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KHA NANG PHAN HUY POLY (3-HYDROXYBUTYRATE) (PHB)
CUA CHUNG VI KHUAN BACILLUS GELATINI PHAN LAP TAI VIET NAM

TRINH THI VAN ANH, NGO THI KIM TOAN, NGUYEN QUANG HUY
Truong dai hoc Khoa hoc tw nhién, PHQOG Ha Noi

C4c vat liéu va san pham c6 nguén goc tu
nhua téng hgp polypropylen (PP), polyetylen
(PE), polyvinylclorua (PVC)... khé bi phan hiy
va ton tai rat lau trong dat, gdy 6 nhiém moi
truong nghiém trong. Mot trong nhiing giai phap
khéc phuc 1a nghién cttu va tim ra cidc nguén vat
liéu m6i nhua sinh hoc dé thay thé cdc loai nhua
tong hgp. Nhua sinh hoc ¢6 nhiéu dic tinh twong
tu nhu nhua téng hop nhung lai ¢6 kha nang bi
phan hily béi vi sinh vat. Nhua sinh hoc 1a dang
polymer téng hop tir cac polyester nhu poly (L-
lactic) (PLA), poly (B-hydroxybulyrate) (PHB),
poly (e-caprolactone) (PCL)... Céc polyester nay
tuy khéac nhau vé tinh chat vat 1y, hod hoc nhung
ching déu c6 thé chuyén hoéa thanh cdc
monomer va oligomer va cudi cung phan huy
thanh cdc thanh phan co ban nhu cacbon, CO,
va H,0O do d6 khong gay 6 nhiém moi trudong
[11]. Trong s6 cac polyester PHB dang duoc
quan tam déc biét do chiing khong nhitng mang
céc dac tinh tuong tu nhua téng hop ma con ¢
do déo va tinh chiu nhiét cao. Dac biét, PHB c6
thé dugc phan hay trong diéu kién tu nhién nhd
cac chlng vi sinh vat sit dung PHB nhu 1a nguon
cacbon va nang lugng cho cac hoat dong song
ctia ching [1, 10].

Vi sinh vat phan huy PHB trong tu nhién ton
tai trong dit, nuéc bién, bun hoat tinh...
Chowdhury 1an dau tién cong bo céc vi sinh vat
c¢6 kha nang phan huy PHB thudéc nhém
Bacillus, Pseudomonas va Streptomyces. Dén
nay nhiéu ching vi sinh vat hi€u khi ciing nhu
ky khi c6 kha nang st dung PHB da duoc phan
lap va dinh danh [1, 3, 9, 11]. Trong dat cac loai
Pseudomonas  lemoigne, Comamonas  sp,
Acidovoras feacalis, Aspergillus fumigatus va
Variovorax paradoxus; trong bun hoat tinh va
trong diéu kién ky khi 1a cdc loai Alcaligenes
faecalis, Pseudomonas, Illyobacter delafieldi va
trong nudc ngot la céc loai Comamonas
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testosterone, Pseudomonas stutzeri da duoc
phan lap. Nam 1993, Nishida va Tokiwa da
nghién ctru su phan bé cua cic vi sinh vat c6
kha nang phan PHB va PCL trong cidc moi
truong khac nhau va cho thiy s6 lugng cac vi
sinh vat c¢6 kha nang phan hiy PHB chiém tir
0,5 - 9,6%, phan huy PCL chiém 0,8 - 11% téng
sO vi sinh vat trong cdc mau nghién ctu. Trong
nghién ctu cta Nishida va tap thé da phan lap
duoc 77 chung vi sinh vat c¢6 kha nang phan
huy polymer sinh hoc bao gom 68 chlng vi
khuan, trong d6 c6 41 ching thugc chi Bacillus
[3]. Hau hét vi sinh vat phan huy PHB déu thuoc
nhém vi khuédn wa 4m, khong c6 nhiéu chang vi
sinh vat phan huy PHB & nhiét do cao dugc phan
lap. Chliing nam wa nhiét Aspergillus sp. 1a mot
trong sO it nhitng chling vi sinh vat phan lap
duoc ¢6 kha nang phan huy PHB manh, sau 5
ngay nuodi cdy & nhiét do 50°C ching
Aspergillus sp. da phan huy t6i 90% khoi luong
PHB b6 sung vao moi trudng [7].

Tinh hinh 6 nhiém rac thai trong d6 cé o0
nhiém rdc thai tir cdc san phdm nhua, tdi ni
long & Viét Nam... 1a rat 16n. Hién nay trong
nude da c6 mot s6 két qua nghién ciru bude dau
v€ viéc phan 1ap va danh gid kha nang phan
huy polymer c¢6 nguén géc sinh hoc. Nguyén
Quang Huy va tap thé da phan lap mot s6
ching xa khudn, nim c6 kha nang phan huy
PLA, PHB [5]. Tuy nhién, chua c6 nhiéu cong
trinh nghién ctu vé su phan bo ciing nhu dac
diém sinh hoc cha cdc loai vi sinh vat c6 kha
nang phan huy PHB nhat la trong diéu kién
nhiét do cao. Bai bao nay trinh bay cédc két qua
nghién ctu phan lap cdc ching vi khudn & Viét
Nam c6 kha nang phan huy PHB & nhiét do
cao, lam co s6 cho viéc san xudt va ung dung
cac ché€ pham nhua méi, gép phan kiém soat
qud trinh phan huy polymer sinh hoc va giam 6
nhiém moi trudng.



1. PHUONG PHAP NGHIEN CUU

1. Nguyén liéu

Cac mau dat duge thu thap tir khu vuc nha
mdy xu 1y rac thai thuoc dia phan xa Tay Mo,
Tu Liém, Ha Noi thang 9/2009.

Poly (B-hydroxybulyrate) (PHB), poly(e-
caprolactone) (PCL) duoc mua tir hang Sigma
(M§) va Takara (Nhat Ban). Poly L-lactic (PLA)
duogc cung cdp tr Trung tam Nghién ctru Cong
nghé moi trudong va Phat trién bén vitng, Trudong
PH Khoa hoc Tu nhién, PHQG Ha Noi. Cac
héa chit khac dat do tinh khiét trong nghién ctru
phan tich.

2. Phuong phap

Moi truong khodng véi thanh phan chinh
gom MgSO,: 0,1g; NaCl: 0,1g; KH,PO,: 0,2g;
Na,HPO,.2 H,O: 0,15g; CaCl,.2H,0O: 0,02g;
FeSO,.7H,0: 0,01g; cao ndm men: 0,1g; nudc
cat 1 lit. PHB va cdc polymer sinh hoc dugc bé
sung vao moi trudong nuodi cdy nong do 0,2%
(W/v).

Danh gid su phét trién cha vi sinh vat trong
céc diéu kién khdc nhau vé nhiét do, pH va néng
d6 mudi NaCl dua trén viéc do do hdp thu anh
sang & budc soéng 600 nm clia moi trudng nuodi
cdy. Hoat tinh enzym ngoai bao dugc thuc hién
theo Nguyén Quang Vinh va tap thé [4].

Panh gid kha nang phan huy PHB va cac
polymer sinh hoc duogc ti€n hanh thong qua viéc
do ham luong cacbon tdng s6 (TOC) c6 trong
dung dich nghién ctru [2].

Trinh tu 16S rARN clia ching vi khuan dugc
doc truc ti€p trén may doc trinh tu tu dong ABI
PRISM 3100 Avant (Hoa Ky). Két qua trinh tu
duoc so sanh véi trinh tw 16S rARN cac loai da
c6 trong ngan hang gen quéc t€ dé xdc dinh dén
tén loai.

II. KET QUA VA THAO LUAN

1. Phan lap va nghién ciu dac diém hinh
thai, sinh ly sinh hoa ctia ching vi khuan
B2

Dé phan lap cac chung vi khuan c6 kha nang
phan huy PHB, viéc lua chon moi trudng
khoang c6 bd sung PHB la nguon cdc bon duy
nhit da dugce ti€n hanh. Tir cac miu dat, nude tai

khu vuc xtr 1y rdc thai xa Tay Mo, Tur Liém, Ha
Noi ching t6i da phan 1ap dugc 11 ching vi
khudn khac nhau c6 kha ning phét trién va tao
vong phan huy PHB trén moi trudong khodng &
nhiét do 50°C (bang 1).

Bdng 1

Kha nang phat trién mot s6 chiing vi khudn

trong moi truong c6 bo sung PHB 0,2% (w/v)

STT | Ky hiéu | Kha nang | So luong té
ching phat bao
trién (CFU/ml)
1 Bl ++ 3,04 x 108
2 B2 -+ 2 x10°
3 B3 ++ 5,6 x 107
4 B4 + 2.3 % 10°
5 B5 ++ 3,4 x 107
6 B6 ++ 3,24 x 108
7 B7 + 2 x 105
8 B3 ++ 3,7 x 10’
9 B9 + 1,5 x 10°
10 B10 ++ 4,5 % 10%
11 Bl1 ++ 4,5v 10’

Ghi chii: (+). phat trién yéu; (++). Phat trién trung
binh; (+++). Phat trién manh.

x5000

Hinh 1. Chang B2 dudi kinh hién vi dién ti

Dé d4nh gid miic do phat trién, cdc ching vi
khudn di phan lap & trén duogc chia thanh cac
nhém khdc nhau: nhém phét trién manh c6 s6
lugng khuén lac trén 10° CFU/ml, nhém phat
trién trung binh ¢6 s6 lugng khuin lac tix 10’
dén 10* CFU/ml va nhém phadt trién yéu c6 so
lugng khudn lac dudi 10’ CFU/ ml. Trong s6 11
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ching vi khuén dugc phan lap ¢6 1 ching ky
hiéu B2 thuoc nhém phat trién manh, 7 chiing
thuoc nhém phét trién trung binh ky hiéu B,
B3, B3, B6, B8, B10, B11 va 3 ching vi khudn
ky hiéu B4, B7, B9 thuoc nhém phat trién yéu
(bang 1). Két qua nay cho thay, ching B2 c¢6
kha nang sit dung PHB t6t hon so véi 10 ching
con lai. Do vay, ching t6i chon chung B2 trong
cac nghién ctu ti€p theo.

Nghién cttu ddc diém sinh hoc ctia chiing B2
cho thdy vé mat hinh thdi chung B2 c¢6 dang
hinh que, dang chubi, bao tir khong phinh, Gram
(+) (hinh 1). Ching B2 khong phat trién & nhiét
do duéi 25°C va trén 65°C. Chiing B2 phat trién

tot trong khoang nhiét do tur 37 dén 60°C, dac
biét chung B2 phdt trién manh nhat & nhiét do
50°C, do vay ching B2 c6 thé thudéc nhém vi
khuén wa nhiét. Két qua nghién ctu anh hudng
ctia mot s6 diéu kién moi truong nhu do pH va
nong do mudi NaCl d6i véi su phat trién chling
B2 cho thdy ching B2 phaét trién tot trong moi
trudng cé pH trung tinh 6-7, ching khong phat
trién trong moi trudng axit pH dudi 4 va moi
truong kiém pH trén 8 (bang 2). Chiing vi khuédn
B2 c¢6 thé phat trién trong diéu kién nong do
mudi NaCl kha cao trén 3%, tuy nhién ching
phét trién t6t nhat & nong do mudi NaCl trong
khoang 0,5 dén 2% (bang 2).

Bdng 2
Cac yéu t6 moi truong anh huéng dén su phat trién cia chiung vi khuan B2
Yéu to moi truong

Nhiét | Kha nang phat trién %NaCl Kha nang phat trién oH Kha nang phit trién
do O (ODgynm) (ODgynm) (ODgynm)

4 0,024 + 0,005 0 0,202 £ 0,056 4 0,011 £ 0,002

25 0,213 + 0,079 0,5 0,4 +0,078 5 0,227 £ 0,061

37 0,849 = 0,102 1 0,488 £ 0,133 6 0,282 = 0,077

50 0,906 = 0,028 2 0,413 + 0,098 7 0,3 0,065

60 0,155 +0,017 3 0,279 £ 0,059 8 0,174 £ 0,029

65 0,029 + 0,001 5 0,22 £ 0,025 9 0,15 +0,016

Bdng 3
Mot s6 dac diém sinh hoc ciia chiing B2
DPiac diém nghién ctu Chiing B2 Dic diém nghién ciu Chiing B2

Nhiét do t6i uu 50°C Mannosamine +
pH t6i vu 7 Lactose +
Nong do NaCl t6i uu 1% L-Rhamose +
Khd ndng sit dung mot s6 loai duong D-Glucose +
D(+)Galactose + Schacarose +
D(+) Glucosamin - Hoat tinh mot sé enzym
L(-) Fucose + Catalase +
D(+) Mannose + Cellulase +
N-acetyl-D-Glucosamin + Protease +
Fructose + Amylase -
L(+) Arabinose +

Dé phan loai, nhan dang vi sinh vat c6 kha
nang chuyén hod cic loai dudng ciing 12 mot
tieu chi danh gia. Chung B2 c6 kha nang su
dung dugc nhiéu loai dudng khic nhau. Trong
s6 12 loai duong thi nghiém ching B2 chi
khong st dung dugc D(+) Glucosamin trong qua
trinh phat trién ctia chiing (bang 3).
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Hoat tinh cia mot s6 enzym ngoai bao nhu
amylase, catalase, protease va cellulase cua
chung B2 da dugc tién hanh nghién ctu. Cac két
qua nghién ctu cho thidy ching B2 khong cé
kha nang téng hgp amylase, nhung c6 hoat tinh
clia enzym protease, cellulase va catalase (bang
3). biéu nay cho thdy chling B2 c6 thé c¢6 hoat



tinh enzym phan giai PHB (PHB depolymerase)
thudc nhom protease. Dua trén cic phan tich dac
diém hinh thai, sinh 1y, sinh hod ching B2 c6
thé thuoc chi Bacillus.

Két qua phan tich trinh tu gen 16S rARN cho
thay chling vi khudn B2 c6 trinh tu tuong dong
v6i 100% (1500/1500 nucleotit) so doan trinh tu
gen 16S rARN cua ching Bacillus gelatini ky
hieu AJ551329 trong ngan hang gen (hinh 2).
Két hop vé6i cdc dac diém hinh thai, sinh 1y sinh
hod ching B2 c6 tén 1a Bacillus gelatini. Day la
két qua nghién ctu dau tién & Viét Nam vé viéc
phan lap ching vi khuén thuoc nhém Bacillus wa
nhiét c6 kha nang phan huy PHB.

001
100 Bacillus baekryungensis_FJ937928
Bacillusalgicola_AY228462
—1Bacillusarseniciselenatis AF064705
Bacillus clausii_X7644(

55(]

100 Bacillus murimartini_AJ316316

56 Bacillus gibsonii_X76446

_‘: Bacillus halodurans_AJ302709
55

Bacillus pseudofirmus_X76439
Bacillus barbaricus_AJ422145

100 Bacillus tianmuensis_FJ483934

100| Bacillus gelatini_AJ551329
B2

Paenibacillus dagjeonensis AF290916

Hinh 2. Cay phan loai phat sinh loai chiing B2

2. Kha nang phan huy mot so polymer sinh
hoc ctia ching vi khuan Bacillus gelatini

Dé dénh gia kha nang phan huy PHB clia B.
gelatini, chiing vi khu4n nay da duogc ti€én hanh
nuoi cdy lic trong moi trudng khodng c6 bd
sung PHB 1a nguén cacbon va nang lugng duy
nhét trong thoi gian 30 ngay & cdc diéu kién toi
uu vé do pH, nhiét do va nong do muoi NaCl.
Luong PHB do B.gelatini stt dung duogc xac dinh
bang viéc do su gidm ham lugng cacbon téng s6
(TOC) trong moi trudong nudi cdy tai cac thoi
diém khac nhau [2].

Két qua nghién cttu cho thay gia tri TOC
trong cdc mau c6 bd sung chung B2 déu giam so
v6i mau doi chiing ching to chung B. gelatini c6
kha nang st dung PHB d€ sinh trudng va phat
trién (hinh 3). Kha nang phan huy PHB cua B.
gelatini tang dan theo thoi gian. Tuy nhién kha

nang phan huy tang manh sau 10 ngay nudi cay.
V6i hai nong do PHB khdc nhau dugc bd sung
vao moi truong nudi cdy la 1 va 2 g/l kha nang
phan huy B. gelatini 1a tuong duong nhau. Sau
30 ngay kha nang phan huy PHB cuta B. gelatini
so v6i mau d6i ching lan luot 1a 59,09% va
51,84% tuong tng v6i nong do 1 va 2 g/l. Hién
nay chua cé nhiéu cong trinh phan lap va danh
gia kha nang phan huy PHB cuta cac chung vi
khuan ua nhiét. Cic nghién cttu gan day méi chi
cong bo két qua phan 1ap ching nam soi
Aspergillus sp. [7] va mot s6 nhém xa khuén
thudc chi Streptomyces [11] c6 kha nang phan
huy PHB & nhiét do cao.

100 -
80 -
60 -
40 -

20 1

Kha nangphéan hg (%)

0 5 10 15 20 30
Thoi gian (ngay)
Hinh 3. Kha nang phan huy PHB
cua Bacillus gelatini
Ghi chii: Khoi lugng PHB b6 sung vao moi trudng:
g/l ®2¢g/l

Theo Teeraphatpornchai va tap thé [9] hau
hét cac chung vi sinh vat phan hay PHB phan
lap dugc ciing c6 kha nang phan huy doi véi
PCL hay mot s6 polyester khac. PLA va PCL la
cic polyester c6 ciac dic trung tuong tu nhu
nhiing loai nhua polypropyler tdng hgp, nhung
c6 thé phan huy hoan toan duéi tic dong cla vi
sinh vat thanh CO, va H,O khong giy 6 nhiém
moi truong. PLA, PCL cung vé6i PHB 1a nhitng
polyester duoc st dung nhi€u nhét trong san
xudt nhya sinh hoc [5]. Nghién cttu kha nang
phan huy cua B. gelatini d6i v6i mot s6 polymer
sinh hoc khac cling da dugc tién hanh.

Ching B. gelatini dugc nuo6i lac trong moi
truong khodng chita 0,05% PLA, PHB hoac PCL
12 nguén cacbon duy nhat nhim ddnh gid kha
nang phan huy d6i véi cac polyester nay. Nhiét
do nuoi cdy 1a 50°C. Két qua cho thiy gia tri
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TOC trong cdc mau c6 B. gelatini déu giam so
v6i thoi diém ban ddu ching t6 B. gelatini da st
dung PLA va PCL lam nguoén cacbon cho su
phat trién B. gelatini c6 kha nang phan huy PCL
cao nhat va phan huy PLA la thap nhat. Sau 20
ngay kha nang phan huy PLA, PHB va PCL cuta
B. gelatini lan lugt la 20,30; 27,80 va 56,02%
lugng polymer duoc bd sung vao moi trudng
nuoi cdy (hinh 4). Kha nang phan huy PLA cta
B. gelatini so v6i mot s6 chiing nam [5] va xa
khuén da phan lap tru6c day & Viét Nam Ia chua
cao nhung ching lai ¢6 kha nang phan huy
trong di€u kién nhiét do cao trén 50°C.
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O T T 1
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Hinh 4. Kha nang phan huy mot s6 polymer
sinh hoc cua ching Bacillus gelatini

Kha nang phan ly (%)

Theo cdc nghién citu trude day ctia Song va
tap thé [8] s6 lugng cdc chling vi sinh vat trong
tu nhién vira ¢6 kha nang phan huy PLA vira ¢6
kha nang phan huy PHB, PCL 1a khong nhiéu.
Tuy nhién cdc chung c6 kha nang phan huy
PLA thuong c6 kha nang su dung PHB va PCL
nhung nguoc lai khong phéi ching vi khudn nao
phan huy PHB déu stt dung dugc PLA dac biét
trong di€u kién nhiét do cao. Két qua nuoi ciy
ching B. gelatini v6i nguén co chat la cac
polymer sinh hoc khac nhau cho thdy B. gelatini
nay c6 kha nang phan huy duoc nhiéu loai
polymer sinh hoc khac nhau & nhiét do cao.

1. KET LUAN

P4 phan lap va nghién cttu mot s6 dac diém
hinh thdi, sinh 1y sinh hod chlng vi khuén B2
thuoc chi Bacillus c¢6 kha nang phan huy poly
(B-hydroxybulyrate) (PHB) & nhiét do cao. Két
qua phan tich trinh tu gen 16S rARN cho thdy
chung B2 c¢6 do tuong dong 100% so v6i trinh tu
doan gen 16S rARN cua loai Bacillus gelatini.
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Chung Bacillus gelatini phan huy duogc
59,09% khoi lugng PHB bd sung vao moi
truong sau 30 ngay nuoi cdy & nhiét do 50°C.
Chung Bacillus gelatini sau 20 ngay nuoi ciy &
nhiét do 50°C da phan huy dugc 20,30% va
56,02% khoi luong PLA va PCL bé sung vao
moi truong.
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DEGRADATION OF POLY (3-HYDROXYBUTYRATE) (PHB)
BY BACILLUS GELATINI ISOLATED FROM VIETNAM

TRINH THI VAN ANH, NGO THI KIM TOAN, NGUYEN QUANG HUY

SUMMARY

Poly (3-hydroxybutyrate) (PHB) is a natural polymer produced by many bacteria as a means to store
carbon and energy. PHB have attracted commercial biotechnological interest because of their biodegradability
and biocompatibility. Several aerobic and anaerobic PHB-degrading microorganisms have been isolated from
soil, activated and aerobic sludge, seawater and lake water. The percentage of PHB-degrading microorganisms
in the environment was estimated to be 0.5 - 9.6% of the total colonies. Majority of the PHB-degrading
microorganisms were isolated at ambient or mesophilic temperatures and a few of them were able to degrade
PHB at higher temperature. The composting at high temperature is one of the most promising technologies for
recycling biodegradable plastics and the thermophilic microorganisms that could degrade polymers play an
important role in the composting process. Thus, microorganisms that are capable of degrading various kinds of
polyesters at high temperatures are of interest. In this study, we have isolated 11 thermophilic PHB-degrading
bacteria strains. Among them strain B2 was able to use PHB as a carbon source for growth at high temperature
(50°C). This bacteria grew at temperatures between 37 - 60°C, at NaCl concentration between 0.5 - 3% and at
pH between 5 - 8. This strain was able to used sucrose, D-glucose, fructose, mannose... but not used D (+)
glucosamin. This strain produced some extracellular enzymes such as cellulase, protease, catalase but not
amylase.16S rDNA sequence analysis of strain B2 indicated that this novel isolation was related
phylogenetically of Bacillus genus. Base on phenotypic, chemotaxonomic and phylogenetic results for strain
B2, we describe a novel species named Bacillus gelatini. After 30 days of cultivation in the media with the
concentration of PHB in the range of 1-2 g/, B. gelatini degraded more than 50% total amount of PHB added.
Strain B. gelatini can degrade not only PHB but also PLA, PCL at the rate of more than 20% after 20 days
cultivation. For further studies, the purification of an extracellular PHB depolymerase from B. gelatini is
necessary.

Key words: Bacillus gelatini, PHB, biopolymer, degradation.
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