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Tém tit: Hién nay, cong nghé hoa tich quing vang st dung vi sinh
vat ngdy cang dugc quan tim nghién ctru va phat trién voi muc dich
bao dam hiéu suat thu hdi vang cao va giam 6 nhiém moi trudng.
Nghién ctru nay nham tuyén chon chung vi khuan ban dia c6 kha
nang oxy hoa sit tir cdc mau quing sulfua vang thu thap tai cic mo
vang & Tay Nguyén mg dung trong hoa tich quing. Tir 8 mau
quing thu thap di phén lap duoc 14 ching vi khuan va tuyén chon
duoc chung TNGI3.1 c6 kha ning oxy hoa Fe cao (89,33%).
Ching TNG13.1 1a vi khuan hiéu khi, Gram am, catalase dwong
tinh; khuén lac c6 dang tron, 161 va kho, mau vang; té bao hinh que,
khong c6 kha nang tao bao tir, 6 kha nang chiu dung céc diéu kién
pH acid, kim loai nang. Chung TNG13.1 thugc nhom hoa tu dudng,
str dung nang lugng tir qua trinh oxy héa cac hop chat chira sit va
lru huynh dé phat trién; sinh truong dugc trong khoang pH tir 1,5
—3,0; di nhiét do tir 20 - 50°C. Két qua phan tich trinh ty gen 16S
tDNA cho thdy ching TNGI3.1 thudc loai Acidithiobacillus
ferrooxidans va dat tén 1a A. ferrooxidans TNG13.1 (Ma sb
GenBank MW713141). Thir nghiém kha nang oxy hoéa Fe trén
quing sulfide chira Au, quing thiéc-wolfram chita Au va quing
antimon chtra Au cho thiy hiéu qua xir 1y tot nhét tai ti 1& quing
1% (w/v) véi hiéu suat 1an luot 1a 100%; 48,44% va 63,13%. Két
qua kha quan budc dau cho thay, tiém ning Gmg dung ching A.
ferrooxidans TNG13.1 trong hoa tich quang Au ¢ nudc ta; gop
phan nang cao hiéu qua khai thac vang va giam thiéu 6 nhiém moi
truong.

1. Gi&i thiéu

c6 gia tri khong hoa tan thanh dang hoa tan

Khai thac sinh hoc, bao gém tach loc sinh
hoc (Bioleaching) va oxy hoa sinh hoc, 1a mot
cong nghé¢ than thién voi moi trudng ngay
cang dugc ap dung rong rii trén toan thé gidi
dé xur Iy nguyén liéu khoang san, thu hdi kim
loai c6 gid tri nhu dong, uranium, vang tir
quing va chat thai (Schippers va nnk, 2013;
Khachatryan va nnk, 2021). Coéng nghé
bioleaching chuyén d6i mot sé sulfua kim loai
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nhd vi sinh vat hodc pha hity mang tinh thé cua
cac khoang chét sulfua dé lam 10 vang c6 thé
tiép can duoc voi sy rira troi boi cac chat hoa
hoc (Johnson, 2018; Liao va nnk, 2020).

Céc chiing vi sinh vat dugc sir dung dé khai
thac sinh hoc chii yéu 14 vi khuan hoa tu dudng
ion sit hodc sulfua (chemoautotroph), nhu
Acidithiobacillus ferrooxidans,
Acidithiobacillus thiooxidans,



Acidithiobacillus caldus va Leptospirillum
spp. Chung 12 vi khuan wa axit hoa tri, 14y Fe?*
lam ngudn ning luong va phan tmg oxy héa
sinh hoc la: 4FeSO; + 2H,SO4 + O, —
2Fe»(S04)3 + 2H,0 (Xiao va nnk, 2013). Trén
co s6 két qua phén tich trinh tu 16S rRNAviét
thong nhat 16S rDNA hay 16S rRNA?, A.
ferrooxidans va A. thiooxidans duge xép thanh
mot chi, Acidithiobacillus, trong phan 16p y
cua Proteobacteria. Cac ching khac nhau cta
loai nay di dwoc phan ldp tir cac ngudn tai
nguyén thién nhién (d4, quang va nudc ri tu
md) (Jahani va nnk, 2015).

Trong nhitng nim gan day, c6 nhiéu nghién
ctru vé dic diém sinh trudng cua vi khuan A.
Jerrooxidans, bao gom ty 1¢ gidng, pH ban
dau nhiét d6 nudi cdy, nong do ban dau cia
sat (Xiao va nnk, 2013). Trong vai thap ky
trude van dé tach kim loai trong quing bang
phuong phéap sinh hoc da dugc mot s6 nha

khoa hoc ¢ Viét Nam quan tam nghién ciru.
Tuy nhién, do diéu kién nghién ciru trong
phong thi nghiém con han ché nén viéc phan
lap dugc ching vi khuin oxy hoa sit wa axit
con chua duoc cong bd. Trong bai bao nay,
nghién ctru phan ldp va sang loc chung vi
khudn oxy héa sit tir cic miu quing thu thap
tai Tady Nguyén va xac dinh loai
Acidithiobacillus sp. ban dia Tay Nguyén c6
kha ning bioleaching cic mau quing hiéu qua.
Tir d6 céc hat Au c6 kich thuéc pm nam trong
céc khoang vat c6 thé dugc giai phong hoan
toan hodc 1am 16 Au ra tao diéu kién dé nang
cao hiéu suat hoa tach va thu hdi bang cyanua,
giam chi phi san xuét va nang cao hiéu qua bao
v€ moi trudng.

2. Vat liéu va phwong phap

2.1. Vit liéu

2.1.1. Miu phén lap

Hinh 1. Ldy mdu thiee dia tai cac mé qudng sulfide chira Au (4, B), qudng thiéc-wolfram chira Au (C) va
quang antimon chira Au (D).

Mau phuc vu cho viéc phan lap vi sir}h
duoc thu tl}ép tr cac mo mgS sulfide-Au DPak
Blo (x4 bak Blo, huyén Pak Glei, tinh Kon

Tum) va Ta Nang (xa Ta Nang, huyén buc
Trong, tinh Lam Pong), mo thiéc chira Au Nui
Cao (xa Pa Sar, huyén Lac Duong, tinh Lam
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DPong), va mé antimon chita Au Cu Jat (Dak
DP’Rong, huyén Cu Jut, tinh Pak Nong). Cac
mau phan 14p vi sinh dugc 1y tai cac diém co
tiém nang cao vi sinh vét ban dia nhu miu
quing di oxy héa va ngudn nudc dong lau
ngay trong khu vuc khai thac hodc chay ra tu
than quéang (Hinh 1).

Qua trinh 1dy mau thu duoc 5 mau quing
c6 mau vang dén vang nau, trén bé mat xuat
hién nhiéu d4u hiéu bi oxy hoa va 3 mau nudc
(pH < 3, ¢6 nhitng mau pH 1) tir nude ri trong
hdm mo, nude thai trong qua trinh khai thac
quang dong lau ngay va dong nudc chay ra tur
trong m6 quang (Hinh 1). M6 ta va déc tinh
chi tiét cia mau duoc trinh bay trong Bang 1.

Bang 1. M6 ta va ddc tinh ciia cdc mau quing va nwde tiv cde mé quéng tai Tdy Nguyén

TT KHM Loai quing Vi tri Dang Mo ta
1 DBS3 xa Dak Blo, huyén ~ Botuét  Mau nau hoi xAm, bot mém
Dik Glei, tinh K. .
2 DBSIO ak Glei, tinh Kon o0 Mau nau dét, ¢6 can, pH 6.28
quang sulfide- Tum
3 TNG6 Au xd Ta Ning, huyén Rin Mau nau, bé mit xu xi, bi oxy hoa
buc Trong, tinh , o A <A
4 TNGI13 Lam Pong Long Mau vang nau, cdn nau, pH 1
5 DST6 quing thi ée xa Pa Sar, hu?/e;n Rén Mziu pau xar,n, bez ma‘t kho, nhiéu
chita Au Lac Duong, tinh cho bi oxy héa mau vang
6 DST7 Lam Dong Long Trong sudt, ¢6 cin mau vang, pH 1
7 CIA2 quang xa bik b’Rong, Rén Mau vang, bé mit kho, bi oxy hoa
R CIA3 antimon chira huyenLCu {ut, tinh Rén MauA nau, c6 dat bam xung quanh,
Au bak Nong hoi am

2.1.2. Bac diém quang héa

bé phuc vu cho viéc tuyén chon cac chung
vi sinh phu hop cac eée loai quing, miu quing
nguyén khai cta timng mé duoc thu thap va tién
hanh phén tich xac dinh thanh phan mot sd
nguyén to chinh va nguyén tb vét bang phurong
phép ICP-MS va ASS tai Trung tdm Phén tich
Thi nghiém Dia chét, Téng cuc DPia chét va
Khoang san. Ham lugng trung binh cua cac
maiu quing tir cac mo sulfide-Au Dik Blo va
Ta Niang, mo thiéc chira Au Nui Cao, va mo
antimon chira Au Cu Jut duoc trinh bay nhu
trong Bang 2.

2.1.3. Méi trong

Céc moi truong sir dung dé phéan 1ap vi sinh
vat bao gém moi truong 9k, 9kFe va 853.
Thanh phan va ham luong cta cdc moi trudng
nhu sau:

Moi truong 9k (g/L): K;HPO,4 0,5; KC10,1;
MgSO4.7H20 0,5; Ca(NO3)2 0,01; (NH4)2SO4
3,0; H,O 1000 mL.

9kFe (g/L): K.HPO; 0,5; KCI 0,1;
MgSO4.7H20 0,5; Ca(NO3)2 0,01; (NH4)2SO4
3,0; FeSO4 44,5; H>O 1000 mL.

853 (g/L): (NH4)2SO4 3,0g; KCI1 0,1g;
KH2P04 O,Sg; MgSO4'7H20 O,Sg; Ca(NO3)2
0,01g; vi lugng 1 mL, H>O 1000 mL, pH 1,8-
2,0.

Bang 2. Thanh phan héa hoc trung binh cdc mau quéng tir cac mé sulfide-Au Pk Blo va Ta Ning, mé
thiéc chita Au Niti Cao, va mé antimon chira Au Cuw Jiit.

KHM DB401 TN401 NC401 CJ401

Mbé Pik Blo Ta Ning Nui Cao Cu Jut
TiOz (%tl) 0,67 0,29 0,64 0,31
ALLO; 15,9 8,13 20,6 8,66
CaO 0,09 1,79 1,58 1,40
T-Fe203 8,76 7,92 10,3 4,75
MgO 1,37 1,01 3,94 0,71
MnO 0,13 0,08 0,06 0,03
K20 3,73 1,65 1,39 1,51
P20s 0,01 0,14 0,15 0,04
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KHM DB401 TN401 NC401 CJ401
Mé Pik Blo Ta Ning Nii Cao Cu Jat
S 0.33 1,76 0,65 2,91
Au (ppm) 0,70 3,10 0,40 1,80
Ag 8,40 10,4 2,10 3,70
As 173 18.116 35,0 15.277
B <10 <10 16.499 25,0
Ba 799 282 184 71,5
Bi 258 <10 <10 <10
Cd <2 4,40 <2 4,60
Ce 147 32,6 13,9 10,9
Co 18,2 19,3 <2 6,10
Cr 51,50 133 74,90 97,4
Cu 4.952 350 311 258
La 97,2 18,2 11,8 8,00
Li 11,7 52,6 47,9 80,5
Mo <5 <5 <5 6,90
Nb 17,20 <5 5,70 <5
Ni 25,9 473 37,7 7,40
Pb 962 3.686 94,7 98,6
Sb 82,4 55,6 22,0 30.126
Sc 9,20 5,60 13,70 <5
Sn <10 39,6 11.158 109
Sr 42,0 123 123 82,6
\Y% 74,6 53,7 126 55,5
W <20 50,3 <20 60,1
Y 32,8 12,5 12,6 7,50
Zn 46,6 3.958 100 50,0
2.2. Phwong phdp 2.2.2. Xac dinh ham lugng Fe tong, Fe?*,

2.2.1. Lam giau va phéan 1ap vi sinh vat

Véi cac mau quing hodc nude thai, 1y 10
g quing (dd nghién nho) hoic 10 mL nudc
thai, dugc lam gidu v6i 90 mL moi truong
9kFe va lic trén may lic voi tbec do 200
vong/phit & 30°C. Sau 1 tuan, chuyén 10 mL
tur cac binh lam giau trén moi truong 9kFe
sang binh chira 90 mL mo6i truong 9kFe; qua
trinh duoc lap lai 4 tuan. Mau sau khi lam giau
dugc pha lodng va trai cic miu trén cac dia
mdi truong thach 9kFe. Quan sat cac dia phan
lap trong 4 — 8 tuan; tach va lam sach cac
khuan lac xuat hién trén moi truong thach
9kFe (MP, DG, 1959; Jahani va nnk, 2015).

TNFe (II))-BCFe (III)

%Fe’ =
/o TFe

Trong doé: TNFe (III): lwong Fe (III)
trong mau thi nghiém (mg/L); DCFe (III):
luong Fe (III) trong mau ddi ching (mg/L);

2.2.3. Nghién ctru dac diém sinh hoc

Hinh thai khuén lac duoc quan sat trén moi
truong 9kFe thach & 30°C sau 96 gid (Khan va

Fe3+

Céc ching nghién ctiru duge cdy trén moi
truong 9kFe 1ong, lic 200 vong/phit & 30°C
trong 72 gio. Moi trudng 9kFe khong bd sung
vi sinh vat duoc sir dung 1am mau déi chimng.
Ham luong sit trong dung dich dwoc xac dinh
bang phuong phép trac pho voi thude thir 1,10-
phenanthrolinetheo TCVN 6177:1996 thudc
thir 1a phenantrolin (C12H9N2.H20) hoéc
phenantrolin clorua (C12H9CIN2.H20); con
phenanthroline c6 céng thic 1la C12H8N2.
Vay thubc thir chinh xac 1a gi ?heo TCVN
6177:1996. Ti 1¢ phan tram sit trong dung dich
duoc xac dinh theo cong thirc:

x 100%; %Fe* = 100 - %Fe**

TFe: Fe tong ban dau bo sung vao moi
trudng

nnk, 2012). Anh huéng ctia diéu kién nuéi cdy
gdm cac yéu td: nhiét do (15, 20, 25, 30, 37,
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40 va 55°C), pH (1, 2, 3, 4, 5) va nong do

NaCl (0,5-6%) dén kha nang sinh trudng cta
vi khuan dugc thue hién trén méi truong 9kFe
thach va trén moi truong 9k thach c6 bo sung
1% S, Na,S,0; duoc sir dung dé khao sat kha
ning st dung cac ngudn S (Khan va nnk,
2012). Kha nang chiu n6ng d6 kim loai nang
duoc thuc hién bﬁng khuéch tan dia thach
(Monballiu va nnk, 2015). Trong mdi giéng,
100 puL dung dich kim loai (Pb**, Ni**, Cu*",
Cd>, As*) véi ndng do 1.000 ppm cua thanh
phan kim loai di dugc thém vao. Sau 96 gio
& 30°C, anh huoéng cua kim loai ddi véi su tang
truong duoc danh gia mot cach truc quan bang
cach do va so sanh duong kinh cta cac vung
{rc ché tiang trudng.

2.2.4. Phan loai bang sinh hoc phén tur

Tach chiét DNA tong s6 cua vi khuan sir
dung kit QIAamp DNA Mini Kit (Qiagen).
Gen mi hoa 16S rRNA cua vi khuan duogc
khuéch dai bang phan tng PCR st dung cip
moi 27F va 1429R ¢6 trinh tw nhu sau: 27F

(5" -AGAGTTTGATCCTGGCTCAG-3" )
va 1429R 5 -

TACGGCTACCTTGTTACGACTT-3" ).

Trinh tu gene 16S rRNA dugc so sanh voi cac
trinh tu tuong Gng trén GenBank (NCBI) nho
cong cu BLAST. Cay pha h¢ dua trén trinh tu
gen 16S rDNA duogc xdy dung trén phin mém
MEGA?7 st dung phuong phap neighbor-
joining, dua trén thudt todn Kimura 2 va
gamma voi gia tri bootstrap 1000 (Felsenstein,
1985). Cay pha hé duoc v€ voi Bacillus
aryabhattai B8W?22 (NR 115953.1) la mot
out-group va dugc chinh sira bang phan mém
Treedyn (Chevenet va nnk, 2006) va chi
nhiing gia tri bootstrap cao hon 0,5 médi dugc
hién thi trén cay (Felsenstein, 1985).

2.2.5. bBanh gia kha nang hoa tach quang
Au tai Tay Nguyén cua chung tuyén chon

Xac dinh ty I¢ quang va mat do vi sinh vat
thich hop duogc tién hanh trong binh 250 ml
chtra 100 ml méi trudng 853 ¢6 b sung 0,02%
FeSO..7H,0 & pH 2. Cac binh dugc hip khu
trung & 121°C va ap sudt 15 psi trong 15 phit.
Sau do, chuén bi quing Au o cactilé(l, 5, 10,
20, 30 va 50% w/v) va bd sung vao mdi binh
moi trudng. Mdi binh thi nghiém ban dau dugc
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tiép 10% (v/v) gidng (mat do ~107 CFU/mL)

va nudi ¢ nhiét 4§ 30°C va 150 vong/phut

trong 14 ngay. Mau dbi chimg ctia mdi ty 1&

quang Au la khong bo sung vi sinh vét dugc

lic cung diéu kién voi mau thi nghiém. Thi
nghiém duoc tién hanh trén ca 03 loai quang:
sulfide chtra Au, thiéc — wolfram chtta Au va
antimon chira Au. Ham luong sit tong trong
dung dich dugc xac dinh  theo

TCVNG6177:1996. Hiéu suét oxy hoa Fe dugc

xac dinh theo cong thuc (Mobini, Salehi,

2013):

(TNFe—DCFe) x V
axVxTFe
Trong d6: TNFe: Fe tong trong dung dich

ctia miu thi nghiém (mg/L); DCFe: Fe tong

trong dung dich ciia mau ddi chimg (mg/L);

V2 ki higu V trong cong thirc trén 1a gidng hay

khac nhau? néu gidng thi c6 thé bo di ?: Thé

tich phan tng (L); a: Ti 1€ quing (%); TFe: Fe
téng trong mau quing (%)
3. Két qua va thao luan

H(%) = x 100%

3.1. Lam giau va phén Igp vi khuin oxy
héa sit

Céac miu quing Au duoc tién hanh 1am giau
nhom vi sinh vat hiéu khi c6 kha nang oxy hoa
sat tir cac mau quing, nudc thai tai cac mo trén
moi truong 9kFe. Sau 1 tuln, chuyén 10 mL tur
cac binh lam giau sang binh chtra 90 mL moi
truong tuong ing; qué trinh dugc 1ap lai 4 tuan
(Hinh 2). Sau 4 tuan, cac mau lam giau trén
9kFe chuyén sang mau vang cam ching t6 co
su hién dién cua cac chung vi khuan oxy hoa
Fe. Cac mau sau 4 tuan lam gidu vi khuan oxy
hoa sat dugc pha lodng va trai cic mau trén cac
dia moi trudng thach 9kFe.

Sau 4 - 8 tuan quan sat cac di ia phan lap;
tach va lam sach cac khuan lac xuét hién trén
moi truong thach 9kFe (Hinh 3). Céc chung
sach duoc giit giéng trén moi truong 9kFe co
bod sung glycerol v6i ndng d6 cudi cung
khoang 30- 35% va dugc bao quan & -69°C.
Tir tong s6 8 mau quing, phan 1ap trén moi
truong 9kFe da tach duoc tong s 14 chung vi
khuan oxy hoa sit, trong d6 c6 quing sulfide
chtra Au phan 1ap duoc 10 chiing, quing thiéc-
wolfram chua Au dugc 2 chung va quing
antimon chira Au duogc 2 chung.

S6 lwong ching phan lap trong nghién ctru da



dang hon cac nghién ctru da cong bd. Nghién
ctiu cia Deepak va nnk (2014) chi phat hién
mot dang khuén lac duy nhét trén moi trudng
9kFe tir cac manh sit bi oxy hoa. Tuong ty,
Xiao va nnk (2013) cung chi phén lép dugc 1
chung duy nhat trén méi truong 9kFe tir mau
nudc thai thu thap tir mo than tai tinh Shan xi,
Trung Quéc. Su khac nhau vé& sb lugng va do

da dang cua cac ching phan 1ap co thé dugc
giai thich do sy khac nhau vé tinh chit miu
(rdn/ long; loai quang), vé diéu kién tu nhién
(d6 cao, do a am, khi hau). Ngoal ra, quy trinh
ldy méu, xir Iy mau va lam giau cac ching vi
sinh vat ban dia 1a budc quan trong, anh hudng
truc tiép dén sé luong va thanh phan cac nhoém
chung phan 1ap duoc.

Hinh 2. Mdu lam giau trén méi truong 9kFe sau 2 va 4 tudn.

TNG13.1

DB510.5

DB510.6

Hinh 3. Mot 56 khudn lac dac trung cua cdc chung phan ldp dwoc

3.2. Sang loc chung vi khuan oxy héa sat

Dé sang loc kha ning oxy hoa sit cia mdi
ching trén moéi truong 9kFe, quan sat sy
chuyén méau tir khong mau thanh mau vang
nhat dén vang dam va xac dinh ti 16 Fe* bi
chuyén héa thanh Fe®* bang phuong phip
1,10-phenanthroline.

Quan sat kha nang oxy hoa Fe qua sy thay
d6i mau sic moi truong cho thdy: c6 4 ching
lam méi trudng chuyén sang mau vang nhat

dén vang dam so véi doi chung. Chung
TNG13.1 cho hoat tinh cao nhét (89,33%); cac

chang DBS10.2, DBS10.5, CJA3.5 thé hién
hoat tinh thip hon, lan lugt 1a 12,29%:
18,29%; 21,58%. Céc ching con lai co thé
sinh truéng trén moéi truong 9kFe nhung
khong c6 hoat tinh oxy hoa sit. C6 thé 1y giai
diéu nay do mot sd chung vi khudn khi gip
diéu kién bét lgi (¢ day 1a pH acid) s& hinh
thanh dang bao tur dé duy tri su song lau dai.
Vi vay, khi cdy trai trén moi truong 9kFe thach
nhitng bao tir ndy van c6 kha ning nay mam
va hinh thanh khuén lac. Chung TNG13.1 ¢6
kha ning oxy hoa Fe cao nhat (gip 4 — 5 1an so
véi cac chung DBS10.2, DBS10.5, CJA3.5)
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nén dugc tuyén chon cho cac nghién ctru tiép
theo.

Rét nhiéu nghién ctru trén thé giéi da chung
minh tiém ning mg dung cua cdc chung vi
khuén oxy hoa sit trong cong nghé hoa tach
quing st duyng vi sinh vat. Chung 4.
ferrooxidans XJF-8 dugc phan 1dp tor nudc
thai tai mé than Shan xi c¢6 kha ning oxy hoa

100 mFe (III) =

8
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st dén 100% sau 60 gior u (Xiao va nnk, 2013).
Nghién ctru cuia Mobini va Salehi (2013) cling
chi ra kha ning oxy hoa sit cao cta ching 4.
ferrooxidans FOCB va  Leptosprillum
ferrooxidans CLLB. St dung vi sinh vat hoa
tach quing gitip ting hiéu sudt qua trinh thu
hoi vang 1én tira-40 — 60% so voi khong st
dung vi sinh vét (Beolchini va nnk, 2005).

"7
> o“ & = o%

Hinh 4. Kha nding oxy héa Fe ciia cdc ching vi khudn

3.3. Nghién ctru dic diém hinh thai,
sinh ly-sinh héa cua chung TNG13.1

Chang TNGI3.1 1a vi khuén hiéu khi,
Gram am, catalase duong tinh. Trén moi
truong thach dia 9kFe: Khuén lac cua ching
TNGI13.1 c6 dang hinh tron, mau vang, c6 tim
vang dam, khuén lac hoi 161 va kho; té bao hinh
que va khong c6 kha nang sinh bao tur (Hinh
5).

Chung TNG13.1 thudc nhém vi khuén hoa
tw dudng, st dung nang luong tir qua trinh oxy
hoa cac khoang chat chira sit va luu huynh dé
phat trién. N¢ sinh truéng duoc & d6 pH thap
cuc tri (pH 1-2) va ¢b dinh ca cacbon va nito
tir khi quyén. Chiing A4. ferrooxidans TNG13.1
sinh truong dugc trong khoang pH tur 1,5-4,0;
t6i wu & pH 2,0; dai nhiét tir 20 - 45°C, t6i vu
¢ 30°C (Bang 3).

Hinh 5. Hinh théi khudn lac (A), nhuém Gram (B) va té bao trén kinh hién vi dién tir quét véi do phong
dai 10.000 lan (C) ciia ching A. ferrooxidans TNG13.1.

Bang 3. So sanh dic diém phdn logi ciia ching TNG13.1 véi cdc ching A. ferrooxidans tham chiéu theo
khoa phan logi cia Bergey (Garrity va nnk, 2005).

Pic diém TNG13.1

A. ferrooxidans” A. thiooxidans”

Hinh thdi, té bao

Té bao Hinh que

Hinh que Hinh que
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Pic diém TNG13.1 A. ferrooxidans” A. thiooxidans”
Nhudém Gram ) ) )
Diic diém sinh Iy
Nong d6 NaCl (%) 0-2 nd nd
pH 1,5-3,0 2,5 2,0-3,0
Dai nhiét d¢ (°C) 20-50 30-35 28 -30
Kha néng sir dung cdc hop chit Fe, S
Sulfur + +
Thiosulfate + + +
Ferrous iron + + -
Khd nang chiu kim logi nang
Arsenate (1000 ppm) + + +
Nickel (1000 ppm) + + +
Zinc (1000 ppm) + + +
Copper (1000 ppm) + + +
Lead (1000 ppm) + + +

Ghi chii: nd - khéng ¢é s6 liéu

Céc vi khuan oxy hoa sat tu dudng khac da
duoc phan lap cho dén nay 1a Gallionella
ferruginea, Metallogenium sp. va
Leptospirillum ferrooxidans, chung rat khac
biét vé mt hinh thai va ddc diém sinh 1y sinh
hoa (Deepak va nnk, 2014).

So sanh c4c dic diém hinh thai, té bao va
sinh ly sinh hoa cua chung TNG13.1 voi chi
Acidithiobacillus va cac chung tham chiéu A.
ferrooxidans, A. thiooxidasn, A. albertensis ta
c6 thé khing dinh ching TNG13.1 thudc chi
Acidithiobacillus (Garrity va nnk, 2005).
Ngoai kha ning oxy hoda sit cao, chung
TNG13.1 con lay niang luong dé ting trudng
bang cach oxy hoa luu huynh va thiosulfate.
Hon nira, ching TNG13.1 ¢6 kha nang chiu
dugc trong moi trrong chira kim loai nang nhu
asenat, niken, k&m va ddng. Nhiing dic diém

TNG13.1

sinh hoc nay cho thdy chung TNG13.1 phu
hop véi diéu kién sinh truéng va phat trién tai
cac mo quing nghién ciru va thanh phan cac
loai quang.

3.4. Phan logi chiing vi khudn tuyén chon
béng sinh hoc phén tiv

Dua trién trinh tu gen 16S rRNA cuia ching
TNG13.1 va so sanh trén co s& dir liéu
GenBank cho thay, gen ma hoa 16S rRNA ctia
chung TNG13.1 ¢6 do twong dong 99,87% so
véi gen twong ung cta loai vi khuin A.
ferrooxidans ATCC 23270. Két hop voi dic
diém hinh thai, sinh hoa va phan loai dya trén
murc do twong ddng trinh ty nucleotide cua gen
ma héa 16S rRNA, chung TNGI13.1 duoc
phén loai thudc loai A. ferrooxidans va dat tén
14 A. ferrooxidans TNG13.1 véi ma sb truy cap
trén co s& dir liéu GenBank 1a MW713141.

3
Acidithiobacillus ferrooxidans ATCC 23270 (NR 114748.1)

62

Acidithiobacillus ferrooxidans ATCC 23270 (NR 074193.1)

Acidithiobacillus ferridurans ATCC 33020 (NR 108138.1)

I —
0.050

Acidithiobacillus ferriphifus M20 (NR 147744 1)
Acidithiobacillus thiooxidans ATCC 19377 (NR 044920.1)
84 ' Acidithrobacillus albertensis DSM 14366 (NR 028982.1)
Acidithiobacillus caldus KU (MR 026517.1)
Baciflus aryabhattai BEBW22 (NR 115953.1)

Hinh 6. Cdy pha hé thé hién moi quan hé di truyén ciia ching TNG13.1 véi cdc ching dai dién trén

GenBank qua phdn tich trinh ty gen 16S rDNA. Cdy pha hé duoc vé dua trén thudt toan Kimura 2 va

72



gamma véi gid tri bootstrap 1000 va chi nhitng gid tri bootstrap cao hon 0,5 méi dwoc hién thi trén cdy;
Bacillus aryabhattai BSW22 (NR_115953.1) la mot out-group.

Nghién cttu ctia Pachvlvska (2003) cho
thay A. ferrooxidans c6 kha ning oxy hoa sit
twong d6i cao so v&i Leptosprillum
ferrooxidans. Chung A. ferrooxidans FOCB
phan 1ap tai mé vang Iran c6 thé lam giam
ndéng do Fe?* tir 0,64 xudng con 0,004 mg/L
(Mobini, Salehi, 2013). Loai A. ferrooxidans
1 duoc cong b 13 an toan ddi véi dong vat,
con nguoi va moi truong, cod dic tinh oxy hoa
sat va luu huynh, c6 kha ning sinh truong
trong méi truong chira nhiéu kim loai ning;
mg dung dé hoa tach quing nham nang cao
hiéu qua kinh t& va bao vé tai nguyén, moi
truong trong khai thac khoang san.

3.5. Danh gia kha nding hoa tach qudng
Au tai Tay Nguyén ciia chiing TNG13.1

Trong céac thi nghiém hoa tich quang,
nhiéu ti 1& quing khac nhau di dugc thu
nghiém dé xac dinh sy thay d6i mat do anh
huong nhu thé nao dén hiéu qua hoa tach.
Trong nghién ctru ndy, dé khao sat anh hudng
cua ti 1¢ quang dén qua trinh tach loc sinh hoc,
tién hanh thi nghiém véi 1, 5, 10, 20, 30 va
50% (w/v) trén 3 loai quang: sulfide chtra Au,
thiéc wolfram chira Au va antimon chira Au.

Ty 1é tinh quing/mat d6 vi khuan dang don
chung dugc trinh bay trong hinh 7. Két qua
quan sat cho thdy rang ting ty 1& quing dan
dén giam kha ning oxy hoa Fe, S. O ty 1&
quang cao hon, doc tinh mdi truong tang, do

d6 hoat dong cua wvi khuin lam
sao ?(Natarajan, Ting, 2014). Pradhan va
Kumar (2012) ciing bao cdo rang viéc ting ty
1€ quéng lam cho qua trinh oxy hoa kim loai
giam.

Trén ca ba loai quang, ¢ ti 1€ quang 1% hig¢u
suat hoa tach Fe cao nhat: quing sulfide chira
Au dat 100%, quing thiéc wolfram chira Au
dat 48,44%, quing antimon chua Au dat
63,16%. Véi ti 1€ 5, 10, 20, 30 va 50%: khi ti
1¢ quing ting dan hiéu suat hoa tach Fe giam
dan. Ti 1¢ quang c6 thé anh huong dén toc do
hoa tach kim loai béng cach han ché ham
luong oxy hoa tan trong dung dich hodc trong
ba (Amankwah va nnk, 2005). Ngoai ra, ti 1¢
quing cao hon co thé han ché qua trinh hoa
tach sinh hoc béi kim loai ndng cé trong quang
bi rtra troi e ché su phat trién ctia vi sinh vat
(Horiike, Yamashita, 2015; Jeremic va nnk,
2016). Nhiing kim loai nay c6 thé gay doc cho
vi sinh vat, mdc du mot s6 vi sinh vat nhu
Penicillium spp. c6 kha nang chiu cac kim loai
ning nay cao hon va c6 thé hoa tach kim loai
o ti 1€ quang cao hon (Bayat va nnk, 2011;
Hewedy va nnk, 2013; Amin va nnk, 2014). O
ty 1€ quéng cao hon, doc tinh moi truong tang,
do d6 hoat dong ctia vi khuan giam (Natarajan,
Ting, 2014). Pradhan va Kumar (2012) cling
béo cdo rang viéc tang ty 1¢ quang lam cho qua
trinh thu hoi kim loai giam.

Quing sulfide chita Au ™ Quing thiéc-wolfram chita Au ™ Quing antimon chira Au
1.00
100
X
:::3 80 0.63
> 60 0.48 05
5 . 0.19
= 40 0.28 0.12 010
© 20 0.18 0.18 012 : 0.06
© 00921005 005003 003 002
= 0
1 5 10 20 30 50
Ti 1€ quang (% w/v)

Hinh 7. Anh hwéng ty 1é qudng dén hiéu sudt qud trinh hoa tich quing sulfide chira Au sau 2 tudn.

Trén ca baloai quang, & ti I¢ quang 1% hiéu
suat hoa tach Fe cao nhat: quing sulfide chira
Au dat 100%, quing thiéc wolfram chira Au
dat 48,44%, quang antimon chira Au dat
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luwong oxy hoa tan trong dung dich hodc trong
ba (Amankwah va nnk, 2005). Ngoai ra, ti 1€
quing cao hon c6 thé han ché qua trinh hoa
tach sinh hoc boi kim loai nang c6 trong quang
bi rtra troi e ché su phat trién cta vi sinh vat
(Horiike, Yamashita, 2015; Jeremic va nnk,
2016). Nhitng kim loai nay c6 thé giy doc cho
vi sinh vat, mdc do mot s6 vi sinh vat nhu
Penicillium spp. c6 kha nang chiu cac kim loai
ning nay cao hon va c6 thé hoa tach kim loai
o ti 1&¢ quang cao hon (Bayat va nnk, 2011;
Hewedy va nnk, 2013; Amin va nnk, 2014). O
ty 1& quang cao hon, ddc tinh moi trudng tang,
do d6 hoat dong ctia vi khuén giam (Natarajan,
Ting, 2014). Pradhan va Kumar (2012) ciling
béo céo rang viéc tang ty 1é quing 1am cho qua
trinh thu hdi kim loai giam.

Mot s6 nghién ciru dé xuat sir dung ti 1¢
quang thap hon (2-5%) dé co dugc ty 1¢ hiéu
suat hoa tach tot hon (Tipre, Dave, 2004;
Kiani va nnk, 2014). (Olubambi va nnk, 2008)
da nghién clru anh hudng cua ti 1€ quang 5%,
10%, 15% va 20% (w/v) dén qua trinh hoa
tach sinh hoc cua quang sulfide. Trong qué
trinh hoa tach Zn, nguoi ta nhan thay rang, ti
1¢ quang cang nho hi¢u suat khai thac tong kim
loai cang cao: dbi voi ti 18 quing 5% (W/v)
hiéu suat 13 83,1% va véi ti 18 20% (w/v), hiéu
suét chi dat 45,0%. Tipre va Dave (2004) nhén
thy rang viéc tang trong lugng clia mau trong
dung dich dan dén hoat dong cua vi khuan thap
hon. Mot moi truong nudi cay hon hop vi sinh
vat (bao gdm A. ferrooxidans) di duoc ap
dung va ngudi ta xac dinh rang viéc ting ti 16
quang 1én 5% (w/v) lam giam d¢ hoa tan cta
Zn va Cu di 0,2 g/L mdi ngay.

Mic du theo khao sat hiéu suat hoa tach Fe
cao nhit tai ti 1& quéng 1% nhung day la ti 1&
chi 4p dung trong phong thi nghiém, khéng
phu hop v6i quy mo pilot va ngoai thuc dia. Vi
vay dé phu hop véi hé thong thiét bi va quy
mé thue dia, c6 thé nghién ctru lya chon ti 1€
quang cao hon (30%) cho cac quy mo Skg/mé
va 50kg/mé. Vi ti 1& nay, du kién nghién ctru
tang mat d¢ vi sinh va tang thoi gian u 1én 3 -
6 tuan dé tang hiéu suat hoa tach Fe.

4. Két luan

Ttr 8 mau quang thu thap da phén 1ap duoc
14 ching vi khudn va tuyén chon dugc chung
TNGI13.1 c6 kha nang oxy hdéa Fe cao

(89,33%). Chung TNG13.1 1a vi khuan hiéu
khi, Gram 4m, khong c6 kha nang tao bao tur,
st dung nang lugng tir qua trinh oxy hoa cac
hop chat chira sat va luu huynh dé phat trién.
Két qua phan tich trinh ti gen 16S rDNA cho
thdy ching TNGI13.1  thuéc  loai
Acidithiobacillus ferrooxidans; dugc dang ki
v6i mi s6 GenBank MW713141. Thir nghiém
kha nang oxy hoa Fe trén quang sulfide chtra
Au, quing thiéc-wolfram chita Au va quing
antimon chira Au cho thdy hiéu qua xir 1y t6t
nhat tai ti 18 quang 1% (w/v) voi hiéu suét lan
lugt 1a 100%; 48,44% va 63,13%.

L&i cam on

Cong trinh duoc thyc hién nho kinh phi ctia
dé tai Ma s6: TN18/C11 thugc Chuong trinh
Khoa hoc va cong ngh¢ phuc vu phat trién kinh
té - xa hoi Tay Nguyén trong lién két vang va
hoi nhap qudc té, Ma s6: KHCN-TN/16-20; hd
trg may moéc thiét bi Trung tdm Gidng va Bao
ton ngudn gen vi sinh vat-Vién Cong nghé
sinh hoc, Vién Han 1am Khoa hoc va Cong
nghé Viét Nam (www.vccm.vast.vn).
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Summary

Isolation and screening iron oxidizing bacteria from gold ores of Tay
Nguyen, Vietnam

Vil Thi Hanh Nguyén'2, Pham Ngoc Can>3, Bui Thi Lién',
Quach Ngoc Tung'2, Tran Tuan Anh2? Phi Quyét Tién'?*

At present, gold extraction technology using microorganisms is increasingly interested in research
and development with the aim of ensuring high gold recovery efficiency and reducing environmental
pollution. This study aims to select indigenous iron-oxidizing bacteria from ore samples collected at gold
ores in the Central Highlands (Vietnam) for the use in bioleaching ores. Fourteen strains were isolated from
eight ore samples and TNG13.1 strain was selected with high iron-oxidizing ability (89.33%). The strain
TNGI13.1 is an aerobic, Gram-negative, and catalase positive bacteria; colonies areround, convex and dry,
yellow; rod-shaped cells, incapable of forming spores, capable of tolerating acidic pH conditions, and heavy
metals. The strainTNG13.1 strain belongs to the chemoautotropautotrophic chemical group, which uses
energy from the oxidation of iron and sulfur compounds to grow; grows in the range of pH from 1.5 to 3.0,
in temperature range 20 - 50°C. Results of 16S rRNA gene sequence analysis showed that strain TNG13.1
belonged to Acidithiobacillus ferrooxidans and named it 4. ferrooxidans TNG13.1 (GenBank Accession
numbers MW713141). Bioleaching on gold-bearing sulfide ore, gold-bearing tin-wolfram ore and gold-
bearing antimony ore showed the best treatment efficiency at 1% (w/v) pulp density with efficiency of
100%; 48.44% and 63.13%, respectively. Initial positive results show the potential of the application of A4.
ferrooxidans TNG13.1 strain in the bioleaching of gold ores in Vietnam; contribute to improving the
efficiency of gold mining and minimizing environmental pollution.

Key words: Acidithiobacillus ferrooxidans, bioleaching of gold-bearing ores, gold-bearing
antimony ore, gold-bearing sulfide ore, gold-bearing tin-wolfram ore.
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