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Response of genes for synthesizing the magnetic of
Acidithiobacillus ferrooxidans to different concentration of
Fe?* stress

Xinxing Liu, Haiyan Wu, Wenbin Liu, and Shoupeng Li
Department of Bioengineering, School of Resources Processing and Bioengineering, Central South University, Changsha 410083, China

Abstract: Acidithiobacillus ferrooxidans is able to synthesize intra-cellular electron-dense magnetite, which formed by BCM
method in Acidithiobacillus ferrooxidans. The whole genome of the type strain Acidithiobacillus ferrooxidans ATCC 23270 was
analyzed by bioinformatics and some homolog genes of functional ones in magnetotactic bacteria were available. This study analyzed
the different concentration of Fe?* stress response of mpsA, magA, thy and mamB gene by using real-time PCR analysis. Temporal genes
expression profiles were examined in cells subjected to different concentration of FeSO,4-7H,0O stress, they reached to high expression
under 150~200 mmol/L FeSO,-7H,0 stress. With this new method study, it is possible that we could do deeper research to generate a
comprehensive description of the mechanism that how Acidithiobacillus ferrooxidans synthesize the magnetic particles.
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ferrooxidans) B
(Acid mine drainage, AMD)

[6]

Fe S ,

[7.8]

ATCC 23270 -,
mpsA thy magA mamB
ORF1622 0276 1124 2572
PCR
mpsA magA  mamB

, Real-time PCR

1 Skt

11 EMEERE
A. ferrooxidans ATCC 23270,
(American Type Culture Collection, ATCC)

ATCC medium
2039 :
A 1 (NH,),S0,40.8 g, MgSO,47H,0 2 g, K;HPO,
0.4 g, 5 mL, 800 mL, pH 2.3;
B : FeSO,7H,0 20 g, 200 mL,

(® 0.22 um) ;
: 1.5 g, MgS0,-7H,0 3 g,

MnSO4H,O 0.5 g, NaCl 1 g, FeSO,7H,0 0.1 g,
CoCl,-6H,0 0.1 g, CaCl, 0.1 g, ZnSO47H,0 0.1 g,
CuS0,4-5H,0 0.01 g, AIK(S0,),:12H,0 0.01 g, H;BO;

0.01 g, NaMo00O42H,0 0.01 g, 1L,
500 mL , KOH pH
6.5, 1L
1.2 R 515
RNA Trizol (Invitrogen™
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Corporation, 15596-026) ( ) (
) DEPC (0.1%) 75% ( DEPC
);
RNA : SV Total RNA Isolation
System(Promega);
RNA : SuperScript™ 11

(Invitrogen™ Corporation, 18064-014)

(Invitrogen™ Corporation, 48190-011);
RT-PCR . E.Z.N.A.

Bio-tek, Inc., D2501-01) QIAquick PCR
(Qiagen GmbH, 28106) 2xPCR
(Fermentas, K0171) SYBR Green PCR

(Toyoho Co., LTD., QPK -201)

(Omega

NanoDrop (NanoDrop Technologies,
Inc., ND-1000), MylQ™ PCR
(Bio-Rad Laboratories, Inc.), (
, DYY-12 ), BioSense (
, SC810)

2 STk
21 {MEEKMZRINE

ATCC 23270 2L ,
5x10°  /mL, 3L :
pH 2.0, 1% (WIV) , 180 r/min
, 30°C

2.2 ARENESKRKE RS
, 4°C
, 500 mL , 300 mL,
FeSO, 7H,0 ( 1),
2 1 FeSO,-7H,0

0.05( ) 2 50 100 150 200 mmol/L, 2
FeSO,-7H,0 2( ) 150 250

300 350 mmol/L, 1h 10000 r/min, 4°C

3 ,

2.3 RNAZEL. #hi{k % cDNA &5
Trizol

SV Total RNA Isolation System
NanoDrop
RNA

RNA,
RNA
MRNA ,
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cDNA, NanoDrop
, cDNA 100 ng/pL,
-20°C

F 1 SEHERIEAEY FeSO, « 7TH,0 HIKE

Table 1 Concentration of FeSO,-7H,0 stress

Group Concentration of FeSO, - 7H,O (mmol/L)

1 0.05 2 50 200

2 2 150 250

100 150
300 350

24 HREERHEREEREmRAF&

[12]

, mpsA Thy magA mamB
ATCC 23270
: PCR
,  CDNA , PCR
TIGR

ATCC 23270 BLASTN

PCR DNA

, DNA

1.0x10%~1.0x10°
, —20°C

2.5 Real-time PCR #&il

cDNA

(Sense primer)

2xSYBR Green

11 pL,

NanoDrop
, 10
ful

10 uL, 5 pmol/uL
(Anti-sense primer)
PCR 25 pL,
50 uL
1 95°C

2 uL,

30 s; 95°C 15 s,

*z2 SI¥IFFI KT PCR =K/

Table 2 Primers used for real-time PCR

57°C 30s, 72°C 30, , 40
0.5°C/10 s 55°C
94°C, , Ct
, 16S rDNA
3 BREM
31 HKWHHANHE
( 1), ATCC 23270
, 4~11
9
3.2 S RNA REFPAMRKIA PCR EE
RNA ( 2,
55 16S 23S , 23S
16S 2, :
RNA DNA
NanoDrop
, OD60/OD5go 1.90~2.00 , RNA
: PCR
PCR

33 HREQSE#HAREPRIFEESFIISH

ATCC 23270

mpsA thy magA mamB
ORF1622 0276 1124 2572

( 3-6),

Primer sequence (5'-3')

Gene symbol Size of product (bp)
Sense primer Anti-sense primer

mpsA GGCTATTATCGGCGGTCTGGC GCTCCGGGCGTATCAATGAAC 201

thy TCGGAAAGCTGGAGGGGAACA GCACCGTAGGCACGCATCA 241

magA CATGCGCTCAGCCATTGTAC AACCTACCGTTACGCTCCAC 168

mamB ATCGTACCGACGCCATTTCCA CCCTTCACAGCCGAGAATCACTT 220

16S rDNA AATCCAAGAAGAAGCACCG CCACTGATGTTCCTCCAG 238
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90+ Ip= L |
804
::; 704
ps —235
?_: 60+ 168
£ 50
g 40
5 1 =55
§ 304
E 20
3
& 104
T T T T T T T T T T T 2 :E'\ RNA EE.;)‘:K
L A tl(g) L G ) Fig. 2 Electrophoresis of total RNA. 1: 0.05 mmol/L Fe?
shock; 2: 2 mmol/L Fe*" shock; 3: 50 mmol/L Fe*" shock; 4:
1 ATCC 23270 B RIEFE KL 100 mmol/L Fe?* shock; 5: 150 mmol/L Fe?* shock; 6:
Fig. 1 Growth curves of cell number. 200 mmol/L Fe?* shock.
MpsA : R SD ! BRST 078
ORF1622 : QS — —— i QRI 277
L FE 6AEL Kf)lTI : G IAD 6S4L.2 K K L Y KI wQ QVARI]P’RP T6 Y6
120 Iﬁ(}
MpsA : A A EsID VDT R
ORF1622 : R A RIBIE TD 2157
LAGDRAFA D2AIIGGL R 66 6GH2KG IJI 46 NFGM 4PEGYRKA RL6 6A F 6Pl‘: [ 6DT
220 * 240
MpsA : i ; GCASILWR) 1238
ORF1622 : 8 1237
16 VP66 6I(1l(1(1§(1(:!\6!\6 Gl 6LMLE 6YSVISPI ‘GCASILW4 A
* 260 ¢ 280 ) 300 ) 320
MpsA . Brol¥sS oD Kl iR s il R e s D LM OT LS MALD S AR DIl s GRS GG ViBR AR ridlcmErAELs- (317
ORF1622 : ERRRIT RRIBOGLICIRVE fgf 7 0 Re e N )L ANF ALARERF AHHIBOEMOARIET 5 TT JOIH Y - 316

A AAE L 6TA L 6 66D V6 EP6GGAHRIP 6 L L b L REG6 G G

3 MpsA 5 ORF1622 S & 5 L3t 45 R
Fig. 3 Sequences alignment of ORF1622 from A. ferrooxidans ATCC 23270 and MpsA from magnetotactic bacteria.

* 40 & * 80
Thy : MTTSAPAE‘RGKIY ERXESIAAD FERRgL A IGN EvsElKEGGT . 80
ORF0276 ;| ===========-= EI SPH -~ I SVEDR pALN LER) TIgAT T 66

6 1 6G TPL 4R6 AG 4 1 GKLE NP SVKDR

140 160
Oneuzrs TR P ERE 1
ORF0276 ak M5 ] ARIR . 145
PISGNTGIALA A 4G 6 L MP MSGERR 66 GAE6GLTPA 4 6 G 6 A 266A G M QF N
* 220 i 240
Thy ] E&&R?ﬂﬁ&iﬁnﬁﬁﬂim}a@ EDSDVESGGAEPhKEGIGAE 240
ORF0276 : T SRY] 115, 8)5TEGAKN- - -~ |JE- - -lRRWEQ 0 218
T EWDIGV VS 6GT GIl G L4  PG6 66 V2P 6 PG 1 56P
260 . 280 * 320
Thy 3 EY H HNETEl m y; ii ﬂnﬁxﬁsmzoov— : 319
ORF0276 : IFAGUNFR. RIRA RIAE G DRGDISH g PAc- 204
G6D 16 6 EA R4 A4EGV GISSG AGAAAG 6 E G6IV RYLST 6F

4 Thy 5 ORF0276 SLEEF 5 L3t 45 R
Fig. 4 Sequences alignment of ORF0276 from A. ferrooxidans ATCC 23270 and Thy from magnetotactic bacteria.
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MagA  : | LH B (T LEGVVLG DiEaEL, VN CANESL AlIF G

ORF1124 : glel-Djsi FIRH F EWLASTROMELA
M2 |

MagA : IMTATETT - ———UET H SLEL C

ORF1124 IWLVEGM SLVE eI P--SQFTE-- GIm

20 o 60

*

66A VL Go6 L4 PAV Y6L (JV6LGP 6V 1 LA FGV6 L6F 1G6

80

DEiR

SMAQ
6

100 - 120 = 140 160

6 4 6 Q6 3 VGALL6 LW G V6LG 6A6SSTA6V64 L E6 T (JR 6 6I,6

x 180 200 220

v S VR
ORF1124 : |2 PALAGS T EMRET] LV’
QD6AVVP66666 L D6A . 6LVLL 6 R6 P 6 RS L L L GA I3
a 280 & )00 i 320
MagA 5 GA L DMIELERAQITGS F AMY)
ORF1124 : SE FRD)

MagA : RQDWESHF
ORF1124 FGYESGV

)

* * 360 *
LLE 'I‘GK)WKI EQETRLEAVT
A AL A LANQY )R ERH VL O PggGGHIA L
RL A 6 I,f\Q GEF F6L L6 A Vb 6LS66L P

5 MagA 5 ORF1124 REEF 5 b3t 45 R
Fig. 5 Sequences alignment of ORF1124 from A. ferrooxidans ATCC 23270 and MagA from magnetotactic bacteria.

MamB M DCREE ﬂWﬂFT Ct IL SQALVAD
ORF2572 : MAESIS Q NP'IR LAGAGT SILA

= 160
MamB © YGNI L GF\SE‘ RYQ ENN| i :
ORF2572 : HERE LAT L&I JE\TI‘( QIT RRTR R H :

MamB
ORF2572 :

16 6 K G66 SAI VAI) 6HS 1)66 ()4 "- P l)2 P5G

G3LL 1 6 Y V 4L1 (J Y P 5 L oY Vv S A6 NAWD

b 180 5 200 220

ELE8LE

R3I)AIS‘5 V 6G6 S66G P D36 A6 V. 6V RIGL 6 (1 [ l) 6

260
MamB  : HIEE DvoF DR R ED BRI DS 1 DERPHARMT - - - -~ - :
ORF2572 : KafeH A LAEGHIBONT AT SIS EGHO REDDLA TIHIDSENDAEGGVLLSE‘RSDIEVVVREPLQT :
6 LVPLG6

[4 R 6G

#

280 & 300 = 320

6AFVR 6 26 D

6 MamB 5 ORF2572 SIEBFFI L3R
Fig. 6 Sequences alignment of ORF2572 from A. ferrooxidans ATCC 23270 and MamB from magnetotactic bacteria.

*3 EREKXER

'-'HLEL TS TT :
REALENS SO 5

DGG‘U"" QLS JK .
] SDLGLVEA g

EF I GLIL SS DT LIROT AN TDTPL| HS g
IG HIR lGCE HH :

1 80
;78

156
154

1233
1 233

: 313
2 313

: 371
1 393

75
79

155
159

234
238

282
318

Table 3 Information of genes
Gene symbol  Serial number  Conserved domain Gene commentary Function Identity
thy 0276 cycM cysteine synthase B Iron Reductase 40%
magA 1124 _};:kai TrkA_N and potassium-efflux system protein proton-driving H/Fe (1) antiporter 32%
mamB 2572 MMT_l cation efflux family protein Relation with iron transfer 29%
mpsA thy magA
S mamAB cluster mamDC cluster ~ Mms
ATCC 23270 ( ) ATCC 23270
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: Fe®* :
[7.15.16] 150~200 mmol/L , Fe?*
, 200 mmol/L 4
Fe?* ,
34 ARIEHKREFITEERNERTRIEFR ,
real-time PCR  mpsA ,
magA thy mamB 4 Fe?* ,
, real-time PCR
>0.98, PCR 86.5%~103.0%, i
80%~120% , 4
PCR ) ’
mpsA (7 ,
Fe?" real-time PCR ,
( 8 Fe?* 200 mmol/L 4
mpsA thy magA mamB

Correlation coefficient: 1 000 Slope: =3.569 Intercept: 37.020 Y=-3.569X+37.020

PCR efficiency: 90.6%

30
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+ Standards

10
2

300 7
250 4
2004

150 +—————H-—11
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-50
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B 7 mpsA ZE RYFRAE ih 2 FR R ih 2k

Temperature (“C)

Fig. 7 Standard curves and melting curves of mpsA in real-time PCR.
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