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KHA NANG PHAN HUY POLY (L-LACTIC) CUA MOT SO CHUNG
XA KHUAN PHAN LAP TAI VIET NAM

NGUYEN QUANG HUY, BO HUY DUONG, LE VAN CHIEU

1. MO PAU

_Trong nhiing nam gan day viéc sir dung mot cich tran lan cdc san pham nhya téng hop c6
nguon g0c tir hod dau nhu cic loai nhya polypropylen (PP), polyetylen (PE), polyvinylclorua
(PVC)... lam gia tang & nhiém rac thai trén toan thé gidi. Pé giam thai 6 nhiém ric thai do viéc
st dung cdc nhua tong hop nay nhiéu quoc gia da va dang khuyen cédo st dung cic san pham
than thién modi trudng trong d6 cé cac nhya sinh hoc [11]. Nhya sinh hoc 1a dang polymer tong
hop tr cdc polyester nhu poly (L-lactic) (PLA), poly (B-hydroxybulyrate) (PHB), poly (e-
caprolactone) (PCL)... Cic polyester ny tuy khdc nhau vé tinh chit Ii, hoa hoc nhung ching déu
¢6 diém chung 1a ¢6 thé phan huy thanh cdc thanh phan co ban nhu cacbon, CO, va H,0 do dé
khong gdy 6 nhiém mai truong. Céc polyester trén dugc coi 1 cdc polymer sinh hoc.Trong 56
céc polymer sinh hoc, PLA dugc coi 1a vat liéu nén cia chit déo ¢6 kha ning phéan huy sinh hoc
hién nay [2, 4, 11,]. Nhitng tng dung chu yéu cua polymer sinh hoc tap trung vao linh vuc san
xuét bao bi nhu lam céc mang boc, chai nhya va céc san phém phuc vu cho thuc phém [4]...

Song song v&i viéc phét trién, mot vin dé dat ra 1a 1am thé nao thic ddy hay c6 thé didu
khién qud trinh phan huy cia cdc loai nhwa sinh hoc ma khong gy anh hudng dén sinh thdi, moi
truong ty nhién. Mot trong nhirng cdch 1am hién nay 1a sir dung cic vi sinh vat c6 sin trong tu
nhién gidp cho qua trinh phan huy cic polymer sinh hoc [2, 9, 10, 11]. Nam 1993, Nishida va
Tokiwa d nghién ctru sy phan bd ciia céc vi sinh vat ¢6 kha nang phan PHB va PCL trong cdc
mdi trudng khac nhau va cho thay s6 lwong cic vi sinh vét c6 kha niang phan hiy PHB chiém tir
0,5% - 9,6%, phan huy PCL chiém 0,8 dén 11% tong s vi sinh vat trong cdc mau. SO lugng céc
chung vi sinh vat ¢6 kha nang phan huy poly (B-propiolactone) (PPL) ciing phan bd rong trong
mdi truong ty nhién [6]. Trong nghién ciru cia minh Nishida va tip thé da phan 1ap dwoc
77 chung vi sinh vat phan huy PPL bao gbm 68 ching vi khuan, trong d6 co it nhét 41 ching
thudc chi Bacillus [6]. Hau hét cac chung vi sinh vat phan huy PPL phan lap dugc cling c6 kha
nang phan huy d6i voi PCL hodc PHB. Tuy nhién trong tu nhién s6 lugng vi sinh vat c¢6 kha
ning st dung PLA lai it hon so véi s6 lugng sinh vét st dung cdc polyester khiac PHB, PCL hay
PPL [11]. Kha nang phan huy PLA ¢ cdc chung vi sinh vat duogc tim thdy & vi khuén [10, 12],
nam soi [3] nhung hau hét déu thudc 16p xa khuén [2, 8, 11, 12]. Bang phuong phép st dung
vong phan huy PLA, Paramuda va tap thé [8] da phén lap chung xa khuén Amycolatopsis sp va
nhan thiy rang chung nay phan hay 60% trong 100mg mang phim PLA sau 14 ngay nudi cly.
Ikura va Kudo [2] da phan 18p dugc mét ching Xa khuén thudc chi Amycolatopsis c6 kha nang
phéan hiy 95% luong PLA chi sau 12 ngay nudi cay Tokiwa va Jarerat [11] da nghién ctru kha
nang phan huy PLA cua céc chi thudc 16p xa khuan va thay rang céc chung xa khuén c6 kha
nang phan hiy PLA thudc ho Pseudonocardiaceae va cic chi li€én quan nhu Amycolatopsis,
Saccharothrix, Lenzea, Kibdelosporangium va Streptoalloteichus.

Tai Viét Nam, tinh hinh 6 nhiém rdc thai trong d6 c¢6 6 nhidm rac thai tir cic san pham
nhuya, tdi ni 16ng... 12 rit 16n. Gan ddy, Lé Trung Son va Trinh Lé Hung da thanh cong trong
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viéc tao cdc mang polymer ty phan huy mé ra hudng sir dung thay thé nhwa tong hop ¢ Viét
Nam [5]. Tuy nhién & nudc ta hién nay chwa c6 nhiéu cong trinh diéu tra nghién ciru vé vi sinh
vat néi chung va xa khuan néi riéng c6 kha nang phan huy cic polymer sinh hoc trong dé cé
PLA. Trong bai bdo nay chiing toi trinh bay cdc két qua nghién ctru budc dau trong viéc phéan
lap céc chung xa khuén ¢ Viét Nam c6 kha nang phan huy mot 56 polyester 1am co s& cho viée
g dung trong viéc tao cdc ché phim g6p phan ting nhanh qua trinh phén huy ty nhién va giam
thai 6 nhiém moi trudng rac thai & nudc ta.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu

Céc miu dat duge thu thap tir khu vy nha méy xir If réc thai thude dia phan xa Tay Md, Tir
Liém, Ha N¢i trong thoi gian 8/2008.

Poly L-lactic (PLA) dugc cung cép tir Trung tdm Nghién ctru Cong nghé moi trudng va
Phit trién bén virng, Truong DH Khoa hoc Ty nhién véi hai loai 1& PLA Sn-45 va PLA Sn-75.
PLA phim ctia hang Shimadzu Co., (Nhat ban).

Poly (B-hydroxybulyrate) (PHB), poly(e-caprolactone) (PCL) duoc mua tu hang Sigma
(M) va Takara (Nhat Ban), cac hoa chat khac dat dg tinh khi€t trong nghi€n ctru phan tich.

2.2. Phwong phap nghién ciru

Mbi truong khodng voi thanh phan chinh KH,PO,: 1,55 g; NaH,PO,.2H,0: 0,85 g;
(NH4)ZSO4 2 g; MgCl,.6H,0: 0,1 g; CaCl,.2H,0: 2 mg; FeSO4 7H,0: 2 mg; cao thit: 20 mg;
nude cat 1 1it. Bot PLA duogc hoa tan trong chloroform va bd sung vao moi truong nudi cay nong
dd 0,2% (w/v). Mbi truong Gause dung trong bdo quén cdc chung xa khuén gom tinh bdt tan:
20 g;’KzHPO4: 0,5 g; MgS0O4: 0,5 g; KNOs: 1 g; NaCl: 0,5 g; FeSO4: 0,01 g, thach: 18 g; pH tu
7,2 den 7,5.

Panh gié su phét’trién cua céc chung xa khpém trong cdc diéu kién khéc phau vé nhi~ét d(:),
d6 pH va nong do mudi NaCl dya trén sy thay d6i mau sac modi truong nudi cay so véi mau doi
ching.

. Danh gid kha nang phan huy PLA duoc tién hanh théng qua viéc do ham luong cacbon
tong s0 (TOC) c6 trong dung dich nghién ctru trén may do TOC-JS 5000 (Nhat Ban) vai sy gitp
dd cua Vién Hod hoc, Vién Khoa hoc va Cong ngh¢ Viét Nam.

Xdc dinh hoat d¢ catalase, protease va hoat tinh amylase, cellulase theo Nguyén Quang
Vinh va tép the [7].

3. KET QUA VA THAO LUAN
3.1. Phén lap va nghién ciru dic diém hinh thai, sinh li sinh hoa céia mét s6 chiing xa khuin

bé phan 18p céc chung xa khuén c6 kha nang phan huy poly (L-lactic) (PLA) ching toi da
Iya chon mdi trudong khodng cé b6 sung PLA 1a nguén cdc bon duy nhat. Tir mau dét, nudc tai
khu vyc xir I réc thai huyén Tay Mo, Tir Liém, Ha Ngi chiing t6i da phan 1ap duoc 33 chiing xa
khuan khac nhau c¢6 kha niang phat trién va tao vong phan huy PLA (hinh 1A). Trong sb céc
chung xa khuan phan 1ap duoc, hai ching xa khudn ky hiéu XKG3 va XKG5 c6 kha ning tao
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vong phan huy kha ro chi sau 1 tudn trong moi trudng Gause so voi cic chung xa khuan khac
(hinh 1B). Mit khac ) lugng khuén lac XKG3 va XKG5 cling xuét hién nhiéu trong cdc dia moi
truong khodng ¢6 bd sung PLA trong cdc méau phan 1ap. Ching ti lwa chon hai ching xa khuén
nay cho céc nghién ctru tiép theo.

Quan sét hinh théi duéi kinh hién vi thuong va kinh hién vi dién tir c4 hai ching xa khuan
XKG3 va XKG5 déu c6 hé soi sinh dudng phan nhdnh nhiéu 1an, duong kinh soi sinh dudng
khoéang 0,8 um dbi voi XKG3 va khoang 1 pm d6i voi XKG35 (hinh 2). Bao tir ciia ca chung xa
khuan XKG3 va XKG5 déu c6 dang chudi hinh thanh tir khuan ti khi sinh va khong c6 kha nang
di dong. Hai chung XKG3 va XKG5 déu c6 kha nang sinh sic t6 khuéch tan vao méi truong va
bién d6i mau sic moi trudng nudi ciy tir tring duc sang tim voi ching XKG3 va mau niu voi
ching XKGS5.

Hinh 1. Mt s6 khuan lac mot s6 chung xa khuan phan 13p trén méi truong khodng (A) va
Gause (B) ¢6 bo sung PLA

x15000

Hinh 2. Hinh thdi khuin lac chung XKG3 va XKG5 dudi kinh hién vi dién tir

Nghién ciru dic diém sinh hoc ctia XKG3 va XKGS5 cho thiy ca chung XKG3 va XKG5
déu khong phét trién trong nhiét d6 20°C va trén 45°C. Trong khi ching XKG3 phat trién t6i uu
nhit ¢ 37°C thi chung XKGS5 lai phat trién t6i wu ¢ nhiét d6 30°C. V& d6 pH két qua nghién ctru
cho thdy cé hai chung xa khuan XKG3 va XKG5 déu c6 phat trién tét trong moi trudng c6 pH
trung tinh (bang 1), ching khong phit trién trong moi truong axit pH dudi 4,5 va mdi truong
kiém pH trén 8,5. Dic diém st dung dudng cua céc vi sinh vat cling 1a mot ti€u chi trong ddnh
gid phan loai [1]. Hai ching xa khuan phan 1ap XKG3 va XKG5 déu su dung dugc céc loai
duong D(+) galactose, N_acetyl D_Glucosamin va khong st dung Mannosamine. Chung xa
khuin XKG3 su dung dugc duong D(+) Mannose va khong sir dung dugc cac loai duong D(+)
Glucosamin, L(-) Fucose, Fructose, L(+) Arabinose con chung xa khuén XKGS5 thi nguogc lai.
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Bdng 1. Mot s6 dac diém sinh hoc cta hai ching xa khuan XKG3 va XKG5

Dic diém nghién ciru §}Il<uél§ )gllzlélsg
Nhiét d¢ téi wu 37°C 30°C
pH téi wu 7,5 7,5
Ndng d6 NaCl t6i vu 5% 3%
Pudng kinh sgi sinh dudng 0,8 pm 1,0 pm
Bio tir dang chudi Cé Cé
Kha nang sir dung mot sé loai dwong
D(+) Galactose +
D(+) Glucosamin -
L(-) Fucose - -
D(+) Mannose + -
N_acetyl D_Glucosamin
Fructose -
L(+) Arabinose -
Mannosamine - -
Hoat tinh mét sé enzym
Catalase + +
Cellulase + +
Protease + +
Amylase + +

Ching t6i cling tién hanh nghién ctru hoat tinh ctia mot 56 enzym phan giai nhu amylase,
catalase, protease va cellulase ctia hai chung xa khuan XKG3 va XKG5. Cic két qua nghién ctru
cho théy hai ching xa khuén ¢6 kha nang téng hop mot 56 enzym ngoai bao cé hoat tinh phan
giai tinh bot la amylase va phan giai cellulose la cellulase twong d6i manh (két qua khong trinh
bay ¢ ddy). So sdnh, ddi chiéu voi dic diém cia céc chi thudc xa khudn [1] ching toi thay rang
ca hai ching XKG3 va XKG5 c6 nhiéu kha ning thudc chi Streptomyces. Dy 1a mot két qua
nghién ciru mdi vi cho dén nay chua c¢6 cong trinh cong b6 cho théy cac chung thudc chi
Streptomyces ¢6 kha nang st dung PLA tuy c¢6 mot s6 cong trinh cong bo kha nang phan huy
cac hgp chat khac. Cac nghlen ctru sdu hon vé phén loai 2 chung xa khuan & mirc do phan tr
dang dwoc ching toi tiép tuc tién hanh.

3.2. Kha ning phan huy mjt sé polymer sinh hoc ciia cic chiing xa khuén
Pé danh gia kha nang phan huy PLA cia hai xa khuan chiing t6i tién hanh nudi ciy lic

trong mdi truong khodng c6 bd sung PLA 2% (w/vol) 1a ngudn cacbon va ning luong duy nhét

28



trong thoi gian 20 ngay & cic diéu kién téi wu vé do pH, nhiét d6 va ndng do ’muéi NaCl. Hai
loai PLA duoc st dung trong nghién ctru la PLA Sn-45 va PLA Sn-75 c6 khoi luong phan tur
khéc nhau trong d6 PLA-Sn45 ¢6 chi€u dai mach cacbon dai hon va kich thu6e phén tir 16n hon.
Trong cdc nghién ctru dénh gid v€ kha nang phén huy PLA tr vi sinh vét, ham luong PLA con
lai sau thi nghiém dugc thu hoi, phén tich dénh gid thong qua viéc giam chi s6TOC trong moi
truong nudi cay [3, 8, 11].

Két qua nghién ctru cho théiy gid tri TOC trong cic mau c6 b6 sung xa khuan déu gidm so
voi mau ddi chimg (hinh 3). Bbi véi PLA Sn-45 ¢6 khdi lugng phén tir dudi 100.000, trong khi
gid tri TOC cua mau dbi chimg do dwoc hiu nhu khong thay dbi so v6i ban dau 12 1924 mg/1 thi
sau 20 ngay nudi cdy, gia tri TOC giam xudng con lai 1a 1115 mg/l dbi véi XKG3 va 1155 mg/l
v6i XKG35, tuong duong v6i 43,49% va 41,04% khéi luong PLA-Sn45 b sung vao mdi truong
da duoc hai chung XKG3 va XKGS5 st dung (hinh 3A). Dbi véi PLA-Sn45 kha nang phan huy
cta hai chung XKG3 va XKGS5 la tuong duong nhau.

PLA Sn-75 ¢6 chiéu dai mach ngin hon do vay khdi luong phan tir ciing thap hon so voi
PLA Sn-45 (du6i 70.000). Kha ning phan huy cta hai ching xa khuan d6i voi PLA Sn-75 cao
hon so véi PLA Sn-45 cho théiy hai chung xa khuan thich hop cho viéc phan huy cdc polymer
sinh hoc ¢6 khéi lwong phén tir thip va trung binh. Gi4 tri TOC cua mau ddi ching bd sung PLA
Sn-75 sau 20 ngay hau nhu khong ddi trong khi & mau c¢6 bd sung xa khuan gia tri nay giam tir
trén 1950 mg/l xubéng 1080 mg/l ddi voi XKG3 va 900 mg/l ddi véi XKG5 twong duwong kha
ning phan huy 1a 43,87% va 53,42% khdi luong PLA ban dau (hinh 3B). So sanh véi cic két
qua nghién ciru trude ddy ctia Pramuda va tap thé [8], Ikura va Kudo [2] kha ning phan huy cia
XKG3 va XKGS la chua cao. Chﬁng Amycolatopsis HT-32 phan huy 60% trong 100 mg mang
phim PLA sau 14 ngay nudi cay [8]. Tuy nhién trong nghién cuu cua Jarerat va Tokiwa [3] kha
nang phan huy PLA cuta cac chung vi sinh vt c6 thé tang 1€n néu bd sung cic chat cam ung nhu
gelatin, do d6 chiing t6i dang tiép tuc nghién ctru ti wu céc diéu kién cho sy phan huy PLA ddi
v6i chung xa khuan XKG3 va XKGS5.
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Hinh 3. Kha ndng phan huy PLA cta hai ching XKG3 va XKGS5 sau 20 ngay véi
PLA Sn-45 (A); PLA Sn-75 (B)
Ki hiéu: @ ching XKG3; M chung XKGS5; Addi chimg
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PHB la mét polyeste c6 cic dac trung tuong ty nhu nhiing loai nhya polypropyle lam tu
hod dau nhung c6 thé phén huy hoan toan thanh CO, va H,O. PHB cung v6i PLA 14 hai polyeste
duogc st dung nhiéu nhét trong viéc san xut cdc nhya phan huy sinh hoc [4]. Hai chung XKG3
va XKG5 duoc chiing toi nudi lac trong méi truong khodng chira 2% PHB 12 ngudn cacbon duy
nhit nham danh gid kha nang phan huy dbi véi PHB. Két qua cho thdy gi4 tri TOC trong céc
mau ¢ bd sung vi sinh vat déu giam so véi thoi diém ban ddu. Sau 20 ngay, gid tri TOC trong
mau ddi chimg khong thay ddi nhiéu thi gid tri TOC trong céc mau ¢6 bd sung mau hai ching xa
khuan tir trén 2000 mg/l di giam xudng chi con 749 mg/l véi chung XKG3 va 1077 mg/l d6i voi
chung XKGS5 (hinh 4). Nhu vy, sau 20 ngay nudi cdy hai ching XKG3 va XKG5 di phan hiy
twrong dwong dugc 65,91% va 51,75% khdi lugng PHB ban dau. Kha ning phan huy PHB cia
hai ching xa khudn cao hon kha ning st dung PLA cua chiing. Theo Nishida va Tokiwa [6],
Tokiwa va tap thé [11] s6 Iwgng céc ching xa khuén trong ty nhién vua c6 khd nang phan huy
PLA vtra c6 kha ndng phan huy PHB Ia khong nhiéu mit khéc trong moi truong khodng bd sung
PCL ca hai chung xa khudn XKG3 va XKG5 déu phit trién tot chimg t6 hai chung xa khuén
XKG3 va XKG5 c6 kha ning phan huy nhiéu loai polymer sinh hoc khéc nhau.
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Hinh 4. Kha nang phan huy PHB cua hai chung xa khuén XKG3 va XKG5
Ki hi¢u: @ ching XKG3; M ching XKG5; A ddi chimng

Bén canh viéc sir dung cdc ngudn polymer sinh hoc dudi dang héa chét tinh khiét, ching
t6i da tién nghién ctru kha nang phan huy phim mdng c6 chtra PLA cua chiing XKG3 va XKGS.
Sau 14 ngay nudi céy ching t6i thu dugc két qua: & céc binh thi nghiém cé bd sung ching xa
khuan XKG3 va XKG5 c6 su sinh trudng ctia nhitng ching nay. Viée sir dung PLA phim 1am co
chat gitip cho sy phat trién cia ching XKG3, XKG5 va lam thay d6i mau sic cia méi truong
nudi cdy, ting sinh khéi (hinh 5) trong khi & binh di chimg khong xuat hién hién tugng nay.
Tuy nhién khoi lugng cia mau phim PLA giam chua 16 rét do trong PLA thanh phém, mach
polyme khong phai 1& homo-PLA ma né con chua céc thanh phﬁn héa hoc khac nhu hén hop
dang D-L-lactic hay axit glycolic. Chinh didu nay lam cho khé nang phan hiy mach polyme cua
cac chung vi sinh vt tréd nén khé khan va doi hoi thoi gian dai hon [4].
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Hinh 5. Su phat trién ciia XKG3 (A) va XKG5 (B) trong mdi truong cd bd sung PLA phim

Mau dbi chiing (binh bén trai), mau cé bd sung cdc chiing xa khuén (binh bén phai)

4. KET LUAN

ba phan 18p va nghién ciru mot s6 dic diém hinh théi, sinh 1i siI}h hod dugc 2 ching xa
khuan XKG3 va XKG5 thudc chi Streptomyces c¢6 kha ndng phan hiy tot cadc polymer sinh hoc.
Hai chiing xa khuan XKG3 va XKGS5 ¢ diéu kién t6i wu c6 kha ning phan huy 43,49% va
41,04% khoi luong PLA-Sn45; 43,87% va 53,42% khoi luong PLA-Sn75; 65,91% va 51,75%
khoi luong PHB sau 20 ngay nudi cay.
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SUMMARY

POLY (L-LACTIDE) DEGRADATION BY SOME ACTINOMYCE STRAINS
ISOLATED FROM VIETNAM

Degradable polymers are increasingly considered as an attractive alternative to the current
petroleum-derived plastics from the viewpoint of environmental protection and solid-waste
management. Various types of biodegradable polyesters are presently manufactured, such as
poly (L- lactide) (PLA), poly (B-hydroxybutyrate) (PHB), poly (e-caprolactone) (PLC) and poly
(butylenes succinate) (PBS)... We used the plate count and clear zone methods to evaluate the
distribution of polyester-degrading microorganism in different soil environments and found
some actinomyces were degraded PLA. Two of them, strains XKG3 and XKGS5 were created
large clear zone on agar plate containing PLA as carbon sources. Base on morphology and some
of biochemistry characterizations two actinomyces trains isolated XKG3 and XKGS5 were belong
to Streptomyces groups. Strains XKG3 and XKG5 after 20 days cultivation were degraded from
41.04% to 53.42% total PLA (base on molecular weight) added in the media culture and 51.75%
to 65.91%, respectively total amounts of PHB. Two strains could grew well in the media have
only PLA film as carbon and energy sources. Two actinomyces have ability produce some
enzymes degradable such as amylase, protease, cellulase. Further studies with the selected
microorganisms will help us to better understand their actual potential to biodegradation of
biopolymer.
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