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licheniformis A4.2 phan 1ap tai Viét Nam

Nguyén Quang Huy*, Ngo6 Thi Kim Toan

Khoa Sinh hoc, Truong Dai hoc Khoa hoc Tu nhién, PHQGHN,
334 Nguyen Trai, Thanh Xudn, Ha Néi, Viét Nam

Nhén ngay 05 thiang 11 nam 2013
Chinh sira ngay 19 thing 11 nam 2013; chdp nhan ding ngay 11 thang 2 nim 2014

Tém tit: Mang sinh hoc (Biofilm) 1a cAu triic tdp hop cta vi sinh vat va c6 vai trd quan trong
trong chu trinh dinh dudng trén can va dudi nudc. Nghién ctru mang sinh hoc tmg dung trong xur
1y nuéce thai 1a mot trong nhitng nghién ctru méi hién nay gitp gidm & nhiém dic biét 13 6 nhiém
nude thai co chira cdc hop chét photpho. Tir cic miu nude thai thu thap tir mot sb dia diém &
Thanh Hoa, Ha NOi chiing toi da phan 18p dwgc 21 chung vi sinh vat ¢6 kha néng hinh thanh mang
sinh hoc. Trong s6 céc chung phan lap, ching A4.2 ngoai kha nang hinh thanh mang sinh hoc con
¢6 hoat tinh phén giai photpho trong méi truong nudi cy. Két qua phan tich vé hinh thai, dic diém
sinh 1y héa sinh va so sanh trinh ty doan gen 16S rRNA cho thdy ching A4.2 trong dong 99,9%
(1411/1413bp) v6i Bacillus licheniformis_X68416. Chung A4.2 sau 7 ngay nudi ciy da chuyén
héa hoan toan lugng photpho trong méi trudng twong dwong 6 mg/l. Khi tang ham lwgng photpho
1én 18 mg/l ching A4.2 da chuyén héa dugc 39,32% lugng photpho bd sung sau 7 ngay nudi cay.

Tuwr khoa: Mang sinh hoc, tich lity photpho, Bacillus licheniformis.

1. Mé dau

Mang sinh hoc (biofilm) 1a mét dang séng
ton tai phé bién trong ty nhi€n cua vi sinh vat.
Viéc hinh thanh biofilm dem lai nhiéu loi ich
cho ban than vi sinh vat nhu gidp té bao ton tai
va chéng chiu dugc nhitng diéu kién bt loi, tan
dung dwoc ngudn dinh dudng ctia mdi trudng
thong qua mdi quan hé hop tic giita cac loai
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trong biofilm [1-3].
Kokare va cong su trong tu nhién ton tai nhidu

Theo nghién ctu cua

ching vi khuan c6 hoat tinh tao biofilm bao
gdm cac vi khuan Gram duong (Streptococcus
sp., Bacillus subtilis...) va vi khuan Gram am
(Escheriachia coli, Pseudomonas aeruginosa,
Vibrio cholera...). Vi sinh vat tao biofilm hién
dang dugc nghién ctu, Ging dung trong cic linh
vuc y hoc, cong nghiép va dac biét trong xu ly
nudc thai. Tai Viét Nam, két qua nghién ctru
ctia Nguyén Quang Huy va cong sy cling nhu
Tran Thidy Hang da phan 1ap mot sé nhém vi
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sinh vat ¢ hoat tinh tao biofilm tir cac nguén
nuée, dat thai 6 nhidm [4,5]. L& Thi Nhi Cong
va cOng su da phan 1ap cac nhém vi khuén tao
biofilm tir nuwéc bién ddng thoi c6 hoat tinh
chuyén héa cdc chat doc hai 1a hydrocarbon
thom da vong nhu naphthalene, anthracene,
pyrene [6].

Céc hop chit chira photpho trong ty nhién
thuong khé phan giai [7]. Céc ngudn nudc thai
chan nudi, biogas...thuong c6 ham lugng
photpho cao. Theo tiéu chuin Viét Nam vé
nudc thai, ham lugng photpho trong nudc thai
vuot qua 6 mg/l ¢6 thé dan dén hién tugng phu
dudng (du thtra céc chat dinh dudng), gy tac
dong truc tiép dén dong vat, thyc vat va gay
anh hudng dén mai trudng sinh thai. Viéc xur ly
nudc thai giau photpho thuong khé thuc hién
bang con dudng sinh hoc do trong ty nhién sb
lwong loai vi sinh vét phan giai chuyén héa
photpho khéng nhiéu. Mot s6 ching vi sinh vat
phén 13p trong ty nhién c6 kha nang tich lly
phosphate cao thudc céac chi: Acinetobacter,
Aeromonas, Pseudomonas, Alcaligenes,
Bacillus,...[8,9]. Két qua nghién ciru cua Bao
va cong su vé kha nang thu nhan tich 1y
photpho ciia cc chi vi khuin cho thiy sau 20
gio vi khuan thudc chi Pseudomonas cb kha
nang thu nhan 14,34 mg/l khi tién hanh & diéu
kién yém khi, chi Enterobacteriaceae c6 kha
nang thu nhan 8,91 mg/l, chi Alcaligenes 1a
6,43 mg/l, Staphylococcus 1a 6,23 mg/l,
Bacillus 12 4,41 mg/l & diéu kién hiéu khi [8].
Su tich liy phosphate cung cép nguén nang
luong cho vi sinh vét phat trién. Trong co thé vi
sinh vat, photpho tich iy ¢ dang chu yéu la
phosphate. Phosphate chiém dén 12% trong
lwong té bao ddi véi vi khuén c6 hoat tinh tich
lityphotphate, trong khi & vi khuén khong tich
lily photphate chi cé khoang 1-3%. Viéc nghién
ciu cic ching vi sinh vat cé hoat tinh tao
biofilm ddng thoi ¢ hoat tinh phan giai chuyén
héa hop chit chtra photpho réat ¢6 y nghi trong

viéc nang cao viéc xu ly nudc thai dp dung
phuong phdp sinh hoc. Hi¢n nay tai Viét Nam
chua c¢6 cong trinh nao dé cap dén viéc céc vi
sinh vét c6 hoat tinh tao biofilm déng thoi co
kha nang tich lily photpho. Trong bai bao nay
chiing t6i trinh bay cac két qua nghién ciru budc
dau v& phén 1ap cac chung vi sinh vat co kha
nang tich lity photpho dé lam co s& Gmg dung
trong viéc tao san pham gitup lam giam 6 nhidm
nude ¢ ham lugng hop chat photpho cao.

2. Nguyén liéu va phwong phap nghién ciru

Cac mau nudce thai duge thu thap tai mot )
dia diém c6 chira ham lugng photpho cao nhu
nudc thai bé biogas tr Vinh Loc - Thanh Hoa,
khu tap trung nudc thai cia lang Van Phic - Ha
DPong - Ha Noi. Cdc mau sau khi dugc thu thap
s€ dugc bao quan lanh sau d6 van chuyén vé
phong thi nghiém dé phén tich trong ngay.

Moi triweong nudi cay

MBoi truong nghién curu dugce st dung 1a moi
truong khoang acetae (AMM) vé6i thanh phén:
CH;COONa: 3,68 g; Na,HPO,: 28,73 mg;
NH,CI: 57,27 mg; MgS0,: 131,82 mg; K,SO,:
26,74 mg; CaCl,. 2H,0: 17,2 mg; HEPES: 12
g; dung dich khoang vi lugng: 2 ml; thach: 15
g; nudc cat: 1 lit.

Thanh phéan dung dich khoang vi luong
dugc st dung bao gom: EDTA: 50 g; FeSO,.
7TH,0: 5 g; CuSO,. 5SH,0: 1,6 g; MnCl,. 4H,0:
5 g5 (NH4)6MO7024. 4H201 1,1 g5 H3BO3Z 50
mg; KI: 10 mg; CoCl,. 6H,0: 50 mg; nudc cat:
1 1it [9].

Danh gia kha nang tao mang sinh hoc

Panh gia sy hinh thanh mang sinh hoc theo
phuong phap nhudém véi tim két tinh. Mat do té
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bao trong biofilm dwoc xdc dinh bang cich do
d6 hip thy & budc séng 570 nm [10]. Mat d6 té
bao trong mdi truong duogc danh gid bang céch
do d6 hap thy ¢ budc séng 620nm.

Phuong phédp nghién ctru anh hudng cta cic
yéu t6 moi trudng dén sy phat trién va tao
biofilm: Cac ching vi sinh vat c¢6 hoat tinh tao
mang biofilm sau khi dugc phan 1ap dugc nudi
céy 0 cdc nhiét d9, pH khac nhau trong 24 gio,
sau d6 dugc quan sit, danh gid kha nang hinh
thanh mang biofilm bang cich do d hip thu
anh sang & budc s6ng 570 nm.

Phdn loai chung vi sinh vdt nghién cieu dua kit
thir API va trinh tw gen 16 S rARN

Phuong phép phén loai vi sinh vat duoc tién
hanh bang quan sét hinh thai khuan lac, té bao
qua kinh hién vi dién tr va kinh hién vi quang
hoc, két hop vé6i phan tich cic dic diém sinh ly
sinh héa (kit API, BioMérieus, Phép). Giai trinh
tu gen 16S rARN dugc thyc hién trén may giai
trinh tu gen tuy dong ABI PRISM 3100 Avant
(Hoa Ky) tai Vién Vi sinh vat va Céng nghé
sinh hoc, PHQG HN. Két qua giai trinh ty dugc
so sanh vaéi trinh tu 16S rARN cac loai da cé
trong ngan hang gen qudc té. Anh kinh hién vi
dién tr dugc chup tai Trung tdm Khoa hoc Vat
liéu, Truong BDH Khoa hoc Ty nhién.

Danh gia kha nang tich lily photpho

Danh gia kha nang tich lily photpho cia vi
sinh vat thong qua ham lugng phosphate con lai

trong moéi truong. Ham lugng phosphate dugc
danh gid dya trén nguyén tic tao phirc gitta gbc
phosphate, amonium molypdat va kali antimon
tatrat thanh mdt phirc chit mau xanh dam va
duogc do ¢ bude song 710 nm [11].

3. Két qua va thao luin

3.1. Phdn ldp cac chung co kha nang tao mang

sinh hoc

Tir cic mau nudc thai tir bé xur 1y biogas
cling nhu nudc thai tai khu vyc nudéi tom trén
mdi truong AMM chung t6i da phan lap dugc
21 chung vi sinh vat (bang 1). Céac chung vi
sinh vat phan 1ap c¢6 dic diém chung c6 mau
trang duc, hoi vang, hay hong, hinh thai khuan
lac tron, mot sb khuén lac ¢6 vién xung quanh.

Bing phwong phdp nhudém véi tim két tinh
budc dau ching t6i da danh gid dugc kha ning
hinh thanh biofilm ciia 21 chung vi khuin phén
lap. Két qua cho théy mot sd chung vi khuén
phan 1ap c6 kha nang hinh thanh biofilm, trong
d6 cac chung A4.2, A5.1, A5.2 va A5.3 c6 kha
nang hinh thanh mang sinh hoc tét nhit so véi
cac chung con lai. Gié tri OD tai budc séng 570
nm cua cac chung A4.2, A5.1, A5.2 va A5.3
tuong ung la 2,42; 5,13; 2,01 va 2,14 trong khi
céc ching phén 1ap khic con lai déu thdp hon
2,0 (Hinh 1).

Bang 1. Dic diém va s lugng chiing vi sinh vat phan lap

S6 luong ching

bia diém thu mau .o Ky hiéu
phan lap
Nudc thai tir bé biogas tai Vinh 13 chiin Céc chung tir Al.1 dén A1.8; Céc chung A2.1
Loc — Thanh Hoa. & va A2.2 va cdc chung tir A3.1 dén A3.3.
Nudce thai khu tap trung rac thai 8 chiin Céc chung tr A4.1 dén A4.3; Cdc chung tir
g A5.1 dén A5.5.

Van Phuc — Ha Pong — Ha Noi.
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Hinh 1. Kha niing tao biofilm ctia mét sé chung vi sinh vat phén lap.

3.2. Kha nang tich lity phdn gidai phosphat cua

cdc chung tao biofilm

Kha nang str dung photpho cua cac ching
¢6 hoat tinh tao biofilm phan 13p dugc danh gia
thong qua ham lugng phosphate dugc tich lly
trong vi sinh vat dn dén viéc giam ham luong
cia hop chat nay trong moi trudng nudi ciy.
Két qua nghién ctru cho théy, ca 5 chung vi sinh
véat ¢6 hoat tinh tao biofilm tuyén chon déu co
kha nang tich Ity photpho nhanh va manh. Véi
ham luong photpho 1a 6 mg/l trong mdi trudong
nudi céy, ca 4 chung AS5.1, A5.2, A5.3 va 4.2
sau 7 ngdy nudi cdy da khong con phat hién

duogc phosphate con trong moi truong (hinh
2A). Chung t6i da tiép tuc bd sung va ting ham
luong photpho trong mdi truong nudi cdy lén
gip 3 1an & muc 18 mg/l. Tai ndng do nay két
qua nghién ctru cho thiy ching A4.2 c¢6 kha
ning sir dung phosphate tot nhit so véi cac
chung con lai. Lugng phosphate trong dich nudi
cua ching A4.2 giam di 39,32% sau 7 ngay
trong khi véi cdc ching AS5.1, AS5.2, A5.3 luong
giam tuong ung 1a 29,88%, 20,77% va 17,94%
(hinh 2B). Pay 1a nhimng két qua diu tién trinh
bay vé kha nang tich lly phosphate tir céc
ching vi sinh vat tao biofilm phén 1ap & Viét
Nam.
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Hinh 2. Kh4 nang tich lily phosphate cua 4 chung vi sinh vét trén mdi truong AMM. A: v6i ham lugng
phosphate 6 mg/l; B: vdi ham lugng phosphate 18mg/1.

3.3. Bdc diém sinh hoc, phan logi va anh huong
cua mot sO yéu to moi truong dén sy sinh
truong tao mang biofilm cua ching A4.2

Hinh thdi khuan lac cta chung A4.2 phan
18p trén moi truong AMM c6 hinh tron, nhan,
mau tring duc, c6 cac vién tia xung quanh lan
toan b0 mat thach (hinh 3A). Két qua nhuém
Gram va quan sat dudi kinh hién vi quang hoc
cho thiy té bao ching A4.2 12 Gram (+) ¢6 hinh
que, dang chudi (Hinh 3B). Khi quan sat dudi
kinh hién vi dién tir quét cac t& bao hinh que
ctia A4.2 lién két chat ch& véi nhau qua mang
Iudi ngoai bao, mot cAu tric dién hinh cia
biofilm (Hinh 3C). Trén két qua phan tich vé
hinh thai té bao va nhudém Gram c6 thé két luan
budc dau chung A4.2 thude chi Bacillus.

Hinh 3. Hinh thai chung té bao chiing A4.2 trén moi
truong AMM (A), qua kinh hién vi quang hoc x1000
1in (B) va qua kinh hién vi dién tir quét x10.000 lan (C).

Nhiét ¢6 va pH 1a mot trong nhimng yéu t6
¢6 anh huong dén kha ning hinh thanh mang
sinh hoc cling nhu hoat tinh tich luy photpho
ctia cdc chung vi sinh vat va cling 1a mot dac
diém sinh 1y héa sinh phan loai. Két qua thi
nghiém danh gid kha nang hinh thanh mang
sinh hoc cua chung A4.2 & cac diu kién pH va
nhiét d6 khac nhau duogc trinh bay ¢ bang 2.

Bang 2. Cac yéu t6 méi truong anh huéng dén sy phat trién va tao biofilm cia ching A4.2

Yéu to mdi trudng

Nhiét do b6 pH
Nhiét d6 (°C) Kha nang hinh thanh biofilm (OD 570 nm) pH Kha nang hinh thanh biofilm (OD 570 nm)
25 0,932 +0,0145 4 0,037 + 0,0068
30 1,245 + 0,0464 5 0,020 + 0,0004
37 1,290 +0,0054 6 1,006 + 0,1448
45 1,511 £ 0,0302 7 1,795 £ 0,0335
50 2,370 £ 0,0145 8 1,065 +0,1374
55 0,458 +0,0042 9 0,170 + 0,0034
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Ching A4.2 c6 kha nang hinh thanh mang
sinh hoc & nhiét do tir 30-50°C va c¢6 kha ning
hinh thanh mang biofilm t&t nhat & 50°C. Pay
la mot diac diém khd chd y vi cdc chung tao
biofilm thuong c6 kha ning chdng chiu véi cic
diéu kién bat 1oi trong d6 c6 yéu t6 nhiét do tir
mdi trudng. Chung A4.2 co thé hinh thanh
mang biofilm tét & trong dai pH khé rong tir 6-8

va téi wu & pH mdi truong nudi cdy 1a 7,0
(Bang 2). Két qua nay phu hop véi didu kién
mau thu thip & mdi trudng phan 1ap cling nhu
céc két qua nghién ciru trude ddy cia Nguyén
Quang Huy [4] va Tran Thuy Hang [5] vé cic
chung tao biofilm phan lép tai cidc vung bi 6
nhiém tai Viét Nam.

Bang 3. Mot sé dic diém sinh hod cua chiing A4.2 theo kit API (BioMérieus)

Kha ning sir dung cac chit

Doi chirng

Chiung Ad2 o cillus subtilis

KNO;
L- tryptophan
L- arginine
Urea
Esculin ferric citrate
Gelatine

4-nitrophenyl B D-galactopyranoside

D- glucose
L- arabinose
D- mannose
D- mannitol
N- acetyl- glucosamine
D- mantose
Potassium gluconate
Capric acid
Adipic acid
Malic acid
Trisodium Citrate
Phenyl Acetic acid

+ 4+ 4+ A+ A+ o+
R T S S SR Sy

Vot

Ghi chu: -: Khong sur dung; +: C6 str dung

Két qua & bang 3 cho thiy ching A4.2 ¢o
thé su dung hau hét cac loai co chét cacbon
khéc nhau (bang 3). Chung A4.2 ciling st dung
nitrat, diéu nay phu hop véi cdc ching c6 kha
nang tich lity phosphate ciing chuyén hoa dugc
hop chit chtra nito trong nghién clru cula
Jorgensen va Pauli [9]. So sanh Kkét quéa phan
tich theo kit API so sdnh véi chung chuén B.
subtilis tuong ung thi ching A4.2 c¢6 kha nang
thudc chi Bacillus.

Két qua phan tich trinh ty gen 16S rARN

cua chung A4.2 cho théy doan gen nay tuong
ddng 99,9 % (1411/1413 bp) véi doan gen 16S

rARN cua Bacillus licheniformis_X68416 trong
ngin hang gen (Hinh 4). Két hop véi cac dic
diém hinh thai, sinh 1y sinh héa, ching A4.2 c6
thé 1a Bacillus licheniformis. Két qua nghién
ctru cua Jorgensen va Pauli [9] ciing nhu két
qua Bao va cong su [8] déu cho théiy nhiéu loai
trong chi Bacillus c6 kha nang tich lily photpho
kha phd bién trong ty nhién. Bacillus cereus 1a
mdt trong cac chung vi sinh vat da duogc nghién
ctu kha ning thu nhan photpho, ¢ diéu kién
yém khi sau 2 gio' B. cereus da thu nhan duoc
13,7 mg/l photpho trong mdi trudng so v6i mau
dbi chtng [12].
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66 Bacillus methylotrophicus_EU194897
68 N Bacillus amyloliquefaciens_NR041455
Bacillus siamensis_GQ281299
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Bacillus velezensis_AY603658
Bacillus nematotocita_AY 820954
Bacillus vallismortis_AB021198
Bacillus subtilis_AB042061
Bacillus mojavensis_AB021191
7 Bacillus axarquiensis_AY603657
59" Bacillus malacitensis_ AY603656
Bacillus atrophaeus_AB021181
1 Bacillus sonorensis_AF302118
89 Bacillus aerius_AJ831843
100E Bacillus licheniformis_X68416
97 100°A42
Bacillus pumilus_AY 876289
Bacillus safensis_AF234854
Bacillus stratosphericus_AJ831841
99 | Bacillus altitudinis_AJ831842
99" Bacillus aerophilus_AJ831844
Bacillus isabeliae_ AM503357

68 100 Bacillus idriensis_ AY904033
ﬂBacillus indicus_AJ583158
100~ Bacillus cibi_AY550276
Staphylococcus aureus_X68417

Hinh 4. Cy phat sinh chung loai dwa vao trinh tr 16S rARN cua chiing vi khuin A4.2 .

4. Két luin

ba phan 1ap tuyén chon ching vi khuén
A4.2 c6 kha nang st dung photpho va tao mang
sinh hoc tir cdc mau nudc thai 6 nhiém tai Viét
Nam.

Dua trén céc dic diém hinh thai té bao, dic
diém sinh 1y sinh héa va két qua phan tich trinh
tw gen 16S rARN cho thiy ching A4.2 thudc
loai Bacillus licheniformis.

Chung vi khuan Bacillus licheniformis A4.2
sau 7 ngay nudi cdy da chuyén héa hoan toan 6
mg/l photpho trong méi truong nudi ciy.

Loi cam on

Cong trinh dugc hoan thanh véi kinh phi tir
dé tai:“Nghién ciru phat trién cong nghé mang

sinh hoc trong xur Iy nudc thai giau N, P” do B9
Cong thuong tai trg. Cong trinh c6 st dung cic
trang thiét bi cta Phong thi nghiém Trong diém
cong nghé Enzym va Protein, Trudong Dai hoc
Khoa hoc Ty nhién.
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Phosphorus Accumulation by Bacillus licheniformis A4.2
Isolated from Vietnam

Nguyén Quang Huy*, Ngo Thi Kim To4n

Faculty of Biology, VNU University of Science, 334 Nguyén Trai, Hanoi, Vietnam

Abstract: Biofilms can be defined as communities of microorganisms. Biofilms are applied in

medicine, industry and wastewater treatment. In this study, we have isolated 21 bacteria strains on
acetate mineral medium (AMM). Among these isolate, four strains A4.2, A5.1, A5.2, and A5.3
showed strong biofilm forming ability. Strain A4.2 was highest phosphorus accumulation among four

strains. This bacterium was formed biofilm optimal temperature at 50°C and optimal pH at 7. This

strain use to much substance such as D- glucose, L- arabinose, D- mannose, D- maltose for growth.
16S rRNA sequence analysis of strain A4.2 indicated that strain was related phylogenetically to
Bacillus genus. Strain A4.2 was 99.9% similarity in 16S rRNA sequence with Bacillus
licheniformis_X68416 in Gene bank. Strain Bacillus licheniformis A4.2 has completely degraded 6 mg
per liter of photphorus in the culture media and accumulated 39.32% (18 mg per liter) photphorus

supplemented in the medium after 7 days.

Keywords: Bacillus licheniformi, biofilms, photphorus accumulation.



