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— IR BR A5 B 90 128 2 RE e X 4 5 F B AE B S 2R M 7
KE, W, BE&, TAF, IUORC, 40, FERT, T8

VAR ToL K B SIS TR, 2 AR 230009
2YNAAT ) 5 TS e e B S e TS SR, A A 230009
S L AR Y A A R L AT PR |, e kIl 243000

WE: [ B ] 85 B & 5 0 0 K PR B P Il BR 9 A0 A K b R FEXT 3RS pH AT Mn®* (52
[ s ] DGR LU i BRI P /K P v 43 i AR AR alifb i ik, 3B B AW S 18S rRNA RN 7 X HL
PHTHE, B EHLE T AR pH R 48 B M2 3 BE X Hoa: KRR R0, IF38 1k I 2 Ak )
. LA EE . N (malondialdehyde, MDA)FIA 525 it H Ik (reduced glutathione, GSH)% & A
Nt B AL W AL I (superoxide dismutase, SOD). HiIA MR i A AL W) i (ascorbate peroxidase, APX)H
WM ZEAL, S HTIZ BN M i i) A SR L AL o [ 455 ] 43 A5 B Bk 4 %58 Jy Graesiella sp.
MAL; pH XHZ#E R A KA w25, HRARH Z 046 pH  3.5; FE¥ILA pH 2 3.5 Al Mn?" Yk 43 31
95, 30 Fl 55 mg/L B, FEANMLAE Y REBEE Mn® U EE AR T R, A RIR AL P Y Mn® ik B AR 4 1
FEART 28.62%. 21.90%7F1 18.84%, H. pH fH4r7ITH &% 5.7, 5.6, 5.4, XFHAZ pH W& ik 9.1; 1EH%
F24 d 5, BEANMIITEEE a/b (HBE Mn® W EERE N T %, T MDA, GSH & LA SOD . APX LLiF
TN Z G, A5RRM], RRYED 1L K e vh 73 B8 Al AL 345 A4 I BRBE RE A% W] IR T 521K pH Fl— 5
JETLRBIN ) Mn®*, ZEX R H R EE  , FLAN i P AL R G G0 1 REAE ik AR VE DA e T
TEEEE T SfE RS TEEE. [ 458 ] Graesiella sp. MAL HA it 524K pH. 4 )& 251 LU
Lo m e, AR g SR o A AT R T R B A 1L A A AR 8 S 4t T — 2 LR .

REIR: HES T, BRVESME, WhEREE, PUERALE], RRYEST LK

GBI R A RS LR K (acid  IEREA BRI ESEE, oy X K L
mine drainage, AMD)HHAK pH. FEiEREL AR FREEIS Y AR SR a0 B 2 N EK M, AMD 11 o it

EEWB: EZEARR:H4(U20A20325, 41772361)
“BIE1EE . E-mail: sophiawj@hfut.edu.cn
Ui HER: 2021-03-26; 1&€EI HER: 2021-04-27; ML&HARHH: 2021-05-10
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TR by RN S PR B 22—, 2 DR e A i T PR /W TR T
WA IR, TR IS JCA A ) 27 0 5 ) i A
X RGP AMD 4 R 04 IR E S AR AN T
A BAZAY LRSS )N EE, 7E8K.
B, B, AT EIEI R HA mENEAE, g
PRVEBERAE NHI R 4, BERE [ E =5 b CO,
IR KRG ST EIR s AIE H]
e A N LIRS A L G/ 22 D A S
AR Bhad al DL AR e B, SR R SE pH
{6, 048 B T I B s Akt AR 0 nste e |
INERBEEERT AMD HrOR ) B 4 R T 3R B R IR R
P, ATAE AR & e A I R DR
IR BER 0 A B S BOREG T EE 4x e 75 e h
53z e,

SRIM, AR 0 LR M /K A T I 25 17
Z 1 A fR DA AR 40 AMD PR Y Cu®* (As™
Mn** | Zn* SR AR () 4 8 3 F K pH . Rk
J3E S5 B AR O 1 240 9 2 S A 0 1 R A5 A T e
T BB AP BT R, EAR
B aPlERR A RE . MHDEEEN . 1
S A AR Y OB A i Y T 1 4R (reactive oxygen
species, ROS), FEUE G Ll A ALIF - A BY
J5 7§ 1% (malondialdehyde, MDA)M031 i 5%
e folc st ) A AR AR . 53— 5T, ROS (97 4=
fig fe F e R R 4 fk ) 1Bz fk i (superoxide
SOD) . #i ¥ i BR i % 1k W) 1
(ascorbate peroxidase, APX)Z:hi% b, L&Y
ROS fEH BB AL 5>, AnHLIR MM R (ascorbic
acid, ASA). it JEEIZA Bt H K (reduced glutathione,
GSH)FILE & (tocopherol) &6, & i TRT B 1 2 it 2
SEAL I i R 20 M A AR RSO, ey IR e
i 2% A T 4 B T Ekm HHR B R RO I B A

dismutase ,
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F, B nEXE AMD B FRESIE WA

i 9 A T T2 Tl 3 0T 35 19 AMID R 3ty 5%
2SI PSR HE T AR B R SR . L
ARIPFBRR T LR E R KT R E 4B 50 4F
KA, HEYMEZHEEEE, BENFERS,
FUH SR U o e B A B B s o s 0.
PR, AR SCAIZ R PR L2 7K P v i A A5 —
Mif ek e, HLAHAE RS, HEERAN
[F] pH 1 Mn?* 9 JB 36 oA KRR (5 e, 53 i
MEsEAY S, eE 60K, MDA Fl GSH &L
K SOD. APX Li& J1i7E 4k, 4r#r X Mn*
3H A A BRI AL, DA R R Ll K R AR
Yiie 52 AL BERR R IR, I Ry JLE— 2D i S SR AL 3
WHER

1 MRy

1.1 KEERE
i B BUOR B S R LR M K R
AT 4 °C FAEFIFTE 24 h A I SE86 =
1.2 BEMTBEREE
121 EEMGE: BREKHEZHLEHEM
BG11 FiFr BT R E 4, BRI 25 °C,
HEGR J 5 2500 Ix, SERRE A 14 h/10 ho X & 4
PATIRE AT B alifl, RSy OB —
SE et A T BERR R, RS R R (R R
Wik ATCE BG1L [k ks 72 srh ME4 7% i . Ehi
HE AT H 55 ;. @FIR iR E IR PR
ST, 2P ARk H Bt R
2 i 185 (Olympus, BX53) WSS ML A .
ATy ik i BG11 K597 K 7 M (g/L):
NaNO; 1.5, K,HPO, 0.04, MgSO,-7H,0 0.075,
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CaCly2H,0 0.036, FrifR 0.006, #74MR kB4
0.006, EDTA 0.001, Na,CO5 0.02, H;BO, 0.00286,
MnCly-H,O 0.00181, ZnSO47H,0 0.000222 ,
CuS0,-5H,0 0.000079, Na,MoO,-2H,0 0.00039,
Co(NO3),-6H,0 0.000049.,
1.2.2 P 18S rRNA EFERESWF : K alifk
B Ezup FEXEEEERZH DNA Hli32 il
EHEHUZ B DNA, BT 18S rRNA JE[K 38 H5 91k
NS1 F1 NS6 (it E9 TR A A PR F), PCR
Vi %A% 94 °C 4 min; 94°C 45, 55°C 455, 72 °C
1 min; 72 °C 10 min, ¥ ¥4 45 R F 1%3 R i HL Uk
150 V. 100 mA 20 min i35 .
1.2.3 AyES#Ebk 18S rRNA A . JF4 A E &
RS R BB E . PCR Y™t T AW T
PR () e A B G AT o K 3R AS 1 )7 1)
P 22 & E KR W R 2 B8 o0 (National
Microbiology Data Center), Z“5>& NMDCNO0O0OOM5U
F¥5 513 i NCBI ) BLAST #E47 He X} Is , H)
AT MEGA-X Xl ¢ 45 5 F1 GenBank H it
T A AT A HE B, R R AR Bk
(neighbor-joining method, NI R % kK& # .
1.3 pH MEEA KSR KRN

DI ECERIA R RN HeRt Yy, Hfh 2 150 mL
HEIE ML, SR BGLL JEFRdk, BEWIIHIEF ODegs
0.1, X 4T E O 0.02 g/L, KX H 8 4525,
¥tk pH 43504 7.0, 6.0, 5.0, 45, 4.0, 3.5,
3.0 FI 2.5, &R R AT LA B EETH(722E,
RSO E 684 nm kbR SENE, Hb T EE
R AR A TS A R TS B4 S A e 4l
LT (DW, g/L) 5% I BAE (A) % & A A v it
£k DW=0.4365A-0.0256 R?=0.9975 H. 4= K K u

AN HEA A u=(INN=InNg)/(t-ty) o 20 Ny
N, 73 IR FE ty o I 200 e T3
14 BB FREXEEARKSENE N

DA B0 K R s o e R, B
pH 3.5, Mn*"JtAHEE N 5. 30 1 55 mg/L, LA
D Mn?* gt R4, EERIER IR OD 4 0.3, Xt
4T R 0.11 g/, B3R 3 d BUREIN R JE 5t
JZ(684 nm), FAb b THEELRMMAYE. HH]
pH 11 (PHS-3E, il d#E) I E 74 pH(E, K
I W O RE T (WY S2200, 2 Bl fe {3 )
SE R IR I PR A MnP VR B
1.5 K BTEALFE AR A B A A AL FR AR I 2

JKFE pH I BE(T) | AL IE 5L A2 (ORP) FI
i % (DOY i HI 7S Z AL (MYRONL 6PFC) T2k
FEBAIE , HAFE bR T 9200 % N, R
TR B TS (3 1CS-900, &) A ,
HETESEE TS EREEMESEE Tk
JET R GHE AL (2 HEAE 7500) W 5E

Ui B % 3000 r/min 2.0 5 min 3¢ IS,
ZRIBK PR 2 Wi, FRRES.C, BUILTEMA 2 mL
R Z% #1i (0.05 mol/L, pH 7.8), S VRl Y
FEAHML, 12000 r/min .0 10 min (4 °C), FIHHK
RV SAy AL A

M2 o ER A 95% 2 kIl =Y, MDA
Er R AR L L2 BRI, SOD LI 1R
FH 0 PO e g 2 T APX ELTE 1SR F 6 ot
JeREEIEN, GSH & R Fl DTNB-GSH £ J5
AR R A0 2 U8 n s 2 P O R AR AR
P e,
1.6 BIES L

Microsoft Excel 2010 FHF£4E a3 .
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SPSS 18 M F4tit==rtr, HHHRRE £
43T (one-way ANOVA) /BT 2 1] 1Y 22 5 3 5 1
P<0.05 A i & 2= 5% .

2 HERAPAT

2.1 JKEEFRARMERR

RAEKFEMBRED LLE K pH y 3.3, R ER
T 109/L, SHZMEREET . FERMSH
Sl R P L B K AR T AR K L A A T O
(pH 2.0, Mn?<100 mg/L)"® | Iberian Pyrite Belt
(IPB)ERMEH™ 1L % /K (pH<2.5, Mn?*<150 mg/L)?"
M, ARSI KR Mn> 5w, BRI
55 (pH>3), KR 75 R A (DO) Mk i B & & T
— EFRBE KA, LKA rh oA ) 38— i R B g P
Fa(ER 1), XU, MM LB K oA
2, HBEAA A KA AT RE XS 12 R PE /K M4 1 7K 5T
AR A R
2.2 OEWHREESGRSN

mE 1 PR, i 2 0CE R & maife)s
Sy BRI EER MAL ERTE sl BRIE 540 i 2

x 1 BRMT LEKEREUMER

Table 1. Characteristics of surface water of acid
mine drainage

Parameter Value

pH 3.3+0.036

T/°C 24.9+0.84

Oxidation-reduction potential (ORP)/mV 332.4+1.52

Dissolved oxygen (DO)/(mg/L) 9.17+0.21
50,2 /(mg/L) 10924.1+12.49
Chlorophyll a/(ng/L) 230+2.49
MnZ*/(mg/L) 336.7+5.83
Ccu®*/(mg/L) 41.2+0.49
Zn*/(mg/L) 17.7+0.71
Fe/(mg/L) 106.9+0.68
Fe?*/(mg/L) 18.3+0.02

actamicro@im.ac.cn

Bo WA MAL 1Y PCR 1 W14 1%5UIR
VK e 6 4545 4457 T 1000-3000 bp (/& 2). 18S
rRNA JE [ J57 51 #1 NCBI /) BLAST F X 45 3B
5 3 Bk % (Greasiella emersonii) 48 1] B ik #]
99.93%. H R Gt k B W4 R EKI] MAL Y Graesiella
emersonii NIES-2151 (GenBank %555 . AB488562.1)
A JEME S 84 (K 3). HULATIAH MAL /&
Graesiella sp., #i¥fir44» Graesiella sp. MAL,

1. Graesiella sp. MA1 FHR %I £ (A) & B 55 W 22
(x400) (B)

Figure 1. Scribing (A) and microscope image (x400)
(B) of Graesiella sp. MAL.

bp M MALI

3000
<— 1348 bp
1000
500

300
200

100

2. Graesiella sp. MA1 18S rRNA ERF #J PCR =4
Figure 2. PCR product of Graesiella sp. MA1 18S
rRNA gene. M: marker.
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2.3 HIh pH Xt Graesiella sp. MAL A K3 EH
A

&l 4 3} Graesiella sp. MAL 7EA AW 1 pH 451
TR AR K AR 451K W], Graesiella
sp. MAL fEWI G pH 7.0-35 £&1F FHfEEK
(& 4-A), HW) I pH X238 19 A K AM 45 FTEE pH
HFEAR BT AN, Graesiella sp. MAL f) bb A= K
GG pH B EEARE BB SW(A 4-B), 1 pH

7.0-2.5, HAKE# M 0.20 d FEAE = 0.0029 d 7,
H. 45 41 (A #4477 {8 3% 25 5+ (P<0.05) . Graesiella sp.
MAL 7 pH 3.5 &4 N AR AR Z 3] TR KR
FERAE, (H25d 20 d kR LAY RGBT
0.13 g/L, HAK#EFMEF T 0.082 d'. Wtk
pH X T 3.5 i}, Graesiella sp. MAL 4 K A& A
f£., HEINH Graesiella sp. MAL A 32 pH
H 3.5,

Greasiella emersonii NIES-2151 (AB488562.1)
Chlorella sp. QUCCCM62 (KM985412.1)

62 |C ] ;
50 _‘— Chlorella sp. QUCCCM10 (KM985384.1)

—— Asterarcys sp. YACCYB527 (MH683929.1)
52 ‘ Pseudospongiococcum sp. YACCYB452 (MH683908.1)

96

Coelastrella sp. KNUA037 (KT883907.1)

Coelastrella sp. QW-2019¢c (MH176094.1)

e—

0.00050

Scenedesmus sp. CCNM 1028 (MF580078.1)

3. Graesiellasp. MA1 & F 18S rRNA EFEFFIM AR FE X B

Figure 3.

(A)

Biomass/(g/L)

4. A EH¥E pH
Growth (A) and specific growth rate (B) of Graesiella sp. MAL at different initial pH. Error bars in
figure represent standard deviation, and different letters indicate significant difference (P<0.05).

Figure 4.

Phylogenetic tree based on 18S rRNA gene sequence of Graesiella sp. MAL.

(B)

020 % 2
1
c C
0.15F = |
=
EO.[U— d
0.05 +
£ e
0.00 1 1 1 1 I 1 o=
70 60 50 45 40 35 30 25

pH

£ T Graesiella sp. MAL &4 (A) & bt & K E R (B)
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2.4 Mn*YREEXT Graesiella sp. MAL &K 31 F2 14
A

miE 5 s, MEEFREYIAG pH y 3.5 B,
AEHFE Mn? %t Graesiella sp. MAL 4 K H A 5
TR, BEIRE 21 KEF, SXFRRA R TR
(0.36 g/L)AH L, 4552004 A= it (Uh H: 83.21% .
65.28%711 52.81% (IX] 5-A), %3P EIRX KR F L
B, MnZ BI4EAE I T Graesiella sp. MAL i 2E
K, ELI0 AR P B A 5 s W B B i B2 5

bfi% Graesiella sp. MAL EK, & 520640
pH 43 AIMBI 4R 3.5 Fhm % 5.7, 5.6 Fl 5.4, Xf
MEZH pH B3k 9.1 (& 5-B), X 1H Graesiella sp.
MAL fEA KRR v 4 &y 1 B IR SR B e BE , 76—
FREE BATLUPORIBR B, 4R MR 560 pHo Mn®
A AEX IZ G R A WRE R, EAE W pH Tt
[N <k

[l 5-C R4 KW, 525 24 KB, 5,
30. 55 mo/L IRXH L HE IR IL R A M Wk B 43 5
h 3.66. 23.98. 44.79 mg/L, HERESHI K
28.62% . 21.90%F1 18.84%. iX i, Graesiella sp.
MAL BA — & AW BRI 7EH

2.5 Mn*ffAXT Graesiella sp. MAL H4 X alb
FI i)

& 6 Fr 7S, pH 3.5 Bf Mn?* ¥ FE Xif Graesiella
sp. MAL i IM-2¢ & a/b i3 2 2 (P<0.05) . X iR
e 5 mg/L Mn**SE 4 M4 3 alb (i bl 55 35 i i)
BN, AR THIRIE S A3 T 2.95 £
1.76 1% 1fi 30 1 55 mg/L Mn?*SZI 2 -4 % alb {H
DUt 5 % Ik [R] 2 MR AE , 4h RO AH X T 00 1R
fEA AR T 16.119%1 19.15%, ULAh, 7Efrt
VR EEJ IR P L BE Mn®* ViR B2 19 34 in , Graesiella sp.
MAL M4 % alb iF T F R

actamicro@im.ac.cn

A
(A) .
—o— Control
—o— S mg/L
03k —4— 30 mg/L
iy —v— 55 mg/L
E)
‘g 02 F
A
m
0.1 %
| | | 1 |
0 6 12 18 24
1d
(B)
10 -
—o— Control
—o— 5 mg/L
8 —&— 30 mg/L
—— 55 mg/L
pd
(=
6 ks
4 =
1 1 1 L 1
0 6 12 18 24
td
C
(€) e
; —m
iy
B
g
; 30 _HHW
‘H —o— Control
?_, —o— 5 mg/L
S 15+ ——30mg/L
—7— 55 mg/L.
b —b—a—0 e o o5 o o
CpB—H—f—#—f—H—a—a—m8
0 6 12 18 24

id

5. Graesiella sp. MAL & Mn* g R f gt K
(A). pH ENB)RIFFEZK Mn* K E(C)

Figure 5.  Analysis of microbial growth (A),
variation of the pH value (B), and residual Mn** ions
concentration (C) in the Mn*-containing medium
with Graesiella sp. MAL. Error bars in this figure
represent standard deviation.
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[ IControl 4 a

| 15 mg/L ‘I_
30 mg/L

B 55 mg/L.

3t da 4

a

I a bC c b

'

Chlorophyll a/b

0 12 24
t/d

6. pH 3.5 BFRE#IE Mn?* iR E 3t Graesiella sp.
MAL M43 % a/b B

Figure 6. Effects of initial Mn** concentrations on
the chlorophyll a/b of Graesiella sp. MAL at pH 3.5.
Error bars in the figure represent standard deviation, and
different letters indicate significant difference (P<0.05).

19
=]

(A)

% [ JControl ba
2 15 mg/L 8
= 1.5- EE30mg/L
g Bl 55 mg/L bab
< 1.0
- a
aada
E 05 . ab b
3
g
S 00 0 12 24
td
(©)
60 CIControl
15 mg/L
45+ EE30mg/L b

B 55 mg/L
30+

0 12 24
td

SOD specific activity/[U/(min-mg pro)]

(B)

(D)

2.6 Mn* 3B %t Graesiella sp. MALL GRS

ER SR AR, XTRE4L . 5 mg/L A1 30 mg/L
Mn*SZE 40 MDA & = Jel )5 THE (F 7-A),
55 mg/L L40ZH MDA WIFGI A 5 E T, %
B Mn** %} Graesiella sp. MAL 5 2 5 FH B i ) 2
WA . Mn®THR EXF MDA B A B
(P<0.05). 7E45 12 KA, 5mg/L Fl 30 mg/L SZ5
ZH MDA % 1 [ F LT X B 2H (P<0.05), 1fii 55 mg/L
S ZH MDA 5 it WS 1% BEAH S RS 24 R,
MDA & 5t Mn® ¥ B2 1) 38 Jin i 386

4 GSH 7 i Bt i [1] A8 Ak 52 94 i v 1Y
P (E 7-B), 1EHS 12 K}, GSH &K Mn*

—
=<}

[ C1Control

15+ 15 mg/L
EE30mg/L

12 - 55 mg/L b

daad

o

Content of GSH/(ug/mg pro)
(e}

9

6f aaaa
3- ’T.
b 0

0.08 r [1Control 30 mg/L
15 mg/L HM55mg/L
a

006 24a2a

12 24
t'd

0.04 ¢

0.02 ¢

0.00

0 12 24
td

APX specific activity/[pmol/(min-mg pro)]

7. pH 3.5 £HTAE#1E Mn? iR E XJ Graesiella sp. MAL MDA (A). GSH (B)&& & SOD (C). APX (D)

ELiE 1 B2 i
Figure 7.

Influence of initial Mn?* concentrations on the MDA (A), GSH (B) content and SOD (C), APX (D)

specific activity of Graesiella sp. MAL at pH 3.5. Error bars in the figure represent standard deviation, and

different letters indicate significant difference (P<0.05).
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AR T AR, 25 24 KA GSH SR U 2B H T
FHI a3

SOD i Jy Bl A A5 fL Bl &, 4540 SOD [
G 1 2 ST m R R s (& 7-C). 7E5S
12 KEf, SOD Lbifi Ji7E 30 mg/L B i B K AE
(48.13 U/min/mg pro); fE% 24 Kif, Mn* ¥
Jy 0 fi1 5 mg/L B SOD ik /1 B &8 &K F 30
A1 55 mg/L 52541 (P<0.05).

APX 11 J1 RS [ AR fan & 7-D s, %
HOAPX Uil TEH SRk B B PRI, 5 mol/L
SEHYE APX HIE 7 5 RS S BRAK R g
1M 30 A1 55 mg/L SZ52H ) APX Fuid 1 LB o
FEAR RIS Ay a3, Mn®* % APX [T 1 5% 2
#(P<0.05), 1E45 12 KRBT APX Fbik 1kt Mn® ik
FER IR, Hig REHBAE 5 mo/L 555
4, MATEE 24 KEF APX HIE & KAl H BLAE
30 mg/L £G4 .

3 itk

AT IBBPEIIN | AR S Sy PR 5 v
TEARAF IR EE , 1) G AR 1 2= Rl RV I 53 15
KI5 Graesiella sp. WBG-121 | Pk 60 °C %
Je Wb FRHL iR SR 70 B 3845 19 Graesiella sp. CINS
600, 33k % FH 3t Bk v R %o PR 17 BB ) . i AR
58 N2 BIOR B B B R L R M I K P o 43
519 Graesiella sp. MAL A Bl Tk — 5 =F & %t
TMEREE R AR

LSRG pH /NT 5.0 B Graesiella sp.
MAL A K32 BRI BE i il (& 4), X F22
FH T TR BE Y X BEA EE EERIRE T, et
2 IRy 3 A R & | D L 2 S N

actamicro@im.ac.cn

pH EFEARP, JEm e A . (HEE 3R
Wtk pH 4 3.5, Graesiella sp. MAL {5 RE % 2%
1, A o o IR %2 pH i 3.5,

Abinandan 25 PAgJF 5%t e B 55 5 5L pH Sy 3.5 1),
Desmodesmus sp. MAS1 #1 Heterochlorella sp.
MAS3 T LIFE 20 mg/L f) Mn? e i iy R4
Ko EAMGH, Graesiellasp. MAL B #2536
55 pH IVEF (] 5-B), X2 H Tt 6 15
AP AL TCHLER AT AR R IR AR FI Bk IR R
B, JEmT A RS R OH M4 1 35 97 251
B 23 Spirulina sp. Ak K77 A= B B (1 A5 TR PR A
HUE K E2 G 8 1 (Zn, Pb, Fe, Cu)ll<
B EE AL TIRE, FHEEK pH M 1.8 T+
E % 9.081 Ak, Graesiella sp. MAL 75 4%
TR M HA — 8 1 BRI (B 5-C), X2
R T A A0 I 2R 1 T RERT S Mn? 5 5T,

ol 2 3 A AR E AT Mn® Ak R Mn® Bl
Mn** BT AT AR R e B B, A E g & B
Desmodesmus sp. WR1 il $2 B iAW pH FIv fi#
B W RE B BN T MY 2 B B A AR P

Graesiella sp. MAL H& A4 A W B4 ML i A BH
W, AT IRANI .

MR R a FIHER SR b e 4 M b o % i
JCRERY BT, HIAM SR alb RMAEYOL
HAEARE SRS, fEAR S H, 5 mg/L Mn?*
XTEEAN It 4k & alb A 2, 30 A1 55 mg/L
Mn®* B ERRAR T4 K ab, X EERHTF Mn
JEWRERK TR MEITRZ —, Bt Graesiella
sp. MAL Xk B 19 40 25 B oA — 2 WU Tl 52 RE
77, MiH S R AFFERT 25 W EEREXT PL Mg, Ca
Fo Fe ZEHAMITR I, AF T4 R 15 L,
T 1 1 388 256 g A 4 T
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MDA J& B B S Ak A 7 AR 1 i SR AR
Y1, BEE Mn* 3k B9 Graesiella sp. MAL 4]
Jiirh MDA &2 T+ 55 (] 7-A), 1% 2 B 38 41 i %2 )
EARBEPS, Bl e S AL R G, A
PEFIEEBGAL B30 R Gk BRI 2 ROS WY EEMEAE
FH BT 2 5 400 M I 1 2 BRAC i AR, GSH
VER HE RN B A 7, AT DUOR AP ik
%% ROS X HLBE IR &gt it ROSPY Graesiella
sp. MAL 76 Mn* lfl b e o GSH ) & i S B
Wesh T (E 7-B), B GSH & H X4
A R B RS . LA BB & B Chlorella
vulgaris Fl Chlorella sorokiniana 7 5 4 J& ki1 i
GSH /K P24 fir F iRl #EApE5Ed, SOD
FIAPX L1 71 B Mn® ¥ B2 1) 1 i i e (151 7-C
7-D), #H P A R G TE Graesiella sp. MAL )i X}
Mn?* a6 b B v LA EEAE AT, SOD s i Ak
Oy "R A AL 316k Ha0, AR5 7191, APX

i 2 5O MR -4 e T KPE R B s ASA
Ak, FEIRIE H0, Kk arFB DIREAR 4N A N
ROS MMk B, MR AP AL G2 B 45 1 35 5

4 i

R 11 K PR B A5 B —kk Graesiella
sp. MAL, 7 pH 3.5 WAREAE A4, FRIL AL
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Isolation and identification of an acid-tolerant microalgae and
its physiological response to manganese ion stress
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Abstract: [Objective] The purpose of this study was to investigate the growth characteristics of Graesiella sp.
and the influence of pH and Mn?" in acidic manganese-containing extreme water environments. [Methods] The
purified algae was isolated from an acid mine drainage in a pyrite mine and identified by morphological
observation and 18S rRNA gene sequencing. Firstly, we investigated the effects of pH and typical metal ion Mn?*
concentration on its growth characteristics. Then, with the determination of algae biomass, photosynthetic
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pigment, malondialdehyde (MDA), reduced glutathione (GSH) content and the specific vitalities of superoxide
dismutase (SOD) and ascorbate peroxidase (APX), we analyzed the physiological response mechanism of the
algae to Mn?* stress. [Results] The isolated algae strain was identified and named as Graesiella sp. MAL. The
medium pH had a significant effect on the growth of Graesiella sp. MAL, and its minimum initial tolerance pH
was 3.5. When the initial pH was 3.5 and the concentration of Mn?* was 5, 30 and 55 mg/L, the biomass of algal
decreased with the increase of Mn?* concentration. The Mn?* concentration in experimental groups also
decreased by 28.62%, 21.90% and 18.84%, respectively, and the pH value increased to 5.7, 5.6 and 5.4,
respectively, while the pH value in control group was 9.1. After 24 days, the chlorophyll a/b value of algal
decreased with the increase of Mn®* concentration, while the contents of MDA and GSH, and the specific
activities of SOD and APX increased significantly. The results showed that Graesiella sp. isolated and purified
from acidic mine drainage could tolerate both low pH and Mn?" in a certain concentration range. Under such
extreme environment, the intracellular antioxidant system of Graesiella sp. could reduce membrane lipid
peroxidation, and thus play an important role in tolerance of heavy metal ions and detoxification. [Conclusion]
Graesiella sp. MA1 can tolerate low pH and heavy metal ions and generate alkalinity, thus this study provides a
theoretical basis for in situ bioremediation of acidic mine drainage by using Graesiella sp..

Keywords: manganese ion, acidic condition, Graesiella sp., antioxidant mechanism, acid mine drainage
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