua nghién ctru cho thiy khdi lugng PLA trong cdc miu thi nghiém c6é mat ching T2
déu giam so v6i mau dbi chung, diéu nay cho thdy chung T2 da sir dung PLA dé sinh trudng
(hinh 4). Kha nang sir dung PLA cua ching T2 ting dan theo thoi gian nudi ciy. Tuy nhién kha
nang phan huy chi ting manh sau 10 ngay nudi cdy. Sau 15 ngay kha ning phan hity PLA cua
chung T2 1a 41,65 %. Sau 20 ngay kha nang phan huy PLA cua chung T2 tang 1én t61 79,9 % so
Vo1 mau do1 chung. Ddng thoi khdi lugng té bao trong mdi trudng nudi cdy ciing ting tir 20 mg
té bao & mau d6i chung sau 10 ngay ting 1én 310 mg va sau 20 ngay 1a trén 700 mg nén gop
phan khing dinh su phat trién ciia ching T2 trong méi truong c¢6 PLA 1a ngudn cacbon duy nhat
(hinh 4). So sanh véi cdc két qua nghién ciru trude ddy ctia Pramuda va cong su [7], Tkura va
Kudo [9] kha nang phan huy PLA cua chung T2 la chua cao. Trong nghién ctru cua Tomita va
cong sy cho thdy trong tu nhién s luong vi sinh vat noi chung va vi khuan néi riéng c6 kha
nang phan huy PLA la khong nhiéu so véi nam méc va dic biét 1a xa khuan [10]. Ching T2 1a
mét trong s6 khong nhiéu cdc chung vi khuan c6 kha ning sir dung PLA.

PHB, PCL ciing v6i PLA cic polyme sinh hoc dugc sit dung nhiéu nhat trong viéc san xuét
céc nhya phan huy sinh hoc. Ching t6i ciing tién hanh danh gia kha nang phan hity cdc polymer
sinh hoc nay cua chung T2 trong moéi trudng khodang b6 sung 0,2 % (W/v) PHB hoac PCL la
ngudn cacbon duy nhét. Két qua cho thay khéi lwong PHB, PCL trong céc miu c6 bd sung vi
sinh vat déu giam so voi thoi diém ban dau. Ching T2 ¢ kha ning sir dung PLA tot hon so véi
PHB va PCL. Sau 20 ngay nudi cdy ching T2 da phan huy dwoc PHB va PCL lan luot la
71,03 % va 39,94 % luong polymer tuong tmg trong moéi truong (hinh 5). So voi két qua mot sO
nghién ciru trong nude ciia Nguyén Quang Huy va cong su cho thiy kha nang sir dung dong thoi
cdc polymer sinh hoc ctia ching T2 khong kém hon so véi cdc chung ndm mdc va xa khuin da
duoc phén lap [11].
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Hinh 4. Kha ning phan huy PLA sau 20 ngay nudi lic chung T2 & nhiét d¢ 37 °C

50



Phan lap ching vi khudn cé khé ndng phan huy poly(L-lactic axit)

90
80
70
60
50
40
30
20
10

Kha nang phan hay (%)

PLA PHB PCL

Hinh 5. Kha ning phan huy mot sé polyme sinh hoc ciia chung T2

Theo céc nghién ctru céng bd ciia Teeraphatpornchai va cong su [3] s6 luong céc ching vi
sinh vat trong tu nhién vira c6 kha ndng phan huy PLA, vira ¢6 kha nang phan huy PHB va PCL
tuong ty nhu chung T2 la khong nhiéu. Trong nghién ctru cua Jarerat va Tokiwa [6] kha _nang
phan huy PLA cling nhu mét s6 cac polymer sinh hoc khdc cua céc chung vi sinh vat ¢6 thé tang
1én néu bd sung thém cac chat cam tng nhu gelatin vao méi truong Do d6 chiing t6i dang tiép
tuc nghién ctru nham t5i wu cho sy phan huy PLA, PHB va PCL d6i véi chung T2.

4. KET LUAN

Chung T2 c¢6 kha ning phan hity PLA t6t nhat trong s6 12 ching vi sinh vat dugc phan 1ap.
P xédc dinh mot sb ddc diém hinh thai, sinh If sinh hod ciing nhw giai trinh tu gen 16S rDNA cua
ching T2. Trinh tu gen 16S rDNA ciia ching T2 twong dong 99,9 % (1398/1400 bp) véi doan
16S rDNA cua Klebsiella variicola_AJ783916.

Ching T2 phan huy dugc 79,9 %, 71,03 % va 39,94 % khéi luwong tuong tng PLA, PHB,
PCL sau 20 ngay nudi & nhiét d6 37 °C.

Loi cdm on. Cbdng trinh dugc thuc hién in su h(:)’ trg kinh phi ctia Quy Khoa hoc quéc té IFS
(International Foundation for Science, Thuy Dién) ma s6 F/4926-1.
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ABSTRACT

ISOLATION OF BACTERIA STRAINS CAPABLE TO DEGRADATE
POLY (LACTIC ACID)

Recently, the products of synthetic polymers as plastics have been commonly utilized.
However, the facts have shown that due to their extreme resistance to microbial attacks, these
products are conducive to the enormous wastes, which lead to put environment in danger. Bio-
polymers, such as poly hydroxybutyrate (PHB), poly (lactic acid) (PLA), poly (€ -caprolactone)
(PCL)..., are gradually replacing ordinary plastic in daily activities, which results from their
capability to degrade rapidly themselves. PLA is now one of the focuses of world wide attention.
In spite of an active interest in PLA as a biodegradable material, there have been only few
studies on its biodegradation, especially on its microbial degradation.

Twelve PLA-degrading bacteria were isolated from wasted soil and water samples by
enrichment method. One of them, strain T2 was selected to next research because of its rapid
growth in the selective medium added PLA as carbon source and the ability of forming largest
clear zone on plate. After 20 days of cultivation, strain T2 degraded more than 79.9 % PLA
added in the culture at 37 °C. Biochemistry characterizations showed that strain T2 expressed
protease, cellulose and catalase activity and used some kinds of sugar such as sucrose, fructose,
glucose...The 16S rRNA gene sequence analysis, strain T2 was similar 99.9 % with 16S rARN
of Klebsiella variicola_AJ783916. This strain also degraded more than 39.9 % PCL and
71 % PHB added in the culture after 20 days of cultivation at 37 °C.

Keywords. PLA- degrading bacteria, Poly (lactic acid), isolation, Klebsiella.
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