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Linh vye k§ thuit dwoc dé cap

Sang ché thudc linh vuc vi sinh vat l'mg'dung trong xtr ly va bdo vé mdi truong,
cu thé 14 sang ché dé cip dén ching vi khuén Desulfovibrio oxamicus S4 thuan khiét
vé mat sinh hoc, chiu dugc do pH thép va chiu nbéng do kim loai nang cao, hiru ich dé
str dung trong x1r ly nudc thai axit mo.
Tinh trang k§ thuit ciia sing ché

Dong thai axit mé (Acid Mine Drainage - AMD) dugc hinh thanh khi cac khoang
sulfua (nhu pyrit, FeS,) trong quing tiép xic voi oxy va nudc (Brown ez al., 2002). Su
oxy héa cac khodng nay sinh ra axit va thuong di kém véi ndng do cao cac kim loai
dugc hoa tan (ddc biét 1a sit) va sulfat, do vAy AMD thuong c¢6 do pH rat thip (2 -- 3)

va mau vang cia ion sat bi oxy hoa (Watzlaf ez al., 2003).

La mot trong cac mdi de doa 16n nhét cia hoat dong khai thac khoang san t&i moi
treong, AMD c6 anh hudng lau dai ddi véi cac ngudn nude séng, sudi, cling nhu cudc
séng cua céc sinh vat (dong, thuc vat va con nguoi) lién quan dén nhitng nguén nudc
nay. Pdi v6i cude séng & nude, AMD c6 thé ngay lap tirc giét chét cac dong thuc vat
thay sinh hodc gdy anh hudng t6i sinh trudng, tap tinh sinh hoat, kh& ning sinh san

clia ching va thay déi toan bd can bing sinh thai (Farag et al., 2003).

AMD con gdy anh hudng 6 nhiém nghiém trong t6i moi truong dat thong qua
viéc tich lfly cac kim loai nang nhu Cu, Cd, Fe, Pb, va Zn trong 16p d4at bé mit tao ra
mdi truong khong thudn loi cho hé sinh thai tai ddy, theo d6 cac 16p dat nay bi pha hay
dang ké, d& bi x6i mon bdi mua 14 vi thiéu gan két nho hé thuc vat (Rodriguez et al.,
2009; Boularbah et al., 2006). Hau qua tiép theo la cac ving dat 6 nhidm nay tré thanh
ngudn 6 nhiém nguy hiém do cac dong chay bé mat va dong chay ngim & vi tri ha luu

(Vega et al., 2006).

Ba yéu t6 then chdt trong thanh phin cia AMD géy anh hudng té1 moi truong
can phai duoc xu ly trong céc quy trinh cong nghé gdm c6 d6 pH thip, ham luong kim
loai ndng cao va ham lugng sulfat cao. Cac yéu td 6 nhiém nay co thé dugc loai bo
mot cach hiéu qua khi c6 mit vi khuan khir sulfat trong moi treong cuing voi cac didu

kién sinh truéng phu hop dugce thiét 1ap.

-2-
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Vi khuan khir sulfat (sulfate reducing bacteria - SRB) la cac vi khuan sinh trudng
ky khi, str dung sulfat lam chét nhan dién tt cudi cling dé oxy hoa hydro hay cac hop
chit hitu co don gian va tan thu nang luong cho muc dich sinh trudng:

2CH,0 + SO, + H" — H,S + 2HCO;

Céc san pham trao dbi chét cua SRB (H,S va HCO5") ¢6 tac dung trong viéc xtr
Iy AMD, trong d6 sulfua hoa tan s& tao phan tmg két tia v6i nhiéu ion kim loai trong
AMD (H,S + Me*" — MeS + 2H") (Bang 1), c4c ion bicarbonat thi lam tang pH va
tinh kiém cua nude thai. Ngoai ra, khi d§ pH trong méi truong ting (nhd cic san phim
trao ddi chét tir qud trinh khtr sulfat), nhiéu kim loai con bi tia & dang hydroxit (Gadd,

2004).

Bang 1. Phan tng cta kim loai trong moi truong cé sulfua

Nhom kim loai Hién twong phan ing TLTK

Cd, Cu, Fe, Pb, Mer, | Tua ¢ dang sulfua (Doshi, 2006)

Ni, Zn

As, Ath, Mo Tao thanh céc phirc hop véi sulfua (Figueroa, 2005)

Mn, As Dong két tia vi cac mubi sulfua kim (Figueroa, 2005)
loai khac

U (VI), As (V) C6 thé bi khir thanh UV), As(IIl) it tan | (Spear ef al.,
trong nugc (nhd SRB) 2000)

Pé tao didu kién cho qué trinh khtt sulfat chiém wu thé so véi qua trinh oxy hoa
bing cac chit nhan dién tir khac nhu oxy, nitrat, Mn*" hay Fe**, thé oxy héa khu cua
hé thng xtr Iy AMD can duy tri & mac < 200 mV (6 mirc oxy hoa khir nay qua trinh
khir Fe’* thanh Fe* cling c6 thé dién ra, tuy nhién Fe*" sau do phan tmg v6i S va két

tia ¢ dang sulfua) (Cabrera et al., 2006).

SRB phén b rong rdi trong moi truong tu nhién c¢6 chira sulfat, ching duge phén
1ap hodc duogc tim théy dua trén céac chi thi phan tir tir trdm tich bién (Webster et al.,
2006; Mussmann et al., 2005), subi nude néng hay nham thach nui Itra (Stadnitskaia et
al., 2005; Jeanthon et al., 2002), trong nudc thai khai mo axit pH2 (Sen, 2001), v.v..
Mic du s6 lugng céc loai SRB dugc phén 1ap tir moi truong bién rét phong phi do
sulfat & ddy l1a chat nhén dién t& quan trong tht hai sau oxy, nhiéu dai dién SRB cling

duoc tim théy ¢ moi truong nudc ngot nhu trdm tich cac thuy vuc (Sass ef al., 1998),

-3-
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trong ré ctia thuc vat (Bahr ef al., 2005), dic biét trong ting bun day cua cac hé thong

xu 1y nudc théi ky, khi (Dar et al., 2007; Ben-Dov et al., 2007).

Dua trén phén tich so sanh trinh tu 16S rADN va dic tinh sinh ly sinh hoa, SRB
duoc xép vao 3 nhom (Rabus ef al., 2000):

SRB wa 4m Gram am: gdm hiu hét cac loai SRB duoc biét dén hién nay, xép
vao 23 chi niam trong phan 16p 8-Proteobacteria, thudng gip nhat 1a Desulfovibrio,

Desulfobacter, Desulfobacterium, Desulfococcus...

SRB Gram duong sinh bao tir: chi gdbm mét chi Desulfotomaculum, sinh truong

& nhiét do Am, nhung ¢o thé chiu duoc nhiét @0 cao nho tao bao tir.

SRB wa nhiét: gdm cac loai vi khuén va cd khuén, sinh truong toi vu & 65 —
70°C (vi khuan) hay trén 80°C (¢ khun), thudong duoc tim thiy ¢ cac sudi nude nong
hay miéng nui lira & bién.

Hau hét SRB ¢6 nhu ciu dinh dudng don gian, ngudn cacbon va dién tir thich
hop d6i voi SRB bao gbm san phim cua cac qua trinh 1€n men ky khi nhu hydro, cac
axit hitu co mach n‘gén (axetat, lactat, pyruvat) va ruou (Rabus et al., 2000). Mot s6
SRB c¢6 thé sinh trudng tw dudng véi Hy 1a chit cho dién tir va CO, la nguén cacbon
duy nhét. Phu thudc vao cach oxy hoéa chét hiru co ma SRB c¢6 thé dugc phéan chia

thanh hai nhém trao d6i chét nhu sau (Rabus et al., 2000):

Nhom oxy héa khong hoan toan: oxy hoa céc hgp chat hitu co dén axetat. Thudc

nhém nay chi yéu 14 céc loai thudc chi Desulfovibrio spp.

Nhom oxy héa hoan toan: Oxy hoéa cac hop chét hitu co (bao gdm ca actetate)
hoan toan thanh CO,. Trong nhom nay c6 da dang cac loai SRB khac nhau, nhu

Desulfobacter spp., Desulfobacterium spp., Desulfosarcina spp.

SRB thuc hién trao dbi chat oxy hoa cac co chét hitu co sir dung sulfat 1am chét
nhén dién t cubi cung (Rabus et al., 2000). Sy khir sulfat thanh sulfua tiéu thu 8 dién
tlr va cac qué trinh sinh hoa thong qua nhidu budc trung gian v&i su tham gia cua
nhiéu enzym (Kremer, Hansen, 1988). Cac budc phan tmg c6 thé duoc tom tit nhu

sau: SO,”” — SO;>” — HSO;” — HS™ — S*.
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Ngoai sulfat, SRB con c6 khé ning sir dung mot sé hop chit & mirc oxy héa cao
khac lam chéat nhan dién tir trong qua trinh tich lfly ning lugng, vi du nhu nitrat
(NO5"), sit (Fe’), hay tham chi ca oxy nhu mot sb loai thudc chi Desulfovibrio
(Muyzer, Stams, 2008). Bén canh d6 phai ké dén mot sb chét dic biét khac c6 thé lam
chét nhan dién tr cho SRB nhu acrylat, arsenat, chromat hay uranium, cac hop chét
chira clo, theo d6 ma SRB c6 vai tro quan trong trong cac qua trinh phéan hay sinh hoc,

loai bé chit doc 6 nhiém trong moi truong (Muyzer, Stams, 2008).

SRB ¢6 thé sinh trudng trong dai do pH rong (5,5 — 9,0), tuy nhién t6t nhét &
didu kién kiém nhe v6i do pH trong khoang 7,0 — 7,8. Nhiét do sinh trudng t61 vu nim
trong khoang 28 — 38°C dbi v6i SRB wa 4m (Rabus er al. 2000). Dai mudi tir 1 — 4%
NaCl thich hop ddi véi sy sinh truéng cta hiu hét SRB (Ollivier ef al., 1994). Tuy
nhién, qua trinh khtt sulfat do vi khuén con dugc quan sat & cdc moi truong khic

nghiét ¢6 nhiét d, do pH hay d6 min dic biét (Zeikus et al., 1983; Rabus et al. 2000 ).

Sulfua ¢6 tinh doc cao dbi v6i té bao sinh vat, gy phé huy cac protein va bat
hoat té bao. Phn 16n vi sinh vét chi c6 kha ning hoat dong & moi truong khong co
sulfua hodc sulfua & néng do thép. DPéi voi SRB, su két tua cac kim loai nguyén td vét
& dang sulfua kim loai 14 cin thiét dé giam néng do sulfua trong moi truong, tao diéu
kién cho sy sinh truong (Bharathi ez al., 1990). Ngoai ra, cac polyme ngoai bao & SRB
o tac dung bao vé té bao khoi su anh hudéng cua chét ddc & mirc d6 nhat dinh (Teitzel,
Parsek, 2003). Trang théi cta sulfua phu thudc vao do pH cua moi truong. Tai d6 pH =
7, sulfua ton tai & ca dang H,S va S*, nhung chi yéu 14 & dang H,S va chi co dang nay

méi tham thau qua mang té bao va gay trc ché sinh trudng (Perry, Green, 1984).

Cong nghé¢ xtr ly AMD sir dung SRB la phwong phép thu dong dua trén nhiing
qué trinh chuyén hoa sinh hoc vao muc dich loai b chat 6 nhiém. Uu thé cua cong
ngh¢ 1a chi phi thip, tu van hanh, c6 thé trién khai & nhitng ving xa, st dung nhitng
vat liéu thai hogc tai ché. Xét vé tong thé cong nghé dugc dénh gia 1 c6 hidu qua xu ly
va hiéu qua kinh té cao (Doshi, 2006). So dd quy trinh cdng nghé duoc biéu dién nhu
sau: AMD ¢6 do pH = 2 — 3, ham luong kim loai nang cao va SO,* cao trong bé thu
gom, AMD sau d6 duoc chuyén sang bé da dam dé xir ly hoa hoc @ tang d6 pH cua
AMD t6i 4,5 — 5, sau d6 chuyén sang bé khir sulfat ma trong d6 khir SO,> thanh S,
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két tiia kim loai va tdng do pH t6i 6 — 7 va sau d6 chuyén sang bé loc cat dé loc chét

ran lo limg va én dinh nuéc thai trude khi din dong nudc thai ra.

La quy trinh cOng ngh¢ dua trén hoat dong cta vi sinh vat, qud trinh xir ly AMD

bi chi phéi béi cc yéu tb anh hudng dén tinh chét sinh 1y, sinh hoa ctia SRB, cu thé Ia:

Ngudén SRB: Trong xtt Iy AMD, dé c6 ngudn SRB ngudi ta ¢6 thé st dung phéan
bo, bun cbng hay bun cin tir céc hé théng x1r ly nudc thai yém khi va cac ngudn khac.
Tuy nhién viéc chi dong ngudn SRB ¢6 dic tinh sinh hoc phu hop véi diéu kién ¢6
trong hé thdng xur 1y 1a mot trong cac yéu t6 dan dén thanh cong cua cong nghé. Theo
nhidu nghién ciru, SRB c6 kha ning chiu d6 pH thip va néng do kim loai nang cao khi
duoc bd sung vao hé théng xtr Iy AMD ¢6 kha nang tang hiéu qua xu ly (Higgins et
al., 2003; Johnson, Hallberg, 2005; Cabera et al., 2006).

Nguon co chit: SRB sir dung céc chat hitu co don gian nhu axit hitu co, ruou va
H, lam chét cho dién ttr d khtr sulfat (Logan et al., 2005). Trong xtr Iy AMD, cacbon
don gian d6i khi dugc bd sung vao hé thdng xr Iy cho SRB phat trién, thong dung nhét
la methanol va ethanol (Tsukamoto et al., 2004). Trong truong hop chét hiru co cao
phan tir (nhu chét thai giau tinh bot, celluloza) dugc sir dung thi trude hét bi phan huay
boi vi khuan dj dudng thanh cac hop chét cacbon don gian, sau d6 lam co chit cho
SRB (Logan et al., 2005). Thong thudng, bé khir sulfat dugc nhdi gia thé nhu g0 (dam
bao) va d4 s6i dé 6n dinh hé vi khuan ky khi tai day (Tsukamoto et al., 2004).

Do pH: SRB ua axit hodc c6 tinh chéng chiu cao déi véi moi truong axit ¢6 loi
thé trong xr 1y AMD. Théng thuong SRB sinh truéng t6t nhit & pH trung tinh va bi trc
ché tai pH thip cia AMD (Jong, Parry, 2006). Trong hé théng xu ly AMD, pH ban
déu thuong duoc didu chinh 1én mirc ~ 5 qua bé da dam & budc diu tien dé phu hop
hon v6i h¢ SRB (c6 kha nang chju pH thép) & budc xir Iy tiép theo trong bé khir sulfat

sinh hoc.

Thanh phén héa hoc ciia AMD: AMD véi noéng do kim loai quéa cao kho xu ly
hon do we ché sinh trudng cua vi khudn noi chung (Cabera et al., 2006). Mic du ¢co
kha nang chiu dugc 6ng do kim loai trong moi trudng cao hon so voi nhidu loai vi sinh
vét khac, SRB ciing bj tre ché tai céc gi6i han nhét dinh, nhu & ndng do Cu, Cd, Ni: 20
mg/L; Zn: 25 mg/L; Cr: 60 mg/L; Pb: 75 mg/L (Hao et al., 1994; Cabera et al., 2006).
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Nhiét do: SRB sinh truéng & nhiét do thap nhét 1a 6°C (Tsukamoto et al., 2004).
O nhiing noi ¢6 nhiét d6 thip, viéc bd sung SRB chju lanh c6 thé cai thién dang ké
tinh trang hoat dong cia hé thong xtr ly (Higgins et al., 2003). Thoéng thuong cong
nghé xtt Iy AMD bang bé khir sulfat sinh hoc c¢6 thé hoat dong on dinh trong khoang

nhiét dd mdi truong nudc tr 10 — 30°C 1a nhiét do phé bién trong ndm & Vi€t Nam.

Piéu kién dia chét Viét Nam phirc tap tao nén mot nguén tai nguyén khodng san
phong pht, da dang nhung cling manh mun. Theo théng ké, trén 1anh thd Viét Nam da
phét hién duoc trén 50 trong s6 66 loai khoang san phd bién nhat trong vo trdi dét voi
khoang hon 5.000 md va diém quing (Hd S§ Giao, Mai Thé Toan, 2010). Céc khoang

san duoc khai thac chi yéu la than, quing sit, titan, dong, apatit, pyrit.

Hién nay, nuge thaii AMD méi duge quan tam xir 1y tai mot s& khu mo khai thac
tap trung thudc tdp doan Than va Khodng san Vinacomin sir dung bién phéap héa hoc
nho cac héa chét kiém (nhu CaCO;, Ca(OH),, Na,COs, NaOH). Mic di ¢6 uu diém 1a
thoi gian xir Iy nhanh, bién phép héa hoc c6 mot s6 yéu diém 1a co gia thanh cao va
gy 6 nhiém thu cép do lwong bun két tia tao ra thuong rat 16n (Doshi, 2006; Nguyén
Danh Son, 2011).

Xua ly AMD béng bién phap khir sulfat sinh hoc c6 tinh hiéu qua, than thién véi
mdi truong, tuy nhién ¢ Viét Nam méi chi c6 mot sé nhom nghién ciru quan tam. Cac
nha khoa hoc tai Vién Cong nghé sinh hoc (VAST) da chirng minh viéc stt dung td
hop SRB lam giau truc tiép tir mdi truong xir 1y két hop v6i hiéu chinh cac yéu t6 dinh
dudng (ngudn cacbon, ty 16 COD/SO4¥) va céc yéu t6 1y hoa (46 pH, do kiém) da c6
thé loai bo cdc ion kim loai trong nuéc thai (Fe, Cr, Al, Pb) & mttc > 90% (Kiéu Thi
Quynh Hoa va cs., 2013). Budc diu nghién ciru tng dung SRB dé xtr Iy AMD tir nha
mdy ché bién thiéc & Tuyén Quang do Vién Vi sinh vat va Cong nghé sinh hoc
(PHQGHN) phdi hop véi Vinacomin thuc hién cho thdy cong nghé c6 thé trién khai
t6t & quy mo pilot, sau thoi gian luu 1a 3 ngay thi nude thai AMD da dat tiéu chuén xa
thai theo QCVN 40:2011 vé d6 pH va cac muc ‘giéi han dbi véi kim loai ning (Bo
cao ky thuét trinh Tap doan cong nghiép than & khoang san Viét nam thang 10 nam
2014). Céc nghién ctru déu chi ra rang ngudn SRB thich hop cho véan hanh céng nghé
xir 1y néu duoc bd sung mot cach chii dong sé& giup 6n dinh va tang hiéu qua xu ly

dang ké.



20127

Bén chit ky thuit ciia sang ché

Sang ché dé xuat chung vi khuin dung dé xt 1y thuée thai tir mé nham trién khai
ung dung cdng nghé xir Iy AMD nho vi khuén khir sulfat mot cach chu dong va hiéu
qué, ngudn SRB ¢6 hoat tinh khtt sulfat cao. Chung vi khuén theo sang ché c6 kha
nang thich Gng véi didu kién khéc nghiét cua méi truong xu 1y 1a do pH thap va ham
luong kim loai nang cao. Cu thé 1a sang ché nay dé xuét chung Desulfovibrio
oxamicus S4 thuin khiét vé mgt sinh hoc ¢6 trinh tu 16S rADN néu trong SEQ ID
NO.1 duoc dang ky tai ngan hang gen DDBJ véi s6 hiéu LC186051. Ching vi khuan
nay sinh truéng dugc ¢ 490 pH = 5, sit dung SO,* va NO;~ lam chét nhan dién tor dé
sinh truong, va chiu duoc néng do kim loai nang, trong do néng dd Fe lén tdi 500
mg/L, Zn lén t6i 120 mg/L va Cu lén t6i 50 mg/L.

Chung vi khuan Desulfovibrio oxamicus S4 thudn khiét vé mdt sinh hoc theo
sang ché duoc luu giff tai Bao tang gidng chuén Vi sinh v4t Viét Nam (VTCC) v6i ma
s6 luu gitt VICC-B-2180.

Mo ta vin tit cac hinh vé
Hinh 1 12 hinh 4nh thé hién qu4 trinh lam giau va phan lap chung D. oxamicus S4
thudn khiét vé mat sinh hoc: 1A — binh lam giau, 1B - éng thach ban long duoc dit &

tu thé dao diu.

Hinh 2 1a hinh anh thé hién hinh thai khudn lac (A) va t& bao cta ching D.
oxamicus S4 thuan khiét vé mit sinh hoc duéi kinh hién vi phan pha (B) va kinh hién

vi dién t& quét (C, D).

Hinh 3 14 hinh &nh dién di san phdm PCR cta doan 16S rADN (A) va san pham

PCR cta doan gen dsrB (B) tir ching D. oxamicus S4 thuan khiét v& mt sinh hoc.

Hinh 4 1a hinh anh cdy phan loai dya trén trinh ty gin du cta 16S rADN cua
ching D. oxamicus S4 thuan khiét v& mat sinh hoc so vdi cac loai gan giii trén ngan

hang dir liéu GenBank.

Hinh 5 12 biéu dd thé hién sinh trudng cta ching D. oxamicus S4 thudn khit vé
mat sinh hoc trong moéi truong chira Na-lactat 1a chit cho dién tir va sulfat (S0,) 1a

chit nhan dién t&r duy nhét & cac gia tri pH khac nhau.

Hinh 6 1a biéu do thé hién kha ning khir sulfat ciia chiing D. oxamicus S4 thuin
khiét v& mat sinh hoc trong mdi truong lactat/sulfat c6 bd sung cac kim loai nang &

nong d6 khac nhau.
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Hinh 7 14 biéu dd thé hién duong cong sinh trudng cua ching D. oxamicus S4
trong moi truomg chira Na-lactat 1 chit cho dién tir, nitrat (NO3") hoac sulfat (SO42_)

14 chit nhan dién tir duy nhit & do pH = 5.

Hinh 8 14 hinh anh ching D. oxamicus S4 thuan khiét v& mat sinh hoc duge bao
quén trong cac 6ng mao quan thiy tinh (¢ = 1 mm) dam bao diéu kién ky khi hoan
toan. A — dng mao quan thuy tinh dung dich huyén phu té bao chara 25% glycerol; B —
kiém tra ddu mao quan sau khi duoc han kin.

MG ta chi tiét sang ché

Sang ché dé cép toi ching vi khun Desulfovibrio oxamicus S4 thuin khiét vé
mdt sinh hoc ¢6 trinh ty 168 rADN néu trong SEQ ID NO.1 dugc dang ky tai ngan
hang gen DDBJ v&i s6 hiéu LC186051 va duoc Iuu gilt tai Bao tang gidng chudn Vi
sinh vat Viét Nam (VTCC) véi ma so luu gitt VTCC-B-2180. Chung vi khuén nay
sinh trudng dwoc 6 do pH = 5, sit dung SO,*” va NO;~ lam chét nhan dién tir dé sinh
truéng, va chiu dugc ndng do kim loai ngng, trong d6 nbéng do Fe < 500 mg/L, Zn <
120 mg/L, Cu < 50 mg/L.

Chuing vi khuén theo sang ché dugc phan lap tir bun thai quang volfram & Tuyén
Quang, Viét Nam. Chung vi khuén hitu ich trong viéc khoi dong va én dinh hoat dong

ctia bé khir sulfat sinh hoc trong cac hé théng xir ly AMD.

Mau bun dugc lay tir ting ddy va nuée 10 — 20 cm trén bé mit bun trong ho chira
bun thai mé quing volfram & Tuyén Quang. Vi khuén khir sulfat ( SRB) dugc lam giau
tir miu bun trong moi truong khoang dich thé chta sulfat (28 mM) lam chét nhan dién
tr duy nhat va Na-Lactat (10 mM) 1a chit cho dién tu (Bang 2). Bo pH moi truong

trong thi nghiém lam giau 1a 5, nhiét d6 nuoi cy 1a 30°C.

Bang 2 - M6i trudng phan 1ap va nuoi cdy vi khun khi sulfat (Widdel, Bak, 1992)

Mobi truong Dung dich vi lwgng Hoén hop vitamin
Thanh phan Ham luong Thanh phan Ham lugng Thanh phan Ham luong
Nudc cat 1 lit HCI25% 13 ml Dém Na,HPO,/ | 25 mM pH
NaH,PO, 7,1, 100 ml
Na,SO, 4g FeSO,.7H,0 200 mg Axit 4- 4 mg
aminobenzoic
NaCl lg H;BO;, 30 mg D(+)- Biotin 1 mg
MgCl.6H,0O 0,4g MnCl,.4H,0 100 mg Axit nicotinic 10 mg
CaCl,.2H,0 0,15¢g CoCl,.6H,O 190 mg Calcium-D(+)- 5 mg
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Pantothenat
KCl 0,5g NiCl,.6H,0O 24 mg Pyridoxin 2 HCI | 15 mg
MgS0,.7H,0 0,25 ¢ CuCl,.2H,0 2mg Axit lipoic 1,5 mg
NH,CI 0,25 ¢ ZnSO,.7H,0 144 mg Axit folic 4 mg
KH,PO, 02¢g Na;Mo00,4.2H,0 | 36 mg Na-2- mercapto- | 25 mg
ethan sulfonat
Khu tring méi trudng & 121°C, | Nude cat Dan téi Khtr tring qua mang loc 0,2
20 phut lay ra & 80°C, suc khi 1000 ml um, giii trong tdi tai 4°C.

N, trong 5 phut, lam nguéi, sau | Khu tring & 121°C, 20 phiit.
d6 bo sung cac chét sau: Giit trong t6i tai 4°C.

- Hon hop vitamin (1 ml/L).

- Dung dich vi lugng (1 ml/L).

- NaHCO; IM da dudi oxy
bang CO, (30 ml/L).

- Na-lactat 1M (10 ml/L)

Su sinh trudng ctia SRB trong cac mau lam giau duoc nhén biét sau 5 — 7 ngay

nudi thong qua xac dinh mat do té bao va lugng sulfua duge tao thanh. Cdy truyén
dich lam giau duoc thuc hién sau mdi 5 — 7 ngay khi dich nudi c6 mat do té bao cao

(quan sat dudi kinh hién vi, do phong dai 400x) va tao nhiéu sulfua.

Ching vi khuén Desulfovibrio oxamicus S4 thuin khiét vé mat sinh hoc duoc
phan lép tir dich lam gidu SRB vé6i bun thdi AMD & lan cdy truyén thir ba bang
phuong phap dng thach ban I6ng ky khi (Hinh 1), sau d6 nudi trén mai truong dich thé

chura lactat va sulfat 12 ngudn cho va nhéan dién tir teong ung.

Chung vi khuan Desulfovibrio oxamicus S4 thuin khiét vé mat sinh hoc sau do
duoc nghién ctu chi tiét vé cac dac diém hinh thai (khuén lac, té bao) (Hinh 2), kha
ndng sinh truéng & do pH thap (Hinh 5), kha ning chiu noéng do kim loai nang cao
(Hinh 6), kha ning sir dung cic chit nhan dién tt khac ngodi SO,*” nhu NO;, Fe**
(Hinh 7) trén co s& d6 danh gia tiém nang rng dyung trong viéc xur Iy AMD. Gen ma
hoa cho 168 rARN va doan gen dsrB ma hoa cho tiéu phan B cua enzym dissimilatory
sulphite reductaza da dugc khuéch dai (Hinh 3), giai trinh tu va so sanh vdi céac trinh
tu lién quan trén GenBank. D liéu so sanh dugc sir dung dé dung céy phan loai bing

phidn mém ClustalX 1.8 va thuét toan neighbour-joining (Hinh 4) (Saitou, Neil, 1987).
Vi du thwe hién sang ché

Vidu 1: Phén lgp chiing Desulfovibrio oxamicus S4 tiv méi truong nwéc thaii ché

bién khodng sdn
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A. Thu va xtt Iy mau

Mau bun va nuée thai tir khu vue khai thac volfram (Tuyén Quang) dugc thu
trong binh Scott kin khi va dwa vé phong thi nghiém dé lam giau va phan lap.
B. Lam giau va phan lap

Lam gidu vi khuén khir sulfat tir mAu bin thai ché bién khoang san duoc tién
hanh trong binh serum thé tich 100 ml (Hinh 1A) chitra 50 ml moi truong lactat/sulfat
(Bang 2) c6 do pH = 5, nhiét d6 nudi 12 30°C. Sy sinh trudng ctia SRB trong mau lam
giau dugc nhan biét sau 5 — 7 ngay thong qua x4c dinh mat do té bao (quan sat dudi
kinh hién vi phan pha, d9 phéng dai 400x) va lugng sulfua tao thanh. C4y truyén dich
lam gidu dugc thuc hién sau mdi 5 — 7 ngay. Sau 4 l1an cdy truyén, mau lam giau co
lugng sulfua tao ra trong mdi truong kha cao, dat mirc 1,37 mM (43.8 mg/L), ching to

tdp doan SRB da thich nghi va sinh truéng tot & diéu kién lam giau.

Dich lam giau SRB dugc pha loang trong cac 6ng nghiém kin khi chira 9 ml méi
truong khoang ky khi nhu md ta tai bang 2 nhung khong b sung co chit Na-lactat.
Sau d6 ¢ mdi cp do pha lodng 1 ml miu dugc cdy vao éng nghiém (loai ¢ 18, day nut
cao su) chira 9 ml moi trudong ky khi ¢6 co cht Na-lactat va thach 1%, dao du nhe roi
dat dang trén gia dng nghiém cho t&i khi thach dong. Pudi oxy trong 6ng nudi bang
khi Ny/CO, 90/10 (v/v) (Messer Vietnam) trong thoi gian 30 gidy, sau d6 dat ong
nghiém & tu thé ddo dau (Hinh 1B) trong ta 4m 30°C dé vi khuén sinh truéng tao
khuén lac.

Céc khuan lac riéng 18 hinh thanh trong ong thach (Hinh 1B) duoc tach riéng
bing mao quan thuy tinh (lam tir pipet Pasteur kéo dai) va chuyén sang 6ng nghiém
chtra moi truong dich thé ky khi danh cho SRB. Qua trinh tinh sach duoc lap lai 2 - 3
I4n cho t6i khi thu dugc chiing thuin khiét ddng nhét vé hinh dang té bao khi duoc
quan sét dudi kinh hién vi.

Vi du 2: Nghién cieu diic diém hinh thdi ciia chiing S4
Trong 6ng thach ban l6ng ky khi ching S4 tao thanh cac khuén lac hinh dia 15i

hai mét, kich thuéc 0,5 — 1 mm, mau x4m den do tich Ifiy sulfua kim loai (Hinh 2A).

A. Quan sat té bao trén kinh hién vi phéan pha:
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Lay 1 ml dich nudi vi khudn thu & pha log cua chu ky sinh truong, ly tam 10.000
vong/phut trong thoi gian 10 phit tai 4°C. Sinh khéi té bao sau d6 duge hoa trong 100
ul nuéc mudi sinh 1y v trung, da duge dudi oxy bang suc khi nito. Liy 20 — 30 ul
dich té bao dua lén lam kinh phu thach (2%) va chup anh trén kinh hién vi phan pha

(Axiostar Plus, Zeiss) vat kinh 40x bang camera chuyén dung (Axiocam ICc3, Zeiss).

Chiing vi khudn S4 thudn khiét v& mat sinh hoc bao gdm cac té bao dang phay
khuan, kich thuéc rit nhé, chuyén dong rat tich cuc theo nhiu hudng trong moi
truong dich thé (Hinh 2B).

B. Quan sat té bao trén kinh hién vi dién tir quét:

Té bao duge thu tir dich nudi bing ly tm, rira trong dung dich cacodylat 100
mM trong 2 — 3 lan, sau d6 xt ly trong dung dich chtra 2.5% glutaraldehyt, 100 mM
cacodylat trong >1 gid. Sau khi xu ly, miu dugc rira 2 — 3 lan trong dung dich
cacodylat 100 mM, sau d6 c6 dinh trong dung dich chtta 1% OsO4 va 100 mM
cacodylat trong 1 gid tai nhiét d6 phong. Sau khi ¢6 dinh, mau duoc rira trong dung
dich 100 mM cacodylat 2 14n, sau d6 loai nudc trong dung dich cdn ¢ cac ndng do 50,
70, 80, 90 va 100%. Té bao vi khudn sau quy trinh xtr ly duogc hoa trong 100% ethanol
t¢i mat do phu hop, dua lén ¢ gin méu c6 boc mang nhom va phu mang Pt-Pd. Sau
cing mu dugc phan tich trén kinh hién vi dién tir quét (Hitachi, Nhat Ban).

Hinh anh chyp trén kinh hién vi dién t& quét (SEM) ciing cho thdy té bao ciia
chiing vi khuan S4 1a dang phay khuédn dic trung cho cac loai thuc chi Desulfovibrio,
kich thuéc rét nhé 0,2 — 0,3 pm x 2 — 3 pm (Hinh 2C, D).

Vi du 3: Xdc dinh vi tri phdan logi ciia chiing S4 dwa trén trinh tw 16S rADN
A. Tach ADN hé gen cda ching S4
St dung phuong phdp do Marmur (1961) md ta, gdm cac bude nhu sau:

1 ml dich té bao dugc ly tim 5000 — 10.000 vong/phut trong 5 phut, sau d6 rira
v6i 1 ml dém TE (d0 pH = 8) rdi hoa té bao trong 0,5 ml 5 mM EDTA (do pH = 8).

Thém 50 pl lysozym (40 mg/ml), tron déu, u trong bé dn nhiét & 37°C trong 1
gio.

Thém 50 pl SDS (20%) va 50 ul proteinaza K (4 mg/ml), tron déu va i trong bé

6n nhiét & 55°C trong 1 gio.
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Thém 400 pl PCI, trén déu trong 1- 3 phat, ly tdm 13000 vong/phut ¢ 4°C trong
15 phut. Lap lai budc vira roi thém 1 1an.

Chuyén 16p dich trong & trén sang 6ng eppendorf méi. Thém 1/10 thé tich dung
dich 3M Na-axetat (d6 pH = 5,2) va 2 lan thé tich dung dich 2-propanol (dé lanh
~20°C), tron déu va gitr & —20°C trong vong 15 phut dén 1 gio.

Ly tdm 13000 vong/phut & 4°C trong 15 phut, chit dich trén dé thu két tia ADN.

Rira ADN trong ethanol 70% (dé lanh —20°C) trong 1 phut, ly tam 13000
vong/phut, do con, lam kho ADN & nhiét d6 phong.

Hoa tan ADN trong 50 pl MQ vd trung (hodc dém TE) va bao quan tai —20°C
cho céc thi nghiém tiép theo.

B. Khuéch dai cac doan gen trong phan ung PCR

ADN hé gen sau d6 duoc sit dung lam khudn dé khuyéch dai cac doan gen dung
cho viéc x4c dinh vi tri phan loai, g@)ln ¢6 16S rADN va doan gen dsrB ma hoa cho
tiéu phan B ctia enzym dissimilatory sulphite reductaza. Cac cip mdi dic hiéu cho tung
doan gen da st dung va chu trinh nhiét twong ng dugc trinh bay trong Bang 3.

Bang 3 - Céc cip mdi six dung dé khuyéch dai cac doan gen cho muc dich xac dinh vi

tri phéan loai ciia chiing S4 va chu trinh nhiét

Tén gen | Tén moi Trinh tw méi/ chu trinh nhiét San Tai liéu
pham tham
PCR khio
16SrADN | 27F 5‘-AGAGTTTGATCCTGG CTCAG-3¢ | 1500 bp | Weisburg
t I
1492R 5“GGTTACCTTGTTACGACTT-3* i991 o
Chu trinh | 94°C 3 phit, (94°C 30 gidy, 55°C 45 giy,
nhiét 72°C 1,5 phut) x 35 chu ky, 72°C 7 phut,
két thuc 4°C.
dsrB Dsrp2060F | 5’~CAACATCGTYCAYACCCAGGG-3‘ | 390 bp | Shabir et
)
Dsrd4R 5~GTGTAGCAGTTACCGCA-3’ al., 2007
Chu trinh | 94°C 4 phut, (94°C 30 gidy, 55°C 30 gidy,
nhiét 72°C 1 phit) x 35 chu ky, 72°C 10 phit,
két thuc 4°C.

San pham PCR cta 16S rADN (1500 bp) va doan gen dsrB (390 bp) (Hinh 3) sau
d6 duoc tinh sach bang PCR purification Kit (Bioneer, Han Quédc) rdi tién hanh phan
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tmg doc trinh tu véi ABI Prism BigDye Terminator cycle sequencing kit va doc trinh

tu trén may tu dong 3110 Avant Appied Biosystems.

Trinh ty gen sau d6 duoc phan tich, so sanh véi trinh tu 16S rADN va dsrB cia
cac loai co lién quan hién da cong bd trén ngan hang dit lieu GenBank st dung phan
mém BLAST Search (Bang 4). Cay phan loai duoc dung theo phuong phap
neighbour-joining (Hinh 4) (Saitou, Nei, 1987), trong d6 dinh dang cdy duoc tién hanh
dua trén 1000 phép so sanh da chiéu (Felsenstein, 1985).

Bang 4 - Do twong dong vé trinh tr 16S rADN va doan gen dsrB cia chung BfH so

V01 cac loai gan giii nhat

Gen Pj dai Loai gan giii nhat Pj twong dong
16S rADN | 1410 bp Desulfovibrio oxamicus 99%
dsrB 390 bp Desulfovibrio oxamicus 100%

So sénh ca hai trinh tu gen déu cho thdy ching S4 gan giii nhit véi Desulfovibrio
oxamicus v6i dd twong ddng khi so sanh trinh tu gan du cta 16S rADN (1443 bp) la
99%, d6 twong ddng vé doan gen dsrB (390 bp) ma hoéa cho tiéu phin B cua enzym
dissimilatory sulphite reductaza la 100%. Gen dsrB 14 gen chuc ndng dac hiéu cho vi
khuén tham gia chu trinh sulfur, trong d6 ¢c6 SRB (Shabir et al., 2007). Dya trén cac
phan tich vé trinh tu gen, chung S4 dugc dinh danh khoa hoc 1a Desulfovibrio
oxamicus S4. Doan 16S rADN da giai trinh tu duoc ding ky tai ngan hang gen DDBJ
voi ma s6 LC186051 ¢6 trinh tu néu tai SEQ ID NO.1.

Vidu 4: Nghién cieu dic tinh sinh hoc cia chiing Desulfovibrio oxamicus S4

Cac ddc tinh sinh hoc cta chiing S4 dugc nghién ctru chi tiét gébm co kha nang
sinh truéng trong méi truong c¢6 do pH thip, kha nang chiu ham luong kim loai cao,
céc chit nhan dién tir thich hop. Trong cac nghién ctru nay, ching S4 dwoc nudi trong
mdi truong khoang dich thé ky khi (1ap lai trong 3 6ng nudi) c6 bd sung cac thanh
phan cin moi trudng can nghién ctru theo ty 1¢ can thiét, cy thé nhu sau:

A. Khé nang sinh truéng trong moi trudng c6 do pH thip

Ching S4 dugc nu6i trong mai truong lactat/sulfat ky khi c6 do pH & céac gia tri 4
— 8 diéu chinh béng cac dung dich HCI IM hodc Na,CO5 1M. Sinh trudng cua vi
khuan duoc danh gia thong qua thay dbi cia mat do quang trong dich nudi do tai budc

song 600 nm.
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Ham lugng sulfat do vi khuén sir dung dugc xac dinh bing phuong phap tao két
tua BaSO, khi cho moi truong c¢6 chira sulfat phan Gng véi dung dich BaCl, 0.2 M
(trong HCI 0,2 M) (Dinh et al., 2004). BaSO, két tia dugc thu hdi bing cach loc qua

mang nitrocelluloza 0,2 pm, siy kho tdi trong luwong 6n dinh va can.

Ham lugng sulfua do vi khuén tao ra duogc xac dinh bang phuong phép tao két
tia CuS khi mdi trudng nudi vi khuin chua sulfua phan tng véi dung dich CuSO, 5
mM (pha trong dung dich HCI 50 mM) (Cord-Ruwish, 1985). Dich huyén phu cua
CuS két tiia mau ndu den dugc do nhanh trén may so mau ¢ bude song 480 nm. Pudng

chuin duoc dung véi dung dich Na,S trong khoang ndng do tir 0 — 20 mM.

Chung D. oxamicus S4 sinh truéng tt va tao sulfua tdi wu & didu kién d6 pH = 7.
Tuy nhién, tai do pH = 5 va 6 chung nay van giit duoc muc sinh trudng khoang 50%
(Hinh 5). Ham luong sulfua tao ra twong tmg vao lugng sulfat mét di, chimg to qua
trinh khtr sulfat sinh hoc do ching vi khudn S4 thuc hién 1a con duong duy nhét tao ra
sulfua trong moi truong. Pic tinh ne‘iyy 14 vu thé cua chung S4 khi dugc trng dung cho
muyc dich xir Iy AMD, 1 loai nuéc thai 6 d6 pH ban dau rat thap.
B. Kha ning chiu ndng do kim loai nang cao

Chung D. oxamicus S4 duoc nuéi trong méi trudng khoang dich thé ky khi chtra
Na-lactat (10 mM) lam chat cho dién tr va SO,> (28 mM) lam chat nhan dién tir. Dé
tranh anh huéng cia sulfua dung 1a chit khir oxy trong moéi trrong, trong thi nghiém
nay ascorbat dwogc st dung thay. Mdi truong duge bd sung mot trong cac kim loai sau:
Fe’" (6 ndng do 60 mg/L, 200 mg/L, 400 mg/L), Zn>* (20 mg/L, 150 mg/L), Cu®* (10
mg/L, 80 mg/L). Sinh truéng ciia D. oxamicus S4 dugc danh gia thong qua lugng

sulfat bi khir trong moi truong.

Két qua (Hinh 6) cho thiy chung D. oxamicus S4 chiu dugc ndng do sit rét cao,
hoat tinh khir sulfat chi bi giam nhe & ndng do sit 400 mg/L. Kém va dong c6 anh
hudng trc ché cao hon so véi sét, tuy nhién so v6i nhidu loai vi sinh vat da cong bd thi
murc chiu cac kim loai nay & chung D. oxamicus S4 dugc ddnh gia & muc cao hon, cu

thé 1a 120 — 150 mg/L déi voi kem, 50 mg/L dbi vei dong.

C. Xac dinh c4c chat nhan dién i thich hop

-15-



20127

Chung D. oxamicus S4 dugc nudi trong moi trudng khoang dich thé ky khi chira
Na-lactat (10 mM) lam chét cho dién t&r va mot trong céac chit nhén dién t& tiém nang
& diéu kién khong c6 oxy 1a SO+ (20 mM, dbi ching duong), NO;™ (5 mM) (duge bd
sung dinh ky sau mdi 24 h) va Fe’* (30 mM). Kha ning sinh trudng véi oxy duge
nghién ctu thong qua viéc nudi vi khuén trong binh Erlenmeyer chita moéi truong
khoang khoéng co chét nhan dién tir va khong dugc loai oxy, két hop ché do lic 100
vong/phit. Sinh truéng cia vi khuin trong méi trudng dwge danh gia thong qua thay

dbi mat do quang cua dich nudi (do tai budc song 600 nm).

Két qua cho thiy ching D. oxamicus S4 sinh truong tot véi sulfat hodc nitrat, thé
hién qua tc do sinh truéng twong duong, tham chi c6 phan trdi hon khi sinh truong
v6i nitrat do khong c6 anh hudng e ché nguoc cua san pham trao ddi chét sulfid
(Hinh 7). Tuy nhién v&i Fe’™ hay oxy thi ching nay hoan toan khong c6 kha nang sinh
truong. Kha nang st dung nitrat 1a chét nhan dién t& duy nhat c6 y nghia quan trong
trong viéc tao sinh khdi cta ching S4 ma khong san sinh H,S gay anh hudng t6i moi
treong (khi khong can thiét sir dung dé két tua kim loai), thay vao d6 la khi N, khong

ddc hai.

Vidu 5: Bao qudn chiing D. oxamicus S4 trong diéu kién phong thi nghi¢m

Chung D. oxamicus S4 thuan khiét v& mit sinh hoc dugc bao quan trong phong
thi nghiém trong glyxerol 25% tai —20°C sir dung cic mao quan thiy tinh dé dam bao
diéu kién ky khi tuyét dbi (Hinh 8). Chung S4 dwoc nudi trong éng nghiém kin khi (c6
nut cao su va nip xody nhya) thé tich 10 ml chira 5 ml méi treong khoang ky khi st
v6i Na-lactat (10 mM) 1a chét cho dién tir va sulfat (28 mM) lam chét nhan dién tur
cudi cing. Sau 5 — 7 ngay khi mat d6 quang cta dich nuéi dat khoéang 0,2 thi thu sinh
khdi té bao bang ly tam (sir dung truc tiép dng nudi thay cho 6ng falcon 15 ml) & 4°C
trong 15 phut. Loai dich mdi trudng rdi hoa sinh khéi t& bao trong 1 ml moi truong

khoang ky khi khong b sung chét cho va nhan dién ti, nhung c¢6 25% glyxerol.

Bang dung cu trg hut lay 0,1 ml dich huyén phu t€ bao vao cidc mao quéan thuy
tinh (cach hai ddu mao quéan 1 cm modi dau), sau d6 han kin hai dau mao quan trén
ngon ltra dén con. Kiém tra do kin cua moi han duéi kinh lap, sau d6 dit cac mao quan

tai 4°C trong thoi gian 2 — 4 gid rdi chuyén sang diéu kién lanh sau —20°C. O diéu
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kién nay ching Desulfovibrio oxamicus S4 c6 thé dugc bao quan duy tri kha ndng sinh

truong va hoat tinh khir sulfat trong thoi gian t6i 24 thang.

Chung Desulfovibrio oxamicus S4 dugc luu giit tai Bao tang gidng chuén Vi sinh

vat Viét Nam (VTCC) dudi ma s VTCC-B-2180.

Vi du 6: Ung dung chiing D. oxamicus S4 trong xit Iy AMD trong mé hinh bé khir

sulfate sinh hoc quy mo phong thi nghiém

Mb hinh bé khir sulfat sinh hoc quy mo phong thi nghiém dé xir ly AMD gdm

cac budc lan luot nhu sau:

Bé 1 — Bé trung hoa: chira d4 dam t6i 1/2 thé tich dé nang do pH cua nudc thai

t6i 4,5 - 5, phtt hop cho vi khuén khir sulfat phat trién.

Bé 2 — B& phan ung khir sulfat sinh hoc: 1a noi dién ra qua trinh khi sulfat nho vi
khuan. Bé nay c6 16p gia thé ¢ day gbém da dam dudi cling, sau d6 dén 16p phoi bao va
trén cung 1a mot 16p da ddm mong. Do day ctia toan bd 16p gia thé 1a 1/2 chiéu cao cua
bé (tinh t6i muc nude). Dé cung cp ngudn cacbon va nang luong cho qua trinh khi
sulfat sinh hoc, cam gao dugc bd sung vao bé theo ty 1€ 0,1%. Dich nuoi ching vi

khuan D. oxamicus S4 dugc bd sung lam gidng khai dong (t6i mat do 10° MPN/mL).

Bé 3 — Bé loc cat: Nudc thai sau khi duge xtr ly & bé khir sulfat dugc loc qua lop

cat vang trudce khi thai ra ngoai.

Thi nghiém dugc tién hanh v&i nude thaii AMD nhan tao ¢6 thanh phén nhu sau
(mg/L) (Kim et al., 2014): Fe**, 188,4; Cu*", 5,52; Zn**, 11,3; Pb*", 4.2; As™, 3.17;
Ni*", 7,4; d6 pH ctia nudc thai 1a 3.

Déu tién, AMD nhan tao dugc dua vao mo hinh, gitt ¢ trang thai tinh trong mot
thoi gian dé tao diéu kién cho qua trinh khir sulfat khoi dong. Vi sy c6 mat cia chang
D. oxamicus S4, qua trinh khoi dong dién ra hoan toan trong 5 ngay. Tir ngay thi 6,
mo hinh dwgc van hanh theo ché do lién tuc véi thoi gian luu cia AMD nhan tao trong
quy trinh xir 1y 14 3 ngay, két qua xir Iy dugc trinh bay tai bang 5.

Bang 5 - Xt Iy AMD trong md hinh bé khtr sulfat sinh hoc sir dung chung D.
oxamicus S4 1lam ngudn SRB khéi dong

Yéutdxirly | AMD dau vao | Nuéc thai ddu ra QCVN 40:2011/BTNMT

(mg/L) (mg/L)* (mg/L)* Loai A Loai B
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pH 3 7 6-9 5,5-9
Fe (II) 188,44 0 1 5
Sulfate 1152 782.4 - _
Cu 5,520 0,0055 2 2
Zn 11,30 0,0308

Pb 42 0,0009 0,1 0,5
As 3,17 0,0094 0,05 0,1
Ni 7.4 0,0141 0,2 0,5
COD 468 34 75 150
BOD5 150 2 30 50

* Phdn tich duwoc tién hanh tai Vién Hoa hoc, Vién Khoa hoc va Cong nghé Viét Nam.

C6 thé thay ring nuéc thaii AMD nhén tao md phong theo céac loai AMD trong
thuc té (Harry et al., 1999; Kim et al., 2014) da dugc xt ly mot cach hiéu qua trén mo
hinh phong thi nghiém v6i sy 6 mat ctia chiing vi khudn D. oxamicus S4 lam nguodn
SRB khéi dong. Nudrc thai dau ra dat loai A theo QCVN 40:2011 cua B¢ Tai nguyén

va moi truong.
Hiéu qua dat dwoc cia sang ché

Chiing vi khudn Desulfovibrio oxamicus S4 thun khiét vé mat sinh hoc thich hop
dé xur Iy nude thai axit tr mo c¢6 ham luong kim loai ning cao nhu AMD truée khi xa
ra moi truong. Béng viéc dé xuét ching vi khuén theo chiu duoc axit, néng do kim loai
nang, c6 kha ning str dung SO,*” va NO;~ lam chit nhan dién tir dé sinh trudng giup
cho hoan thién cong nghé xir Iy bang bé khir sulfat sinh hoc théng qua vi khudn khu

sulfat ¢6 hiéu qua cao v€ moi truong cling nhu vé kinh té.

Chiing vi khuin Desulfovibrio oxamicus S4 thuan khiét vé mdt sinh hoc theo sang
ché co cac dac tinh quy nhu chiu d6 pH thép, chiu dugc ham lugng kim loai nang cao.
rét phu hop cho viée tmg dung trong xir Iy AMD. Ching vi khuan nay c6 thé hd tro
cho viéc khéi dong va chi dong van hanh cac bé khir sulfat sinh hoc, cling nhu xur ly

céc sur cd trong qué trinh van hanh hé thong xir ly.
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YEU CAUBAO HOQ
1. Chiing vi khuan Desulfovibrio oxamicus S4 thuin khiét vé mat sinh hoc c6 trinh tu
16S rADN néu trong SEQ ID NO.1 dugc ding ky tai ngan hang gen DDBJ v&i s6 hiéu
LC186051 va dugc luu gitt tai Bao tang giéng chuin Vi sinh vat Viét Nam (VTCC)
v6i ma s luu giit VTCC-B-2180 dugc ding dé xtr Iy nude thai axit tir mo, trong do

chiing vi khudn nay c6 céc dic tinh nhu sau:
- sinh trudéng duge ¢ d6 pH = 5;
- st dung SO,*” va NO;™ lam chét nhan dién ttr dé sinh truong; va

- chiu dugc nff)ng do kim loai nang, trong do néng do Fe 1én t6i 500 mg/L, Zn

lén té1 120 mg/L va Cu 1én téi 50 mg/L.
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<110>
<120>

20127
DANH MUC TRINH TU

hoc d& xir 1y nuéc thai tu dau mod

<130>
<160> 1
<170>

<210> 1

<211> 1443
<212> ADN
<213> 16S
<220>
<223>

<220>
<400> 1
CAGATTGAAC
TGAGCTAAAG
ACGGCTGGAA
GGCCTCTGCT
GGTAATGGCC
GGACTGGAAC
CGAAAGCCTG
TCAGGAGGGA
AGCACCGGCT
AATCACTGGG
TCAACCGCGG
CCAGGTGTAG
CTGGACCGAT
GGTAGTCCAC
GCTAACGCGT
TGACGGGGGC
TTACCCAGGC
CCGAGACAGG
GCAACGAGCG
CCGCCCCGGET
TGGGGCTACA
CAATCCCAAA
GAATCGCTAG
ACCGCCCGTC

GCTGGCGGCG
CGGCGCACGG
ACGGTCGCTA
TGCAAGCTAC
CACCAAGGCG
ACGGCCCAGA
ACGCAGCGAC
AGAACCGCCA
AACTCCGTGC
CGTAAAGCGC
AATTGCCCTT
GAGTGAAATC
ACTGACGCTG
GCTGTAAACG
TAAGCATCCC
CCGCACAAGC
TTGACATCCG
TGCTGCATGG
CAACCCCTAT
TAACGGGGAG
CACGTACTAC
AAATGCGTCC
TAATTCGAGA
ACACCACGAA

Desulfovibrio oxamicus S4

TGCCTAACAC
GTGAGTAACG
ATACCGAATA
CGCTCATGGA
ACGATGGGTA
CTCCTACGGG
GCCGCGTGAG
TGGTGCTAAT
CAGCAGCCGC
ACGTAGGCTG
GATACTGCTG
CGTAGATATC
AGGTGCGAAA
ATGGATGCTA
GCCTGGGGAG
GGTGGAGTAT
GGAAACCCTC
CTGTCGTCAG
CCTTAGTTGC
GAAGGTGGGG
AATGGCGCAC
CAGTCCGGAT
TCAGCATGCT
AGTCGGTTTA

ATGCAAGTCG
CGTGGATGAT
CGCTCCGATT
TGAGTCCGCG
GCCGACCTGA
AGGCAGCAGT
GGATGAAGGC
CAGCCATGGT
GGTAATACGG
TTTGGTAAGT
GACTTGAGTT
TGGAGGAACA
GCGTGGGGAG
GGTGTCGGGG
TACGGTCGCA
GTGGTTTAAT
CCGAAAAGGA
CTCGTGCCGT
TACCAGGTGA
ATGACGTCAA
ACAAAGGGCA
TGCAGTCTGC
CGGGTGAATG

-20-

TGCGTGAAAG
CTGCCCATGA
TCATAGTTCG
TCCCATTAGC
GAGGGTGATC
GGGGAATATT
CTTCGGGTCG
CTGACGGTAC
AGGGTGCAAG
CAGGGGTGAA
CGGGAGAGGG
TCAGTGGCGA
CAAACAGGAT
CCTTGAGCTT
AGGCTGAAAC
TCGATGCAAC
GGGGTGCTCT
GAGGTGTTGG
TGCTGGGCAC
GTCATCATGG
GCGATACCGT
AACTCGACTG
CGTTCCCGGG

GGCTTCGGCC
GTTGGGAATA
GGGGAAAGGT
TAGTTGGCGG
GGCCACACTG
GCGCAATGGG
TAAACCTCTG
CTCCAAAGGA
CGTTAATCGG
ATCCCGCGGC
TGGCGGAATT
AGGCGGCCAC
TAGATACCCT
CGGTGCCGCA
TCAAAGAAAT
GCGAAGAACC
TCGGAGAATC
GTTAAGTCCC
TCTATGGAGA
CCCTTACGCC
GAGGTGGAGC
CATGAAGTTG
CCTTGTACAC

Vién Vi sinh vat va Céng nghé sinh hoc, Pai hoc Qubc gia Ha Noi
Chung vi khudn Desulfovibrio oxamicus S4 thudn khiét vé mdt sinh

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1410
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HINH 1

HINH 2

500bp
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HINH 4

Desulfotomaculum kuznetsovii(gi|636558700)

Desulfotomaculum acetoxidans (gi|567757315)

Desulfovibrio africanus (gi|219846759)
100 Desulfovibrio fructosivorans (gi|265678397)
Desulfovibrio alcoholivorans (gi|310975266)

Desulfovibrio gigas (g1|343205079)
Desulfovibrio desulfuricans (gi|559795397)|
Desulfovibrio vulgaris(gi|343201140)|

100 EDe_sulfovibrio oxamicus (gi[343198744)|

1007 —Desulfomicrobium aestuarii (gi|1 48878779)

-Desulfomicrobium baculatum (gi|631253234)

—Desulfobacterium vacuolatiim (gi|343201139)|

Desulfobacter postgatei(gi|265678526)
1OOI:Desulfobacterhydrogenophilus (i[313760320)

Desulfobacterium corrodens(gi|33440430)|

80
70
100 99.5
100L- g4
100
100
82.

5
0.02

Escherichia coli

HINH 5

pH4 pHS pH6 pH7 pHS
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HINH 6

Lwong SO, bi khir trong méi tredng sau 9 ngay

Cu

10mg 20mg 80mg

20
bC Fe Zn
16 - 1
S :
g
s e L -
[#2]
1 1 = _
0 1 - =
Omg 60mg-200mg400mg 20mg 100mg150mg
HINH 7
0.2
S 0.12 .
O .08 -
Ny ® NO;-
0.04 T SO42_ -
0 1 ; . ; .
1 2 3 4 5
Thoi gian (ngay)
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