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T6m tit. Hai ching vi khuin IN2 va IN12 dugc phén lap tir bun ddy nudce ngot, dai dién cho hai
nhém vi khuén chinh tham gia chu trinh chuyén hoé sit tai ddy, bao gdm khir Fe(1II) bing cac hop
chét hiru co va oxy héa Fe(II) bing nitrate. Hai chung vi khuin néi trén ¢6 céc dic diém sinh ly
hoan toan khac bi¢t nhau. Ching IN2 dugc phan ldp tir mdu bin chin rudng ngdp nudc la truc
khuan, sinh truéng ky khi bét budc bing Fe(III) hoic nitrate, thich hop véi méi trudng c6 ndng d6
mudbi cao hon 1%. Chiing IN12 dugc phén Idp tir miu bin day ao nuéce ngot 12 vi khuén ky khi tuy
tién, c6 t€ bao hinh oval va thich hop véi méi trudng c6 ndng dé muéi tir 0 — 3%. Chiing IN12 thé
hién hoat tinh khir nitrate, oxy hoa Fe(Il) cao, do dé ¢é tiém nang tmg dung thyc t trong viéc xir
Iy c4c ngudn nuéc nhidm nito va ion kim loai Fe(II). Giai trinh ty 16S rADN va so sanh két qua
v6i ngan hang dit liéu dbi véi hai ching IN2 va IN12 cho phép dinh danh c4c ching nay tuong
img 1a Anaeromyxobacter sp. IN2 (ma trinh tu FJ939131) va Paracoccus sp. IN12 (m4 trinh tr

GU084390).

Tir khéa: Anaeromyxobacter, Paracoccus, Vi khuan khir Fe(III), Vi khuén khir nitrate, oxy hda

Fe(ll), 16S rADN.

1. Mé diu

Trong ty nhién sit 13 mot trong nhitng
nguyén td 6 mit véi ham lugng dang ké, sau
carbon, nito, phospho va luu huynh [1]. La mét
nguyén td kim loai, sit tén tai & cac dang ion
v6i dién thé oxy hoa khir khéc nhau, gdm Fe(II)
va Fe(Ill). Trong hai dang k& trén chi cé Fe(Il)
ton tai & dang hoa tan trong nudce, tuy nhién, do
co tinh khir cao, Fe(II) nhanh chéng bi oxy hoa
thanh Fe(IIl) trong phan tng ho4 hoc véi oxy
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khong khi. Do vdy ion Fe(Il) thudng chi dugc
tim thiy trong céc diéu kién moi truong khoéng
cd oxy, vi du nhu & day cac thuy vuc, cac ting
nuée ngdm hay méi trudng c6 pH thip [2,3].
Céc vi sinh vat tham gia chu trinh sit gém
¢6 (i) vi khudn oxy hoa Fe(1D) b::ng oxy nhu
Thiobacillus ferrooxydant [1], bing nitrate nhu
mét sd loai Chromobacterium, Klebsiella [4]
hay bing quang hop nhu  Chlorobium,
Rhodobacter [5] va (ii) vi khuin khir Fe(III)
nhue  cic lodi  Geobacter, Sewanella,
Anaeromyxobacter [6-8]. Trong khi oxy hoa
Fe(Il) bing oxy theo con duomg sinh hoc chi
dién ra & méi trudng c6 pH thép thi oxy hoa
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Fe(Il) thanh Fe(Ill) bang nitrate va khir Fe(III)
thanh Fe(IT) bing mot sb hop chat hiru co 13 hai
qua trinh dién ra & diéu kién pH trung tinh,

khép kin chu trinh chuyén hoa sit tai day [1].

Nhiéu cong trinh nghién ctru cho thdy sir c6 mat
kha phé bién cua hai nhém vi khuén nay o
nhiéu diéu kién méi truong khac nhau, bao gom
ca nude ngot, nudc lg va nude min va tai nhidu
vi tri dia 1y khéc nhau trén thé gigi [7, 9].

Trong bai bdo ndy ching t6i trinh bay
nhung két qua nghién ctru thuc hién ddi véi hai
chiing vi khuin dai dién cho nhém vi khudn oxy
hoa Fe(Il) bing nitrate va khir Fe(Ill), duoc
phén l4p tir mdi trudng thiéu oxy trong bun day
nude ngot tai Viét Nam.

2. Nguyén li¢u va phwong phap

2.1. Nguén vi sinh vit ,

Céc ching vi khuin duge phéan ldp tir thi
nghiém nuéi tich lily trén miu bun ty nhién
trong mai truong ky khi sir dung Fe(II) va NO,~
1am chit cho va nhan dién tr twong ung [4].
Mau biin ty nhién duoc thu thap ¢ day ao nude
ngot va chén rudng ngép nudc & ngoai thanh Ha
Néi.

2.2. Nghién ciru cdc dgc diém sinh Iy

Dic diém sinh trudng cia cic ching vi
khudn dugc tién hanh nghién ciru trén moi
truong ky khi dich thé, st dung c4c chat cho va
nhan dién tu khac nhau (bao gdm ca 0Xy) va cé
ndng d6 mudi khac nhau. Su sinh truorng cua vi
khudn tai cic didu kién nubi cay khac nhau
dugc danh gia thong qua thay ddi v& do duc cua

méi truomg so véi ddi chimg khéng c6 vi
khuén.

2.3. Nghién ciru hinh thdi

Hinh théi cia cac ching vi khuin duge xac
dinh d6i véi té bao & pha sinh trudng lily tién.
Dich té bao dugc ly tdm 10.000 vong/phit trong
5 phat, sau dé sinh khéi dugc hoa trong 200 pl
nuée mubi 0,9% va dung lam tiéu ban trén lam
kinh phu agar. Anh té bao dugc chup dudi kinh
hién vi déi pha, d§ phong dai 1000 1an.

2.4. Tdch ADN téng s6, nhan gen 16S rADN va
xdc dinh vi tri phdn logi

ADN tbng sb tir cac ching vi khuin dugc
tach chiét theo phuo‘ng phap cuia Marmur
(1961) [10] véi mét sb thay ddi dé tbi wu hoa.
Gen mad héa cho 16S rARN (1500 bp) dugc
khuech dai trong phan {mg PCR sir dung cip
mdi 27F (AGA GTT TGA TCC TGG CTC
AG) va 1492R (GGT TAC CTT GTT ACG
ACT T). San phdm PCR duoc tinh sach va gidi
trinh ty véi ABI Prism BigDye Terminator
cycle sequencing kit va doc trinh ty trén may ty
dong 3110 Avant Appied Biosystems. Trinh ty
gen sau d6 dugc phén tich so sanh véi trinh ty
16S rADN ctia cic loai c6 lién quan hién di
cong bd trén Database DDBJ/EMBL/GenBank
st dung phin mém BLAST Search. Cay phan
loai dugc dyng theo phuong phap neighbour-
joining [11], trong d6 dinh dang cdy dugc tién
hanh dya trén 1000 phép so sanh da chiéu [12].

2.5. Ddnh gia hoat tinh sinh hoc cia cdc ching
vi khudn

Chung vi khuin khir nitrate dugc nuéi cdy
trén moi truong ky khi dang dich thé chira
nitrate (5 mM) 1am chat nhan dién tir va Fe(II)
hodic Mn (II) (10 mM mdi loai) 1am chét cho
dién tir trong binh huyét thanh thé tich 120 ml
day kin bang nit cao su. Mau dich nuéi cdy (5
ml) dugc thu thip sau mdi 24 h va xac dinh
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ndng do cac ngudn cho va nhan dién tir trong
moi truong. Néng dd nitrate dugc xic dinh
bang phuong phap so mau sir dung thubc thir
axit desulfofemic [13]. Ndng d6 Fe(ll) duoc
xdc dinh bing phuong phdp so mau & budc
séng 510 nm, sir dung thudc thir phenanthrolin
[14]. Nong d6 Mn (I) dugc xac dinh theo
phuong phap formaldoxime [15].

Vi khudn khir Fe(IIl) duoc nudi cly trong
moi trudng Ky khi dich thé, chira Fe(IIl) & dang
phirc hop véi citrate (tan trong nudc) lam chét
nhan dién tir (15 mM) va Na-acetate (10 mM)
lam chét cho dién tir. Sinh trudng cla vi khuin
duoc nhan biét théng qua su mAt mau clia moi
truong (mau xanh 1& cdy ddm do Fe(IIl)-citrate
tao ra).

3. Két qua va théo ludn

3.1. Phén ldp vi khudn ’

Hai chung IN2 va IN12 dugc phén 14p tir thi
nghiém lam giau bun diy thuy vuc nudc ngot
va chdn rudng ngip nudc qua diy MPN sur
dung méi trudmg ky khi dich thé chira Fe(Il) va
NO;™ 1am chét cho va nhan dién tir twong tng.
Nghién ciru da dang vé dic diém di truyén gen
16S rADN bing phuong phip DGGE va
ARDRA dbi v6i nhém vi khuin oxy hoé Fe(Il)
khir NO;™ tai hai méi truong sinh thai ké trén &
Viét nam cho thidy ching IN2 dai dién cho
nhém vi khuén luén c6 mit & ca 2 méi truong
dd nghién ctu, trong khi d6 chung IN12 chi tim
thdy & bun day thiy vuc nuéc ngot [16]. Dua
trén tinh dai dién d6i v6i hai nhém vi khudn
chinh tham gia chu trinh chuyén ho4 st tai cac
mdi truong nghién ciru, hai ching nay duoc Iva
chon dé tim hidu sau vé cac dac tinh sinh hoc
cling nhu kha nang tmg dung thuc té.

3.1. Nghién ciru cdc ddc diém sinh Iy ciia hai
chung vi khudn IN2 va IN12

Bang 1. Djc diém sinh ly cua hai chiing vi khuin

IN2 va IN12
Dic diém sinh Iy IN2 IN12
HG hap bang oxy -
(sinh trudng hiéu khi) B
~ . 0% M i
S}llnht}tlmfmgk 1% +++ R
s yoc ,('.) 2% ++ + + 4+ +
man cua moi — .
truomg 3% ++ + 4+
(%NaCl)  |[4% trt Tt
5% +++ +
£ Lactate +++ +++
C.I}at gho Acetate it ts +++
dien tr Ethanol ++ + +4++
(khir nitrate) ano
Benzoate +++ +
Chit  nhan | NO;~ b de gt
dién tr (oxy | Fe(III) +++ =
hod lactate) | 50,* - -

Két qua nghién ciru cho thay hai ching IN2,
IN12 r4t khic nhau v& dic diém sinh ly (bang
1). Trong khi ching IN2 14 vi khuén ky khi bit
budc thi ching IN12 14 vi khuén ky khi tuy tién,
c6 kha ning ho hip bang oxy (sinh truéng hiéu
khi). Ngoai NO;~ duge sir dung lam chét nhan
dién tir cudi cung, chung IN2 con c6 kha ning
st dung Fe(Ill) 1am chét nhin dién tr con
ching IN12 khéng c6 kha niang nay. Ca hai
chiing déu khong sinh truong bang khir SO,*".

Déi véi céc ngudn dién tir khac nhau phuc
vu cho qua trinh khir nitrate, ngoai Fe(I) da
dugc sir dung dé phéan 13p va nudi cdy tir ban
dau, lactate, acetate, benzoate va ethanol déu
dugc oxy hod bdi hai ching IN2 va IN12.
Trong trudng hgp benzoate, modt axit hitu co
chira vong thom va thuong kho bi oxy hoa hon
cac hop chit con lai, chung IN12 thé hién kha
ning oxy hoa kém hon hén so vai ching IN2.

D6 min 1a mot trong cac yéu t& moi trudng
quan trong anh huéng dén sinh Iy cua vi sinh
vit trong ty nhién, do viy & ddy ching toi tién
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hanh nghién ctru anh hudng cia ndng d6 mudi
trong mdi truong ddi véi kha nang sinh trudng
cia hai ching vi khuin quan tim. Két qua
nghién ciru cho thdy ching IN2 ¢6 nhu ciu vé
mudi dé sinh trudng, ching IN12 thi khong.
Trong khi chung IN12 ¢6 thé sinh trudng trong
méi truong khong cin bd sung NaCl thi chiing
IN2 chi phat trién khi NaCl c6 mit & néng do
1% tro 1én. Tuy nhién, chung IN2 lai c6 kha
ning chju mudi cao hon IN12, ching nay van
phat trién tot & ndng do mudi 5% trong khi d6
tbc d9 sinh trudng cia IN12 bj anh hudng déng
k& & cac ndng d6 mudi cao hon 3%. Diéu nay
ciing phu hop voi dic diém phan bd cia hai
ching vi khuén trong tr nhién, cu thé 1a ching
IN2 dai dién cho nhém vi khudn dugc tim thiy
& nhiéu dang moi trudng khic nhau, bao gdm
ca nudc ngot va nudce lg, trong khi d6 chung
IN12 dai dién cho nhém chi tim thdy & bun day
thuy vic nudce ngot [16].

»

3.2. Nghién ciru hinh thdi té bao va gidi trinh ty
gen 168 rADN ciia hai chimg vi khudn IN2 va IN12

Ching IN2 gdm nhig té bao dang truc
khudn, kich thudc 1x4-5 pm, chuyén dong tich
cyc (hinh 1); ching IN12 gdm nhitng té bao
hinh oval c6 kich thuéc 1,5x1.5-2 pm, chuyén
dong cham (hinh 1).

Giai trinh ty gin dU gen mi héa cho 16S
rARN (1300 bp) cua hai ching IN2 va IN12 va
so sanh v&i ngdn hang dir li¢u GenBank cho
phép ching toi xép ching IN2 vao chi

Anaeromyxobacter (loai gin gili nhat 1a A
dehalogenans, 99% tuong ddng) va ching IN12
vao chi Paracoccus (loai gin giii nhét 13 P.
aminovorans, 98% tuong dong).

Anaeromyxobacter 1a mét chi thu¢c phén
16p 8~Proteobacteria, dugc biét dénvéi cc dai
dién sinh trudng ky khi bit budc bang oxy hoa
cac hop chit hiru co dé khir Fe(IlI) [8]. Trong
ngin hang dit ligu vé gen 16S rADN cua chi
nay hién mdi c6 loai 4. dehalogenans va mot s6
cac ching chua dugc dinh danh dén tén chi.
Chung IN2 dugc bd sung vio danh séch chi
Anaeromyxobacter vGi tén khoa hoc la
Anaeromyxobacter sp. IN2 va ma trinh ty gen
16S rADN trong GenBank la FJ939131 (hinh
1C). Trong nghién ctru nay, lan déu tién vi
khuin Anaeromyxobacter ma dai dién 1a chung
IN2 thé hién kha ning sinh trudng bang oxy
hoa Fe(II), khir nitrate, tuy nhién hinh thirc sinh
truong nay khoéng vuot troi so véi sinh trudng
ky, khi khir Fe(III).

Paracoccus 14 chi vi khuan nim trong phan
16p a—Proteobacteria, gbm nhiéu loai c6 kha
ning hé hdp bing oxy (sinh trudng hiéu khi),
ddng thoi hd hp bing khir nitrate [17]. Nhiéu
dai dién cua chi Paracccus duge tim théy trong
cac didu kién tdi wu cho khir nitrate, nhu day
céc thuy vuc [17] hay trong céc hé théng xir 1y
nuéc thai loai bd nito, vi dy nhu P.
denitrificans, P. ferooxydans [18]. Ching IN12
dugc dinh danh khoa hoc la Paracoccus sp.
IN12 va ¢6 mi trinh tu gen 16S rADN trong
GenBank 1a GU084390 (hinh 1D).
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0.02
i Bacillus subtilis (F1544336)

Arnaeromyxobacier clone (AB293367)

Anaeromyxobacter dehalogenans (EF067314)

N2
naeromyrebacter sp. FAc12 (AJ504438)

A dehalogenans 2CP1 (NR027547)
Arnacromyxobacter clone (DQ394996)

0.02

Bacillus subtilis (F1544336)
aracoceus aminophilus (D32239)
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aracoccus sp. (AM989037)
1000l N12

aracoccus marinus (AB185959)
Paracoceus denitrificans (AJ288159)
1000 WParacoccus ferooxydant (AY954687)

Hinh 1. Hinh théi té bao va vi tri phan loai ciia hai chung IN2 va IN12. Hinh théi té bao dugc
quan sat trén kinh hién vi quang hoc, do phéng dai 1000 14n (don vi=5 pm). Cay phan loai dugc dyng
theo phuong phdp neighbor-joining, don vi = 0,02 K, trong trinh tw nucleotide. Cac s8 hién thi & c4c

vi tri phan nhanh I3 két qua phan tich bootstrap dbi véi 1000 phép so sanh (chi ¢6 cac gi tri trén 500
dugc trinh bay trén hinh). B. subtilis 14 lodi vi khuin dugc chon lam outgroup.

3.3. Nghién ciru hoat tinh sinh hoc va kha nding
ung dung cua chung vi khudn IN12

Trong nghién ciru vé da dang vi khuin khur
nitrate, oxy hoa Fe(II) & Viét Nam, Paracoccus
sp. v6i dai dién 1a ching IN12 chiém wu thé
trong diéu kién nuéc ngot [16). Ching vi khuin
nay thé hién kha ning sinh truéng trong nhidu
déu kién moi truong khéc nhau nhu ¢ mit hay
khéng c6 mit oxy, thich nghi véi nhidu loai
ngudn dién tir khac nhau (nhu Fe(I), cac axit
hitu co, rugu) va sinh truéng tbt trong méi
trudong cé do mén dao ddng trong dai 0-3% (dic
trung cho ca méi trudng nudc ngot va nudce 1g).
Dy ciing 1a ly do dé chung t5i tién hanh tim

hiéu kha niang (mg dung cia ching vi khuén
ndy trong viéc loai bo nito va Fe(ll) trong cac
ngudn nudc thai 6 nhim.

Hoat tinh oxy héa Fe(II) va khir nitrate cia
ching IN12 dugc x4c dinh & didu kién ky khi
v6i Fe(Il) 1a chat cho dién tir va nitrate lam chit
nhén dién tir cudi cing. Két qua xac dinh néng
d6 cac chit cho va nhin dién tor trong moi
trudng bién ddi theo thoi gian cho thdy sy giam
ndng d9 Fe(Il) vi nitrate din ra song song véi
téc d6 dang ké (hinh 2).
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Hinh 2. Loai bé Fe(II) (¢) va NO;™ (=) trong méi
truong do tac dong cua ching vi khuan IN12,

Bén canh d6 kha ning sir dyng Mn(II) 1am
chét cho dién tir 4 khir nitrate cling dugc kiém
tra, tuy nhién ching IN12 khéng thé hién sinh
trudng rd rét trong diéu kién nuéi cdy nay. Theo

mdt s& nghién ciru da céng b, hoat tinh oxy *

hod Mn(II), khir nitrate bang con dudng sinh
hoc duoc x4c dinh trong mét s& quén thé vi sinh
vat & day cac thuy vuc, nhung cho dén nay
chua ¢ ching vi sinh vat nao duge phan 1ap
trong phong thi nghiém voi hoat tinh ké trén
[19, 20].

4. Két luin

Hai ching vi khuan IN2 va IN12 dai dién
cho hai nhém tham gia chu trinh chuyén ho4 st
tai mot sb moi trudng sinh thai khac nhau &
Viét nam, trong d6 ching IN2 tham gia khir
Fe(Il) thanh Fe(IT) bang cac hop chit hiru co
va ching IN12 tham gia oxy hoa Fe(Il) thanh
Fe(Ill) bang nitrate. Vai trd sinh thai cta hai
ching nay dugc khing dinh thong qua cac dic
diém sinh Iy cia chiing, cu thé 1 kha ning sinh
trudng véi cac chit cho va nhan dién tr khac

nhau va mic d6 sinh trudng tai cic ndng dd
mubi khac nhau trong méi trudng.

So séanh trinh tw gan di cua gen 16S rADN
véi céc lodi d3 cong bd trén GenBank cho phép
dinh danh hai ching vi khudn nay la
Anaeromyxobacter sp. IN2 (ma trinh ty dang ky
trén GenBank 1a FJ939131) va Paracoccus sp.
IN12 (md trinh ty ding ky trén GenBank 1a
GU084390).

Vi hoat tinh cao trong viéc oxy hoéa Fe(II)
va khir nitrate, chung IN12 c6 tiém ning ung
dung thuc té trong viéc xir ly cic ngudn nude
nhiém nito va ion kim loai Fe(II).
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Study bacteria of the iron cycle that dominate in different
environments in Vietnam
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Two bacterial 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(IIl) with
organic compounds and oxydation of Fe(Il) 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(III) 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(II) oxidation
with nitrate, therefore would have application potential in treatment of waters contaminated with
nitrogen and metal ion Fe(IT). 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(Ill) reducing bacteria, nitrate reducing bacteria,
Fe(Il) oxydation, 16S rDNA.



