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TOM TAT

Qué trinh khir nitrate 13 budc tiép theo cua qua trinh nitrate héa. Qua trinh khwr nitrate xay ra trong didu
kién ky khi sir dung cdc chit hitu co nhur ngudn cacbon va nitrate nhur chat nhén dién tir cudi cung. Céc ching
vi khudn khir nitrate c6 kha ndng tao mang sinh hoc (biofilm) va duoc gan trén chit mang dé ung dung trong
cong nghé xur 1y nudc bi 6 nhlem nitrate. Qué trinh nay dugc thyc hién ddng thoi véi qué trinh nitrate hoa, luc
nay vi khudn nitrate hoa cin oxy nidm trén mang biofilm, con vi khudn khir nitrate nim duéi mang biofilm.
Viée lya chon cac didu kién thich hop cho su sinh truong va tao mang biofilm cia vi khuan khir nitrate 14 muc
tiéu ctia nghién ciru nay. Hai ching vi khudn D10 va D32 c¢6 kha nang khir nitrate va tao biofilm cao nhit,
chung thich nghi & pH 6,5-7; nhiét d6 37°C; néng dd cac chat hitu co Methalnol va Ethanol My, E»)1a 0,006 %
thi hiéu suét khir N- NO;™ dat 80% va 100% tuong tmg. Khi c6 oxy qué trinh khir nitrate van xay ra & ching
D32 nhung chi dat hi¢u sult 25,8%. Két qua xac dinh vi tri phan loai ctia 2 ching vi khuan lra chon dwa vao
phan tich trinh ty gen 16S rRNA cua ching cho thiy, ching D10 gin véi loi Bacillus fusiformis, D32 gin véi

Pseudomonas denitrifricans.

Tir khéa: Chit mang, ché pham, chat hitu co, khir nitrate,mang sinh hoc

MG PAU

Su 6 nhiém nitrate trong céc nguon nuéc ngay
cang tro nen nghiém trong, dac biét dbi vai nguon
nudc an uong dang la van dé bao dong & nhiéu noi
trén thé gidi. Nguyén nhan chinh 1a do 6 nhidm
amoni tir nhiéu nguén nudc thai, st dung phan hoa
hoc khdong ding cach, bén canh d6 con dung nudc
thai sinh hoat dé tudi tiéu va sy thay ddi mé hinh
trong trot. Cac hop chét nito dugc chuyén ddi
trong d4t thong qua hoat dong cua vi sinh vat, két
qua la nitrate dugc hinh thanh, ching 1a cac ion dé
b1en dbi va de tham thau qua cac ting dat dé vao
tang nuéc ngam

Ngay nay, nhleu nudc trén the giéi st dung
nguon nudc ngidm nhu moét ngudn nude cho an
uong déc biét ¢ cac vung khoé han nhu Saudi
Arabia, riéng Trung Québc ¢ t61 50% cac thanh
phd st dung ngudn nude ngdm lam nudc dn uong
(Wang et al., 2009). Khi con nguoi an phai ngudn
nuwéc bi nhiém nitrate s& dan dén hién tugng roi
loan mau do mau khéng du oxy nudi co thé
(methaemoglobinaemia), sinh ra hdi chiing xanh
da ¢ tré em dudi 6 thang tudi. Nitrate chuyén hoa

thanh nitrite trong rudt la nguyén nhan hinh thanh
céc hop chit nitrosoamine - 1a hgp chét giy ung
thu trong by may tiéu hoa ciia nguoi va dong vat.
O nhiém nitrate khong nhitng giy hai cho con
ngudi ma con anh huong 16n dén hé sinh thai, voi
ham lugng vuot qua 10 mg/l gdy nén sy phu
dudng, anh huong 16n dén moi truong thay sinh.

Viét Nam 1a nuée ¢6 nén néng nghi¢p phat trién.
Su lam dung phan bon héa hoc cho san xuét nong
nghi¢p la mét trong nhiing nguyén nhén dan den 0
nhiém nitrate trong nudc ngadm. Tinh trang nudc ngam
bi 6 nhiém cac hop chét mto ngay cang tré nén trAm
trong. D6i v6i cac hé nuéi trong thuy san, moi trudng
nude nudi ciing thuong bi 6 nhidm béi cac hop chat
nito do sy phan huy ciia lwong thirc an du thira va phé
thai tir dong vat nudi. Dé loai bo cac hop chét chira nito
ndy, rat nhiéu mé hinh cta qua trinh nitrate hoa - khir
nitrate dwoc st dung. Hé thng xtr 1y nitrate voi mang
sinh hoc (biofilm) dang duoc sir dung rong rai déc biét
ddi voi nude an ubng (McAdam et al., 2006). Do vay,
lya chon cac ching vi khudn khir nitrate c6 kha nang
tao biofilm va nghién ciru mot s6 diéu kién thich hop
cho sinh truong va hoat tinh khr nitrate cua chung la
muc ti€u cua bai bao.
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VAT LIEU VA PHUONG PHAP NGHIEN CUU

Vit liéu

Céc chung vi khudn khur nitrate dwoc phan 1ap
trong diéu kién hiéu khi tir mau nuéc thai Phu D6,
Minh Khai, tram xt ly Trac Bach. M6i truong nudi
céy vi khuan khir nitrate voi cac thanh phin nhu sau
(g/L): Pepton (5), NaCl (5), cao ndm men (2), cao
thit (1), NaNO; (0,1), thach (15), pH méi truong 7,5,
nhiét 6 nudi cdy va phan lap 37°C (Atlat, 1995).

Phwong phap

Xac dinh kha ndng sinh khi N, trong ong
Dulhan: chuyén méi truong nudi cay vi khuan vao
dng nghiém c6 chia éng Durham, tién hanh thi
nghiém trong diéu kién ky khi (toan bo dung cu va
moi trudng déu ¢ trang thai vo trung), cdy vi khuan
vao tung ong nghiém, ddy nut cao su, sau 6 - 7 ngay
néu vi khuan c6 kha nang khir nitrate s& sinh khi
trong 6ng phao (Durham) va day ong 1én phia trén
dich nuéi cdy, nguoc lai néu vi khuan khong c6 kha
nang khir nitrate s& khong thay hién tugng nay.

Panh giad kha niang tao mang sinh vat cua vi
sinh vat theo Mohamed et al., (2004): cac chung
vi khudn dugc nuéi riéng r& trong méi trudng dich
& diéu kién hiéu khi ¢ 37°C trong 2 ngay, xac dinh
mat do té bao béng cach do mat d¢ quang hoc & A
= 600 nm (ODgo), sau d6 chuyén dich nudi ciy vi
khuén va ‘moi trudong dich thé theo ty 1€ 1:7 twong
ng vao dng eppendorf va u t1ep 1 ngay, 10a1 dich
nudi cay di va rira lai 2 1in dng nudi cdy bang
nude cit vo trung, sau d6 bd sung 1 ml dung dich
tim két tinh 1% va giit trong 20 phit & nhiét do
phong, loai bé dung dich tim két tinh, rira sach 2
lin bang nudc cit va quan sat sy bit miu cia
mang sinh hoc bam trén thanh éng voi tim két
tinh. Xac dinh dugc mat do mang sinh hoc tao
thanh nhiéu hay it bang cach: ong eppandorf sau
khi bit ‘mau voi tim két tinh dugc trang rira bang
nudc cat 2 1an, cac tinh thé bam vao thanh dng
eppandorf dugc hoa tan trong 1 ml etanol 70°C, do
d6 hép thy dich nay & A = 570 nm trén may quang
phd ké. Sy hinh thanh mang sinh hoc ty 18 thudn
v6i chi s6 ODs7g tao thanh.

Cac phuong phap xac dinh hoa hoc: Pinh lugng
amoni theo Nessler, dinh lugng NO, theo phuong
phép Griss, dinh lugng NO; theo phuong phap
Brucine (Franson, 1995).

Nghién ctru anh huong cua oxy: chung D32 nudi
trong dich mo6i truong chira 30 mg N-NOs/1 (thé tich
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500ml) dugc dat trong hai didu kién: syc khi va yém
khi. Sau hai ngay i mAu céc chi sd nitrate va nitrite
dugc phan tich; Anh huong cua pH: cac gia tri pH
duogc thay dbi trong moi trudng nudi vi khuén chira
20 mg N-NO;7/L 14 5; 6; 6,5; 7; 7,5; 8; 9 va 9,5. Anh
hudng cua nhiét do: dai nhiét do cho thi nghiém
dugc tién hanh 13 5; 15; 20; 30 va 37°C, mdi truong
nudi ban diu chaa 25 mg N-NOs/L; Anh hudng cia
ngudn hitu co: ngudén NO5™ bd sung trong méi truong
nudi vi khudn 1a 40 mg N/L va duoc so sanh hoat
tinh khir nitrate khi bd sung ngudn hiru co la
methanol va ethanol (M1, E2) véi ndng d6 1an luot
1a 0,003% va 0,006%.

Vi khuén duoc dinh loai dya trén trinh ty gen
16S rRNA duoc tién hanh theo Moore (1996). Gen
16S rRNA c6 d¢ dai 1,5 kb. DNA plasmid tai t6 hop
trén duoc tinh sach bang bo sinh pham Invitrogen va
giai trinh ty trén ABI 3100 (Applied Biosystems).

Théng ké sinh hec

Str dung phuong phap xir 1y théng ké sinh hoc
bang phdn mém Excel: tinh toan két qua trung binh
cia cac két qua thi nghiém véi sb lan lap lai thi
nghiém 1a 3 va phép tinh sai sé.

KET QUA THAO LUAN

Phén Iap va tuyén chon

Ba miu nuéc thai bi 6 nhiém amoni dugc si
dung dé phén lap vi khuan c6 kha nang sinh trudng
trén moi truong khir nitrate. Két qua trong 32 ching
vi khuin dugc phan 1ap c6 9 ching c¢6 kha nang khir
nitrate bang phan tich kha niang sinh khi ciia chung
trong 6ng Dulhan. Cac chung nay dugc goi tén lan
luot 1a D2, D4, D10, D14, D18, D21, D27, D28 va
D32. Kha ning sinh khi nhiéu hay it phu thudc vao
ong Dulhan dugc diy 1én cao hay thap, két qua cho
thdy, bén ching D2, D10, D18 va D32 ¢6 kha ning
sinh khi nhiéu nhat (két qua khong dugc trinh bay).

Xac dinh hoat tinh khir nitrate ciia cic chiing
tuyén chon

Bén chung D2, D10, D18 va D32 duoc tién hanh
nghién ctru hoat tinh khtr nitrate cia chung trong
diéu kién ky khi. Hoat tinh khtr nitrate dya vao su
giam nitrate hodc xuét hién nitrite trong moi trudng
nudi cdy dich thé. Ham luong nitrate ban dau trong
mbi truong nudi cdy 1a 20 mg N-NOs, thi nghiém
duoc theo ddi trong 32 gio. Cr sau 16 gio, mau duoc
liy ra dé danh gia cac thanh phan nitrate va nitrite.



Tap chi Cong nghé Sinh hoc 14(1): 191-196, 2016

Bang 1. Bién dong ham Iwgng N-NO; va N-NO, trong méi triedng nudi vi khuan.

Thei gian 0h 16 h 32h
. N-NO; (mg/l) N-NO; (mg/l) N-NO;(mg/l) N-NO,(mg/l) N-NO;(mg/l) N-NO,(mg/l)
Chung vi khuan
D2 22,4 0 0, 02 2,9 0,01 0,58
D10 22,9 0 0,04 3,03 0,03 0,28
D18 23,0 0 0,03 4,11 0,05 0,64
D32 22,5 0 0,01 2,9 0,02 0

Két qua nhan dugc tir bang 1 cho thdy, ham
luong nitrate hdu nhu khéng con trong méi truong
nudi cdy cta ca 4 ching vi khuan nghién ctru chi sau
16 gio, con lugng nitrite trong moi trudng nudi ciy
lai tang 1én, chirng to phan Gng kht nitrate da xay ra,
chuyén nitrate thanh nitrite va lugng nitrite nay giam
di o gio thu 32.

Véi muyc tiéu lya chon nhitng vi khuén khong
nhitng c6 kha nang khir nitrate ma con c6 kha nang
tao mang sinh hoc, nén 4 chung D2, D10, D18 va
D32 dwoc nghién ciru kha ning biofilm. Cac chi s6

ODgqp (sinh truéng cua vi khudn) va ODsy (mang
sinh hoc) dugc chi ra ¢ bang 2.

Két qua cho thay, chi trong 1 ngay nuéi tinh lugng
sinh khdi dwa vao ban dau rat it (phan phuong phap)
nhung 4 ching vi khuin nghién ctru da thé hién rd kha
nang sinh trudng riéng cho moi loai, hai chung D10 va
D32 vira c6 kha ning sinh truong tot lai tao mang
biofilm cao (Bang 2). Két qua nay con dugc khing dinh
bang kha ning bat mau véi tim két tinh ctia 4 ching vi
khuan nghién ciru, kha ning bit mau ctia ching D10 va
D32 la dam nhét (két qua khong dugc trinh bay).

Bang 2. Kha nang tao mang sinh hoc clia cac chdng nghién ctru.

Chung ODé¢oo ODs7o
D2 0,08 0,762
D10 0,348 1,775
D18 0,318 1,337
D32 0,496 1,723

Anh huéng cia mot sé didu kién dén hoat tinh
khir nitrate ciia vi khuan nghién ctru

Anh hwéng ciia oxy

Hai ching D10 va D32 déu sinh truéng tot
trong diéu kién hiéu khi va c6 hoat tinh khir nitrate
cao trong diéu kién ky khi, nhu vdy ca hai ching
vi khuan nay thudc nhém vi khuan yém khi tuy
nghi. Ngoai ra ching con c6 kha nang tao mang
sinh hoc tét, nhung chung D32 vén trdi hon ching
D10 nén chung t6i lya chon ching D32 cho céac

nghién ciru tiép theo. Két qua nghién ctru anh
hudng cua oxy dén hoat tinh khir nitrate cua chung
D32 da cho thdy, trong diéu kién c6 oxy, kha ning
khir nitrate vdn xay ra nhung chi dat hiéu suat
25,8%, con trong diéu kién yém khi hi¢u suat khir
nitrate dat 82% (Bang 3). Nhu vay, khi c6 oxy qua
trinh khtr nitrate vdn xay ra mic du hiéu suét
khong cao. Pay ciing 1a tinh chit rit quan trong
trong cong nghé loai bo cac hop chét chtra nito khi
két hop vai cac ching vi khuan nitrate hoa trén hé
théng biofilm.

Bang 3. Anh hwéng clia oxy khong khi dén qua trinh khir nitrate.

Piéu kién thi nghiém Lwong nitrate ban

Lwong N-NOs’ bi

Lwong N-NO,'sinh  Hiéu suét khir

dau (mg N-NO;) khir(mg/l) ra(mg/l) N-NO; (%)
Hiéu khi (BC) 30 7,76 1,368 25,8%
Thiéu khi (TN) 30 24,6 0,77 82%

Anh hwéng ciia pH, nhiét dp

Qua trinh khir nitrate xay ra véi téc do cao & pH
trong khoang 6 + 8 va toi vu ¢ 6,5 + 7,0. Day la gia

tri pH thuong gap d01 véi cac nguon nudce ngam o
cac tinh dong bang mién Béc nudc ta, qua trinh khir
nitrate van xay ra binh thuong ma khéng anh hudng
dén pH méi truong (Hinh 1). Nghién ctru cia Wang

193



et al., (2009) khi nghién ctru qua trinh khir nitrate
trong nuGc ngdm bi nhiém nitrate thi qua trinh nay
toi wu ¢ pH 7-7,5.

Nhiét d6 ciing khong anh hudng nhiéu dén hoat

Hoang Phuong Ha et al.

tinh khir nitrate, két qua nghién ctru ciing chi ra,
hoat tinh khir nitrate xay ra véi tbc do dang ké &
nhiét ¢6 tir 20 + 37°C va téi wu ¢ 37°C, hoat tinh
nay hau nhu khong xuat hién khi nhiét ¢ xudng t6i
5°C (Hinh 2).

Ham lwgng N-NO3 (mg/l) méat di

o

= N N W
a o o

Ham Iwgng N-NO3 mg/I
=

o o
I

52 6 6.5

75 8 9 96

Hinh 1. Anh hwéng clia pH dén kha nang khiv nitrate clia D32.

Ham lvgng N (mg/L)

4+5 14+15

= N-NO3 bi khir (mg/L)

19+20

"N-NO2 tao thanh (mg/L)

29+30 37+38
Nhiét o (dé C)

Hinh 2. Anh hwéng cla nhiét do dén kha nang khi nitrate clia D32.

Anh hwéng ciia nguén hivu co

Qua trinh khir nitrate dugc thyc hién phai bd
sung ngudn cacbon hitu co nhu chit nhan dién tu.
Khi b6 sung chit hiru co hoat tinh khir nitrate ting
lén ro rét. Trong thi nghiém nay, sinh khéi cia
ching D32 dwgc chuyén vao binh ¢ thé tich 500
ml, b6 sung NO;™ va hai chét hitu co methanol (M)
va etanol (E;) véi nong do lan lugt 1a 0,003% va
0,006%. Két qua nhan dugc cho thiy véi ndng do
M, E; 14 0,003% thi hiéu sudt khir NOs™ dat 55% va
72% twong tmg. Nhung khi ting néng do M, E,
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dén 0,006 % thi hi¢u suit khir N- NO5™ dat 80% va
100% twong tng. Nhu véy, khi thém ngudn cacbon
hitu co da tang rd rét hi€u xuit khit NO;y. Theo
tong hop cua Soares (2000) ciing da cho thdy, rat
nhidu nghién ctru da sir dung methanol va ethanol
lam ngudn cacbon hitu co cho qué trinh khir nitrate
dat hiéu qua trén 90% ddi véi nhom vi khuan kha
nitrate di dudng. Nghién ctu cua Green et al.,
(1994) cho thdy, sir dung ethanol trong bé phan ting
USB (upflow sludge blanket reactor) cho hé khur
nitrate chtta vi khudn Pseudomonas denitrificans da
xur 1y duoce 19,2 Kg N/ngay.
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Bang 4. Anh huwéng clia ndng dd ché phadm dén hiéu xuét khir NO5™

Piéu kién thi nghiém

Lwong N- NO; mg/l dworc loai bé

Nong dd ché pham 0.003 %

Nong dd ché pham 0.006 %

Khéng ché pham (déi chirng) 18,0
Ché pham M, 22,0
Ché pham E, 29,0

18,0
32,0
40,0

Pinh loai vi khuén khir nitrate

D10 va D32 khong nhitng c6 kha nang khi
nitrate hoa cao ma con co kha ning tao biofilm tét
nén duoc lya chon dé xac dinh vi tri phén loai cua
nd. Gen 16S rRNA cua D10 va D32 d3 dugc tach
dong va xac dinh trinh ty (Hinh 3, Bang 5). Két qua
phan tich PCR cta gen 16S rRNA véi cip mdi lya
chon cho théy su hién dién duy nhét cta bang DNA
duoc khuyéch dai c6 kich thudc 1,5 kbp.

Két qua nay hoan toan phu hop véi tinh toan 1y
thuyét, sau khi tinh sach san phim PCR tién hanh
doc trinh tu gen.

Trinh ty gen 16S rRNA cua hai ching vi
khuan nay di duoc xir 1y biang phan mém
BLAST, CLC sequence Viewer dé so sanh voéi
trinh ty gen ma hoa 16S rRNA cua cac dai dién
khac trén Ngan hang Gen qudc té. Méi quan hé
phat sinh ching loai cta 2 chung vi khuin nay

cho thiy (Hinh 4), trinh ty genl6S rRNA cua
ching D10 c6 d6 twong ddng 98% so véi trinh tu
cua Bacillus fusiformis va B. sphaericus. Trinh tu
genl6S rRNA ching D32 ¢6 d6 tuwong dong 98%
so voi trinh tuy cua Pseudomonas denitrifricans
va Paracoccus denitrificans.

12 3

<4——15kb

Hinh 3. San phdm PCR: Giéng1. Ching D10; Giéng 2.
Chaing D32; Giéng 3. Maker 1Kb.

100 Candidatus_Anammoxoglobus_propionicus_16S

100 69

100 97

Hinh 3. Cay phat sinh chiling loai ctia hai chiing D10 va D32.

KET LUAN

Tur ba miu nuéc thai Pha D6, Minh Khai, tram
xt ly Trac Bach (Ha No¢i), 9 chung vi khuan khw
nitrate da dugc phan lap, trong do c¢6 2 chung D10 va

L Candidatus_Brocadia_anammoxidans_16S
100 Bacillus amyloliquefaciens strain TPS9_16S (JQ308577)

100, Bacillus subtilis strain HDYM-23_16S (EF428247)
=< Paracoccus denitrificans_16S (AB680700)
7 Pseudomonas denitrificans strain CL-11.3 _16S (HQ113222)
HPH_D32
99 Bacillus sphaericus_16S rRNA (AB271742)

Bacillus fusiformis_16S rRNA (AB167230)
i Bacillus licheniformis_16S (GU592215)
100 Bacillus azotoformans_16S (AB363732)
Bacillus fusiformis_16S_(AB167231)
HPH_D10
100 — Nitrobacter winogradskyi
L—— Nitrosomonas europaea

D32 khong nhitng c6 hoat tinh khtr nitrate cao ma
con c6 kha nang tao biofilm cao. Hoat tinh khir
nitrate cua D32 tdi wu & pH 6,6-7; nhiét 6 37°C;
néng d6 methanol va ethanol (M, E,) 1a 0,006 % )
sung thém vao moi truong nudi cdy da lam hidu xuat
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khi N- NOslén twong ung 80% va 100%. Khi co
oxy qua trinh khu nitrate van xay ra ¢ chung D32
nhung chi dat hi€u suat 25,8%.

Bing phuong phap phan tich trinh tu gen 16S
rRNA, da xac dinh vi tri phan loai cua 2 ching vi
khuén nghién ctru D10 va D32. Ching D10 gin voi
loai Bacillus fusiformis con chung D32 gan véi loai
Pseudomonas denitrifricans

Loi cam on: Cdc thi nghiém dwoc tién hanh bang
nguoén kinh phi tir @é tai nghién cieu phat trién cong
nghé mang sinh hoc biofilm trong xu Iy nudc thai
giau nito va phét pho do B céng thiwong tai tro.
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INVESTIGATION OF SUITABLE CONDITIONS FOR THE GROWTH AND
PRODUCING BIOFILM OF DENITRIFYING BACTERIA

Hoang Phuon Halﬂ,N uyen Quang Hu 2, Hoang Thi Yen'
g g guy g nouy g

!Institute of Biotechnology, Vietnam Academy of Science technology
2University of Science, Vietnam National University, Hanoi

SUMMARY

Denitrification occurs under anaerobic conditions, utilizing organic substances such as a carbon source and
nitrate as the terminal electron acceptor. Some bacteria strains that are capable of producing biofilm and are
attached to the carrier for the applications of the nitrate contaminated water treatment. This process is done
simultaneously with the process of nitrification, nitrifying bacteria on the biofilm surface (ocic zone),
denitrifying bacteria under biofilm (anoxic zone). The selection of suitable conditions for the growth and
production of biofilm of denitrifying bacteria is the target of this research. Two strains D10 and D32 are
capable to reduce nitrate and created the best biofilm. Optimal conditions for the strain growth were: 37°C, pH
6.6 - 7. Supplementation of 0.006% M1, E2 (methanol, ethanol) increased the reducing N-NO3 to 80% and
100% respectively. Denitrification process still occured in aerobic condition but with lower efficiency (25.8%)
byD32 strain. Based on 16S rRNA gene analysis, D10 strain was the closest relative with Bacillus fusiformis,

D32 closest to Pseudomonas denitrifricans.

Keywords: Carrier, product, denitrification activity, biofilm, denitrification
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