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Tom tét. Hai chang vi khudn IN2 va IN12 dugc phan lap tir bin ddy nuéc ngot, dai dién cho hai
nhém vi khuin chinh tham gia chu trinh chuyén hoé sit tai dy, bao gom khir Fe(111) bang céac hop
chit hitu co va oxy héa Fe(ll) bang nitrate. Hai chang vi khuan néi trén cé cac dac diém sinh ly
hoan toan khéc hiét nhau. Chung IN2 dugc phan 1ap tir mau bin chan rudéng ngap nuéc Iatruc
khuan sinh truong ky khi bit budc bang Fe(l11) hoic nitrate, thich hop véi méi truong c6 ndng do
mudi cao hon 1%. Chang IN12 dugc phan 1ap tir miu bun ddy ao nuéc ngot 1avi khuan ky khi tiy
tién, c6 té bao hinh oval va thich hop véi mdi truong ¢ ndng d6 mudi tir 0 — 3%. Ching IN12 thé
hién hoat tinh khir nitrate, oxy héa Fe(ll) cao, do d6 c6 tiém niang tng dung thuc té trong viéc xir
ly c&c ngudn nude nhidgm nito vaion kim loai Fe(Il). Giai trinh ty 16S rADN va so sanh két qua
v6i ngadn hang dir liéu ddi voi hai chiang IN2 va IN12 cho phép dinh danh cé&c chung nay tuong
ung |a Anaeromyxobacter sp. IN2 (mé trinh ty FJ939131) va Paracoccus sp. IN12 (ma trinh ty

GU084390).

Tir khda: Anaeromyxobacter, Paracoccus, Vi khuin khir Fe(111), Vi khuan khir nitrate, oxy hoa

Fe(l1), 16S rADN.

1. Mé dau

Trong ty nhién sit 1a mot trong nhiing
nguyén t6 cd6 mat véi ham luong dang ké, sau
carbon, nite, phospho valuu huynh [1]. L& mot
nguyén t6 kim loai, sit ton tai & cac dang ion
véi dién thé oxy hoa khir khéc nhau, gdm Fe(l1)
va Fe(lll). Trong hai dang ké trén chi co Fe(ll)
ton tai & dang hoa tan trong nudc, tuy nhién, do
c0 tinh khur cao, Fe(11) nhanh chéng bi oxy hoa
thanh Fe(l11) trong phan (tng hoa hoc véi oxy
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khoéng khi. Do vay ion Fe(ll) thuong chi dugc
tim thdy trong cac diéu kién mdi truong khong
o6 oxy, vi du nhu & ddy cac thuy vuc, céc tang
nuéc ngam hay mdi truong o6 pH thap [2,3].
Céc vi sinh vat tham gia chu trinh sit gom
oo (i) vi khuan oxy hoa Fe(ll) bang oxy nhu
Thiobacillus ferrooxydant [1], bang nitrate nhu
mot sd lodi Chromobacterium, Klebsiella [4]
hay bing quang hop nhu Chlorobium,
Rhodobacter [5] va (i) vi khuin khi Fe(lll)
nhu cac loa  Geobacter, Sewanella,
Anaeromyxobacter [6-8]. Trong khi oxy hoa
Fe(l1) bang oxy theo con duong sinh hoc chi
dién ra & moi truong c6 pH thap thi oxy hoa
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Fe(I1) thanh Fe(lll) bang nitrate va khir Fe(l11)
thanh Fe(l1) bang mét sd hop chat hitu co 12 hai
qué trinh dién ra ¢ diéu kién pH trung tinh,
khép kin chu trinh chuyén hoé sit tai day [1].
Nhiéu cdng trinh nghién ciru cho thay sy c6 mat
khé phd bién cua hai nhom vi khuan nay ¢
nhiéu diéu kién méi truong khac nhau, bao gom
ca nudc ngot, Nudc lg vanude man vatai nhiéu
vi tri dialy khéc nhau trén thé giai [7, 9].

Trong bai b& nay chdng téi trinh bay
nhung két qua nghién ciu thyuc hién dbi voi hai
chiing vi khuan dai dién cho nhdm vi khuan oxy
hod Fe(ll) bang nitrate va khar Fe(lll), dugc
phan 1ap tir mdi truong thiéu oxy trong bun day
nudce ngot tai Viét Nam.

2. Nguyén liéu va phwong phap

2.1. Nguon vi sinh vat

Céc chung vi khuan dugc phan lap tir thi
nghiém nudi tich Iy trén mau bin ty nhién
trong moi truong ky khi sir dung Fe(ll) va NO;~
lam chit cho va nhan dién ta tuong ung [4].
Mau bun ty nhién dugc thu thap & day ao nuéc
ngot va chén ruong ngap nudc ¢ ngoai thanh Ha
Noi.

2.2. Nghién cizu cac dac diémsinh ly

bic diém sinh truong cia cac chung vi
khuan duoc tién hanh nghién ctu trén méi
truong Ky khi dich thé, sir dung céc chat cho va
nhan dién tir khac nhau (bao gom ca oxy) va co
nong d6 mudi khac nhau. Sy sinh truong caa vi
khuan tai cac diéu kién nudi ciy khéac nhau
dugc danh giathdng quathay doi vé do duc caa
méi truong so véi ddi chung khéng co vi
khuan.

2.3. Nghién cizu hinh théi

Hinh thé cua cac ching vi khuan duoc xéac
dinh d6i véi té bao ¢ pha sinh truong liy tién.
Dich té bao dugc ly tm 10.000 vong/phtit trong
5 pht, sau d6 sinh khéi duoc hoa trong 200 pl
nudc mudi 0,9% va ding 1am tiéu ban trén lam
kinh pha agar. Anh té bao duogc chup duéi kinh
hién vi d6i pha, d6 phong dai 1000 lan.

2.4. Tach ADN téng so, nhan gen 16SrADN va
xac dinh vj tri phanloai

ADN téng s tir c&c chiing vi khuan dugc
téach chiét theo phuong phdp caa Marmur
(1961) [10] voi mot sb thay doi dé téi uu hda.
Gen ma hoéa cho 16S rARN (1500 bp) dugc
khuéch dai trong phan ung PCR sir dung cip
moi 27F (AGA GTT TGA TCC TGG CTC
AG) va 1492R (GGT TAC CTT GTT ACG
ACT T). San pham PCR duoc tinh sach va giai
trinh ty véi ABI Prism BigDye Terminator
cycle sequencing kit va doc trinh ty trén may tu
dong 3110 Avant Appied Biosystems. Trinh tu
gen sau dé dugc phén tich so sénh voi trinh ty
16S rADN cua cac lod cd lién quan hién da
odng b trén Database DDBJEMBL/GenBank
s dung phan mém BLAST Search. Cay phan
loai dugc dung theo phuong phap neighbour-
joining [11], trong d6 dinh dang cay dugc tién
hanh dya trén 1000 phép so sanh dachiéu [12].

2.5. banh gia hogt tinh sinh hoc cia cac ching
vi khuagn

Chuang vi khuan khu nitrate dugc nubi ciy
trén moi truong ky khi dang dich thé chira
nitrate (5 mM) l1am chét nhan dién tir va Fe(ll)
hoac Mn (1) (10 mM mdi loai) lam chit cho
dién tir trong binh huyét thanh thé tich 120 ml
day kin bang nit cao su. Mau dich nuéi ciy (5
ml) duoc thu thap sau mdi 24 h va xéac dinh
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nong do cac ngudn cho va nhan dién tu trong
mdi truong. Nong do nitrate dugc xé&c dinh
bing phuong phép so mau sir dung thudc thir
axit desulfofemic [13]. Nong do Fe(ll) dugc
xéc dinh bang phuong phdp so mau ¢ budc
s6ng 510 nm, sir dung thubc thir phenanthrolin
[14]. Nong d6 Mn (Il) duoc xac dinh theo
phuong phap formal doxime [15].

Vi khuan khir Fe(l11) dugc nudi ciy trong
méi truong ky khi dich thé, chira Fe(l11) & dang
phtc hop véi dtrate (tan trong nuéc) 1am chat
nhan dién t (15 mM) va Na-acetate (10 mM)
lam chét cho dién tir. Sinh truong caa vi khuan
duoc nhan biét thong qua sy mit mau cia moi
truong (méu xanh la cdy dam do Fe(lll)-ctrate
tao ra).

3. Két qua vathao luan

3.1. Phan Idp vi khudn

Ha ching IN2 vaIN12 dugc phén 1ap tu thi
nghiém lam giau bin déy thay vuc nuéc ngot
va chan ruong ngap nusc qua ddy MPN sk
dung mdi truong Ky khi dich thé chira Fe(l1) va
NO; lam chat cho va nhan dién tir twong ung.
Nghién ctu da dang vé dic diém di truyén gen
16S rADN bang phuong phép DGGE va
ARDRA dbi véi nhom vi khuan oxy hoa Fe(l1)
khir NO5™ tai hai mdi truong sinh tha ké trén ¢
Viét nam cho thiy chiang IN2 dai dién cho
nhém vi khuan [uén c6 mat & ca 2 méi truong
da nghién cury, trong khi @6 chung IN12 chi tim
thiy ¢ ban day thiy vuc nugc ngot [16]. Dua
trén tinh dai dién déi v6i ha nhém vi khuan
chinh tham gia chu trinh chuyén hoé st tai cac
mdi truong nghién ctu, hai chung ndy dugc lya
chon d@é tim hiéu sau vé céc dic tinh sinh hoc
ciing nhu kha nang wng dung thyc té.

3.1. Nghién citu cac dic diém sinh 1y cua hai
chuing vi khuan IN2 va IN12

Bang 1. Bac diém sinh ly caahai ching vi khuan

IN2 vaIN12
Pacdiém sinh ly IN2 IN12
HO hap bang oxy -
(sinh truong hiéu khi) i
i , 0% - +++
Slhnht;]rufmg 1% +++ +++
p}l }JQCA(:) 2% +++ +++
man cia moi
truong 3% +++ +++
(% Na(:l) 4% ++ + + +
5% +++ +
; Lactate ++ + ++ +
g’ig?]t t%ho Acetae +++ +++
(kht’r nitrate) Ethanol +++ +++
Benzoate +++ +
Chit  nhan | NOs +++ +++
dién tor (oxy | Fe(lll) +++ -
hoalactate) | so,> - -

Két qua nghién ciru cho thdy hai ching IN2,
IN12 rat khac nhau vé dac diém sinh Iy (bang
1). Trong khi ching IN2 Iavi khuan ky khi bat
budc thi chang IN12 1avi khuan ky khi tly tién,
06 kha niang hé hap bang oxy (sinh truéng hiéu
khi). Ngodi NOs dugc sir dung 1am chét nhan
dién tir cudi cuing, chang IN2 con ¢ kha ning
st dung Fe(lll) 1am chit nhan dién ta con
chang IN12 khéng c6 kha nang nay. Ca hal
chiing déu khéng sinh truéng bang khir SO, .

Déi véi cac nguon dién tir khéc nhau phuc
vu cho qué trinh khu nitrate, ngod Fe(ll) da
duoc s dung dé phan 1ap va nudi ciy tir ban
dau, lactate, acetate, benzoate va ethanol déu
dugc oxy hod boi ha chang IN2 va IN12.
Trong treong hop benzoate, mét axit hitu co
chaa vong thom va thuong khé bi oxy hoa hon
céc hop chat con lai, chiang IN12 thé hién kha
nang oxy hoa kém hon han so véi chang IN2.

D6 man |a mét trong cac yéu té moi truong
quan trong anh huong dén sinh ly caa vi sinh
vat trong tu nhién, do vay ¢ day chdng téi tién
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hanh nghién ctru anh huong cia nong ¢ mubi
trong méi truong doi véi kha nang sinh truong
cia hai chung vi khuin quan tam. Két qua
nghién ctru cho thiy ching IN2 ¢6 nhu cu vé
mudi dé sinh truong, chung IN12 thi khong.
Trong khi chang IN12 ¢6 thé sinh truong trong
méi truong khdng can bo sung NaCl thi ching
IN2 chi phét trién khi NaCl c6 mat & nong do
1% tro 1én. Tuy nhién, chang IN2 lai c6 kha
nang chiu mudi cao hon IN12, chiang ndy vin
phét trién tot & nong dd mudi 5% trong khi d6
téc d6 sinh truong ciia IN12 bi anh huong dang
ké & c&c nong d6 mudi cao hon 3%. Diéu nay
ciing phi hop véi dic diém phan b cua hai
chiing vi khuan trong tu nhién, cu thé 1a ching
IN2 dai dién cho nhom vi khuan duoc tim thiy
& nhiéu dang mdi truong khac nhau, bao gom
ca nudc ngot va nudc lg, trong khi ¢6 ching
IN12 dai dién cho nhdm chi tim thay & bun day
thuy vuc nuéc ngot [16].

3.2. Nghién cizu hinh théi té bao va gidi trinh ty
gen 16SrADN cua hai chuing vi khudn IN2 va IN12

Ching IN2 gém nhitng té bao dang truc
khuan, kich thuéc 1° 4-5 pm, chuyén dong tich
cuc (hinh 1); ching IN12 gom nhitng té bao
hinh oval ¢6 kich thudc 1,5 1.5-2 um, chuyén
dong cham (hinh 1).

Giai trinh ty gan du gen ma hda cho 16S
rARN (1300 bp) caa hai ching IN2 vaIN12 va
so sanh véi ngan hang dir liéu GenBank cho
phép ching tdi xép ching IN2 vao chi

Anaeromyxobacter (lodi gan gii nhat la A
dehalogenans, 99% tuong dng) va ching IN12
vao chi Paracoccus (Iodi gan giii nhat 1a P.
aminovorans, 98% tuong dong).

Anaeromyxobacter 1a mét chi thuoc phan
|6p 8—Proteobacteria, dugc biét dénvai cac dai
dién sinh truong ky khi bat budc bang oxy hoa
cac hop chat hitu co dé khur Fe(I11) [8]. Trong
ngan hang dir liéu vé gen 16S rADN cua chi
nay hién mai co loai A. dehalogenans va mot so
céc chiung chua duoc dinh danh dén tén chi.
Ching IN2 duoc bb sung vao danh sach chi
Anaeromyxobacter véi  tén khoa hoc la
Anaeromyxobacter sp. IN2 va ma trinh tu gen
16S rADN trong GenBank la FJ939131 (hinh
1C). Trong nghién ciru ndy, lan dau tién vi
khuan Anaeromyxobacter ma dai dién la ching
IN2 thé hién kha nang sinh truong bang oxy
ho& Fe(l1), khur nitrate, tuy nhién hinh thirc sinh
truong ndy khéng vuot troi so véi sinh truong
ky khi khir Fe(l11).

Paracoccus la chi vi khuan nam trong phan
l6p o—Proteobacteria, gom nhiéu lodi co kha
ning hd hap bing oxy (sinh truong hiéu khi),
dong thoi hd hap bang khir nitrate [17]. Nhiéu
dai dién caa chi Paracccus duogc tim thay trong
céc diéu kién ti uu cho khir nitrate, nhu day
cac thuy vuc [17] hay trong cac hé théng xir Iy
nuéc thai loai bé nito, vi du nhue P.
denitrificans, P. ferooxydans [18]. Chung IN12
duoc dinh danh khoa hoc la Paracoccus sp.
IN12 va c6 ma trinh tu gen 16S rADN trong
GenBank 12 GU084390 (hinh 1D).
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0.0z
= FBeeillis subtilis (FI1544386)

Anaeramyzobacter clone (AB293367)

Flnaemmymbacrer dehalogenans (EFIGT314)

IN2
Anaeromyrohacter sp. FAc12 (AT504438)

A dehalogenans 2CP1 (NRO27547)

Anaeromyrobacter clone (DQ3%4996)

= Beeeilkes subiilis (F1544386)
araeacens aminaplibs (D32239)
FParacoccus aminovargns (D32240)
538 aracocous sp. (ANIEI0T)
100012

aracacens marinus (AB1E5959)
Paracaceus denitrificans (AJ288159)
1000 Parecoesus faroanrdant (AT I54657)

Hinh 1. Hinh théi té bao va vi tri phan loai cia hai chang IN2 va IN12. Hinh théi té bao duoc
quan sét trén kinh hién vi quang hoc, d6 phong dai 1000 1an (don vi = 5 mm). Céy phén loai duoc dung
theo phuong phép neighbor-joining, don vi = 0,02 K, trong trinh ty nucleotide. Céc s6 hién thi & cac

vi tri phan nhénh lakét qua phan tich bootstrap

@i voi 1000 phép so sanh (chi co céc giatri trén 500

dugc trinh by trén hinh). B. subtilislaloa vi khuin duoc chon |am outgroup.

3.3. Nghién cizu hogt tinh si7nh hoc va kha nang
ung dung cia ching vi khuan IN12

Trong nghién ciru vé da dang vi khuan khu
nitrate, oxy hoa Fe(ll) ¢ Viét Nam, Paracoccus
sp. véi dai dién l1a chang IN12 chiém uwu thé
trong diéu kién nudc ngot [16]. Chang vi khuan
nay thé hién kha niang sinh truong trong nhiéu
déu kién méi truong khac nhau nhu ¢ mit hay
khoéng c6 mat oxy, thich nghi véi nhiéu loai
ngudn dién tir khac nhau (nhu Fe(ll), cac axit
hitu co, ruou) va sinh trugng tét trong moi
truong c6 d6 min dao dong trong dai 0-3% (dac
trung cho ca moi truong nuGc ngot va nuéece 1g).
Pay ciing la ly do dé ching toi tién hanh tim

hiéu kha niang tng dung cia chung vi khuin
nay trong viéc loai bo nito va Fe(ll) trong cac
ngudn nudc thai & nhidm.

Hoat tinh oxy héa Fe(I1) va khu nitrate caa
ching IN12 dugc xac dinh & diéu kién ky khi
vai Fe(l1) 1a chit cho dién tir va nitrate |am chat
nhan dién tir cudi cling. Két qua xéac dinh nong
do céac chat cho va nhan dién ta trong moi
truong bién déi theo thoi gian cho thiy s giam
ndng do Fe(ll) va nitrate di&n ra song song vdi
téc do dang ké (hinh 2).
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Hinh 2. Loai bo Fe(ll) (-) vaNOs™ (i) trong moi
truong do tac dong cuachang vi khuan IN12.

Bén canh d6 kha nang st dung Mn(ll) Iam
chat cho dién tir ¢é khir nitrate ciing duoc kiém
tra, tuy nhién chung IN12 khéng thé hién sinh
truong rd rét trong diéu kién nubi ciy nay. Theo
mot s nghién cau d& cdng bd, hoat tinh oxy
hod Mn(ll), kht nitrate bang con duong sinh
hoc duoc xéc dinh trong mot sd quan thé vi sinh
vat ¢ day céc thuy vuc, nhung cho dén nay
chua ¢ chiang vi sinh vat nao dugc phan lap
trong phong thi nghiém véi hoat tinh ké trén
[19, 20].

4. Két luan

Hai ching vi khuan IN2 va IN12 dai dién
cho hai nhém tham gia chu trinh chuyén hoa sit
tai mot s& méi truong sinh théi khéc nhau &
Viét nam, trong d6 chung IN2 tham gia khu
Fe(I11) thanh Fe(ll) bang cac hop chat hitu co
va chung IN12 tham gia oxy hoa Fe(ll) thanh
Fe(lll) bang nitrate. Vai trd sinh théi cua hai
chiing nay dugc khing dinh théng qua cac dic
diém sinh ly cua chdng, cu thé 1a kha ning sinh
truong voi cac chat cho va nhan dién tar khac

nhau va mirc d6 sinh truong tai c&c nong do
mudi khé&c nhau trong méi truong.

So sanh trinh ty gan du cua gen 16S rADN
V6i cac lodi d& cong b trén GenBank cho phép
dinh danh hai ching vi khuan nay la
Anaeromyxobacter sp. IN2 (matrinh ty dang ky
trén GenBank |a FJ939131) va Paracoccus sp.
IN12 (ma trinh ty dang ky trén GenBank |a
GU084390).

Vi hoat tinh cao trong viéc oxy hoa Fe(ll)
va khur nitrate, ching IN12 ¢6 tiém ning @ng
dung thyc té trong viéc xur ly cac ngudn nuéc
nhiém nito vaion kim loai Fe(ll).
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Study bacteria of the iron cycle that dominate in different
environments in Vietnam
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Two bacteria strains IN2 and IN12 were isolated from fresh water sediments and represented for
two major groups of the iron cycle in these environments, including the reduction of Fe(lll) with
organic compounds and oxydation of Feg(ll) with nitrate. These two strains possessed different
physiological characteristics. Strain IN2 was isolated from flooded rice paddy soil, consisted of rod-
shaped cells, grown strictly anaerobicaly with Fe(ll1l) or nitrate and best growth was observed at the
concentration of NaCl in the medium above 1%. Strain IN12 was isolated from sediment of a fresh
water aquifer, contained oval cells that were facultatively anaerobic, grown best at the concentration of
NaCl in the medium in the range of 0 — 3%. Strain IN12 showed a high activity of Fe(ll) oxidation
with nitrate, therefore would have application potential in treatment of waters contaminated with
nitrogen and metal ion Fe(ll). Sequencing of 16S rDNA and comparative alignment with database
allowed to designate these strains with the names Anaeromyxobacter sp. IN2 (sequence number
FJ939131) and Paracoccus sp. IN12 (sequence number GU084390).

Keywords. Anaeromyxobacter, Paracoccus, Fe(lll) reducing bacteria, nitrate reducing bacteria,
Fe(11) oxydation, 16SrDNA.



