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BE. [ HiY ) YIb53) =R g R AT (Acidithiobacillus caldus) SM-1 7E{% T id A KR E T HA K E
ARG IR TER, RN SR B R AT TR 7EAS R B N SRR mT e [ i ] R SE g 3 KO
PR SEI ST R MR T 3 AR R IIAL . 37, 40, 45 °C. iz JH 454 M FEH AT Wb R4S 0 B bk g4 7 55 5]
MY, 38 ) A DR 2H 0 A AR ARk DR 2 B A R 57 s 22 A (SNIPs) , WA 15 o7 s 28 Ak i 2 X BT g
AT, TEBLEERE b, TRl RES RS IE N DG A . [ S5 5R ] Rl AN EREE T BRI,
133 T ARART il AR IR T B BOR TS 0 TRAR ; EIF 45 R LB, SM-1 2k PRI 2 5 A i iy ml 9 4k
ANFRLEE (37, 40, 45 °CYA KMk, FERZHF 5304 418, 384 F1 347 LT RR A A & RitA2 1k,
Horp 3MEE T A 20 MHFIRYAER] LRABNLA, 4055340 T gmhy 4 8 FEEtEpi Pk R 40 . DNA HJEAE
ME A OB . BRI SFAOCHE N by MM, 7R T had A KIREE (37, 40 °C) FAEK
BT B S AR A M RE AR . 15 5% 5 LI &% DNA/RNA B g PEAR G o, 2 MBI A bkt
[ & A s A B SE AT 3 A, A A gt JE AR G R 2 11 Ate_1031 5 Ate_1623, 55— gmitfiAd
M Ate_1130, %8 1500 5 MR AL R 1 B R A S LR 11 HAT 23% 71 35% AR . 34k,
AR AR R T AH DGR 1 Hh 2 R R 1 A i & AR A8 [ 4538 ] BRMERRERAT I SM-1 JE [N 4 BA By
(AT B, X6 IR DR 4 AR Ak A A9 45 SR S DR AR O B I P B T A 2 s o AN AR s R
B2 B AT T (At. caldus) SM-1 A fg i o 22 Ffig A2 3 I ) AR I el 0 A 4 DR A 4% fl 2 0 3 FH A PR 5 3 LW ATL 1
WAFTE RS RS N IR AR
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WAEYNE SHOR, ZHEF AP AL
WIFSEER, FFR A a0 48 R iU ok,
B AR AL I i A L BR B SE R IR L
L e A R Al R R TR A A E
e, ANk A B4 7 1 AR A AR LA B
G R e R Y SR O AR 5 . SRS
MR SR, BAE AL, 8
B TERARE S AN, Y SR,
RHIR SRV RN T 2P R 5 % B SNRER
BB, BIAnZE s L IR, A& RIHE
JEAK %-30 °CP, A =z i (48 YR
3 AT E P 2 7 R e S X, e R e A e
(A 42 TR Gkl 3.8 M, {HJ& 4 4F HIR IR Al
ARG W AT TR o B AR A B 1 R
i, BUEDARKAEEERZ N, ER
M) A5 0 4 1 3 JEE 0%

W HE A TRLEE 32 Z R0 AR AR, Jrp, B HE
PR AN SREEREEIREE | PR A S S S e
BB . i TR SRR T R, A
HESRWT, 0 HE DY 0 R = AR AR, N
TR R Tk 50 °C, {H AR IRET I B AR
BF, 40 2R TR A PR AR 2 el HE R A IR
JEREAIL % 30-40 °C, HHETABLMIEETE 30-40 °C &
PER KIBT BRI AV . At thicoxidans FiI
At. caldus & & PER BN, RES R THALT B
HATA K, {H At thiooxidans fid A4 £ I J&E 0
25-30 °C, 1fii At.caldus feiii A=K E S 45 °C, L
At. thiooxidans 53& F T ¥R . VBl %
B A A TR, X A TR T SR T A B4
REfEH T BRI AR TR T R T Bt v AR IR
T EE IR IR S ROR, R DR A i i
Fio Jioh, TRRIG S A M TE BRI BE T 35 M Y
AT BT I A A P R Y el
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H T REUD A AR TP R R, S0
ISR HRTRET 12 R AR A BRI IR DL K
S DR R e A AN R AR A Y 6 RS B (R IR I
PRAE ] —Fh A 8 B, vl DL i SRR T
Pz, FERE MR RE M, Rtz n
AR, flan: FERERANY
I A Y0 %o I TR 4R A . A A 14 (Acidlithiobacillus
ferrooxidans) ¥4 7 TARIR YL, f FLRENS B 47 3hiE
IR FHAREREPEE, At caldus SM-1 2 A S I 2
A I 2 Ay B A — bk [ R A ™,
AW 4 SN H — R B A A T B e
A A B S5 RE B A7 2 R HE AL BRI B 3R 7 A 1Y
WAESN Iy FER kI, TR R ARAR L,
SM-1 H A5 2 0 76 e e R DL e BRi B H o At
caldus ATCC51756 JER 4 4r#rth R L & A2y
FEJR IS, S UEE At caldus 195 PR 2H B A 500 1Y
Ay g pEnl,

I I SC R A 20 B %o TR T A S g A B 3
P FEEE S LR LRI (1) SRS PR AR
BREMHATIRS . AR RIEMIR AT, &
AR UL A SR 2, I AR . R
Feilss 2, R B AR 4% . (2) 2
BEAA BE5, RGN BrRn . ARy
SR PG IRIR AR AR 3) Rk E N .
DNA L& RNA B IE#iHTE . Ferrer S57E 2003 4F
BIBTSE @ 5 L E 1 #RFEYA TR Oleispira Antarctica
LR 1 Cpn60 I Cpnl0 R KA, EsE T
PR R P10 3 P2 R TR ZE AR A R i PR
JE R, — 438 2 11 (CSP) A% S DEAD box
RNA fiffie B RE 08 FE RIS T B 1k mRNA YA
ERT S, I 4ERHRIE T A R Rt (4) %
7 i 7 PR I G o 0 S 1 98 80 e T AT 3 2
KZESCHE, 57 ER A9 LA T IR 0 37 0 52 i



ZE/NERE | AR, 2017, 57(7)

1085

BRK. AU A, RIRAMT, dE
U AN I 17 1R O AR, AN g 7 R
ML, BERTBIPERAT, AR T 4ERe 40 i A fr
TN, (5) AR R R . A0 A IO XA i
AR AR, I B K B, BN
WL B, SAOER . ML TR A I N
AR AT LR R R R EE i 2 oy
K RN E AR IMEI, AP IREE = {7
PR mEr, HasE B B A R R R
S A O IR S A AR A PRV I, SR A
FHJRAE Ry BRI 2R (1 RS I FIER AR, 7E 88
ALY A R DL K s IR AR R AT DLk AR
PER,

FT XA A AR A (4 AP 0 A A0 4 3 o AL
HIBFFEAHRS D, ARWTSE 1+ At caldus SM-1 i
TR, B EY B, Yk ETE
(3 PR A s, 2 BRI DR 20 SR A A R A7 A 1 58
AR O S AR A SE R AT BE B AT A2,
43 M AT BE 5 R A A SR SE R, AS SM-1
VAT VAL 14 35 PR 3L il

1 AR %

1.1 FrRAwbkEA B3R 5%

Acidithiobacillus caldus SM-1 245228 M
VRN AR RN 1 MR, HEaEE R
WL R 45 °C, oA pH o~ 2.5; il BSM (basal
salts medium)3% 75 3 Jim A B BR RS 71 5%

BRI 7 UNF (g/L) : (NH,),S04 3.0, K,HPO,
0.5, MgS0,7H,0 0.5, KCI 0.1, Ca(NO3),-2H,0 0.01,
pH 2.5, A1 1: 1BiMRIAZ pH 2.5, AIALIIEM
ICEM . BERETIA TG (S"), Bk R H T
AR K TR, R KT 1 h 80K 3 die,

1.2 SM-1 WHREARIREE T B LsEs

PR 2 415286 B TR, A IRl — Bk e AR T ok
1.2.1  45°C 3EFREL : FF R H 4 th 3 fh 2
B 100 mL BSM ik 3G, PR =ik
ZEHEHE 250 mL, ERFREAIEE N 107, R
10 AR RSB 2203 100 mL BSM H557 5
1, 7E 45 °C JMF T E R $HE SCHYFAE AL W45,
122 EFTRBEEE(37. 40 “C)YPILILL . K
BRI Hr 3R 287G 100 mL BSM K536,
BT = f A 2 250 mL, 5595 B 40 % A Jy 107
(#)5d), ZJE PR HESHTY BSM B s,
SYHIFE 37, 40 °C 4 FHsgR, S8tz 932 14,
YG7E 37 °C KEFRIBMEE S L37, 40 °C KiFR M
BRAE XN M40, DA SRS 3 AT,
1.3 ARG ERE IR ARSI S N B8 7 A

T JERAE 37, 40, 45 °C E LG F RS A
PRAFILA 10 F5FR B BE A4 3871 100 mL BSM
Bigedkrh, REFRENEUA R, DUE BRI
WRIIRZE . 25, BRI L 4000 r/min,
Wi, A Rk A 2 mL BSM J¢
10 mmol/L i PUfi EREH i) 100 FLESFRARH , 0 4R
OD {li#} 0.1, T Bioscreen [ zh4E K £k &
7€ 37 °C R B IR G H5 55 . BRI E 6 4
5, DI W 15 52 A S 6 B B TR R 1Y)
A, BERE 3 h I%E ODggo, HELEIE 36 ho
14 BB FEHENEMREREES

AR A T A KRS R A i, VR R R
0.1 mol/L YRR 2% w7 W (PBS) i DE AR ML , 2R )5 H]
2.5% I VAT 4 °C e s, SRR
K, ARG AR TR, WA FIUTIEHT
B85 (SUB010, Hitachi, Japan)WLEE 4 il /Nl
RHEJEA, BAFE A Nano measure 755
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P4 R P i 3 AR TR X, FA> X e
30 AN R T BE Dt B A2 LRI E S 0.4 pm,
SR AR B A A B 0L, BEi R IX AN [A] R
/N LT S IR A A M S P i o R R (R=K 4L
EL R ER ) R g
15 FEARR

WEEAE 3 AMREE T Y4k 24 4~ H F1 48 4~ H 1)
wkk, HERXFEREHEOVL(AllegraTM 64R,
BECKMAN-COULTER)#.(>(4 °C, 12000 r/min,
10 min)YSc B Ak F X AE KA B R4, K 4T
TPATAERK MRS BNES , INJCHE BSM K7 5
PEURTRAR . I FF - S A 7 3 DR 2 B
1.6 EHEARENR LY EEL

X UK  DNA BEE (35 6 )i i 3
SRR H AR (454 GS FLX)BEATINIT . 45 i
FERYSER P91 931 5225 3L K 20 Acidithiobacillus
caldus SM-1 (NC_015850.1) /%41 #E47 He i, i K
{42 454 GS Reference Mapper (version 2.3), %f—
A H X5 SR A B — 1~ “454HCDiffs.txt”3CF, SCfF
W 5 X R TR BE AR A K . #F SNPs
1 Indels M “454HCDiffs.txt” 1 L &5 i {5 1 #4742
W WAL RS LR KT 10%, H
/DA 34> reads H B
17 ERHABGRGE

W A5 3] 1) L R 2 0 e A A T e, Al
Gt R ] S LD Y A BT IR 2S48 . HhAR 37,
40 °C YAk bk 45 °C BF A= bk b kAR SRR A R AR
5 s PGt R SRR, IEXS R A
BRI D RE A T 31T o
1.8 TN B v R BT AR A4

(1) tRNA Fiiijill . tRNAscan-SE (http://lowelab.
ucsc.edu/tRNAscan-SE/).
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(2) rRNA JEH M . RNAmmer (http://www.
cbs.dtu.dk/servicessRNAmmer/)

(3) BT XM . http://www.cbs.dtu.dk/
services/Promoter/,

FrZ% RN P55k A NCBI, & H 751
Uniprot (http://www.uniprot.org/) %3 3545

2 HERFAH

21 SM-1HHRFERFRE T H5RYIMEE R

211 ARRETHEFERERRERETHAER
SRy 20 2 AR (2 932 )KL, RIS TR
TS AR T AR ARSI WEE,
K1 Fos, BRARIRIIME R RS B Ak AE 37 °C
B, YLk L37 RBLH AP A A K 0E 1, 3
PRI L37. M40 F1 W45 43 5I7E 18, 21 F1 24 h ik
F|f% Kk OD fH 0.2930. 0.2257 F1 0.2345, itk L37
AT B AR AR W45, Mo OD (BN T 20%:;
1E 37 °C S0 FAKIE, L37 A K il 3 kM
H KARI 2050 14.3, 195, 22.7 h, #HELT W45,
L37 MACHT 4% 37%.

1T e hfdl == WS =K

= |

O
]
" -
'
II
el

& 9 1Y 15 18 2 24 27 My O3} M
ih

1. B#k L37. M40 & W45 7£ 37 °C R B9 K 2k
Figure 1. Growth curve of three strains L37, M40
and W45 under 37 °C. The x-axis represents time, the
y-axis represents the absorbance value on 600 nm wave
length.
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212 AFRRE T HFERNEAESEL:
BT R B, A TRt B ST A P 240 2 T
VA RAERAZL, HERERKEAAZES, W

# L37. M40, W45 53345 418 4. 384 /~Fi 347
IR RN 2 WP RBEER . XL
E BB RN S — K. L37 HRAE

K 2 s o BARIR YRR L37 F1 M40 55 3% A B K 030 WS M40 =137
SEHJKEEAS A 1.457 pm A1 1.315 pm, HNTF ket
W45 [ TE A FE 1.759 pm, :

= 015

2.2 A[FENEEET B AR H R A 0, g i 3
221 FEABEHBRA R FEEX RN el
ORI AT SRR PR, A b T — 5 o
AT £ T2 R, R IRATHIERTE 2 2
VR H B S A 2875 . HAEREA TR BT 5 FL AT AR [ Figure 2. The length distribution of different strains,
. I e W45, M40 and L37, separately. The x-axis represents
S ETHREIROLEEATo BT, BERZEN e ength and group distance (um), the y-axis
Ll 10 NR 1l IES, fidifik)s,

=

WY

Freguer

| & B .
b=l O] 4 14=1.8 | H-22
Cell lengih/ppm

L37. M40 & W45 iR KE S HE

T S
2

22 b

represents frequency of cells.

£z 1. L37. M40. W45 & B HJ SNPs (Single nucleotide polymorphisms)#{ B 41t

Table 1. The single nucleotide polymorphisms statistics from L37, M40 and W45
Strains  SNPs®  SNPs™) Non-synonymous SNPs  Synonymous SNPs  Intergenic SNPs Genes effected
L37 675 418 86 164 168 27
M40 931 384 140 84 160 24
W45 764 347 143 79 125 29

SNPs™: The SNPs that are same in both sequencing; SNPs™: The SNPs have the same or increasing ratio in second sequencing. Gene
effected: the genes containing the non-synonymous mutations among SNPs™.

86 MER X gers, SLAMTE 27 AN o W .
M40 Hh % 140 4] XLAE  3AMi e 24 4R (7] A
RIS . Was %k 143 AR e, 36 [ s [ s
St 20 A RIRA IR . ' \{LP N
222 FASHEEIIBEAHT: X IR + s
Fe b b A S A R e BT 3), 4 Tl
W] 3 BRI 5B 11 4(% 2), 2
MR bR A AR KA 3 (K 3). 3

R IR B B 7 10 BB 2 T A 1

A5, W45 FHKAE GRS T R K, 9 e B3
R TR, L3T A MAO JERALR, 5l E

Figure 3. The common or specific genes in three
A 9 N5 AL R AR R AL strains L37, M40 and W45,

L37. M40, W45 X EMZ A ENRTERAR

http://journals.im.ac.cn/actamicrocn
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F2. L37. MAOFAWLS EBERYSNP (LE. FTEER. SERTURFBEAETRE
Table 2. SNPs location, gens, the amino acid substitutions and annotation of proteins, which are common to strain
L37, M40 and W45

SNP location Locus_tag Ref codon SNP codon Annotation

134030 Atc_0128 GAG->E GAT->D Transposase, 1S5 family

134067 Atc_0128 AAG->K CAG->Q Transposase, 1S5 family

134235 Atc_0128 GCG->A ACG->T Transposase, 1S5 family

134236 Atc_0128 GCG->A GTG->V Transposase, 1S5 family

221715 Atc_0212 CAC->H TAC->Y Hypothetical protein

892576 Atc_0891 ACC->T ATC->I EmrB/QacA subfamily drug resistance transporter
1243282 Atc_1228 ATC->I AGC->S DNA methylase

1243284 Atc_1228 GAC->D GAA->E DNA methylase

1244732 Atc_1229 CGG->R CCG->P Acyltransferase 3

1868188 Atc_1809 GAC->D GCC->A ArsR family transcriptional regulator

1876954 Atc_1818 AGA->R AGC->S Hypothetical protein

1876979 Atc_1818 ACC->T AGC->S Hypothetical protein

1876993 Atc_1818 GAC->D GAG->E Hypothetical protein

1876997 Atc_1818 GCC->A GGC->G Hypothetical protein

1877005 Atc_1818 GAG->E GAC->D Hypothetical protein

1877007 Atc_1818 GAG->E AAG->K Hypothetical protein

1877014 Atc_1818 CAC->H CAG->Q Hypothetical protein

1877027 Atc_1818 CCC->P CAC->H Hypothetical protein

- Atc_1953 - - Integrase catalytic subunit

2128813 Atc_2081 GTC->V GCC->A Transposase

2164690 Atc_2120 AGG->R AAG->K Ribonucleoside-diphosphate reductase subunit beta
2583814 Atc_2529 ATC->I ATG->M Ribonucleotide reductase of class la (aerobic) subunit beta
2584107 Atc_2529 GCC->A ACC->T Ribonucleotide reductase of class la (aerobic) subunit beta
2584224 Atc_2529 ATC->I GTC->V Ribonucleotide reductase of class la (aerobic) subunit beta

—: Represents that protein Atc_1953 in strains L37, M40 and W45 all contained SNPs, but the SNP locations were not same, the details
were not listed in table 2.

#3. LIV 5 MBI SNPLE. FTEEE. S ERTURREEGEIR
Table 3. SNPs location, genes, the amino acid substitutions and annotation of proteins, which are common to
strain L37 and M40

SNP location Locus_tag Ref Var Ref codon SNP codon Annotation

1021513 Atc_1031 A G ATC->I GTC->V ISAtfe-like protein
1021515 Atc_1031 C G ATC->I ATG->M ISAtfe-like protein
1135823 Atc_1130 A G TAG->* CAG->Q Hypothetical protein
1135886 Atc_1130 T A ATG->M TTG->L Hypothetical protein
1136027 Atc_1130 T Cc ACC->T GCC->A Hypothetical protein
1665500 Atc_1623 A C TTT->F TTG->L Integrase catalytic subunit

*: represents stop codon.

SF 3R A 11 D RASFE NGRS B IR AMIERBTEE L N A %S 5587 ; DNA B 581
NEe MR, XWEATEW AELSEIEM  ZBEASEE F(Atc_1228, Atc_1229), S5ILHAH
P (Atc_0891, Atc_1809), fisirthdfy Mgt E IRz EIE; Ao 2 43

=
B

actamicro@im.ac.cn
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REZE (1 (Atc_2120, Atc_2529) 5 FRRICiAHE,
Z G A i g, A, Al
DK 4% JRE ifE (Ate_0128, Atc_2081), & ArfifiEfk
A (Ate_1593) Fli A 25 111 (Atc_0212, Atc_1818).

L37 5 M40 Zid RKIBARIREZIIL, KA T
3 MEAREHRA (L 3), Hrp atc_1031 5
atc_1623 Z 45 A A T, M_1130 VR MR
IR, P8 oM A B0 AE R 8 it A= 9y b 34
JARAEFE T, 5 Pseudoalteromonas J& £ i it 71
HAHKKET BamB HA L 23%H [N, 5
Gallaecimonas xiamenensis [t i 5 1 B .
A 35%I [FEME, 1% P RS RETT E— 2P Rk

PRAA RYSEA 22850, IR I FbR L37
A 2 DA R INRE R R A MU (55 4), 1 AR
Zwt DNA gyrase subunit B 75 [ (Atc_0004), 1ZE
PRI T ATP B3R AREE, @il DNA
e BIRBERIE S, P85 FIEE 2 DNA [ 3h TS
¥, R F0UEE e . DNA i . 4 MEE,
AR B R SRR B0 & R PR AR S0 W ge
], DNA Zthrp iR e i3 2 aede & 175
LG K, REXHA AR5

T3 — ™ 35 DR Gt 0 42 il (AR 52 B 11 carboxysome

shell protein CsoS1 (Atc_0932), 1% & [ 15 W B 20 B
s} AL BE FI 7 7 4 TR 1) — AR A [ 2 R FEAE A .
- Uit I R AT A — R — AR A Sy i il A=
KB RETOHL A S0, A 0 [ 2 %
S0 A A K BB

M40 IR, WARET 2 MRA Y
I HE KL M 28745 (36 5).atc_1096 %ifih ATP-dependent
RNA helicase, J& T DEAD/DEAH box family 51,
ZF W A R, 7R, Reg 5%
SR M Csp BEATEAZERE mRNA B9 IE R 25 H 1Y
HAEREYI IR AL, e, BiEe il i
i AP A0S & B —RRIA B AR A4
Sulfuricella denitrificans skB26 +* DEAD/DEAH
box RNA helicases FfIIRZE 1k 5 B B 7=, [H]
¥, RAZEE DEAD/DEAH RAN helicases i
Caulobacter crescentus [ #RZEA I 15 °C 544 F L
B P TR R K A A R ) sk e % PR
DEAD/DEAH box RNA helicases e T i i
rE N R R EEAE . 55— 1A atc_1562
St It LA I acyltransferase, ZIKIRIIALSS , 5L
[RIZH 1Y) 1605242 {3 B 58748 2R 1, MEAELA%
FETE AT LAVA 59 2 1 a9 1 Aeeoe v, I IR R
TG A T i — 2P ik

x4 LI EMRPHEHEERRE
Table 4. Specific mutant genes in L37

SNP location Locus_tag Ref Var Ref. codon SNP codon Annotation
5168 Atc_0004 A G ATC->I GTC->V DNA gyrase subunit B
5170 Atc_0004 C G ATC->I ATG->M DNA gyrase subunit B
5348 Atc_0004 G A GTC->V ATC->I DNA gyrase subunit B
929355 Atc_0932 C G ACC->T AGC->S Carboxysome shell protein CsoS1
&5 M EHRFBEMERRET

Table 5. Specific mutant genes in M40
SNP location Locus_tag Ref Var Ref codon SNP codon Annotation
1098841 Atc_1096 G T CGT->R CTT->L ATP-dependent RNA helicase
1098843 Atc_1096 G A GCC->A ACC->T ATP-dependent RNA helicase
1605242 Atc_1562 G T GAA->E TAA->* Acyltransferase

*: represents stop codon.

http://journals.im.ac.cn/actamicrocn
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2.3 BERABEAN
SENHEWFAR R, BT R K AR

Ja, FE A gt i A LR B Z A . WnE 4
ft7, L37 Al M40 14 2418 Glu Jik/b, T W45 1)

BRERBBRAAE, BER Glu J& T4 7 f fif 2
W2, HMEEsK, EANRAMT, S
FEAELEREE Asp ORI, R T RE S ik
A FRERO A5 b, BLR Glu 78 L37 S M40
thI AL, H Asp B HTE M40 Hg .,
TEARIR R AR M40 28N 212 Phe B 5 W45
Hg/b, Phe JB T RO S LR, REANIE H far &L
SRS, FBEBE AN SYig5H . RIS A
Oy g K BN, AR IR A5 A B ] 5%
KEERINEE, L Phe Ml g BY T Bk N
g0 AR R L37 AR Gly FIZ2
iR Ser B HH B IEIN, 1 M40 Fl W45 rhARfh %

T dL37 <M« WAS
- |i \
£ 1PHIIFM“NUF rwlnln
Z 3l :

Aming pcwls

B4 AREEEHRFPREBRYSHTIL

Figure 4. The changes of amino acids composition in
different strains. The capital letters in x-axis represent
the abbreviation of amino acid, the y-axis represents
the variation numbers of amino acids. A: alanine; C:
cysteine; D: aspartate; E: glutamate; F: phenylalanine;
G: glycine; H: histidine; I: isoleucine; K: lysine; L:
leucine; M: methionine; N: asparagine; P: proline; Q:
glutamine; R: arginine; S: serine; T: threonine; V:
valine; W: tryptophan; Y: tyrosine.
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WNo HERR Gly FZ22 R Ser WM A F) 355 fn
BRI T 2 TRk, dERESE R ) . L37 F1 M40
TR R ARG 2 R R pa /b T A PR e I 2, At
FFRW], BIPE SRR PR SR B 2 R LA A X
S RS MR K, AR AR I %*mk
P PR R 19 ks =R S5 i b, AT REAA AT

TR I 1Y = G2 w4 %“ﬁ Wy e
FH B 2 8 FN AR 2 R AE. L37 il M40 rh IR s & |
HIF A, FitE—2E.
3 it

ERPE R GAT R R A YR Sl B BB R
i, kR SM-1 2A Sz u%Mi%%Aﬁﬁ%
IYBSHARH, Bl AR KR Ny 45 °CP, 78 30-40 °C

TR, BeSCREAL, KRS T AR
PG &N . AT SR R TE 30-40 °C iR
FIRCR, mad K I7E 37, 40 °C Witk SM-1 i Fk,
AT T 38 AR T ol A K IR A K bk
PE— it B G 454 PP EAR X LI R4l 1T 8
W4T, RBT PR L37. M40 Fil WAS 1EAS ]
TR R SR A A o LR A EE ) 4 B R B
FERFNREE T, 3 MRIA R AE T KA RAE, H
XSGR, AV 2R, Ui Rk
FE DRI ZH AT YA PR AR

Zak 2 £k, 3 FPiREE(37. 40 F1 45 °C)
TR & A SR AR I Y K 3 Jr T T BE . (L)
PUPEIEDR, RS ApT P AH DG B 1 R0 25 1 4 o S HE
RY, ARG IEE T, HaE LA
YR A AT R, X SM-1 DL [ &
fihy B 0 B4 3L PR 4 43 #76 BH - Acidithiobacillus J& H
A 2 10 T 4 B PR AR DG R TR RN B 1k ) 5T A0 HE
SR PR 97300 s 43 B i R 2 ) ) A B 5 L A
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K, ABIFFE Tp BT A v ) 24 988 R BRI 81X
AP 5 DR A R R X B ) 3 7 e AR R R
ArsR family transcriptional regulator (Atc_1809)/f
DR R RN T B SR A ] 5, a4
JRETEE, W SR T HE A E N
e S, AT ST P SL T2 R B s R 78 R AR A
377 i, ik NCBI FEXS , %A% i B 2 PR T X 35 6
B8 FE . EmrB/QacA subfamily drug resistance
transporter (Atc_0891)&— A~ ap k¥l s E 1,
REMS S ML N A B BRI A SN, A B e i
R, EAUPRREILRIE T, BA RN
AE Y EE 11 1r1584 REAIE E L AT B 72 IR VT vh E B T
AR, IZECREY], Fs E O EPURME AT
AT A, AU PIZE R 1837 ik
A RAE, BAFEIR th I8 R E O S 24 TR (T4661) .
XG5 N AR T B PR P &R e A HAb Y
FEJIIE T AER . (2) B A G .
SM-1 JE[R L, 735 4 fith DNA HIEAL B FIEE
MR B Wi 9 3L (X atc_1228,atc_1229 kA 5875 ;
DNA LAk il P EL AR B2 1 i 553 ] DA 4 o) i PR
IR IR, A SCHRARIE , 78 R A B AL
DNA HIEALKF-II 8 T, A T Hibria & H
AR 2R 5 DT IO BRI o 6 1 TR L RS il 1) T A
FH 2 AR 25 1 5T ) Tt 6 Ak A e Bt R4k, RE 8 [W)
DNA LAl ok A L[] 9 7 B8 6470 filp 38 T DA )
B PARE X BB IR A7 (3) SRR AN A G 1Y 2
- ribonucleotide-diphosphate reductase subunit
beta F1 ribonucleotide reductase of class la (aerobic)
subunit beta [ J& T8 11 R B R IE I B IV, AL
i AT ZWRIRIE A, SRR S . AT
REW, LR ETIAYI R, 75 DNA 1)
BEH W AAEEMEN, BITFREREES S
BT Y BA A A A b, PRI A AR a3

SURMEH, AT, BT DNA W4
B, R A AR B, AR R A TE
DNA A A 1 B g b, X F PR 5% e i3 1o
(EATHE— 25 A BT RIS TIE

IR B R IE R A e 2 —BY, 4
R DI TR PR M40 Hh S fith Ik 5 7% % g 114 56 [A]
atc_1562 7rILIAZH 1605242 {of i 5378 Jy 24 1| 5 A
¥, HEMZ A A I REAE R AR DAL T Bk

FERARIE 37 °C 140 °C YL T, % HFTHE
A 5 B 9 K he 5 i 2L K. DNA/RNA fiff JiE
VEFISE o AP AR ) 2640 T 75 2 08 2 I R s 4R 4t
%5 DNA B R%, NILaEE M)A S AEEIE N
P UIA KRB, 78 L37 vk, iR EHASE &
1 (carboxysome shell protein CsoS1) f¥) Ji&
atc_0932 7t 929355 v sl KA R7% . HIRESH K
FeoE MR Rk, EATFITIESS, DNA JiE
LT N RNA e e 20 T IR I A e ad 7 b R 45
PEFIRO24 | A 137 J% M40 1, Zifih DNA Tek il
LR atc_0004P4 Kz 4t RNA fift 1 i (4 3 K]
atc_1096 437l & HE R

BARIR I AP A B PR L37 Fi M40 1 3 443
) S R PR i L TR AR B P 1 3 IR R A 5
AR, XA AR FRARR SRR, 4
FOPTRE 5 P AT I A I IR AR DG o (AR i HLAA
T REANT 5t 58785 15 B AR5 MR AT 5 S B 36 TIF

AR HIF 5 6F F A5 AK Tk B 3 L 1 1) AU 5T R DA
AR &, HA R, RAEN A
Ty fitg 25 DR 7 SCHR i 18 049 % JHC Ath 41 T 1) 7 sk it 58
Hr, b TR SRR, B AP FRBKE, X
s 7S AR 1 40 TR RT AR EL A At 4 TR A [ 3K
PR LT ML, ) At AR 1 i TR By 2
AR, RN A W6 A A Ut L R E A IKIR
325 ML
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Genomic plasticity of Acidithiobacillus caldus SM-1 at different
temperatures

Xiaojing Li'®, Jiangbao ta-Mahadesi’, Lan Yang', Huajun Zheng®, Tangjian Peng’,
Xu Zhang?, Chengying Jiang"", Shuangjiang Liu""

! State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China
? State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, Shanghai 200237, China

¥ Sino-Danish College, University of Chinese Academy of Sciences, Beijing 100190, China

4 Chinese National Human Genome Center at Shanghai, Shanghai 201203, China

> School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, Hunan Province, China

Abstract: [Objective] The aim of this study is to gain the acclimated strain of Acidithiobacillus caldus SM-1 with
high activity when growing at the temperatures below the optimum, and elaborate its genomic plasticity and
adaptation at different temperatures. [Methods] Strains were incubated at 37 °C, 40 °C and 45 °C. We used 454
genome resequencing technology to find the single nucleotide mutant sites in genome. The genes including mutant
sites were studied to understand their relationship with the temperature adaptation. [Results] By long-term
breeding, we obtained strains with higher viability than unacclimated strain at temperatures (37 °C), which is lower
than initial optimum growth temperature (45 °C). Resequencing results showed the genome of SM-1 with high
plasticity. In the genome of different strains (incubated at 37 °C, 40 °C and 45 °C), 418, 384 and 347 single
nucleotide mutation sites were accumulated, respectively. Among them, 20 mutant sites were commonly occurred in
the three strains. The genes they affected are involved in heavy metals and toxic resistance system, DNA
methylation and protein acylation, and nucleic acid metabolism. In comparison, the specific mutations of the
strains, grown at the 37 °C and 40 °C, were related to energy metabolism, signal transduction and DNA/RNA
stability. Three genes contained mutant sites are common in L37 and M40, of which, Atc_1031 and Atc_1623
encode proteins related to transposon insertion, Atc_1130 encodes a hypothetical protein that is similar to the out
membrane protein assembly factor B or the disulfide bond formation protein with 23% and 35% similarity. In
addition, some single nucleotide mutations cause the amino acid changes of the related proteins during the adaption.
[Conclusion] The genome of At. caldus SM-1 showed highly plasticity at different temperatures. The study provided
a set of genomic data for understanding the temperature adaptability molecular mechanism of microorganisms. The
study revealed that At. caldus SM-1 evolved to fit lower temperature through multiple pathways, not only by the
general environment adaptation mechanism of microorganism, but also by the specific pathway of the strain.

Keywords: Acidithiobacillus caldus, bioleaching, comparative genomics, gemonic plasticity
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