AEY A4l

Acta Microbiologica Sinica

2021, 61(7): 1920-1932
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20200384

el
Research Article RIS =

ETFHIE HI-B 2 CRISPR-Cas R MWEBREH AIKE
Pyrococcus yayanosii A1 B9 E E 5 & R 4t
I, BokE Y, KAk, RKE Y, %t

Ul RS T RAE U AR R S SE %, B 200240
> RS R AR R R E B, B 200240

WBE:. [ HHY ] WK KEKE (Pyrococcus yayanosii) A1) is A KIRE N98 °C, G KESN
5.2x10% Pa, JEHFFTIMLAHE PR . HERE RN M E B i iy B 0 BR800 o ML 00 R AR . AR g 3
TP yayanosii AIER A1 1I-BAICRISPR-Cas R 4L, & 7E 7 AT W T IS TR A9 S R 3R A R R 40
(gene knock-down system). [ /¥ ] A TH & A mini-CRISPR#% , Hi NP CRISPRZE Group 17 &
¥ %] (repeats) Fll 15 i [ 09 TE ¥ B 3L A (PYCH__13690) 1) Ji 1] B 7 4] (protospacer) 2H i . ¥ 1%
mini-CRISPRFZE i A B HA = (M T Hi 1 1Y ZE R 20K pLMOShhpH , fiff 2 5% 5% 5 H i 2 [ mRNAPE L
fJerRNA, 51 CmrE &Y x H e fro)#l . [ 258 ] & # K e (HHP) i 5 8 5 3l 1 Py, 15 5
mini-CRISPRFE LI}, 3 K i 3% [F A mRNA KU 76 5.2%10* P /K B R 9 2 5Kk 1967.05%, 78
1.0x10° Paif /K HE Bt R 0 J5R 1949.69% ;i i FH 2 1 BL I3 ) F Py 5 3 mini-CRISPRFE F A B, T
KB R A mRN AR AES.2x 10 Paff /K Fe B 18 A JFOR 58.48%, 7E1.0x10% Paiffi /K KB T I 4 J&
HeM23.97% {7 A QAR I €2 7 XoF 3K 19 2 s [R] 2 3 il oA 2 70 T Ak 1 5 2 00 b B B ) D A 5 st i
FEo30T, 45 2R s 2708 B Wk 1 U8 ¥ B A e 0 W KA [ 4548 ] 1EP. yayanosii A1 T R T N IR
[I-B% CRISPR-Cas F 4t iy Jk [H i W 22 48, v LA 30 1] 1 25 768 g 4R g iy o K PN 6 TR ) R 36

KR WEMGEE, EEMEY), Pyrococcus yayanosii, CRISPR-Cas, H:[H &f[#
g PR W ) e A KOTR D EE PAEY), Hrp A 20 BHYL TR IR A B e

80 °CM, ¥4 K ik, MIE&MHW . Sl A EPIIRE R Thermococcaceae) &k Pl b
HAth A FREE R gR M 70 DRHEE BRI, AT DR Y 2 R s Rl Ok

EEUH: BEERARPAES@1676121, 41976085)
“BIEIEE . Tel: +86-21-34207208; E-mail: xujunn@sjtu.edu.cn
Yk HHR: 2020-06-12; EEIHHR: 2020-07-24; M4 HARHEHR: 2020-08-05
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FHE & # K B (HHP) A& il (HT) T~ oA 805 9 4R
KRR, X HAE R P 1 A BT 326 18 1 A 5 )
el

IV FG K ER B (Pyrococcus yayanosii)y CHI1 FE kK
JEMKPUVE 4100 m TRIY“Ashadze” HIR X A
o3 BRI RER TR R 28— AR VRS T T
fEfoE A KR 98 °C ', M2 & SiE A
2.0x10°-1.2x10° Pa'"l, WV [C K EREH CHI AR 41
K/ANK 172 Mb, H4ifs 1930 AFEFEE, RS0
EARAG B HEEVE R FCKERTA AL RS2 HE
FIFEEY K 1.0x10°-1.2x10° PP, © & EAL
T G IR 8 (G B E R GG IR EE
FRBRA R RE A2 T A1V A AR AT HE
P LAY 28 4R TR (pLMO12103) Al 3% 4 5
(PLMOO033)!"> 1 DI K 1] FH /3 /K R (HHP) 5 5
BT P, 5 10 B 21 R AL S il e i A

X A0 PG ok Bk B £ Al i AE K R B s Al
ME AL R s, JE5RGE R A
L FRIRW KBk 1Z8 1 CRISPR-Cas REGE(Hk
R kR FiF), PR i Mbh SALREE
Mbx fi S AL i A R AR A L (R B B E T
PE)M. P Tk B RE R 22 R B BT o B A A A it
PRI, A2 i 3k M 3Rk w1 LA g
X HIN e A T8t 4% o3 Bt o

CRISPR-Cas Z4til1d crRNA FrFPEIHRRIH:
4ok A EE A BURIAY SR DNA B RNA, 5%
crRNP (CRISPR ribonucleoprotein) & & ¥ %f 4 i
A s B R g v L e S 2 Y O P R
1111 %Y CRISPR-Cas R4, Hoh 1 B BERT VI
DNA, 1fif TIT Z4n] LGS ) DNA F1 RNAM B,
T P R L IR SRS W i CRISPRI FBY U1 H i
F X mRNA 328, CRISPRI 1 Cascade & H

1 crRNA 5 A RS, A 16 RE R LS BHLIE 7 S 1
#hh . W, £ Haloferax volcani H—"13&T I-B %
FRGLHY CRISPRI T HLAM ISy B 2 FUAR 10
bgaHo WI%5 % IFFEAL T #:90F HVO_2526-
HVO 2528 ({5522 Tfi7E Sulfolobus solfataricus
S, islandicus "] B FIZ T N IR 111-B 24
CRISPR-Cas #4tHY Cmr % 15 mini-CRISPR #%
) orRNA JE AL crRNP B &1k, 254 R
mRNA FiEF B PIR 2,

I1I-B %! CRISPR-Cas ZRAA PN, o-F
MAGH 6 1 Cmr HH, B-WHA 74 Cmr &
P28 YE P furiosus WP, 111-B-o Cmr & E &
{A et Ty 22728 T11-B % CRISPR-Cas 4%
bR ESE R Cmr B 5Y PR KRS Cmr2, &
HA HD Z5#938, &4 ssDNase HIEFHZ2Y,
CRISPR #%WitZ 2 1 (crRNPs)H Cmr K AW
1 crRNA 4108, %51 55ME RNA 454, &R
JEAEANEARZ AT R BE Th EAT S M B 6 nt BB
PIBO32 0 AE P furiosus HHY crRNA P21 KB
39 nt il 45 nt A E, orRNA B 5" Ko HA K
FER 8 nt ) 5'-tag J7 41, Rl Repeats 1) 3'7R B X 3k
9 5'-handle #3251 5 T AURI II1-A % CRISPR
RG] PAM 7 413R 5 H () DNA A[F], 111-B
#] CRISPR-Cas R4 A HA PAM [¥41], {L crRNA
VLIC H ) mRNA BPa] 1)), H 5'-tag pnZsn]
PAFET RNA F1 DNA 53], )55 ILEch, 12
DI RNA JEL-4 DNA2

JEF 1I-B Y CRISPR RZMER1Y]#] RNA
A1 DNA BUBLH L FRA T v A T PG KOBR T
Al HREE T — N E R SR R Rk b R 4. @
HAEFR R E S AN T A AY mini-CRISPR
e, AT 1A TEREEL R
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1 AR
L1 R

A FE TS TR BRI BORL QISR 1 Fis
1.2 ARG

AR SR i TR 695 R 91 A0S | 45 o AR T AR
Py TR R B A FRA RIS, sk 2 Bk,
1.3 A

G Tt 5t 28 S V] (polymerase chain reaction,
PCR)"FfiH] 3 Ff DNA R&H, FIIKERT
1000 bp A}, ffi ] PrimerSTAR Max DNA R4 fif#
(TaKaRa)¥ # ; P EE/NT 1000 bp B, fiiH]
Pfu DNA R4 W (Tiangen) ¥ 3 ; 5o Uk 541 SOk,
{31 Fi Taq PCR Master Mix (Lifefeng)¥ 14 . DNA J
B Rl Gel Extraction Kit (Omega). Jo4% 7
R f# FH ClonExpress 11 #2445 fE A & (Vazyme) o
1 2H FURAE Trans50 Chemically Competent E. coli
(Transgene) & 1|, {8 Plasmid DNA Minikit I
(Omega)#F 1742, & RNA $2HUH 1Y Trizol . DEPC
IKFN B A A T A TR i) Bty A BR A ]
AN B AN S S [ 7 o Afr 4l DNase 1 W H
Thermo Scientific, RNA [ #5555 &~ Revertaid

1st cDNA Synthesis Kit (Thermo Scientific), qPCR
hfd Y4Bl SYBR Green Master Mix (Thermo
Scientific). & 3 FMRHC 7 il 5 g, MALER 10 g,
ZiBF7K 100 mL,,
1.4 AEYERZEMT

OBk B B M JE A W B A BE (Methancoccus
voltae A3 and S. islandicus REY 15A)f 3k K £ 7 51|
>k B NCBI %4 % (https://www.ncbi.nlm.nih.gov/) .
i BLASTp #5EH 5 COG g% Xt , 4t it4i
ARl T-B A CRISPR-Cas R4iMY Cmr 3
B3 K Cr B ER KT ARG £ HEALRY
TS0l A 4R 3 MAFFT-linsi K¢ A51~ Cmr 3£
SRR 1), ST XS, RIFHAE Cmrl 2
Cmr6 FIITH4 2215 51 ek 45 SR BR kB4 | i s £k
trimAL 1Y atomated 1 B2 % HR 7 41 i 4 745 5,
M Bx gap i £ WYL E . &5 ] IQTREE
(TPM3u+F+I+G4 &5, 1000 ¥k 542 )Fy g ik
TR
1.5 BRI SRIKRFRTOR A H

PR ORLAE 28 4R JFORE B 2R Al A RS 354
il /) mini-CRISPR #&ICIFL M. 7E H 1% N
PYCH_13690 [#3FE gt EE [ iEHL 5'-tag J7 41 (Bl B¢

R 1. KPR A E R

Table 1. Strains and plasmids used and constructed in this study

Strains and plasmids Genotype and features References

P. yayanosii Al Li et al.1'%
kdp-1369 PYCH_13690 gene knockdown mutant generated using pLMOkdp-1369 This work
kdm-1369 PYCH_13690 gene knockdown mutant generated using pLMOkdm-1369 This work
A1369- PYCH_13690 gene deletion mutant of A1 Song et al.!"!
pLMOS776TA pLMO12102::HMG-CoA-Pgdh-PhmbB-PF0775-PF0776-Phhp1 Song et al."!
pLMOS01 pLMO12102::HMG-CoA-Pgdh Song et al."!
pLMOShhp pLMO12102::HMG-CoA-Pgdh- Phhp This work
pLMOkdp-1369 pLMOShhp1::Phhp-mini-CRISPR array This work
pLMOkdm-1369 pLMOShhp1::Phmtb-mini-CRSIPR array This work

actamicro@im.ac.cn
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R2. KHMIRSBFAEHRFIIG

Table 2. Oligonucleotides and primers used and constructed in this study

Oligonucleotides

Sequences (5'—3")

1369-hhp

1369-hmtb

pLMOhhp-F
pLMOhhp-R
CRISPR-hhp-F
CRISPR-hmtb-F
CRISPR-R
pLMOS3-F
pLMOS3-R
Phmtb-R
Phmtb-F
testl-F
testl-R
test2-F
test2-R

sim-F

sim-R
Cmrl-qF
Cmrl-qR
Cmr2-qF
Cmr2-qR
Cmr3-qF
Cmr3-qR
Cmr4-qF
Cmr4-qR
Cmr5-qF
Cmr5-qR
Cmr6-qF
Cmr6-qR
16S-qF
16S-qR
Promoterdw-F

Promoterdw-R

CCTGTCATGAAAGAAGGTGATAAAGGTTCCAATAAGACTCAAAGAGAATTGAAAGCATCAAGT
TGATCCGCTCGTCGCTGGATACCCTCTCGGTTCCAATAAGACTCAAAGAGAATTGAAAGGACAC
GGGCCCGTCGACTGCAGAGGCCTGCATGCAAGCTTGGCGTAATCATGGTCATAGCTGTTTCC
TAGAGTCGACCTGCAGATTTTCGGGTGAGCAAAATGCGCGTTGCGGCAGCTGGACCTGCAGAG
CGATATATTTATATAGGGATATAGTAATAGATAATATCACGGAGGTGATGCATGTTCCAATAAGACT
CAAAGAGAATTGAAAGCATCAAGTTGATCCGCTCGTCGCTGGATACCCTCTCGGTTCCAATAAG
ACTCAAAGAGAATTGAAAGGACACGGGCCCGTCGACTGCAGAGGCCTGCATGCAAGCTTGGC
GTAATCATGGTCATAGCTGTTTCC

CTTTATCACCTTCTTTCATGACAGG

TCGTAATCATGGTCATAGCTGTTTC
CCTGTCATGAAAGAAGGTGATAAAGGTTCCAATAAGACTCAAA
TAGAGTCGACCTGCAGATTTTCGG
GAAACAGCTATGACCATGATTACGA
ATGGAAATAGAGGAGATTATAGAGA
TCGTAATCATGGTCATAGCTGTTTC
CTATGACCATGATTACGAATGCATCACCTCCGTGATATTATCT
TCTCCTCTATTTCCATGTTCATCCCTCCAAATTAGGTGATT
CAAAGTTGCGGTCTTCCAC

AAGGGACCACTCGCTCA

TTCGTTGTCGATTATAGGGTGA
TGCGATAGTGTCTTTATGGGAT
ATGGAAATAGAGGAGATTATAGAGA
TCATCTCCCAAGCATTTTATGAGCC
GGGCACCATCAATCAA

ACTCTGCTCCTCCTTGC

AACCGCAGTTCTCCCT

TTTGTTCTTACCTCGTCATC

ATGGCGGTAATGTTCG

CTTCCGTCTGCTTTCG

GATAGAGCCCACGAACA

CCTTTGGCACTCCTTAC

GCCTACGCTTACGAGTG

TATCTTCCTTGGGTCTTC

CGCTGGCGTTCTACTTG

TTTGTGGCACCCTATGT

GCCGATTAGGTAGTTGGTGG

CCGTGTCTCAGTGTCCATC
CGGAAGCATAAAGTGTAAAG

CGACTGGAAAGCGGGC

Repeats sequences are underline.

http://journals.im.ac.cn/actamicrocn
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RFES) T e & 37 nt B4 Protospacer, 1E N4
St ] B 15 51 (spacer) i A HE &2 )7 4] (repeats) 17,
5 A TR A mini-CRISPR #£ Al DLFE 5% 5
PYCH_13690 Xt [H %% 5%t 7 mRNA Jc X Y
crRNA ., [A]f}, crRNA | FEE S'-tag Fo Y
PYCH_13690 /) mRNA 254, AiiG crRNP &
A1) DNA BS54 95 CRISPR R&48 H i 1)
mRNA, #EYIH DNA,

mini-CRISPR % ' & 2 A L. & W J¥ 41
(1369-hhp #1 1369-hmtb) W3 2, H s EA 55
P Z Xk, Repeats J¥51°4 CRISPR Finder £k
P PE NS G K BRI L IR 4L B 5-CTTT
CAATTCTCTTTGAGTCTTATTGGAAC-3"57,

i F5 1% pLMOhhp-F/R L5k pLMOS776TA
o B M P8 AL 35S HHP S Bh 7 oo F A — A
HMG-CoA B JF R, ARG LAk i 24 B
pLMOShhp!"!; {81 Fi5 |4 CRISPR-hhp-F/CRISPR-R
PLG Y 1369-hhp J7 41 it 1424 Phhp JH
BT 8 & XA mini-CRISPR #EFE[, 345 H Bt
hhp-array ; {fi | ClonExpress II one-step cloning kits
(Vazyme)i il &5 4 AL 304 B Bt pLMOShhp 5
DNA F Bt hhp-array #FA73% 4%, 4 28 ml R ookn
pLMOSkdp-1369.

fdi FH5 14 pLMOS3-F/R LAJFk: pLMOShhp
BRR Y 140 % HMG-CoA i J5 B R A 2 M 1b %
& Bt pLMOSOL ; ffi /151 %) Phmtb-F/R LA
pLMOS776TA B G ELHE P JF BN FHE P S
H Ry g, A% Bt Phmtb-S1; fl FH 514
CRISPR-hmtb-F/CRISPR-R A4 A f) 1369-hmtb ¢
G N BEAR Y AL FE P S B T B X AN
mini-CRSIPR LK, 345 Bz hmtb-array; {4 H]

actamicro@im.ac.cn

ClonExpress II one-step cloning kits (Vazyme)izt 5
kL b pLMOSO01, H Bt Phmtb-S1 5/
Bt hmtb-array i%4% , 14 B SR pLMOkdm-1369.

Phb 2 ANE R 5L 2 E. coli TransS5a
B, ESA 50 pg/mL A RE R (Amp)iY LB 1%
FRIE, 37°C, K35 14 h, iiliad PCR P4 840 Ji
KiH mini-CRISPR #% , JF 47 DNA M 73 i £
IR R B A TR
1.6 MEFGKIRE Al BT AL

W EGCKBRT AL RS FRIESS TRM Ky o dk
(pH 6.8), EFRIREE N 95 °C, JE 1k 1.0x10% Pa
5 5.2x10% Pa. #f TRM 5530278 NI
HEFIHA 3 W, HEAEBEA, JFIA
S0 NapS-OH,0 DAGERFIRAAARA . 73 AMT iR s
R AE A T2 M B TRM J5 383 il T £
ALY AR B FN Na,S-9H,0, B i BUlg i e i
W 1%, BEREREFRIL, IEGEARICE AT (ark
pharm) 1 Fr 28U B2 10 umol/L. B4HIA 3 A~ F
FrEEA . {#iH] Plasmid DNA Minikit T %78 M
E. coli Trans5a $EHCE Lok, F# H CaCl, ik
W TR Ak 200 PR ER T A1V, SRR R A {4
IR BEh PRI e, B TE S 10 pmol/L ~E 1K,
TR IR R BT 1.0x10% Pa, 95°C 555 2d.
fHA51Y) sim-F/R X BEASITHTE PCR, Kk
Wit ORI A % AL L)

1.7 & RNA BRI 5%

WK ERE Al KRR RTE 95 °C.
1.0x10° Pa B, 5.2x10% Pa F155% 14 h, 7E4°C T,
12000 r/min Z5.0> 5 min WAERE, FFRE KA
—70 °C. A Trizol IXFfH G, I =& HLE .
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SEIREER 75% L BE4lifk . 8 80 uL DEPC /K% fi#
RNA, A DNase I ££ 37 °C FJ )i 1 h, F#f# DNA
R B, IEH 75% 2 mstidk . E58 ] DEPC 7K % f#
Je, MIE RNA HE. B2 pg RNA i it &
RevertAid First Strand cDNA Synthesis Kit (Thermo
Scientific)%f 5. RNA #17/%5%, PCR #&JFH:
25 °C 5 min; 42 °C 60 min; 70 °C 5 min, H{ 2 pg
RNA Jill A 2x RNA loading buffer Fi| 7- RNA Bt
BERCHLTK (100 V, 20 min)ks#F RNA Jfide .
1.8 W mRNA BIHI3%

f#iFil ABI 7500/7500 Real-Time PCR System
(Thermo Scientific)#1 SYBR Green Master Mix
(Thermo Scientific)iff 47 1 PCR, J1ikA AACt,
B4 qPCR & 3 k., PCR 4. 95 °C 10 min;
40 fEFR: 95 °C 15 s; 60 °C 1 min; 95 °C 15 s;
60 °C 1 min; 95 °C 30's; 72 °C 20 s; 72 °C 5 min.
WS 5 W e E R PYCH 13690 |, test 1
(test1-F/R)P 14 [X 4 *& Protospacer 1 5 1] X 3,
test 2 (test2-F/R)¥ 18 cDNA T 3'7K b A9 X B
X i
1.9 YR EBIEnSEo0

TEWAAR TRM FE SR IAT 1%0 (W/V)HyA]
FPEVE R TG R, #5598 12 h e, B 1 mL 4H0f
BIRRFRWE, A 10 pL f0E FCRORN & VE R
5% B
110 JiE Cmr EHWERREE

Xf Cmrl-6 # mRNA #17 & & PCR, qPCR J7
%M AACT, H4H qPCR FAL 3 IR, & A #R DL
1.8.5|4) Cmr1-6-qF/R 4351 H7E Cmrl-6 B [H 7
) F, AR SRS . Cmrl (PYCH_07990),
Cmr2 (PYCH_08000), Cmr3 (PYCH_08010), Cmr4

(PYCH_08030) , Cmr5 (PYCH_08040) , Cmr6
(PYCH_08050), 514 16S-qF/R #%317E 16S rRNA
F, HNSIHEN
L1l JEIEENT Py A Pruss FIRF IR R B
XTI 85 Py T Py Y 5132647 7€ 5 PCR,
J7 N AACT, F34] qPCR A 3 K. 451 B as
U, 1.8, M1 T mini-CRISPR #4% 5 )5 %% Cas6 &1
YR, crRNA, Joiki% it qPCR 514#, 51
Promoterdw-F/R 11 7E mini-CRISPR #% | JiF L%
SEH S E(KE R 200 bp). 514 16S-qF/R it
£ 16STRNA |, HNSIHLH,

2 R

2.1 HERERHH I11-B & CRISPR-Cas R4

FE L AT 58 K DR 2 %) SRR TR B B AR R oA
3 ¥R KEREE (Pyrococcus)Fl 7 MEHEKEE (Thermococcus)
FEALE 1II-B % CRISPR-Cas 45, Mi7E ZERIA
(Palaeococcus) 8 AR I o 3X L8 K BR T FIFABR TR
LR 4 111-B % CRISPR-Cas R4t3°0 o WAL,
H 6 1 Cmr £ 1 (Cmr1-Cmr6)4H %, , Cmr2 (Cas10)
SEH PR E I (E 1-A).

CRISPR it [H#% H 5 & J¥ 5 (repeats) Fl [a] b 17
4l (spacer)ZH i, FIFE5% i crRNA. Group 1 #!
repeats {KJEH 30 bp, HiF/FAIHA BRE/TATA
box*. GE o MR ER TR b I A5 %7 1-A/1TI-B %Y
CRSIRP-Cas % 4t 1Y repeats JF %1 (1) 1 4f 1
(K 1-B), 253 3E 1 Group 1 Y repeats [ 51| T AR
S, HO3OREEKEE N 8 nt B 5'-handle 741 LA
5F, B R183| orRNA Y S'-tag I FARYT 525
2 VLR SME DNA

http://journals.im.ac.cn/actamicrocn



1926

Rouke Chen et al. | Acta Microbiologica Sinica, 2021, 61(7)

(A)

Pyrococcus yayanosii CH1
Pyrococcus furiosus DSM 3638
Pyrococcus kukulkanii NCB100

Thermococcus barophilus CHS

Thermococcus chitonophagus GC74 cluster |

Thermococcus chitonophagus GC74 cluster [ gum<

Thermococcus eurythermalis AS01
Thermococcus siculi RG-20
Thermococcus sp. 2319x1
Thermococcus sp. EXT12c¢

Thermococcus sp. IOH1

— e e e = — —

(B) mCmrl mCmr2
W Csx3 Csx1
2
&1
C
;), S N L - S-S
1.

Figure 1.

— L e
> e p—

—

i
|

3
£

Cmr3 MW Cmr4 B Cmr5 B Cmr6 B Hypothetical protein

HIRE R AY 111-B B CRISPR-Cas #RE3E & AY4F1E
Characteristics of the gene clusters of Cmr proteins of type III-B CRISPR-Cas and the repeats

sequences in Thermococcaceae. A: the gene clusters of Cmr proteins in Thermococcaceae; B: the repeats sequences

in Thermococcaceae. The 5'-handle is the 8 nucleotides at the end of repeats.

2.2 Y] RV b T e 2 R Rk A R
TEW G K BRE Al JERA R AEAER 4
CRISPR 7% & 45 1A #¥) Group 1 %! repeats J¥51], AJ
7S -A/II-B %Y CRISPR-Cas RZHITIYI, XRi
LE2OVR IS, islandicus T 5'-tag FE 41 7] LI DNA,
HAFH] 745 S'-tag FEFHAHILEY 6 nt (T8, ATLA
I F AR A B R . FRATTZE PYCH_13690 &
AR gmAD e R F] 4 AEXTRI RS, 43 BTk
GRS FOL (1) R 750-756. 1530-1535,

%

actamicro@im.ac.cn

1616-1621 FI 18891894 ik . FRATTHEHL T g il it
AT I “GTAAAG”, fEAE Gt &5 5'-tag 1Y T Ui
FE A e BUK B o 37 nt B9 B AL I IR A K
protospacer 1 B (K&l 2-A). ¥t Bodd AP
Group 1 %Y repeats H AN spacer 1 H B, AL
mini-CRISPR % . W& 5 2 BUS 8 P, ML
R BT Phr 53045 mini-CRISPR % (1)
ik, PR E G 31X CRISPR-Cas R 4057
PIRCR R (E 2-B).
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3'-(Il.\.\("l'(li-5'
(A) ATG 1530 1535
—> \ ’
/ 5’ ‘\\ I' 37
-7 SN~ VN s Sy
=" S~ Sso ! AN NS
_______ Protospacer 1~ >« TS~ VN B
- SN NG g \\ A \‘\
3 ; C’TCTCCCATAGGTCGCTGCTCGCCTAGTTGAACTAC(| Al \ AT (I -5 3-GA \A\(;(IS-S’ 3'-GAAAGG-5'
| | |
714 750 756 1616 1621 1889 1894

(B)

Repeats Spacer 1 Repeats

T +——

Repeats Spacer] Repeats

ori

CRISPR array

HMG-CoA

pLMOkdm-1369/
pLMOKkdp-1369

AmpR

Rep75

2.
Figure 2.

mini-CRISPR 7% 1] & i 5 B91% 11 & B BE Bk B4 2
The strategy of cleavage sites and construction of knock down plasmid with artificial mini-CRISPR

locus. A: schematic of RNA-tag regions selected for gene silencing of the gene PYCH _13690. The 5'-tag sites were

from 750 to 756, 1530 to 1535, 1616 to 1621, and 1889 to

1894 which are red. The protospacer 1 with 37nt from

714 to 750 nt is chosen which is close to the start codon (ATG, +1) of PYCH_13690 in antisense sequence. Then,
the spacers 1 was inserted into two repeats. B: the artificial mini-CRISPR locus with an HHP-inducible promoter
P, and a constitutive promoter Py, on the knock down plasmid pLMO-kdp-1369 and pLMO-kdm-1369.

23 REBSEBIFMARESE I FER
mini-CRISPR FRHAT B E R RFEMNMELF
CRISPR-Cas REMTIYINL LR crRNA 5%
FR 7 4 B VEEC A A, B ARRATTAE A s iz it T
1 %} qPCR 519 test 1, MEARBTTIA mRNA. i
X RS ) test 2 BEIHAEBTUIOL A TR (] 3-A).
4 111-B %! CRISPR-Cas R4t 85 VIV EIN S}, %
PRI 8 B 51 Ty 3, i R st BEALAAT
IR 1 B X BN A test 2 HINS:, RATAHNT
SERM L, AR BAREEE mRNA (AT
SPGB A R R A1 P B BRI B S [ )
PR S HRCE 1) LT 2l 100%, B AR 78 TR A T L
DR 28 30K Rl PR T ke 22 T %) b A9 2 SN B DI R0%

gEREN, HARIEK PYCH 13690 /) mRNA

1 5.2x10* Pa B f&M# T 32.95%, 7£ 1.0x10° Pa R
F%f# T 50.31% (& 3-B). b T #&#1% CRISPR-Cas
FRYAERE G Rl B A 0l HE F7 5.2x101 Pa R A3
KRR bRk, A2 7 —Fok A T
P. furiosus WIZLSRE BIF Prs AT T1155 52
Ao @R, EARRMAKET, 4R
J BT CRISPR-Cas 245 (4 R g Rk e 34y o
5o LLHBRIER PYCH. 13690 M5, H: mRNA 7E %
J& 1.0x10 Pa T I PR i3k 76.03% fE 5.2x10° Pa
THIBTYIR R 50.31% (& 3-B). 2k, FKAIHIH
WG A T T PR R TR N PR T1T-B B CRISPR-Cas
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Figure 3. Cleavage analysis of CRISPR-mediated
RNA interference of gene PYCH_13690 by real-time
qPCR. A: strategy for detecting RNA cleavage at the
spacer 1 in mRNA. Primer test 1 set amplified a region
containing the predicted RNA cleavage sites while
primer test 2 amplified a region positioned upstream
the spacer 1 in mRNA. B: results of qPCR showing
the ratio of uncut mRNA over total mRNA after
reverse transcription of total RNA into cDNA. The
(white), kdp-1369 (light gray), and
kdm-1369 (dark gray) were cultured at different
pressures for 14 hours. The results are from three

strains Al

independent experiments, and the error bars represent
the standard deviations. *: P<0.05; **: P<0.01. The
strain kdp-1369 is Al with plasmid pLMO-kdp-1369
(Figure 2-B, while the strain kdm-1369 is Al with
plasmid pLMO-kdm-1369).
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Figure 4. Phenotypic analysis of the gene silencing
strains of PYCH_13690. Measurement of the residual
starch via Lugol’s iodine method after at 95 °C under
0.1 MP. 1: strain Al cultured in TRM with 1%0 (W/V)
soluble starch; 2: strain kdp1369 cultured in TRM with
1%0 (W/V) soluble starch; 3: strain kdm1369 cultured
in TRM with 1% (W/V) soluble starch; 4: mutant
A1369- cultured in TRM with 1%o (W/V) soluble starch;
5: TRM with 1% (W/V) soluble starch (negative
control); 6: TRM.



WRIEHSE | S 2E4, 2021, 61(7)

1929

3 Hwdeitie

Terns W58 /N XTI FE K IR TR P furiosus W
) III-B 7 CRISPR-Cas A% DNA il RNA By 1]]
MIHLEREA T T UR A BIBESE D2, 0 B KR A Hh A
TEA N P, furiosus 1= FE AR CRISPR-Cas R4t
Hrp Cmr BRI & T 40% (3% 2). AN
o, WATESHWES B MREEITEM AT
mini-CRISPR 7, 7 WE HIE [T 7. Gk BR T v o
T T N UEPERY T-B & CRISPR-Cas X — M
FBERE D Y mRNA R

Ya s AR, A mRNA @RGSR
AR BT IR% . fERaE A K (5.2 10* Pa)
T, mEKEHRBE S P, FANAE 3+
P 5% mini-CRISPR #5154 JiE 3 g B 1A 114 2%
KT IHBIFEEE S S. solfataricus ™ 41%H 5 Y] 54AH
I, SRT,  BRE AR FR AE 3 T R (1.0x10° Pa)fy By
I R IE A KR J1(5.2x10* Paysi &, ffiFH Py,
IFEENFR FIE T 50.31%, (T P LR 35
T T 76.03% . TEA RS BA [F Y
mRNA BJYE AT FE 5 Cmr 25 [ SR FTE 1A %
HWF5EFW, CRISPR-Cas R4t H A FRI 15 A
JEFaB A KA T afEm, FATE 1.0x10° Pa
15.2x10* Pa F & T K ERTE A1 B FEH Cmr
HEFA mRNA 22596580, 458K WILE 1.0x10° Pa
T Cmr 2 [ FRIAFI S (E 5). BARE TS
B E T Py, ZEHI Y mini-CRISPR A6 R K T 7=
BT Y crRNA (MFE 1), (BA4E 5.2x10* Pa F A%
i) Cmr £ 1R IE7K-F- Al GEZ M T CRISPR-Cas %
GBI OIRCE . [FIEE, A FHASAE 3 Phs 15
il B mini-CRISPR 7% 7& # s #1817 48 1Y
crRNA %A 27 (WE 1), B Cmr HMFER
REEE ST R 5), P g A g T
(A EC K BR T P 15 5 O JE DR 35 % R 40

OCmrl OCmr2 BCmr3 ®mCmr4 8Cmr5 O0Cmr6
*
6.51

E *
446 447
352

01

: .00 1.00 1.00 1855
mll.—(l)_(l) i 1.00 ’lﬁ‘)o ’_I_‘
52

0.1

Fold change
O = N W A LN 0O

Pressure/x10° Pa

5. TERAIKE Al Cmrl-6 EH7 1.0x10° Pa #0
5.2x10° Pa T mRNA B Z F{E5]

Figure 5. The fold changes of Cmrl-6 protein in
P. yayanosii A1 under 1.0x10? Pa and 5.2x10* Pa.

T8 R AT HE R DU AL 1R R B e

H T dpcd A R EE AR S A RR I, e A0S
AN RKTA Al RYBAEEAE T HA R, A5
B/RFET N JRITER II-B % CRISPR-Cas R 4¢ H R 2
FARSERYING mini-CRISPR #%, A LUT LT 5E
I IIRERI ST . R KRB e 7 4
5'-tag P AT R BT BT DAL, Wi AL 4R 2
BOER IR TR T 20 eAh, T RAZE—A
BP0, PR R R R
RO WAl LS 2 BRI P51 spacer
HEHEL CRISPR 2, [A] I R 22 ML YR I

XFE AL 10 B IE A ERTE I K
KE Cmr BEHNBATRG LT M, 459R BRI
FCKERTA A1 LRI AT Crnr 36 -5 A BAER A L
PR Cr FERDEG R R (8 6). MEMZRSE
WS HAEA 111-B A CRISPR-Cas 40
RITEREY, W0 T eurythermalis A501, 7EHAAH.
A 1I-B B R G ERARI (U T kodakarensis
Palaeococcus pacificus), ] VA#H dCas3 Y 1 A,
dCas9 () Il Y CRISPR-Cas ZA45 A H G 81X
L5 I B R S v

http://journals.im.ac.cn/actamicrocn



1930

Rouke Chen et al. | Acta Microbiologica Sinica, 2021, 61(7)

Tree scale: 0.1 ——

Methanococcus voltae A3

.

86
100

100

100
100
100
53
1
i
100
6.

Sulfolobus islandicus REY15A

Pyrococcus furiosus DSM 3638
Archaeoglobus fulgidus DSM 8774
Thermococcus chitonophagus GC74 cluster 2
I:Pyrococcus yayanosii CH1
100 Thermococcus barophilus CHS

Thermococcus siculi RG-20

Thermococcus sp. 2319x1
Pyrococcus kukulkanii NCB100

Thermococcus chitonophagus GC74 cluster 1

Thermococcus sp. EXT12¢
Thermococcus eurythermalis AS501
Thermococcus sp. IOH1

BERBERAMNAKED Cr EEMRFLEN

Figure 6. The phylogenetic tree of the Cmr proteins in Thermococcaceae with complete genomes. The maximum
likelihood tree is constructed by IQTREE with ‘TPM3u+F+I+G4’ model, and 1000 ultrafast bootstraps is used for
the last construction. The outgroup are Methancoccus voltae A3 and Sulfolobus islandicus REY15A. The access No.
of the amino acid sequence of Cmr proteins were listed in Table S1.
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An endogenous type III-B CRISPR-Cas based gene knockdown
system in Pyrococcus yayanosii Al

Rouke Chen'?, Yongxin Lv'?, Huanhuan Zhang'?, Qinghao Song'?, Jun Xu"?

' State Key Laboratory of Microbial Metabolism, Shanghai Jiao Tong University, Shanghai 200240, China
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Abstract: [Objective] Pyrococcus yayanosii Al, with its optimum growth condition at 98 °C and 5.2x10* Pa, was
a laboratory mutant strain used in the studies of environmental adaptation mechanisms in a group of piezophilic
hyperthermophilic archaea in Thermococcaceae. In this study, we established a new genetic tool for P. yayanosii
A1, to knock down gene expression based on an endogenous active type I1I-B CRISPR-Cas system. [Methods] The
mini-CRISPR cluster was consisted the repeat sequences from endogenous CRISPR arrays Group I and a
protospacer from a putative amylase gene (PYCH_13690). We inserted an artificial mini-CRISPR cluster into the
shuttle vector pLMOShhp1, with the overexpression of the HMG-CoA (hydroxy methylglutaryl coenzyme A)
reductase gene controlled by a constitutive promoter P, which conferred simvastatin resistance. And the
mini-CRISPR cluster transformed crRNA, which guided the Cmr complex cut target mRNA. [Results] The ratio of
mRNA cleavage of a high hydrostatic pressure inducible promoter Py, was 33% at 5.2 10* Pa and 50% at 1.0x10?
Pa, while the cleavage of constitutive promoter Py, was 42% at 5.2x 10* Pa and 76% at 1.0x10” Pa. As a proof,
the gene knockdown mutant degraded less starch than its parental strain Al in vivo. [Conclusion] Thus, we
successfully constructed a gene knockdown system based on type III-B CRISPR-Cas system in P. yayanosii, which
could be used in the genetic studies targeting essential genes in piezophilic hyperthermophiles.

Keywords: hyperthermophilc archaea, piezophile, Pyrococcus yayanosii, CRISPR-Cas, gene knock-down
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Table S1. The putative type III-B CRISPR-Cas systems of Thermococcaceae with complete genomes

Strains

Genes

Functional annotation

Pyrococcus furiosus DSM 3638 (NC_003413.1)

Pyrococcus kukulkanii NCB100 (NZ_CP010835.1)

Pyrococcus yayanosii CH1 (NC_015680.1)

Thermococcus barophilus CHS (NZ_CP013050.1)

Thermococcus chitonophagus GC74 (NZ_CP015193.1)

WP_081481782.1
WP_011012264.1
WP_011012265.1
WP_011012266.1
WP_011012268.1
WP_011012269.1
WP_014835337.1
WP_068320300.1
WP_068320302.1
WP_068320304.1
WP_068320310.1
WP_068320312.1
WP_068320314.1
WP_068322519.1
WP_013905541.1
WP_013905542.1
WP_013905543.1
WP_013905545.1
WP_013905546.1
WP_013905547.1
WP _013906170.1
WP_056934684.1
WP_056934685.1
WP_056934686.1
WP_056934689.1
WP_056934690.1
WP_056934691.1
WP_068575899.1
WP_068576518.1
WP_068576520.1
WP_088859102.1
WP_068576529.1
WP_068576531.1
WP_068576532.1
WP_068577402.1
WP_068577403.1
WP_157092417.1
WP_068577407.1
WP_068577409.1
WP_157895698.1

Cmrl
Cmr6
Cmr5
Cmr4
Cmr3
Cmr2
Cmrl
Cmrl
Cmr2
Cmr3
Cmr4
Cmr5
Cmr6
Cmr2
Cmrl
Cmr2
Cmr3
Cmr4
Cmr5
Cmr6
Cmr2
Cmrl
Cmr2
Cmr3
Cmr4
Cmr5
Cmr6
Cmr2
Cmrl
Cmr2
Cmr3
Cmr4
Cmr5
Cmr6
Cmr6
Cmr5
Cmr4
Cmr3
Cmr2
Cmrl




(BMER D

Thermococcus eurythermalis AS01 (NZ_CP008888.1)

Thermococcus siculi RG-20 (NZ_CP015103.1)

Thermococcus sp. 2319x1 (NZ_CP012200.1)

Thermococcus sp. EXT12¢ (NZ_LT900021.1)

Thermococcus sp. IOH1 (NZ_CP040847.1)

Pyrococcus horikoshii OT3 (NC_000961.1)
Pyrococcus sp. ST04 (NC_017946.1)

Thermococcus cleftensis CL1 (NC_018015.1)
Thermococcus onnurineus NA1 (NC_011529.1)
Thermococcus piezophilus CDGS (NZ_CP015520.1)
Thermococcus radiotolerans E]2 (NZ_CP015106.1)
Palaeococcus pacificus DY20341 (NZ_CP006019.1)
Pyrococcus abyssi GE5S (NC_001773.1)

Pyrococcus sp. NA2 (NC_015474.1)

Thermococcus barophilus MP (NC_015471.1)
Thermococcus barossii SHCK-94 (NZ_CP015101.1)
Thermococcus celer Vu 13 (NZ_CP014854.1)

WP_050003737.1
WP_050003738.1
WP_050003739.1
WP_050003741.1
WP_050003742.1
WP_050003743.1
WP_157727105.1
WP_088856494.1
WP_088856495.1
WP_088856496.1
WP_157727109.1
WP_157727111.1
WP_058947205.1
WP_058947206.1
WP_058947207.1
WP_058947209.1
WP_058947210.1
WP_058947211.1
WP_145955410.1
WP_099211677.1
WP_099211679.1
WP_099211683.1
WP_099211685.1
WP_099211687.1
WP_139680684.1
WP_139680987.1
WP_139680988.1
WP_139680989.1
WP_139680991.1
WP_139681776.1
WP_139680992.1
WP_048053047.1
WP_014733238.1
WP_014789778.1
WP_012571853.1
WP_068663804.1
WP_088866078.1

Cmr6
Cmr5
Cmr4
Cmr3
Cmr2
Cmrl
Cmr6
Cmr5
Cmr4
Cmr3
Cmr2
Cmrl
Cmrl
Cmr2
Cmr3
Cmr4
Cmr5
Cmr6
Cmr6
Cmr5
Cmr4
Cmr3
Cmr2
Cmrl
Cmr2
Cmrl
Cmr2
Cmr3
Cmr4
Cmr5
Cmr6
Cmr2
Cmr2
Cmr2
Cmr2
Cmr2
Cmr2

(T



(BMER D

Thermococcus gammatolerans EJ3 (NC_012804.1) - -
Thermococcus gorgonarius W-12 (NZ_CP014855.1) - -
Thermococcus guaymasensis DSM 11113 (NZ_CP007140.1) - -
Thermococcus kodakarensis KOD1 (NC_006624.1) - -
Thermococcus litoralis DSM 5473 (NC_022084.1) - -
Thermococcus nautili 30-1 (NZ_CP007264.1) - -
Thermococcus pacificus P-4 (NZ_CP015102.1) - -
Thermococcus paralvinellae ES1 (NZ_CP006965.1) - -
Thermococcus peptonophilus OG-1 (NZ_CP014751.1) - -
Thermococcus profundus DT 5432 (NZ_CP014863.1) - -
Thermococcus sibiricus MM 739 (NC_012883.1) - -
Thermococcus sp. 4557 (NC_015865.1) - -
Thermococcus sp. 5-4 (NZ_CP021848.1) - -
Thermococcus sp. AM4 (NC_016051.1) - -
Thermococcus sp. P6 (NZ_CP015104.1) - -
Thermococcus sp. SY113 (NZ_CP041932.1) - -
Thermococcus thioreducens OGL-20P (NZ_CP015105.1) - -

—: the Cmr proteins which is not found.

Mtz 2. P furiosus DSM 3638 #1 P. yayanosii CH1 & Cmr &8 R EEF 5T
Table S2. The amino acid sequence similarity of Cmr proteins from P. furiosus DSM 3638 and P. yayanosii CH1

P. furiosus DSM 3638 P. yayanosii CH1 )
Genes Query cover/%  E value Identity/%
Locus Length Locus Length
Cmrl WP_014835337.1 337 WP_013905541.1 359 94 3e-60 38.79
Cmr2 WP_011012269.1 871 WP_013905542.1 960 78 2e-98 31.14
Cmr3 WP_011012268.1 322 WP_013905543.1 356 98 4e-46 3241
Cmr4 WP_011012266.1 295 WP_013905545.1 301 97 2e-101  52.65
Cmr5 WP_011012265.1 169 WP_013905546.1 156 92 7e-32 39.38
Cmr6 WP_011012264.1 340 WP_013905547.1 344 72 2e-72 46.89
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Figure S1. The fold changes of transcription of mini- CRISPR cluster driven by promoter Py, and Py, under
1.0x10” Pa and 5.2x10" Pa.
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