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fRYEW 11 HE/K (acid mine drainage, AMD) /2
WA TERAE AT, Sk RS54
A TR B A MR s b R K 2 A 1T R R
Ll RS ) SURUARRAE 2 pH (BN E 3 LA, k. #i.
B B E R PN T LA R RRAR B B 5 i
BRI R A S BT TS Y, Sk
VIZHEMESURIBRAR, 2 N AR R fi 51

TEXMEEE SRR, 5 Z R g
AR, JFERR . BLSFICR BBk L 3
T RE R A A0 Y A B R R AT
J&(Acidithiobacillus), 1% J& 1) R8BS AL 2R AT AT
A A. ferrooxidans RERSHFHARZE i AL 8K 25+ | HRLJ5
fiti A1 LA AL A& 9 (inorganic  sulfur compounds,
ISCs) PR S LI AR IAE I, AT BB R &
M AL 3w AL B B 0 3l g~ BB E 9 iz B
g 01 B2 e T & (Leptospirillum) H 5 W8 55 4
it W e T L. ferrooxidans & AMD ¥4 i 1ok 484k
R AR IR R A A R, T 2 PR M e it
i I 4 J& (Desulfovibrio) A1 5% % B BHM: W A% AL AT T8
J& (Sulfobacillus) 75 fi A8 13 72 b &k 4% 5 8 224
Mo BEAh, BRYER IR B Rl R 2
Wi, WmR 5K I8 (Acidiplasma) F1 8k Tt 1 &
(Ferroplasma)® " AE R R R H R S 5%
BRERALA ) A AL T i 7

7 A A B ] B e 9] SCEE &2 T 41 (clustered
regularly interspaced short palindromic repeats,
CRISPR)J& A= W) W % A A= S IEAZ R e 91 kA TE
JR R B A ZE RN AT, X RN R A
TET2) 45% AR AL LK 90% )y iR 2k R 41
il S M RE RS R TR S U =X, )
TENLIFREAR AR B BOREL . Wit T R B A R e 41
HE LB S B AWK RNA T 4E4E FH(RNA
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interference, RNAi)A FrZ&p,

CRISPR #% F 2 H i S /741 (leader sequence) .
T & ¥ 5 (repeat) Al 8] [ 7 51 (spacer)#4) i, , CRISPR
AH>&(CRISPR-associated, Cas)ii [ & fE1E T H
MF X3, e RIS B CRISPR-Cas R4,
A S8R — BT CRISPR 454 5 BiF . K
EA NI NHIER AT &5 Xa, alfefE N
CRISPR 5% )3 3l ¥ (promoter),  BiAE iR 5I{;
ST BIRBUHTY spacer JEAIMY HA A BAA R
JEARSFYE, KE—MEh 23-50 bp, 7EAR[RIZERFL
B 28 S KR, HO AR R BSR4, 5 RNA
TSI R S XA, HE
KPP HNIE LA FR Sl 1 sy, e skad A e
(i) b )37 1) 3 3 B> ““repeat-spacer” 45 ¥4 BT 5 4N
DNA = RNA KA HARM, fEiziditd, =
FP AT B/ AMEBE YIS Cas dnfih 2 0
PRUTRIVERT s AP IE LA <22 0 — 2
S5H4, (a1 b 7 51 AT e 1 AH 4B AN A2 T A AR
SEAL AN DNA B RNA BHEAER. 18] F6 541
HA SRR, KER 17-84 bp 55, W
Bk B4l A\ Be 20k H TAMRAL 4y, RA D
BUE A B DNA ZHi7 RN, Cas B HA R
ity | ff AR R A RS B B SE 2 ARG M, RERE T
BRI e SN AL T, R R G R HEAE
AN AT BB S R A . RS cas FERI RS
RERHE LS AL 415581, CRISPR-Cas R4t
FE N Type 1 BI(Ghn b8 1-Cas3) . Type 11 Y
(bF M 26 11-Cas9) Fil Type 111 2 (47 514 8 11-Cas 10)
AR, IR 1-A L 1B, I-C. I-D. I-E.
I-F, II-A, II-B., III-A FI I1I-B £ 25007

A EJEAZEY) CRISPR Z5#4 (RFST 84 v
T K W ¥F B (Escherichia coli) #1 Wg #4 £% Bk
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(Streptococcus thermophilus)=5, WX KT 1-E
i CRISPR-Cas FRGL S Ll A 584 B T3 3
T 25 PE SR AL X Mg Y, Xk I GE R CRISPR
S5 He) BRI DU AT R Ry A ) kI Tl P R R R AR TS
Pef At ooy S R TEDT LA AR
ARSI R SE, AR A Y) CRISPR f4H)
WIS T — A RIRG P . i B e (8] 21 i fl
B o ) e AR A PR R e TR B, S TE )
TR TR SRR A 0 A S RIS £ 3 17 AL
PRAETAIRE, ASCRL AMD FREEHAIEEJE Y 100
PRIG & A W 2R 20 g DR 5T % 4, o R
CRISPR-Cas RGEHI LT 5 RERAT 0T, i
R AP EET CRISPR R 48 5 5MEALIR P51 Y AH
AP AR S A% S B3 8 368 7 1 S e L

AR

1.1 EEAMTE

M NCBI M3} (http://www.ncbi.nlm.nih.gov) ¥
BPRIER IS ML TR JE 1Y 100 BRIA: P 5L 20
JPHl, HARERRGAT AR 35 Mk, BiGiiEE 17
PR, iR e E 24 tk, WAATRERE 16 Bk, B2
JE AR 5 bR, BRI R 3 bk
1.2 CRISPR #R%E

ik CRISPR Finder (https://crispr.i2bc.paris-
saclay.fr/Server/)*” %} Complete & [X 40 /¥ 51 Fil
Draft B K 2H ¢ 51 (HEBR Pf 4 B i 5022 - % M (E A%
YRR 240 7 51 ) B B (contig) £ 41T CRISPR il
fI, #% confirmed CRISPR (cCRISPR) #% I
questionable CRISPR (qCRISPR)#%, fiiiik I 5k15
cCRISPR 17 K (repeat J¥ 51l . spacer J¥ 41 13
J¥41).

1.3 EXFIINDR

K H Clustal Omega (default transition matrix :
Gonnet, gap opening penalty: 6 bits, gap extension:
1 bit)Xf H I P8 AT 2 H P4 LRI R G0 R 5 W
Y, R LS 45 5 AL Bt T 5 1 43
2% .| FH WebLogo(http://weblogo.threeplusone.com/)
TELR A X []— 2 531 (g [5] [v) T 5 91 1A 7 22 S
3t BT RNAfold (http://rna.tbi.univie.ac.at/
cgi-bin/RNAWebSuite/RNAfold.cgi) 58 i At 7% M &
75 RNA a5t it T =,

1.4 [RIREFFHIBERE

Fo) @A NCBI-nr 2048 /% , 3L T Blast %} (8] &
FEANIEATIERE . TEICEERS B, N NCBI £ % o
it JFORL A 25 PP 41, R JBORE KU % (Refseq i
[KI2H 18598 /™) Fls #5448 /2 (Refseq JE R 41 12144
~), M FH BLASTn (-gapopen 10-gapextend
2-penalty-1-reward 1-word_size 7-evalue 0.01)*2fs
[ B Py 91 20301 53 s e kA e . BIBR S A
SVCHCRITE O, e 2 T OISR as R B
=05, HIE=0.85, e-value<0.01, I
()X LEXTEESRAT 4, B AT 3 de i B T R A 20

=3x8 i R LA 2~ (1)
1.5 Cas EOMEE5HH

ik BLASTx 43514 cCRISPR 514 it 5T
W2 10000 PRI X IR 5 AH Cas 5 R 2
PEATEEXT, %5 Cas EEARIFIZE, X AMD PREE1
A=W CRISPR-Cas R4t 53%L

2 ERFAH

2.1 HRIEEFRE CRISPR 47 00
TE 100 FRFEIRGAY) IR LS e 415
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> CRISPR #%(fff 5% 1, http://journals.im.ac.cn/html/
actamicrocn/2020/9/20200916.htm), HH 176 />
cCRISPR ##E0Aii F 73 MRGUAEYZE N 4 b, 239 4>
HALAH 2 5 3 NEEFIIR qCRISPR #% .
Acidithiobacillus J& 35 ¥R, 17 #REH L H
Y EH cCRISPR #%, 1M Acidiplasma J&) 5
PR ¥ HA cCRISPR #%, 7EHA 4 &+ 65%L)
AR A cCRISPR £544, XKW AMD ¥
I [] Ja Aol ] W8 TR 141 9 CRISPR #5402 AN AT 1Y
Acidiplasma J& 1) FRRE A B 2 cCRISPR 7%, K1y
4.8/, HIRIE Sulfobacillus J&(2.9 1), 1 HAt)E
BRI A 1-2 4~ cCRISPR 4544

£ cCRISPR #HHILAEAERT 4147 S0 [R5,
KM 15 bp 3| 54 bp A5 A ] J& Bl i Ak 4 1] B
J7 5 8 5 cCRISPR B A AR ¢ il
Acidithiobacillus J& 1 Sulfobacillus J&77 5 EA 40
£~ cCRISPR %, V¥~ cCRISPR FEH A

10 2% 1B )74 , ifii Ferroplasma J& ) 4 /i~ cCRISPR
TR AN 1A T 40 SEIBRITS . fEEA
cCRISPR Z5H [ Rk H, M3 50% (40/73) Y B Ak
IR ST 40 45, A 5 BRIEPIAT B 150 4500
ba Fe 5, 4352 Desulfovibrio termitidis HI1 |
Leptospirillum

rubarum Leptoll | Acidiplasma

aeolicum V . Acidiplasma aeolicum VT F Ferroplasma
acidiphilum Y . HTRIFEFH 2k A T18 F3RE
RSN AL o, HENX LR TR AT RE SN EAZ IR
G R AR OB SRR EAE I, I 5 [T HAR A bk
TER R ZHACY F RA BRI e 22 510
22 MAVERHERFHINSR

fE 176 > cCRISPR F& 3L A T 80 FliA ]
EE P, Al4ra 33 25 (cluster), 12 426
S (fr4a R Cluster 1-12)H1#H T 51 K EE T4
(& 1), KAAFER 66 tkiEfl, H Cluster 10
HEEEZ PSR AT 21 SRR, EREERIE T A i

*F 1. 1215 KHEI CRISPR EEF5IZE3

Table 1.

The top 12 largest clusters in CRISPR repeat clusters

Repeats numbers

CRISPR-Cas

Cluster  (Spacers numbers, Representative repeat sequence (5'—3") Genus included
. a system subtype
Species numbers")

Cluster 1 4 (135,7) GTCGTCCCCGCGTGCGCGGGGGAAAACC Acidithiobacillus NA

Cluster2 4 (51,5) GTCTGCCCTGCACGCGCAGGGATGAAAGG Acidithiobacillus NA

Cluster3 3 (130,4) GTCTTAATCCCTTATTGATCAGGGCAATGATTCCTAC  Acidithiobacillus ITI-A, 11I-B

Cluster4 7 (588, 10) GTCGCCCCCCACGCGGGGGCGTGGATTGAAAC Desulfovibrio I-C

Cluster 5 6 (559, 13) GTTTGTAGCCTACCTATGAGGAATTGAAAC Sulfobacillus [I-B

Cluster 6 3 (21,2) GGTCCATCCCCGCGTGTGCGGGGGAAAC Sulfobacillus I-E

Cluster 7 3 (99, 3) CTTCTCAATCGCCTACGCGGCGATAAAC Acidithiobacillus, I-F
Desulfovibrio

Cluster 8 4 (110, 5) GAAACACCCCCACATGCGTGGGGAAGAC Acidithiobacillus, I-E
Leptospirillum

Cluster9 3 (70, 5) GTCTCCCGGCACTAACCTGTCGGGAGTGGATTGAAAC  Acidithiobacillus, Sulfobacillus 1-C

Cluster 10 7 (1118, 21)

Cluster 11 4 (815, 6)
Cluster 12 3 (58,2)

GTATTCCCCACGTTCGTGGGGATGAACCG

GTTAAAATAGAACCTTAATAGGATTGAAAG
GTTTCAATTCCTCATAGGTAGGCTACAAAC

Acidithiobacillus, I-E
Desulfovibrio, Leptospirillum
Acidiplasma, Ferroplasma I-D

Sulfobacillus, Ferroplasma ~ NA

# Number of microorganisms with repeats in this Cluster; NA: not accessible.

actamicro@im.ac.cn
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K2 o 124> Cluster A RMETE L FHIIEETE
LR ) ZEFIR R A (8] 1), 1R GAT IS
IR R EER , HZR(E AL X FER GRS 1
A D) KRNI REAFAE2E 5 o S H A XIS 4
£ RNA Z sty nyta e vl B s E R, 229
KM G-C BEEXS 1A, 28w/ B ke
MFE “A[A], MFE {H R E — stk m T
fase™ HIE XK FiRA B AR DNA I 5415
Cas LA AR R H %, {KPL CRISPR 251 1Y) fe i
TIREM, Ak, TP — R HAT LR RSF 3'GA
AA(CIGYAIH", AWM — A T3 — WA
K453 Cluster 9 E 5 751 7] LUE BB AR AR
FIARESFIEESIR RNA “ g5 1), HiEz—4
IR TEMIRA A A, 2R B 6
7 bpo Cluster 9 FH 741 RNA L5128
FFRER 9 bp, BILIZE" R EMZEIRLEH,
DNAE e s R, ) B e 90 6) AAREAZ R T 91 1) B
MV A AT g AR AR Y 2 N E AR P 8 AR SE R
1M Cluster 11 H1>E A A [F 7 & & F' CRISPR & 7
ST WU —Rahty, <22 KA 3 bp, RP
DLPR N T ZEIREEH D0 ] B9 e 4] 5 FRAq~
“repeat-spacer” H.o0 5 AME AL IR 7 51 & A2 AH HAE
M, B P Al RETERE st ad 7 b R 45 A5
WY Cas S MBI FEIRAER . 5351, Cluster
3. 5. 12 EE SO —Rait, 7E250
—I A 2 D, ZESMRYIE M, H MFE (E#8#
i ANTBEESIR A5 RS o F8 Y, 7E Cluster
1. 3. 9 PELEFIZEIMXIBAAEAMENER G-U
BRAEXT, X RNA 25 LAY RRMIE . Kunin
S5 CRISPR &4 v 8 53 17 S BE A TE ) LU B HIL
P A AR E M RN, RaE I A
F|F CRISPR-Cas RGKIFEHRIEIIRE. ABFE

AMD 355 () 40 B A1 B iy R B R R B R
S A 4K, KW CRISPR-Cas 485 41
MNARAZIRFF S0 AH FAE T S e LA F T 25 5%
HIPHN I REIRERY], [WE NSRS r
HIREE 73 AT TANFEZES TSR] HY) RNA — 2R 4h
¥y, W Acidithiobacillus 1 Sulfobacillus
Acidithiobacillus | IZAFAETH YUK . TUERRYIAIA )
JEEEFREEFRIS i Sulfobacillus 1E pH 0.8-1.4, 27—
32 °C IREE Py T E RS Y 6%—8%T, HIALF
CRISPR-Cas F 48 &AL IR S M ORI I A 4578
TR RE A ZREE . LAk, RRE R E ST
SR oA TR —26 50, R B py [FEE, 4o
Cluster 12 HFNEL TR AHMR Sulfobacillus 57t
W Ferroplasma, WF5T2 X -1 J& TR AT RELEAR
ik E FUE S 55 R A AR A AR, e
TR RR AR 2525 5 2R CRISPR [R] RPN BTV Y
AfE5 CRISPR Z5HFP AP REE R A o™

2.3 SLRIRETR B )RS R

231 nr BOEFEHONEER . WX, A 538 4%
() B Py 51U 7E nr B0 P DR IE i) Py A R4 2 ] A
PR A TR, U A0 TR 1) B B e 4, AT LA
0, 20T DAY TR PR =2 ) R A AR AT LA G
o i, BEEk Leptospirillum sp. Group II CF-1
JrZeBeE T TR M 14 SRR, Hrh s
PR CRISPR-Cas FREGTA5HE AR, HEMIIX 2L
TCEITERAR AN EAL IR FP 9 AR R R S B 1 30
e, ELARER AT REF FHTA] B 51 R U3 A R o s 7
e, M F B REAS S L 1 SR TR A

232 FOREHEPELLSER . A 111 SRR
0 5 BORLEHE PEARVC G, HIXSE ROk Yk B T40
W o FET AR AR 2R ocE e, FEAM
N : Desulfovibrionales (Desulfovibrio vulgaris

http://journals.im.ac.cn/actamicrocn
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1 Cluster 3: *,‘,
Cluster 2: o MFE:—4.80 kcal/m
MFE:11.40 keal/mol ®® “CI0TTMIOOCTIATTAT

el DA

Cluster 1:
MFE:-13.40 kcal/mol

O
Cluster 9: {‘“..

MFE:-15.10 kcal/mol

(el s Qc

Cluster 6:

DT TR ) Tl

1.
Figure 1.

Acidithiobacillus, triangle represents Desulfovibrio,

MFE:13.10 keal/mol %
luster 5: Cluster 12:

MFE: 2 OO kcal/mol

round represents Leptospirillum,

Cluster 7: ?
MFE -8.80 kcal/mol

ol A Cluster 4.
9” 16 cc ™ MFE:~15.10 kcal/mol
El}] o Al TUARA

Tﬁfmc'cﬁ T

Cluster 8: {
MFE:—11.60 kcal/mol

| CAMOAEOCAG A

'Cluster 11: \
2MFE:~1.80 kcal/mo

MFE:-0.50 kcal/mol

12 e O 1T T T

12 N KH) CRISPR EE K327

The top 12 largest clusters in CRISPR repeat clusters. Dots denote individual strain, square represents

trapezium represents

Sulfobacillus, thombus represents Acidiplasma, pentagon represents Ferroplasma. The strains that belong to the

same cluster are in the same circle, and clusters are indicated by circles together with their sequence logos and

sample secondary structures where applicable.

Hildenborough), 27 Z%[a] B 5 51 (YK B F & #k
Desulfovibrio vulgaris RCH1 f)—~ CRISPR #%);
Rhizobiales, 14 :[8I}&GF5; Mycoplasmatales,
SEIIFRFF (K 2-A) o 255 nr B0 PR TE R4S

Pk Desulfovibrio vulgaris Hildenborough 137 F[F]
— CRISPR #&[ 27 Z&[a] RS0 REAS B0 Rk
Desulfovibrio vulgaris RCH1 B JikL, FIH7EDEL
T A PP X PR PR T 2 8] R REAEFE AR B, B E
TERA RN, M HAEAZ Y ok, AMD
R4 8 2 T A RE S 25 5 18 32 ok A 4 TR R Y 2K
o —LEAHTH 5 X SEIERR R AL T AR,

actamicro@im.ac.cn

A TR ILIRE N Acidiphilium cryptum JF-5
DL Ko DN R 1t 398 0 88 W 1Y Acidobacteriaceae
bacterium SBC82, X IRt iR HAL T

WENL S . HeAh, —SEEw WL FA H B2 2 B
KGRI . KRS, 0 Burkholderia Gladioli

BSR3, #EMEME ILHEK IR 20 X R A& Hi,
W T AT 2 T 52 S0 2 A AR 0 A 1 R P 8 o
233 REHIEEER . Wi, 91 i
B i 471 ) T R 5 R R R e AR . LA ICTV

(International Committee on Taxonomy of Viruses

Classification), £ 85 #%[H] [ ¥ 5 AR5 S BE4
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KERREMFHE 2-B), FEN: 38 KNIETH
TERET 0 Siphoviridae; 7 A% [H] ¥ 51 7E B 2.
i Myoviridae ; 2 A% 0] & 75 50 W FE (5 20
Podoviridae, H:H' Siphoviridae 25 FL il A& % T.
N2 57 REE S ER S S 137 23 018 e
AR, S AR Y A W v R LA AR
J& T Siphoviridae [7#43W5 A3 25 A ¥57K H
41 Mycobacterium phage Adawi, A HXFERPEH 1L
HEOK R AR R Qe 4Rt TRIRE. 50.5%FF & Ui
VE b UE 7Y 18] BE 2 41 (46/91) K B Acidiplasma Fl
Ferroplasma , #EM 5 T 8 ) 5 A58 v ) 88 & 2E
MEAEA . WAh, WPk Acidiplasma cupricumulans
BH2 Fl Acidiplasma cupricumulans JCM 13668 %
AL [A]— CRISPR F% 8] i 17 41 1 B A AH ] 1Y
TEREAR L, DI 2 MR TR0 2 2l B B A AL
il 7T RE L EAH R

2.4 MEIETRE CRISPR REHZER W 508

Makarova £ LT cas FE DR G 285460 5T P AR
M, HE R CRISPR-Cas R4 324N Type 1. Type
II. Type Il =FhZERIDI K ZFTRRL, MVERR A

(A) (B)

Others

Desulfovibrionales

FZ/X(}/?L{CZ‘(’I'Z}'(/(’S
Enterobacterales,

Campylobacterale
Rhodobacterales,

Corynebacteriales,

Clostridiales

Burkholderiales

Bacillales

Acidithiobacillales

Spirochaetales

Rhodospirillales

2.
Figure 2.

Flaviviridae

Mimiviridae

Rhizobiales

fb W Bk B AT B Acidithiobacillus  ferrooxidans
ATCC23270 i) CRISPR-Cas &2 A5 Casl . Cas2
B, WA HA A ERER E SO Type UM, X
109 METE cas L HY cCRISPR RS 0H, $h4
7 PRI K Type U (K 3). Type I %!
CRISPR-Cas FRGEJ 12 43 Aii T[] J& T bk L R 21
Feald, ADEER A Type ALK RS, YA
£ 11 &1 CRISPR-Cas &%t .

ZH 741 J& T bk CRISPR-Cas 48 1 2 17 25 AU
F Subtype I-C #1 I-E, H:H Acidithiobacillus & #
Pk CRISPR-Cas ZALRI N2, H1h Type U
MI-C. I-E| I-F, IlI-A. I1II-B XM AL, HAT [-E
Bl CRISPR-Cas ZALH) 5 BRI A o438 H
R, M RN T O N 4 S 1 R A o PR AT
RBAAHREZZI L., HHEZNE, WK
Acidithiobacillus ferrivorans YLI15 HAMWL
CRISPR-Cas £4¢, f{Ell|HIII-B & CRISPR-Cas &
S5 W0 ) I MR ANUR DNA FES, i -F B
CRISPR-Cas 4t BEf% 58 ) & 137 IF B il A 42 1Y
DNA 1 RNA P4, XK FE AT CRISPR

thers

.., O
Baculoviridae
Podoviridae
Phenuiviridae

Leviviridae
Herpesviridae

Siphoviridae

Myoviridae

Poxviridae

R B T BThi(A) #1555 (B) RY (8] F& 17 5149 7 53 1 B

The distribution of spacers from plasmid (A) and virus (B).

http://journals.im.ac.cn/actamicrocn
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FRGER AR i P AR 0 2o A R A 22 o S BEHIL
il o Desulfovibrio EWHHEA —1 1I-F #
CRISPR-Cas R%t, HARKIN I-C 1 1-E WA,
I 2 v R W R 1) i PR R 34 JL 7R (sulfate reducing
bacteria, SRB), 7EMAIL pH &4, BEMEACHH AT
WAL A HoS Vi th 1A Z LA R BE O 1 B P70,
DR, T RBER 48 BRESIR B R 0
CRISPR-Cas Z&4i}y Subtype I-C A1 [ -EPY,
X PP IV 2R TR X6 T T R T 7 TR P A LAY SR
o [RACR IR FR A 1-C W77 CRISPR 45442 ],
cas FERHES L B ZHE1E , U0 Desulfovibrio vulgaris
Hildenborough f) CRISPR-Cas R4t cas A HE
SIF N cas3-cas5-cas8c-csd3-casl (E 3), i
Desulfovibrio vulgaris RCH1 WA cas3-cas5-
esdl-casl, HEMAERN AN R SMEAZIR P91 Az it
e Cas ifd & A WEHINLH RA —E 2R, X

Y 3CEkdRIE B, JFHN 1-C WAL CRISPR
FER/INEIAE 1800 bp DA b, HA R4 [
J&F Cluster 4, XKW I-C % CRISPR-Cas R4t
e 7 T 4 T HEAR A1 PR IR ik e vh R 45 A
Mo Leptospirillum JET KR CRISPR-Cas RS
R4S 1-E, HP A 7 BRIE CRISPR-Cas RETHY
HETFINYE cas FEEHAPNIT Y —8, HE T2
H 3% E Iron Mountain #9J B -8 111 (pH 0.3-0.7,

30-50 °C)*7, FeHH X JLARIE IR 41 B 1 1 1 W A pH
A5G 7 A A AZ IR e S s m] BETE L 1 A ] ) fe iz
1K & . Sulfobacillus J& A7 1E Z #2574 CRISPR-Cas
ZY¢, fF51-C. I-E, II-A FI-B WA, B AH
IR cmr R HES] F R KR Sulfobacillus
thermosulfidooxidans CBAR-13 [JIII-B 7Y
CRISPR-Cas RZGLH(E] 3), M AT HES2 i L /K-
S B R RO H 5 b I ) B e 471 3 [ A e

esfl csf2 csf3 csyd

Acidithobacillus ferroxidans ATCC23270 —

e B

Type U

cas6 cshl csh2 cas5 cas3 cas4 casleas2

Ferroplasma acidarmanus ferl — -— | -'-'_. -B
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Adaptive immunity mechanisms of microorganisms in extreme
acid mine environment based on CRISPR system
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Abstract: [Objective] To investigate the adaptive mechanism of bioleaching microorganisms to extreme environment
based on CRISPR system at the genomic level, bioinformatic analyses were performed on the structural characteristics and
homology of CRISPR-Cas system in genomes of 100 species from genera (Acidithiobacillus, Desulfovibrio, Leptospirillum,
Sulfobacillus, Acidiplasma and Ferroplasma) in acid mine environment. [Methods] We downloaded genome sequences
from NCBI website and identified potential CRISPR arrays by using CRISPR Finder. The composition, structure and
function of each CRISPR system were analyzed, where repeats were classified by Clustal Omega and spacers were aligned
and annotated according to nr database, plasmid database and viral database, respectively. The CRISPR-Cas system of
microorganisms in acid mine environment was classified based on the types and homology of Cas proteins. [Results]
Among the genomes of 100 bioleaching microorganisms, we found 415 CRISPR arrays. There were 80 different repeats
and 4147 spacers in 176 confirmed CRISPR arrays. All the 12 types of repeat sequences in each cluster could form typical
RNA secondary structure and the sequence of cluster 10 was the most representative one among all the bioleaching
microorganisms. The annotation results showed that these microorganisms have been attacked by bacterial plasmids and
virus, and have resisted the invasion of foreign nucleic acid sequences through different defense mechanisms. Most of the
CRISPR-Cas systems of bioleaching bacteria belong to I-C and I-E subtypes, while most of the CRISPR-Cas systems of
archaea belong to I-D subtype. There are significant differences between them in the evolution process based on the
CRISPR-Cas system. [Conclusion] The CRISPR structure of acid mine environment microorganisms may mediate the
interaction between foreign nucleic acid sequence and Cas protein based on different immune mechanisms, which provides
a foundation for further revealing the adaptive evolution mechanism of extreme environment microorganisms.
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