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Development and verification of an FL P/FRT system for gene
editing in Bacilluslicheniformis
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and Guiyang Shi*?

1 National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi 214122, Jiangsu, China
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Abstract: Few tools of gene editing have been developed in Bacillus licheniformis at present. In order to enrich the tools, an
FLP/FRT gene editing system that can repeatedly use a single selectable marker was constructed in Bacillus licheniformis, and
the system was verified by knocking out an alpha amylase gene (amyL), an protease gene (aprE) and knocking in an
exogenous Vitreoscilla hemoglobin gene (vgb). First, knock-out plasmids pNZTT-AFKF of amyL and pNZTT-EFKF of aprE
were constructed using thermosensitive plasmid pNZT1 as a carrier. The two knock-out plasmids contained respective
homology arms, resistance genes and FRT sites. Then the knock-out plasmids were transformed into Bacillus licheniformis and
the target genes were replaced by respective deletion cassette via twice homologous exchange. Finally, an expression plasmid
containing FL P recombinase reading frane was introduced and mediated the excision of resistance marker. In order to expand
the practicability of the system, knock-in plasmid pNZTK-PFTF-vgb was constructed, with which knock-in of vgb at pflB site
was carried out successfully. The results showed that amyL and aprE were successfully knocked out and the marker kanamycin
cassette exactly excised. The activities of amylase and protease of deletion mutants were reduced by 95.3% and 80.4%
respectively. vgb was successfully knocked in at pfIB site and the marker tetracycline cassette excised. The expression of
integrated vgb was verified viareal-time PCR. It is the first time to construct an FLP/FRT system for gene editing in Bacillus

licheniformis, which could provide an effective technical means for genetic modification.

Keywords. Bacilluslicheniformis, FLP/FRT, thermosensitive plasmid, knock-out, knock-in
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FLP/FRT HE2H ARG 0E & B THRIEREEE 2 um
R R BB S Fe SR E 4 (Site-specific
recombination) &4t, ik FLP B4R (Flippase
recombination enzyme) %5 H] FRT 1 54
(FLP recombination target) 74 24> FRT i f522
6] DNA F BERa B 81 5 & e 52  FLPIFRT
FHRGH THAKAYEHARCEME %, ©
M) I N T AN | R S A P A AU T
AKAE . ANERL SRR 2R A S AR
Whoerh, SCE 7 RRD R . RN . RRAE . BRR
GEAR | et A R F BEN SR A5 L R T R
Sanchez-Martinez 23 Fil FLP/IFRT 4852 7R
MR 22 £} Candida albicans H Il BBt bric it
URA3 FIl#E & AN SE R 2 SE R A4 I

ARG AT Bl BT A A 3 e DAL B ) SR
TEHb A 25 MU FF R o A FLPIFRT LR 4 R 40,
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[E), IR & ] TP 1O e e 7 3 o K 1Y)
[, FIFH FLPIFRT F 4800 4 Sk 8 20 4 A g o
PrbEbRICHR B A, FF DAL B T m bR o U B gL
amylL . AR aprE DA K A M7 B B
WML AR 2R vgb, Sy b A 28 IOAT B 1Y a8 45 2
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R AT 2xTaq PCR Master Mix . 2xPfu PCR
Master Mix Il (#7052 38/3 ) ; Fast Digested™
R R kY VI 9% B Thermo 22w ; T4 DNA
% P2 A pMD19T-simple I F K i TaKaRa /Al ;
FHRR . ANHER . WAKRIBA SigmaAdl;
JAE DNA /NI IO & . DNA afifb sl &
1 DNA B mIGRGR &0 A A6 R %8 e 2E 1)
ARRAF; EAM. BEER . BUBKIE H OXOID
23]y HoA R K o [ EE A . R AT
PRI A ZE AT R A T LB 55k (glL): &
ffk 10, TEERRY 5, NaCl 10, g & &4 LB WHm A
1.5%—2.0% B R o 7 BRI P Sl AR 8 O A 1
i, BREPBRMNATESER . RIBER.
PUIRZEZLH 435 100, 30, 20 pg/mL .
1.1.3 5|9

SZISFT G W 2, 518088t o5 4 e
AR A PR Rl A B
12 Jk
121 FBR B A A SR B A

R STORE A R A R AN R TR . AT B E
A ZEMIAF IS 9945a a-JEMI G (a-amylase) K& [H
amyL (CP005965 REGION: 723302..724840) #17&
FIfi# (Subtilisin Carlsberg) %:[H aprE (CP005965
REGION: 1207540..1208679) A il i 16 3L [
DL 9945a LR ZH Rtk , AR G1Y amyL-
Xho [ -F/lamyL-Hind III-R % aprE-Xho I -F/aprE-
Sma 1 -R 5k M a-UE b AL R amyL B 25 1 i A
aprE, % ¥ %] pMD19T-simple |, 75 3 ik
19T-amyL & 19T-aprE. LAk pMAS Jp#siss, £
5% FRT-Kpn [-Kan-F/FRT-Sal [-Kan-R k47
PCR "3, 159311 2 M & [7) ] FRT 57 55 A9 R AR
% (Kanamycin, Kan) $#iitEi R EikooH It H
Kpn I 1 Sal T XE§YT, W B0 =95 286 [ R
PIR 19T-amyL R B4, HE13 3] 19T-AFKF
(Rt B& & Fr Bt amyL-FRT-Kan-FRT-amyL , i #&
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AFKF), 2247 [RIERE K 53908 420 bp Fi1 547 bp.
PL 19T-aprE K itk , FIH 514 aprE-Kpn I-F/
aprE-Sal [-R JZ[1] PCR (51¥)45 4 7F aprE & 11
IR E, S im PCR AIfRE| A4 [FEE), PCR
P Kpn I F1 Sal 1 Yl aifb s 5 RIRE R bt
PEREPR SRR oo g4, WHETFH] 19T-EFKF (kR
& F B aprE-FRT-Kan-FRT-aprE, fijff EFKF),
ZeAq PR 4 )k 513 bp A1 409 bp. #xa
Xho I il Hind [IIE§Y] 19T-AFKF, B[R s bk £
h B AFKF, IS4 FIAH R R Y pNZTT BokL, 15
B amyL FEP A IR BCEER Bk pNZTT-AFKF;
Xho I #11 Sma I fi§¥)] 19T-EFKF, Ji& B &5
B EFKF, #EHEFAHEBEDIR) pNZTT ok, 152
apr E & DA %) 3 AR R Bk pNZ T T-EFKF,

Fz1 XHMBAETERKRERRN
Tablel Main strainsand plasmidsused in thisstudy

A STORL AR R AT N TR . SCHP R T PR
Fi H R 2447 i (Putative formate C-acetyltransferase)
B[ pflB (CP005965 REGION: 2135016..2137240)
RN E AN BB ML (Mtreoscilla
hemoglobin) J&K vgb., B YELA 9945a HERI 2 it ,
FIFH5 1% pflB-Sma [ -FipflB-Xho [ -R §" #4755 pflB
LA, 42 5] pMD19T-simple, ¥4 £ Fiki 19T-pfIB.
PL 19T-pfIB itk , FIH5I4Y) pflB-Pst 1-R/
pflB-BamH [-F & [1] PCR (5 #1454 7€ pflB L [H 11
HEBOIE, JSIn PCR Al [, 4477
Y2t Pst 1 #1BamH 1 Y] J5 #7115 LL pHY 300-PLK
ki AR, A5 FRT-BamH [ -Tet-F/FRT-
Pst [-Tet-R #3445 21 1 v % [7 1] FRT 37 5 4 PU A
% (Tetracycline, Tet) frikILRF£ikoclE, &

Strains or plasmids Related characteristics Sources
Strains

JM109 E. coli, used for gene cloning Thislab
9945a B. licheniformis, wild type Thislab
9945a.1 9945a (AamyL::Kan) This study
9945a.2 9945a (AamyL) This study
9945a.3 9945a.2 (AaprE::Kan) This study
9945a.4 9945a.2 (AaprE) This study
9945a.5 9945a (A pflB::FTF:vgb) This study
9945a.6 9945a (A pflB::vgb) This study
Plasmids

pPMAS5 Bacillus-E. coli shuttle vector, Amp" and Kan' This lab
pWB980-vgb Plasmid carrying vgb in Bacillus, Kan' Thislab
pCP20 Plasmid carrying flp in E. coli, Amp' Thislab
pMD19T-simple Cloning plasmid in E. coli, Amp' TaKaRa
pNZT1 The delivery vector of replication thermosensitive and rolling circle amplification, Em"  Thislab
pNZTT pNZT1 was inseted a tetracycline gene for Tet" at Not I , Em’ and Tet" This study
pPNZTK pNZT1 was inseted a kanamycin gene for Kan' at Not I , Em" and Kan' This study
19T-amyL pMD19T-simple with the amyL fragment of 9945a This study
19T-AFKF pMD19T-simple with the deletion cassette of amyL This study
PNZTT-AFKF Knock-out vector pNZTT with the deletion cassette of amyL This study
19T-aprE pMD19T-simple with the aprE fragment of 9945a This study
19T-EFKF pMD19T-simple with the deletion cassette of aprE This study
pPNZTT-EFKF Knock-out vector pNZTT with the deletion cassette of aprE This study
19T-pflB pMD19T-simple with the pflB fragment of 9945a This study
19T-PFTF-vgb pMD19T-simple with the knock-in cassette of vgb This study
pPNZTK-PFTF-vgb  Knock-in vector pNZTK with the knock-in cassette of vgb This study
PNZTT-flp PNZTT with flp expression cassette This study
pPNZTK-flp pPNZTK with flp expression cassette This study

&: 010-64807509
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*®2 XA

Table2 Primersused in thisstudy

Primer name Sequence (5'-3) Size (bp)
amyL-Xho [-F AATCTACGCTCGAGACGGCTTTATGCCCGATTGC 34
amyL-Hind III-R AGTCACCGAAGCTTCGATCCGCCGTTTACGTGAAAC 36
ERT-Kpn [-Kan-F CGAGGTACCGAAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGA 79

ACTTCGGCCAGTTTGTTGAAGATTAGA
FRT-Sal [-Kan-R AGTGTCGACGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAGGA 77
ACTTCCACGCATAAAATCCCCTTTC
amyL-F AGGCTGAAAGCAAAGGGCTATC 22
amyL-M-R AAGGGCACAAATCGCATCGTG 21
amyL-M-F CACGATGCGATTTGTGCCCTT 21
amyL-R ACGCCGCCTTACCTATACGATTC 23
aprE-Xho I1-F CCGCTCGAGTTATTGAGCGGCAGCTTCGACATTGA 35
aprE-Sma [-R TCCCCCGGGTTCATGCTCGTGTTCACGATGGCATT 35
apre-Sal [-F GCGTCGACAATGCATATGCAAAAGGGGTTGTC 32
aprE-Kpn [-R GGGGTACCTACACCCGTTGTATTGTCAAGC 30
aprE-F ATGCAGCGGTTTCGACGTTTCAAG 24
apreE-M-R CACGATGCGATTTGTGCCCTT 21
aprE-M-F GAAGCGCTCGTCGTATAACAGATG 24
aprE-R CAGGCTGAAGCGGTCTATTCATAC 24
pflB-Sma [-F TCCCCCGGGGGAATGGAACAATGGAAAGGTTTCAC 35
PfIB-Xho [-R CCCTCGAGGGCTACATCGATTCATGGAAGGTACG 34
pflB-BamH 1-F ACGGGATCCTTGTAGTCAGGTGTGCGTGCAA 31
pflB-Pst [-R AACTGCAGGCAATGGCAATCGGCAAACA 28
FRT-BamH [-Tet-F ACGGGATCCGAAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGA 79
ACTTCGGATCAATTTTGAACTCTCTCC
FRT-Pst [-Tet-R AACTGCAGGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAGGA 76
ACTTCGGGCCATATTGTTGTATAAG
vgb-BamH [-F CGGGATCCGCACTGAATTCGAGCTCaGCATTA 32
vgb-BamH [-R CGGGATCCAAACTCATTCCCTGATCTCGACTTCG 34
pflB-F CGCGATGTTCAAAGAACTTTCT 22
pflB-M-R GCATTTGGTCTTATTGGATCGATAG 25
pflB-M-F CTATCGATCCAATAAGACCAAATGC 25
pflB-R GAAACCGTCATTTGTTTTCCGGTT 24
flp-Sma [-F ATCCCCCGGGTTATATGCGTCTATTTATGTAG 32
flp-Sma [-R TCCCCCGGGATGCCACAATTTGATATATTATG 32
flp-pMA-Sma [-F AATCCCCCGGGGGAGGCAAGGGTTTAAAGGTGGAGATT 38
flp-pMA-Xho I-R CCGCTCGAGCGGGTATCGGTTTATCAGCTTGCTTTCG 37

Generated restriction sites are underlined and indicated in the primer names.

BamH T #l Pst I V)5 5 LAy PCR j=4)i%
B, HEFRL 19T-PFTF. 1L pWB980-vgb M,
FIFH 5G9 vgb-BamH 1 -Flvgb-BamH [-R #1445 3|
T PA3 A 3111 vgb Rik £, BamH 1 HfY) 5 %
B2 B A [R] BA T V) i 19T-PFTF, A4 #2453 5ok
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19T-PFTF-vgb (@ A & i B pflB-vgb-FRT-Tet-
FRT-pflB, fii#k PFTF-vgb), Zc 45 [R5 K 4351
935 bp 1 1 003 bp. )& H Smal fil Xho I )
19T-PFTF-vgb 155 A £ PFTF-vgb, %2 £ 4 ]
VI pNZTK kL, 75 205 G Aok pNZTK-
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PFTF-vgb.
1.2.2 FLP EHAMREFRAEE

PLTRL pCP20 At , A4 flp-Smal-
F/flp-Sma [-R §" 3 ) FLP 4 45 3L A flp, 47
=y flp 4 Smal MEGYIE 4ifbfF . BokL
PMAS 2 Nde I fi V) 4lifk J5 FH 55 519 2xPfu DNA
R4 72 CHEE 15 min 4R MRS, RG-S
flp %4z, tghEBTk. pMAS-flp, LI pMAS-fip
AR, A SIY flp-pMA-Sma I -F/flp-pMA-
Xho 1-R §" 141535 Hpa [/ J3 sh T flp ik &,
flp £k &5 pNZTT ZLad#RIA Sma 1 Al Xho 1
) % 22453 pNZTT-flp, 5 pNZTK &A1 i1
Sma [ 1 Xho I Fg]J5 %4245 3 pNZTK-flp. M17
PR, B pNZTT-flp kil B T BU B kL, R
PNZTK-flp hy i ATH PR .
123 EREmERSEEBA

LR BR A RN T B . LARERR amyL i,
JE L) U 1) R A R pNZ T T-AFK F 38 i B 5 14 7
P A ZE AT A 9945a il . B kS
2RI R, T EA LB SEHRE AL,
RS TS BE i 4 LU W] RERR 25 1 5 LA S Bk
A A DT 200 ng. F ALY 9945a/pNZTT-
AFKF H5e1E 30 °C . 200 r/imin T4 151k, TEAL
SRS B PR MR 5% 300 pL RV BT 15 mL
LB #5555, 42 'C. 250 rimin LHidEFE 140, &
FRI [E] 2 14-20 hy PR IR ORI AE RABRE &R
U AR B RIZ, A E T 37 CHFFEERK M
WK, 24 PCR WiEf3 B A He bk HACH A
PRACTE 37 CHEMRY 1Y, J5iHE 150 pL B AC i A
W ZFHY 15 mL LB K574, 30 'C. 200 r/min J&
Yikgge 240, B IR A 2 24-30 h; &5
T KRR 107°-107° %A R B E DL -4,
FARE T 37 CHiFEMR SR ERK HRRTE . PR
— 0 U Y TR VR E R IR R BT T AR BRIk
Poyh, ARG —— X R 2R DR P TR, 7E
MLV Z N 71K O 7 N SN D I 97 o P

&: 010-64807509

T HUMERRAE , R BR I IES |9 amyL-FlamyL-M-R
amyL-M-FlamyL-R #1717 PCR ik o [FIFE Y 3
i PR SO B TORE pNZTT-EFKF o 25 11 i 3% [
aprE JEA7 Mk .

B DRI R 170 it B 7 R AR BB 1Y il - A [+
PR RN RO FRT A8 Z (i ASME SRR, R4
i 5 AR AH R R R, W] SBR[
IR BAR R FOR LT B A TR pNZTK -
PFTF-vgb i i WL 5% 09 J7 75 B A i AR 2 Ji A A
9945a i, SRJE 28 bR AR [R] A AL ARG AR
S JE TR VAR Y BAT RIS R POk, [8) i X g
WEBUZR, FFHMASIES ) pflB-F/pflB-M-R.
pflB-M-F/pfIB-R 17 &% PCR &1l
1.2.4 HitEEK

RIS B A PR A S A B A TR A
ERIERA T HUMEAR IO, AR AR A DU
PO SR I 2 i A ) i A TP A
— > FLP T4 il 3k BokL , k1 FLP H4H il 4y
SR B FRT 7534 24> FRT A 5 Z [ TP
T F M BR . Hrp bR E AT A pNZTT-flp, i
AFEHFFA pNZTK-flp, 2R J57E 30 'C .200 r/min
ST 2, Sa btk AR U Bk &k
P E LG, I AN S Y317 R 7% PCR %5 5E 1l
J S E

PO RS A I PR R A R AR 37 C
TP RALAS 2 Y BN AT 225 ok
1.25 o-VE¥IEE KX 2 H BEEEE A

VERS TGRS B0 E S IR Kim 2505 3k k
7o BEEHAL (U) X h: 7240 C. pH 651
FEREZAETS 1 L il /N B o3 i AT v P B A
IR ZEHERY pmol 2K,

B I BEREE R T Folin MyilO e o WS By
(U) EX M. 1640 C . pH 10.0 44 F, 1 mL
B BIOK RIS 27 A 1 g WSS ER N — S B
1.2.6 vgb BE&R KK

iz 2R B RNA $2 B0 £ 4 B 9945a.4 &
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RNA, RJ5 %532 cDNA, FRikit vgb #5534k
51917796 %E i PCR (real-time PCR, RT-PCR)
BRI, DLAZREHA S5 AR IEE rpsERO2
Z, ML IR B DO IR (CH), K
Fl 27°C 5 vgb BT NS AL rpsE AAH XS 3

oy
2 RS/

21 BUFRBRALE R BRL Y H

W # AT 2 1Y A BR TR pNZTT-AFKF A
Hind IIIAT Xho T f§¥1, 455 anE 1A Fis, Fifs
S R/NG RIS 2 209 bp F1 5672 bp AHAT,
A J3 R 4 2 TF 4 ; pNZ TT-EFKF JT Sma T 11 Xho 1
R VI TR B LK, A5 R 1B B, W
ZA XN SHISE 2 175 bp F1 5 329 bp #HfF, #*
BH SR AL) £ 1

ARl Hb , K S F B A TR pNZTK-
PFTF-vgb [l Hind ITI#1 Xho 1 Y], &5 K 1C
firos, H B 27 K/ #E(H 3 320 bp 1 6 183 bp
FHARF, 2B ORI HEE

JT A A A 30 A FE TR 2800 5 UE TS ) 41
22 FLP EARFRIAFRNAIEE

AR FI A FLP S i KA Bk pNZTT-flp

A B
bp M 1 bp
7 000 7000
4000 4000
2 000 2 000
1 000 1000

2t Sma l F Xho T VI, Z5 940 2A FioR, 4500
K/NEFRISAE 1 760 bp F1 5 329 bp #HATF, KB
BRIGHLETRL pNZTT-flp # & IE A . flp 2Rk & 2l
J¥ 35 UETC Y 5 AR

[FFE, pNZTK-flp FHFR#I4EP VIlE Sma 1 Al
Xho T fig), 4554NE 2B s, W& K/ B
W{H 1 760 bp FI 4 852 bp AT, FHIFA PR
ki pNZTK-flp ¥ 28 TE# . flp F35 A4 ¥ 5 1E 0
JPHN 7% .

2.3 amyL X aprE £ E YRR KAt B

SCHR TR pNZTL JBofr 2 i B SR AR 3F
S BORL, & TR A T - 2 A T SR AR Ok, B
FRRETE 30 C KL LI HI AR = iil, 37 C LKL
R AP pNZTL 5 A 2155 AL,
1B HR 203 20 S g 3 T S8 B i HRCR AN
DR TE 22 o R o7 5 1 Not T &b AR IR Kok
RENFHEEF pNZTK ki, AR EHE
FEH R RG] pNZTT kL. 3 A AP 3 R A
poE NS R SIUER e Lt

S5 [ e A A A [ 2 4 R 9222 1
B amyL 491, 9945a/pNZ TT-AFKF 1 /¢ 7E 30 C
THEE A, BB TR A A R Y R
JOAE ) TR TR S A2 8 Y TR 5 TR TR A 4 1) 42 “CICHT
BrAE, SLIREER BRI TGRS, AR BRI HE A

C

M 1 bp M 1

7 000
4000

2000

1 000

1 EEBRRHKL pNZTT-AFKF (A). pNZTT-EFKF (B) K EiNEEL pNZTK-PFTF-vgb (C) AYESILEIE

Fig. 1

Identification of knock-out vector pNZTT-AFKF (A), pNZTT-EFKF (B) and knock-in vector pNZTK-PFTF-vgb

(C). (A) M: DL 10 000 DNA marker; lane 1: digested by Xho I and Hind III. (B) M: DL 10 000 DNA marker; lane 1:
digested by Sma I and Xho I . (C) M: DL 10 000 DNA marker; lane 1: digested by Xho I and Hind III.
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A
bp bp
7 000 7 000
4000 4000
2 000 2 000
1 000 1 000

2 RBRIEIUBRKL pNZTT-flp (A) REINHITRK
pPNZTK-flp (B) BYEEHILEIIE

Fig. 2 Identification of marker recycling vectors
PNZTT-flp (A) and pNZTK-flp (B). M: DL 10 000 DNA
marker; lane 1: digested by Xho I and Sma I .

— 0[] Y5 A amyL i I8 B9 () 5 91 22 (8] 2 A [

URE L, A AR R R BOR 2R M B B B FE N 4 1
I AR N B, B B R AT RIR R R A
PUPR RGO . SIS R /s P PR A n] A
HARTG BB KRtk . 15 2R AR R R A 2

30 CRIHLHE SR, IR 75 5 A2 il & AR TR 3
A2 il ff R R A IR R AL VIR, WA B A

Ty — M DR A amyL 3 R A [ 41 =2 ) kA
R, UL BRAR RS e, WS I i ik HA
RAREE RibE . B PR R ACH, amyL B
BRI pNZTT-AFKF | A BBk & R R e, &
o amyL Brde S dfi AT o mRR BRI R ik o]
WoR B KA 3,

SEHRAS RN, R ETRL pNZTT-AFKF i i 5
LA LML A E 9945a LH A R FRibRE
1, ReRERE 90%LL I BUIKTESS IR RS e i
WHICHKFERE 10° W RAREE R BN, MK
MGV TP APk 28 TR, TURRRLME PR
TR 22 BRXTPURR R, RUDDESHAEEE N
78.6% (& 4). MH{EEHk 8 HRHMIPRIIES 1Y)
amyL-F/amyL-M-R #l amyL-M-FlamyL-R #4175 7%
PCR BIF, 25F K 5A ik, PCR 4 K/

]

amyL-L |

amyL gene

amyL-R

/\< _FRT

T ik

pNZTT-AFKF

Single crossover

Tet

4‘ amyL-L + amyL-R

repAts

-L amyL gene amyl-R ’7

X

S DT

Double crossover

% amyL-L
 ——
amyl-F L: 1383 bp amyL -M-R
amyL-M-F R: 1241 bp amyL-R

ipNZTT-ﬂp

amylL-L

»

amyL-R

3 amylL B EEXE FLP/FRT 24N SHMEIBCREE
Fig. 3 Scheme of deletion amyL®" and marker recycling by FLP/FRT system. Note that the initial recombination can

occur either in the upstream portion of the target gene as shown here, or at the downstream portion. In both cases the

final structure of the chromosome is the same.
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. Positive screening of
colonies for amyl knock-out
on the Kan' plate

B 4 amyl &Rk 3E e i ik

Negative créening of
colonies for amyL knock-out
on the Tet" plate

Fig. 4 The resistance screening of double crossover for amyL knock-out. (A) Kan' plate. (B) Tet' plate. The colonies

between plate A and plate B are corresponding one by one.

A B
bp M OL 1L 2L 3L 4L 5L 6L 7L 8L OR 1IR2R 3R 4R 5R 6R 7R 8R bp M 1 2 3 4
5000 5000
2600 2 600
1700 1700
1159 1159
B 5 amylL 3RZTFk 9945a.1 F1 9945a.2 K E % PCR 3&1iE

Fig. 5

Identification of the 9945a.1 and 9945a.2 by colony PCR. (A) M: molecular mass marker; OL—8L: PCR products

using primers amyL-F/amyL-M-R; OR-8R: PCR products using primers amyL-M-F/amyL-R. Among the lanes, 1L-8L
and 1R-8R took genome of 9945a.1 as a template, OL and OR act the contrast whose templates were 9945a. The sizes of
PCR products are shown in Fig. 3. (B) M: molecular mass marker; lane 1: PCR product of 9945a using primers
amyL-F/amyL-R, 1 901 bp; lane 2: PCR product of 9945a.1 using primers amyL-F/amyL-R, 2 603 bp; lane 3 and lane 4:
PCR products of 9945a.2 using primers amyL-F/amyL-R, 1 417 bp.

AHELSARSF, WA 3 4, Uil amyl 3t
DKW L R, R B2 Fim 44 o8 9945a.1, M
EREPkk—bk 9945a.1 RELIAME IBit, H5I
Yy amyL-FlamyL-R k47 PCR Y"1 , 3 14 7= Hy i 7
T 235 SRR B E A AT -

X 9945a.1 FFATHUE RN, TE DU R BT
Br Bk T 30 NMRETE, —— X RIZE RIRE
FoP LiiES] 24 MERIFERYIEERR, brrEm
MR ik 80%. (TR Pk 2 HRxt AR R ZE HUKAY
H& 519 amyL-FlamyL-R #F1T PCR IiE, 455
DL BB, Fitk S 45 K/NR 1417 bp, B/
FIRIATE R 1901 bp AHTHEREILATAHY 2 603 bp, it
BB DO B o otk DO 1 R = 4 i 4
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Positive screening of colonies for
aprE knock-out on the Kan' plate

& 6 aprE &gBRW AT b i iE R 3t B PCR 3EiE

Negative screening of colonies for
aprk knock-out on the Tet" plate

Fig. 6 Theresistance screening of double crossover for aprE knock-out and identification of marker recycling by PCR.
(A) Kan' plate. (B) Tet' plate. The colonies between plate A and plate B are corresponding one by one. (C) M: DL 10 000
DNA marker; lane 1: PCR product of 99453, 1 116 bp; lane 2: PCR product of 9945a.3, 2 185 bp; lane 3: PCR product of
9945a.4, 999 bp. All PCR products used primers aprE-Xho I-F/aprE-Sma I-R.

T7.7%; X WAL aprE mibR E 4 a4 h
9945a.3, [FFEHL, X 9945a.3 Wit HiHE kT A
HPUERL pNZTT-flp #6407 THerEmil, JEH5 19
aprE-Xho [ -F/aprE-Sma [ -R #E17# 7% PCR %5,
ZER K 6C FR, R TE 454 K/ 1116 bp,
THPLHTN 2 185 bp, HLtEEIE N 999 bp., Hitk
I 5 ) H 4 P i 4% A 9945a.4.

2.4  vgb EE AR K B
F A A | Dt B R T R R TR Y R Al A

A

Positive screening of colonies for
vgh knock-in on the Tet" plate

B 7 vgb BN AT #1407 ik

[l AR FRT 7 s 22 (a1 ASMEIEH, 4R
Jei Zead 5 bR AR ] ) B AL R, F s T SE PSR
FERTERER 2 A R o S5 R oR, AR
i pNZTK-PFTF-vgb it BAsc ik vk & =
9945a I [F 41 (4 % 5 1k 95%LA I, J&@ FARBR
0 B T 55 I B LSS 4 T RO B 107° ik
WE A, K ARy T S Pk ECT 30 4>
PATHYE , ATH AT 27 BR}RAREE R UK, E 7
JiR, RS BIRCR A 90%. M HAT 3k 8 #i

B

Negative screening of colonies for
vgb knock-in on the Kan" plate

Fig. 7 The resistance screening of double crossover for vgb knock-in. (A) Tet' plate. (B) Kan' plate.
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B A UES |9 pflB-F/pflB-M-R Fil pflB-M-F/pflB-R
HEAT V% PCRIIE, 25 R AN 8A Fin, 8 RIA
Wi A, BP pflB JE R dk s, [RIE vgb %%

&l 8B firyn o it RT3 = #5101 bp, [1]
)5 3525 bp, & 8B &4 /T 4000 bp,
Pk e B, B IS A B AL A R

A& pfiB fiif. vogb HENBAEH Farshy 994526,

9945a.5. 25 o EMEERE B EEIEEN
1 E Pk 1Pk 9945a.5 F A TH BT BURL pPNZTK- amyL 875 bk 9945a.2 o UiE 5y il I 7% G L
flp BEATHLE I, AT 200 DU R USRI B KEFIAT I 9945a JEUR T X IR, 45 R 9A

JIt7 . 9945.2 HITER i LS HA IR TE Y 4.7%

4 000
2000
1 000

%, 519 pflB-FIpflB-R #EA7H 7% PCR, 45540

A
bp M IR2R 3R 4R5R 6R7R 8R1L 2L 3L 4L 5L 6L 7L8L

4 000
2 000
1 000

PpfIB-R
FRT

pfIB gene ‘
FRT

Single crossover

—— oL T [l Bk pfIB-L pflB gene pjjB—R_
L x

Double crossover

sl IO B iR
—
pfIB-F L:3 149 bp ﬂB -M-R
H %
pfIB-M-F R:1977bp  pfIB-R

l pNZTk-flp
L PIBR

8 vgb BYAZRZHK PCR WIER BN SREE R B &

Fig. 8 Identification of the 9945a.5 and 9945a.6 by PCR and the strategy of knocking in vgb. (A) M: DL 10 000 DNA
marker; 1L-8L: PCR products of 9945a.5 using primers pflB-F/pflIB-M-R; 1R-8R: PCR products of 9945a.5 using
primers pflB-M-F/pflB-R. The sizes of PCR products are shown in Fig. 8C. (B) M: DL 10 000 DNA marker; lane 1 and
lane 2: PCR products of 9945a.6 using primers pflB-F/pflB-R, 3 525 bp. (C) Brief scheme of knocking in vgb and marker
recycling by FLP/FRT system. Note that basic principle of knocking in a heterogenous gene is the same with deletion a
gene like amyL, except for carrying a heterogenous gene between a homology arm and the same side FRT.
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Fig. 9 Activities of a-amylase (A) and protease (B) of the knock-out mutants and wide type.

KA, SRR, XWIES T amyl SEA
PERRCR o SOk AT, AR RS T REJE R A
L3I W H A Taka-JE#) W (Taka-amylase) ™ =
Lot g0 aprE R G R S L R A T
i 16.3 U/mg /0] 3.2 U/Img, /b T 80.4%; I
53 T 5 AT 1) A %o T ke 7 2 1 Tl LT TS S

2.6 vgb K&

vgb 5t A gt BB 1 21 2K 1 VHB, VHB
TR TR, TETUARSA T AT 4ERF R AR K
vgb 1 RT-PCR kil 5 R ik 3 fizs, 9945a.6
K £ vgb A9k , HARXT rpsE B 5 5 1.23,
TR A R, X AT RESE T vgb 1A 3
P43 JEH AR5 E B, TR T 9945a ok
il 3 vagb YK, UEBIAMNERY vob NS 2
BN HAREIERIA

# 3 vgb BN FE ¥k 9945a.6 X JR {4 rpsE #1 vgb FRik
K

Table 3 Relative mMRNA abundance of rpsE and vgb
in 9945a.6 and the wide type

Strains rpsE vgb
9945a.6 1.000+0.122 1.230+0.140
9945a 1.000+0.134 ND

ND indicates that gene expression is not detected.
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