[DEXyESI

Acta Microbiologica Sinica

2023, 63(6): 22202232
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20230321

Geomicrobiology Bpiexy/ica

KR Fe(ID)W #1-E ¥ s b i E 014 R [ 2
HNER

INEE, THE, BEF, BOEN, KEA
Fp R R R AL K R TR S B4 B, JEET 100083

IVRERE, EEF, AT, BN, sKER. KK Fe()H ¥-4: 1 55 Ak 2k 9 38 J [ s MM B IR [J]. A 243,
2023, 63(6): 2220-2232.

SUN Yajie, WANG Mengnan, LU Jianping, GENG Rongyue, ZHANG Baogang. Microbial reduction and fixation of pentavalent
vanadium enhanced by natural Fe(II) mineral-biomass[J]. Acta Microbiologica Sinica, 2023, 63(6): 2220-2232.

B E:(88] T2BRANTELAT R ATE KIE, MAEWT EINZ M6 A4 [pentavalent
vanadium, V(V)]#9& R B &, L8 FERZMAEMLR V(V)E) K4, AE AR Fe(l)F Hhf= R
KA Y T HAEARE Tiﬁiiﬁﬁii%kﬁ V(V), mATREMEGRIAZFHRENTR V(V)
G AFAE R RB T (7% ] AT R R Fe(I)F #hAe £ My #ATRE I A B8 b, WA BRIEY
REFEMAIVV)IGERAE, [ER] Ik FmRBF VIVIHERRERS, 744
54.2%+3.4%F 67.1%+3.1%. SHREGEF KT 5 RB UG L RIILG A 1:3 BRI RG89 V(V)
HFIRAEFE 82.7%£3.1%. V(V)KIER A TRiEHE VIV)ILE, Fe(I)F= S(-IDa K B4 A Fe(lll)F=
SO, ERFIKE YT, BLAE (Desulfurivibrio)A L /& (Thiobacillus)¥ 8 7~ 18 & T fe 2 5 B #& 4k
B R E V(V)IER, FAF LB RS RA AT B K= 4, 5 L& RARE (Acholeplasma)
=2 "’f YR &R 2 ARG 8 = 4 —AL, 4% Bacteroidetes vadinHAI7 5 F AW+ AL R V(V).[4
W] AR AT R V(V)FRRET —A0H 717 6915 2 %

X818 : AN Fe(I)F #; wTHUK; RAFALYLR

TEIIE . B R H AR FE4(42022055)

This work was supported by the National Natural Science Foundation of China (42022055).
*Corresponding author. E-mail: baogangzhang@cugb.edu.cn

Received: 2023-05-06; Accepted: 2023-05-30; Published online: 2023-06-04



VIS S5 | A4, 2023, 63(6) 2221

Microbial reduction and fixation of pentavalent vanadium
enhanced by natural Fe(I) mineral-biomass

SUN Yajie, WANG Mengnan, LU Jianping, GENG Rongyue, ZHANG Baogang*

School of Water Resources and Environment, China University of Geosciences (Beijing), Beijing 100083, China

Abstract: [Objective] The environmental hazard of heavy metal vanadium is increasingly
concerned. Microorganisms can achieve reductive immobilization of highly toxic pentavalent
vanadium (V(V)), while electron donor is the key to this bioprocess. Although both natural
Fe(II)-bearing minerals and natural biomass have been reported to independently support
microbial V(V) reduction, the characteristics of microbial V(V) reduction under mixotrophic
condition based on these two materials have not been revealed yet. [Methods] In this study,
natural Fe(Il) minerals and biomass were preferentially selected and compounded in
combination to investigate the reduction mechanism of V(V) in a mixotrophic biological
system. [Results] The results showed that the highest V(V) removal efficiencies of
54.2%+3.4% and 67.1%+3.1% were achieved for pyrrhotite and woodchips, respectively. The
highest V(V) removal efficiency of 82.7%+3.1% was achieved when the preferred combination
of pyrrhotite and woodchips was compounded at a ratio of 1:3. V(V) was reduced to insoluble
V(IV) precipitate, while Fe(IT) and S(-II) were oxidized to Fe(IIl) and SO4*, respectively. In
the mixotrophic system, chemolithoautotrophic bacterial genera such as Desulfurivibrio and
Thiobacillus might be involved in the oxidation of pyrrhotite coupled to V(V) reduction and the
synthesis of organic intermediate metabolites using inorganic carbon sources. Together with
the decomposing products of woodchips by cellulose degrading bacteria such as Acholeplasma,
these organics were utilized by chemoorganoheterotrophic V(V)
Bacteroidetes vadinHA17 to reduce V(V). [Conclusion] This study provides a promising
remediation method for groundwater V(V) contamination.
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Figure 1 X-ray diffraction (XRD) analysis of the

structures of four Fe(Il) minerals.
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multidimensional scaling (NMDS) plot of microbial community distribution. B: Microbial richness Venn plot.
C: Microorganisms in the top nine relative abundances at the class level. D: Microbial community composition

heat map at the genus level.
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1.1%-8.3%. 4l , Gammaproteobacteria £l
NG B 1 A SRR R b e A, AR F R
ik 30.6%.

FEJB K- I, Thiobacillus (17.9%). 4MA%FF
I J& (Mycobacterium) (11.4%) . % # (Lysobacter)
(7.9%) 1 Romboutsia (7.4%)+& H 2K 2 AL
P | . W, Thiobacillus . Lysobacter #
Romboutsia FXT TR A W& F 4R, R
Ci 7RO W G T G S 7/ S A
Thiobacillus J&=—2AbHe A =AY, v
Fe(I11)/Fe(ID) %A AL S8 5 H () oL 2EA T A A7
HAE S B A A DG 1 B Al A 2 48 vh 228 okl
#|BH | He 4ESHE D EHHT (FeS)IK BN V(V)IE
A SRR RS, WHENE] Thiobacillus F£7F
BEEE, HINA Thiobacillus W LAFIF V(V)
TERBERB T2, IR AFE Fe(ID)M S
R, LB VIVRIIRJR . I64h, Lysobacter .
Limnobacter F1 Hyphomicrobium WA 1Z I\ R &
— AL T B ), RS R R R R 1Y
AL, AR S g B R AR YDA R V (V)Y
H IR Z R G W TE R OCSVE T

TERFAEYIER T, W] Bacteroidetes
vadinHAI17 (3.2%)F1 Syner-01 (0.3%)NPLH# A
J&, e T MY R R T . AR e
HIHRIE , Bacteroidetes vadinHA17 WIAE R IHE
PRI RN R AR TG R SR 4 R, Wang SFPO7E
HAWFFE o & B Syner-01 FI5@ i 8° (138 JF A2
BR . DL EZERERW, IS Y S IR R Y ik
F P R AR I RE S A FH K T 7 AR R RE
=T AU, IR V(V)Ik R i rp R
SAEH

Desulfurivibrio (7.0%). Thiobacillus (6.7%) .
Acholeplasma (5.6%). Bacteroidetes vadinHA17
(3.0%)F1 Rummeliibacillus (1.9%) &M B0 A

B RCHIRS AR R b+ e m L R
Y TR m MY R BRI, Ho,
Desulfurivibrio . Acholeplasma 1 Rummeliibacillus
RIMUAEIRTHR R E 4 YaaE , Desulfurivibrio
AT LLEE Se(VIFI Se(IV)ifs )5l Se(0)P"), Sun %
TEHAR R KT Desulfurivibrio W 7] 4 S A
b5 Sb(V) i J5 o B AR 45 5 PV
Desulfurivibrio TEAMFTIRFFAR R it n] &R ¥4
WG AR VV)IR R G BIERT . Ak,
Acholeplasma 1 Bacteroidetes vadinHA17 #%J
12N 52— HAT R A AR 5 21 4 2R RE ) B G
YEIHREEJE %) W4, Bacteroidetes vadinHAI7
AT 4 R B T AN RR R 1 TR B 2E 438
P, PETR IR R Z P AR A3 s v] R D 7
TER VIVIRIRE, Mo AR S b R £F 4 R sk
R AR RER IR VIO 7324k, 4
SE=Ziv i

3 ik

() Bk iy KR Fe(IDH P (WL #4075
KIREYRORBH G, RefE sk A=) O
R V(V)ZERTERE .

(2) it SEM WS B o Bkm FUR S8 R 1
BIfEEAE IS, B R EDE . XPS M
XRD ZHMELERGH VIVHBGE R A VAV),
S-ID 5 Fe(ll) B9 & 1k 7= ¥ 53 5] o B B2 & Fn
Fe(IIl), BRFrEBRA0Y) FeO(OH), ke
AT YA .

3) IR F K R, Desulfurivibrio #1
Thiobacillus 25 F 372 & 7] B 37 5¢ WG 8 B 1)
FAbS5 V(V)IRJR, Bacteroidetes vadinHAI7 2§
SREBEWAEI V(V), HFrTaHEE
A LR A FEE WA LR A
Acholeplasma % 21 AE R K& TR 73 AR S B9 74
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