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W E AR B (Bacillus subtilis) PR 322 4 A0 R U 1) S Y0 8 3RO ReVE B T 2 N T8 L
b ERDR R B S A TR AEAT b, UL DU TR AR B 2 AT 187 168 D1 = T kAT 35 PR R 400t P A 7 A
KR % . HAE, Kk H EIRIAEE 1) B AR ARG R 2F BT TR T R ARG, IR R TR UE 2 3 TR KRS
£ BB o AR 730 e WAL X [R] Y5 B 4H T v R R B R 2 B TR 168 (1) 18K 52 25 e 5% R (competence
transcription factor, comK)F& K| El & A J5 31 PxylA , 3548 N 2 57 4= BUAS 5528 AT B C6 (BS-C6) 11 gk
22 5 IR £ 1 i (extracellular serine protease, epr)J2& [KI 7 £ , 5 S 3R 1S B A2 U Ak 5 2 B AT Bl R 200852 25 B bR
C6-comks. 25 FLFKBH , 8 L7 K2 45 C6-comks [ JF R % A4 25 % ] 1A 31 (4117+363) CFU/ug, # Xf BS-C6 &
B 1 845 (P<<0.01), #4k PCR 44 7= ¥ 2028 1] i 5] (442+52) CFU/ug, #3d BS-C6 # AL 1 73.7 f5(P<
0.01). [FINS, 5856 e B 45 LKW , Co-comks HBE 32 A TE R IE K] comK «comGB «comGF comFA Fl comF C
() 5 [R] 22 34 B A 6 BS-C6 20 IR 2 25 TH i 1 7741 6541 180885 A1 108 f5(P<<0.01). AHEFT R Ihig 2 T
S 2 RUAE R 2F AT R B SR SE S TR, FE AT 1 B2 A AR 7 AR 2 S IR LR, DR R T B AR TR A B2
MOAT B AR R IA TS I IE R RN 4L T RIFrIfE % .

KR AL AT B B SURZAS  BOZ A SRR (comK) s R R TR
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Abstract  Bacillus subtilis is a bacterial species wildly used in food industry, feed fermentation and
bioengineering. This is owing to its safety and excellent ability of heterologous protein expression. In
particular, the expansion of studies proved the use of B. subtilis 168 as the host strain for genetic engineering.
However, the transformation efficiency of B. subtilis from the natural environment was extremely low, which
greatly limited the application and modification of genetic engineering. In this study, wild-type B. subtilis C6
(BS-C6) was selected as the original bacteria for genetic engineering, which was isolated from the intestinal
tract of Reticulitermes labralis and stored in our laboratory. The engineering bacteria B. subtilis C6-comk (C6-

comk) and B. subtilis C6-comks (C6-comks) were constructed wvia double-crossover homologous

HeTH - B FGE 2 AR AR R (CARS-39-12) 5 BTG 44 H s & 7 %1(2020ZDLNY02-07; 2021ZDLNY05-02) ; 7 ¥
B HE SR ST RI(2020-NK-127)
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recombination. Competence transcription factor (comK) is a key regulatory protein that affects genetic
competence and DNA uptake in B. subtilis. The C6-comk strain was obtained by replacing the original
promoter of the comK gene with xylose-inducible promoter (PxylA). On the other hand, the comK gene was
amplified from the genome of B. subiilis 168, and then fused with the xylose-inducible promoter (PxylA). The
overlap product was inserted into the extracellular serine protease (epr) site of wild-type B. subtilis C6 by using
the homologous recombination approach. The super-competent C6-comks strain was successfully obtained.
The results showed that the C6-comk strain transformed with plasmids and PCR products could not obtain
positive clones, indicated that the method needs further improvement. Fortunately, the desirable phenotypes of
C6-comks strain were observed. The results showed that the plasmid transformation efficiency of C6-comks
strain was (4117+363) CFU/pg, the efficiency was improved by about 8 folds (P<<0.01) compared to BS-C6
(wild type). Notably, the transformation efficiency of PCR products was (442+52) CFU/pg, transcending BS-
C6 by about 73.7 folds (P<<0.01). Furthermore, the qRT-PCR results showed that the expression of key genes
for competence formation were significantly increased compared to BS-C6. The comK, comGB, comGF, comFA
and comFC was improved 77, 1 654, 1 180, 885 and 108 folds (P<<0.01), respectively. In contrast, the gene
expression levels of flagellar basal-body rod protein (figB), xylose isomerase (xy/A) and xylulokinase (xy/B)
were only 64% (P<<0.05), 12% (P<<0.01) and 11% (P<<0.01) compared to BS-C6. The gene expression
levels of C6-comks strain and C6-comk strain were also compared. The results showed that the gene
expression levels of comK, comGB, comGF, comFA and comFC were significantly increased by 1.5, 451, 403,
797 and 100 folds (P<<0.01) in C6-comks, respectively; while xy/A and xylB were significantly reduced by 5.2
and 6.6 folds (P<<0.01). There was no treatment effect on flgB gene expression between C6-comks and C6-
comk strains (P>0.05). Taken together, this study successfully generated super-competence B. subtilis from
the natural environment and analyzed the reasons for the difference of transformation efficiency, which
provided a valuable reference for genetic engineering application of wild-type B. subtilis as a host cell.

Bacillus  subtilis; Super-competence; Competence transcription factor (comK); Genetic
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b B 2F B AT B (Bacillus subtilis) & — Fh 4 24 1K
FEVEFTIRGN TR, |2 AR T AR B I 4
RENS 7 A2 P AR s 1) A A 20 T B S R AR IA
WEPEAR 57 S5 F 5 (Zhang et al., 2021). 4735 H &
i 2 i 5 B 2R S (food and drug administration,
FDA) W\ %€ N % 4= (generally recognized as safe,
GRAS) % ¥ (Phan et al., 2012). Kt , K 5 2 f AT
BEAE B Tl B O A G O S AT B AT
V2 [N (Gu et al., 2018). #5 2X B A 5 2F B AT B
168 BE 7L H ARIRAS IR U2 3, HAEW i 0
St ZMI5 (1) DNA 3844 4 (Spizizen, 1958), &5t 2 4F
) S 56 25 94k, S A A R U B 1 R0 I B AR AE
W o HJE, fE4RFE S 1F R A L2 AT 1 168 JF3F
AR RN B W BEFH AR B 97 T k3R
R A BRI R, ARG — i R R T
TR 7 B () 8 A 77 B (Yin et al, 2021). 5K
TR A 5 2 AT TR 168 AH EL , BT A AL A 2 2 AT 1A

FA R PR s S iR 8, S Tk A
AP B R (E17, 2008) . H & B AR ARG RE 2
JRLAT B AT A R PR B4 i A1 U ) DNA P51, #5434
FA, AN T 1 B 50, BRI 7 HAE 8 e 5 A
TRET g — i m H M E a7~ & BN H (K
£+, 2006; =T, 2008).

J % 25 1 5k K ¥+ (competence transcription fac-
tor, comK) & 52 M A &2 2F iy A B4 DNA $% B RE 71 Al
JERSZ AT R B R 55 5 comK JE R BK J5 5 Ak
LR AT B AN BB B BR B¢ 32 45 (van Sinderen et al,
1995). [AI, comK 5 2 ik 64 N F A R4 , il
R RS G B DNA Fr Bl s 30+ X 3805 e
A TE A O 3k R 1 R 15, 10 45 DNA #3284
(DNA transport machinery, comGB, comGF) JI& 1 5
DNA & #i 14 ATP [ (membrane-associated DNA-de-
pendent ATPase, comFA)- J& B/# 52 25 K (late com-
petence gene, comFC)5 , IXLERL K H S 5 | Hk L 2F
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JAT TR 7Y DNA 45 BRI B 52 25 T i d #2 (van Sin-
deren, Venema, 1994; van Sinderen et al, 1995; Zhu,
Stulke, 2018). HJF 78 75l 5 27 S AT B 1A751 (1) 5
AL 2H o 3 398 comK J R 3R 45 08 0 IR 2 25 T Ak
SCK6, Ak 3 4 45 107 CFU/pg, {8 115 Al 5 2
Ji FF B8 PP R 8 98 A SC % (Zhang, Zhang, 2011). {H
J2 5 A L ZE M RF R TAT7S 1 2 A5 2 R 2E AT B
168 HIRTAE TR, LI IA comK FE K32 i AL AL
77 AR E M TR B BRI B B A A,
3 MAT AR R

AR 8 FT N T JE B WL (Reticulitermes
labralis) T8 B 77 85 B A R4 40 4 2 B iR vk
R B A TR TR AR B 2 AT R Co. AHIEFEAE I B
F2 3 2R IA NG B ZE AT B C6 E 5 11 comK 5 IR LA K¢
P B 25 AT R Co JE DR 2 o SRR R B ARG 2
FF 1A 168 1) comK =, LLIZR 1S BAT i RUF AL 2K
) B A R R AT A R R A AR, D )
0 i TR T adt DA S s A% L A 468 kR A )
FOHLA ; [FIN, Dy FAh 282 (0 2 M A B S B A
ROs At UG R IE R GRS 4R T

1 MBS5F*®
1.1 SKIesrt

B Bk < A 52 A B8 (Bacillus subtilis) C6 (BS-
CO6) KI5 T 5 J& H WL (Reticulitermes labralis) i1E
FH A VR AL 301 20 18 DR AT < 1 55 25 AT 7 168 (BS-
168) HI VL B K 7 A= 4 RS 2 e X e B4 15 K
B (Escherichia coli) /&5 74 IM110 1) H = A4 T.
FECRE)HIRA A

JEURE : JFURE psga~ pLex-dCas9 (Wu et al., 2018).
pCrF11-exc. p4A3NM-GFP. p43NM-mCherry (Wu et
al., 2020) H1 VL Fg R A ) TR 7 e X1 e B 10t

i) : T ¥ PCR 2 £ i 2xRapid Mix i T 5 5t
WMERE =R A B IR A A s MR PCR B &
Pl A1 2% % PR A B e 3 ) & D T AR TR (K
) A PR 7] s PCR Al Ak 771 & 40 T 25 D] 2H 42 Gk
PR AN U B 5 RNA S 77 & 3908 T4 1A
V) TR A A FR A 5] s DNA Marker #1596 &
& PCRGIE T b mt 4 U A=W A =) s KRB (xy-
lose) 4 Bk 1t 5 [ 26 8 [ (V4 %) , HoAth o T k7
ez pr

FL IR Ik LB WBAAAT LB [R5 72 5 FAL 5

YN IR : 18 g/L E IR (T i ) 7 o/L Tk}
M. SPABYRHH SP 1 A1 SP 1T ¥ 4H %, Z: 1 Wu
ZE018) TR H] . _EIRESFRILIS T 120 °CEA:
T R K 20 mins

PUAR 2« A B F BT B B P AR R R IR R N
KB % 2 20 pg/mL, K% K 20 pg/mL, W5 =
5 pg/mL.
1.2 EWAHE

B[R v Bey 4 Je i PCR

73 531 LA BS-C6 F [K] 4 A1 J5fi B pLex-dCas9
B, Bt 5109 1 comK FE R ) 1R % [ 5 51) LA
Jo B SR B PUbE R D R BE B 3 7 41 (lox71-
CmR-1ox66-PxylA), 2R J5 iE L fil & PCR 153k 5 4
K7 51 PxylA-comK. LA BS-C6 % A 24 S #idi , %
513 54 Mo 4k 22 2 R 5 [ B (extracellular serine
protease, epr) 3k K ¥ _E U [RIVE 7 41 5 LLBRE pLex-
dCas9 NBLMR , Wit 51 W9 3 S8 2= 07 1k Pk 2 A
(lox71-CmR-10x66) J* #1] 5 LA Jii ¥ pCrF11-exc N B
B, BT 51 P8 1S PxylA-comK-comS 741, 2R J5 18
I il A PCR 77743k 45 4 K JF7 41 epr-PxylA-comKs.
Rl & PCR =4 44k Rl W fe ik 28 A T AR TR (L
WA A BR 2 7] 3847 Sanger M /7 L 3 — 20 %€ .
IR PCRY AR T AIE RIS S REPCRE S
B U & P B N S s/kbe FIW AR T AR
Y TAE(EE M A R AR & E R R L.
1.2.2 B A RO B 25 i A T 20 R 52 A4S ) ) 4
L 204

Z W& Spizizen 7% (Spizizen, 1958; Wu et al.,
2018)ill % H SR AZ A, L YN 55 77 +2% xylose 75
Tl A 7 A5 (25 £ 5§, 2017; Zhang, Zhang,
2011), fERHRAEMT -

Spizizen % : Bk BB 6 5. 50 [ 4% #2 %2 2 mL
SP I 593,37 °C 220 r/min i BB B % H . % |
TG R 40 L IMAHT 12 mL SP 1 B3 7%
B, 4842 37 °C 220 r/min $2 18 4~5 h; B 200 pL 5 7%
WM 2 mL 3 (1) SP 1T ¥, 37 °C 220 r/min £ #
1.5~2 h; B 20 pL 10 mmol/L ) 2, —- B X U 2, g
(ethylene glycol tetraacetic acid, EGTA) I A\ ik £%
FEW, 37 °C 220 t/min 7 B 10 min B k1G22
500 pL B2 AR S 1.5 mL I H B0, TN 0.5~
2 ug DNA, 37 °C 220 r/min #Z & % & 1.5~2 h; 5 000

1.2.1
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r/min #5005 B 150~200 pL _F 35 W E B E 0 i
Ai ot N LB AP

HE LR 2 A5 (YN+2% xylose) : HREU A 7% &
2 mL YN 723, F 37 °C 220 r/min i % #% # ; Ik H
T ODggy» LA LB IR BE 2 ODgo=1.0, IIN KR FE
2% ARBE, 5 R PR 2 h: 4022 500 pL/& B N N2
WRE 10% H il -80 °CIR A7, S H T HE

A, AR B LB PSR -

123 HEPCR%E

I B V& PCR O [R] Y5 =5 40 J5 (1) BS-C6 1 v 1F
1T 55 , R 1% Bt M R V8 fi P vk 285 SR 4 I 7 3R
ST HE B B Bt 1 W& 1. PCR 2 7 A
1k 2 Z 8 PCR % & ¥ 2xRapid Mix ¥t B 15 1% & .

®1 FAREARBREEZEPCRIMER

Table 1 Information of primers used for homologous recombination and colony PCR

514 F51(5'~3" A&

Primer Sequence Purpose

Psga-liner-F CCGCGATGTTTGCAAAACGA Bk psga 31 amyE-Zeocin [F] 3 A B (2.3 kb)

Psga-liner-R TCAATGGGGAAGAGAACCGCT

Amplifying homologous fragment (amyE-Zeocin)
from vector psga (2.3 kb)

BS-C6 3 K 21948 comK /2 [F] 5 (1 kb)
Amplifying left arm of comK from genome of BS-C6

JFRE pLex-dCas9 473 lox71-CmR-lox66- PxylA F Bt
Amplifying fragment (lox71-CmR-lox66- PxylA) from

vector pLex-dCas9 (2.7 kb)
BS-C6 H:FI LY 1 comK A5 [FIVRF (1 kb)

comK-HR-UF  GGCAAGCCAAGTGTTTCCAT
comK-HR-UR  GGATCAAATCCGGTCGGTTTACGGCATTTTGCAG

(1kb)
lox-CmXyl-F  ATGCCGTAAACCGACCGGATTTGATCCCGTATAC
lox-CmXyl-R ~ CTGTTTTCTGACTCATGGATCCCATTTCCCCCTTTGATTTTTA (2.7 kb)
comK-HR-DF  GGGGAAATGGGATCCATGAGTCAGAAAACAGACGCAC
comK-HR-DR  CGTCTTTTCCCTTTACTGGGTTG

OL-Xyl-ComK-5F GGTTAACAATGCAGCTGAGC
OL-Xyl-ComK-3R TTCCGTATTTGCCGGAGGGA

epr-UF ACAGCAGCGAGAAAGAGGTT

epr-UR GGATCAAATCCGGTCGTTTGTCTCGGCAGGATCAC
lox71-Cm-F TGCCGAGACAAACGACCGGATTTGATCCCGTATAC
lox71-Cm-R GAGCTCCCCGGGACGTTCTTGCC

Xyl-ComKs-F GCAAGAACGTCCCGGGGAGCTCC
Xyl-ComKs-R TTGCTCTGCTGCGCCGGTTGATTAATTGCTGAATC
epr-DF AATCAACCGGCGCAGCAGAGCAAGCTGTG
epr-DR GCATCATTGGGTCTTGCCTG

OL-epr-ComKs-F AACAAGGCCGGAAAGGAAAC
OL-epr-ComKs-R CACAATCCCGCCATATGTGG

Pxyl-F GGGGAAATGACAAATGGTCC
ComK-R CGTCTTTTCCCTTTACTGGGTTG
Pexc-ComK-F TGGAGACAGGGGAGTTCTTC
Pexc-ComK-R GCCGGTTGATTAATTGCTGA

Amplifying right arm of comK from genome of BS-C6
(1 kb)

flA PCR 4K 791 PxylA-comK 41 (4.5 kb)

Used for fusion PCR to PxylA-comK (4.5 kb)
BS-C6 FE K441 epr /2 A5 (1 kb)

Amplifying left arm of epr from genome of BS-C6

(1 kb)

JFkE pLex-dCas9 9 1 1ox71-CmR-lox66 A B (1.2 kb)
Amplifying fragment (lox71-CmR-lox66) from vector
pLcx-dCas9 (1.2 kb)

JFRE pCrF11-exc § PxylA-comK-comS F Bt (2.3 kb)
Amplifying fragment (PxylA-comK-comS) from vector
pCrF1l-exc (2.3 kb)

BS-C6 3[R 21948 epr 47 [FIEE (1 kb)

Amplifying right arm of epr from genome of BS-C6

(1 kb)

filiA PCR 4K £ 41| epr-Pxyl A-comKs 33 (5.5 kb)
Used for fusion PCR to epr-PxylA-comKs (5.5 kb)

7% PCR %:iE PxylA-comK F: R A (1.1 kb)

Used for colony PCR verification of PxylA-comK
gene insertion (1.1 kb)

B V& PCR BAIE epr {7 273\ PxylA-comKs 4iiE(1.1 kb)
Used for colony PCR verification of PxylA-comKs
inserted into the epr site (1.1 kb)
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1.2.4  AECEF AT B IR S A 1 AL AR BGIE

e i B 2 RO T SR 2 A5 & B 500 wL L 49 il %
1k 25 B EAL R p43NM-GFP (BH P B V% 7T 2 4 )
g, PCR 4li {t, 7= ¥ psga-liner (& 18 oK 25 & Pt &
A s PR AT AH NPT LB ~F AR J5 , 137 cClEIR B 748
Fi9% 24 h, ZJa AT VRO B, 1 pg Ok B
PCR 4L = %5 4L 500 L 852 45 3R 45 10 1 V4 o P
F % (colony-forming unit, CFU) & 7 # 1k R X
(CFU/ng), MR E 3RV FESR.
1.2.5 RNA iU, cDNA ¥ 5% )2t %€ & PCR

] 25 B RS2 S IR L 2% A FEFHE T2 h
J& BT mL B2 A0 B S RNA il 1250 & 15
P HUR 527 MO B 41 TR L RNA, BE 3 A7
HE . Z M cDNA J % sk 7 &l B kAT %
3%, 3RF3 1) cDNA I T 5 1 i B s

125 R 5 2 PR AT T JR% 52 A5 T Rt R 1) O B 1)
12 7 K] comK -~ comFA - comFCcomGB-+ comGF - i
HAKFTF 2 [ (flagellar basal-body rod protein, flgB)~
AW 5 M) i (xylose isomerase, xylA)F1 A B H i3 1
(xylulokinase, xylB), LA ¢ P 25 55 PR AZ 4 A4 & 3 (ri-
bosomal protein, rpsJ), LA cDNA Ji ¥ 53 ) 3£ 47 20
50 100 AT 1 000 1 F9 6 5 6 B, MR 4 S I 9 D't 5

F2 WHEEPCR3IMFT
Table 2 Primes used for qRT-PCR

2 {¥ (LightCycler® 96, Roche, % 1) N B £ /7 2 il
e 2. WE3AEMFEE  ARBEAREL,
FH 272445 9% (Schmittgen, Livak, 2008) 3+ & % [ A
X FRIEE . W E B PCR A RN : 50 15 #i B cD-
NA 2 pL, 10 pmol/L f1E | J2 ] 5] # %% 0.4 pL, 2x
qPCR Mix 10 pL, A% PR EE /K # £ 22 20 L. PP
1% qPCRFEF N 94 °C 30 ;94 °C 55,60 °C 30 5,40
U FFBoE A N BRI 2R . POt E &
BT 519 L3 2, B AR TAEY TR (L) B A R
AFE
12.6  Giit o

AW 5045 UL XESD [ KR . F SPSS
(Version 26.0)#E47 Gt 73 # » DASSZRE A ¢ K6 56 (in-
dependent-sample ¢-test)3E 17 2H [0] 22 57 Wi 3 VE 0 #7
P<0.05F/RERLFH, P<0.01 FREZWE .

2 FHR5H1M

2.1 BS-C65BS-168 BHREELE S

UKL AL 45 R 2 1, BS-168 (> (2000£0) CFU/
ng) I #% 4k 2 # 1 BS-C6 ((517+15) CFU/ug) 1
3.91%, Z 5 EEP<0.01)(E 1A; 1B). ¥1LPCR
alifh P2 45 R 7R BS-168 ((165+£30) CFU/ug) i

51 Fr3(5'~3") g

Primer Sequence Purpose

rpsJ-qPCR-F GAAACGGCAAAACGTTCTGG %6 B PCR WS

rpsJ-qgPCR-R GTGTTGGGTTCACAATGTCG Internal reference gene of QRT-PCR

comK-qPCR-F GGTGGACCCTTCGAACCAAA SEH 5% 6 58 5 PCR K IIHE (R 32 0k i
comK-qPCR-R ACGTCACTTCCGTATCGTCG qRT-PCR were performed to detect gene expression
comFA-qPCR-F ACGCATCAGCTTTTGCGATA

comFA-qPCR-R TGAACAGCGAATTGAAGGGT

CCTTTTCTAAGGTTTACCCCGA
TGGTTAAATCCGCGCTCTTCT

comFC-qPCR-F
comFC-qPCR-R

flgB-qPCR-F CCTCGCGTCTTGAAGCGATAA
flgB-qPCR-R CGATGTATCTCCGCTCGCAA
comGF-qPCR-F TTAAGACAGCCGAGCATGGG
comGF-qPCR-R AATCGGAACATGCCCTTTGC

CCCGGCAAATGCTGATTTGTA
GGCCTGATTTTAAAAGGCTGCT

comGB-qPCR-F
comGB-qPCR-R

xylA-qPCR-F GAGCCGACCACCCATCAATA
xylA-qPCR-R CCGGCTAATGTGGCATGATTG
xylB-qPCR-F GGACGTCAGGGGTCATACTT

xylB-qPCR-R CGTGACGCCCATCGTATAAAA
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135 3 JE BS-C6 ((6+4) CFU/ug) I 27.5 fi% , 2 55 1%
B#E#P<0.01)(E 1C; 1D).

22 FHERHEFITEERBRZSHERERE

DI AZE X[ 95  20 7 V00 A B 5 ) B0 F Px-
yIA & #: BS-C6 comK %= K (1) J7 46 J5 8 1 (Bl 2A).
53 3 3R A% comK Ao [A] R (comK-LH) . ¥ & % & 5t
P 35 A () AR 0% )5 31 7 7 51 (1ox71-CmR-lox66-Pxy-
1A) Al comK 45 [7] Y5 % (comK-RH) 7 # i Bt 926 .
2 701 F11 055 bp (& 2B); fli & PCR (PxylA-comK)
T F BEZ14 700 bp (K 2B). Spizizen i% i 4% H 4R
B2 A5 IR HAK PxylA-comK 24K P2, B 7% PCR %
SE R FUHHZT 1.1 kb Jr B (B 2C), 2 B il D 3145 FH
73 % - C6-comK .

DA X[} 6 20 7 V08 AW 5 53 30 Px-
ylA i 1K BS-168 [1] comK £l comS F& [K 45 & 1 Bt
(PxylA-comK-comS) fdi A £ BS-C6 1] epr £/ 5 (K
3A)e 53 3R epr 7r [F) YR (epr-LH) « U85 2 i ik
P2 A (1ox71-CmR-10x66) PxylA-comK-comS F1
epr A7 [ B (epr-RH) Tl F B 96311 232.2 248 Fll
988 bp( Kl 3B) ; fill & PCR (epr-PxylA-comKs) il
1 Be 455 500 bp (¥13B). Spizizen i il % 1 44
JR 52 25 I 5 AL epr-PxylA-comKs 216 7= W), 1 7%
PCR % 5E K13 T2 1.1 kb Jr B (B 3C), W KT
45 B M 7 % T+ C6-comks, H fE LB 2 852 & J7
5 ) 2% B2 25 9 e AL FURL p43NM-mCherry (32 4}
t)(El3D).

2.3 FABMEIFRATEERBZA C6-comks
AL R IEHIE

Jo KL % Ak Y 45 R BH , BS-C6. BS-168 Al C6-
comks (1) ¥ 14 20 2 43 5 4 (517+15) CFU/ug (E
1A).>(2000+0) CFU/ug (&l 1B)F1(4117+363) CFU/
ng (Kl4A); Co-comks HIFE AR 73 5l /& BS-168 A1
BS-C6 [1]2.06 F1 8 £ , 2= F 1l i 3 (P<<0.01).  3k15
1) 5 2H B C6-comk 4k 23 FE LAV i kL (8] 4B) T o
FET

PCR 264k 7= P Ak 45 L 2.7 , BS-C6.BS-168
HI C6-comks I % A 280 2 53 1l 9 (6+4) CFU/ug (
1C)~ (165+30) CFU/ug (& 1D) F1(4 117+363) CFU/
pg (B 4C); Co-comks [1) 5% A0 3505 43 Jill & BS-168 Al
BS-C6 [ 2.7 F173.7 £ , 2 5 i) . 3% (P<<0.01). H
41 C6-comk %4k PCR 4lifk 7= 4 (& 4D) T 7 b
BN
24 fHE
S

A LightCycler® 96 1) 4 B 2 J7 25 fil] Fe K ™ 3%
PRkl 4R, 5 SRR, NS R RRD H IR R 9 1 2
BN 1.9~2.1, KR RER>09 (R3), RHE=
SIPI(ER 2) AT, 4 3G 2% 35 2 2708 g vk L I
FXFRIL R

POt T A R, 5 B A4 BT bk BS-C6 A
v, #F C6-comks 7, comK «comGB «comGF comFA F
comFC (1) 5 R 338 8 45 7 il W 2 FH s 771 654

FRMARZSEEHNXEERRLE

517£15 >2000+0

165+30

ALK /CFU-ug™" Transformation efficiency

El1 BS-C65BS-168FHUHEER
Figure 1 Transformation efficiency of BS-C6 and BS-168

A. BS-COo AL FURIZ R . B. BS-168 # AL TR . C. BS-C6 74k PCR 4. D. BS-168 #1L PCR =4

A. Plasmid transformation efficiency of BS-C6. B. Plasmid transformation efficiency of BS-168. C. The transformation efficiency
of PCR products in BS-C6. D. The transformation efficiency of PCR products in BS-168
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1 180.885 A1 108 % (P<<0.01); 1M flgBxylA F xyIB
1) 5 [R] 2% 34 B 4X A BS-C6 11 64% (P<<0.05).12%
(P<0.0)F111% (P<<0.01)( 5)-

15 1 #k C6-comk H1 , comK [ 3 [K] 2% 1A 2 AH Eb
BS-C6 12 . 3 Tt 15 53 £5(P<<0.01), flgB Fl xylA 1) 5
F 15 B AN N BS-C6 1] 69% 1 68% (P<<0.05), H
RILFRIARET R ZEZHEP>0.05)(E5).

3 itig

AR AT B PR 22 2 e B RS, )2
AT T BERE R IR AR 6 59Uk 5
KIGFFHERIE R G L 5 2F A R RIE R G H
AT 200 B 25 ) i B T R il S TG P S T
<5 8 1 7> W RIB L H (GRBEFE, 2006; 77 5+ <,

1000 bp 2700 bp

2015). fHJZ , Al B2 MM 1R 0 3% A Ak e am i T
KIGAT B » AT BR i 7 8 3k 35 (R TR oA g — 2D 4
R LR A IR IR . BF AN B K
73 fifE- VR Al 2 BT B 10 2808 19 17 R, Spizizen
(1958) /& BILAS B2 25 AT T4 168 T8 bk B A T 1K 1 R K
SZASWIRE T, B J5 R B 2E BA B 168 S AT AR B
W)z N T 2 AT B A B AN A AT .
223 75 S5 (201 D)JRAL T A B 28 PR B 1 AR RS2 A 1
PR IR IR LH R, R IIA [ 35 TR R Aty o 25 O AT 1 1)
JRRL AR 2 R, HLAS VBRI IR S
BOA B EAE A . 255 55 (2017) T 0) Al B 2 AT
BR SCK6 8 2 Jik 52 25 1) il 4 FVEG Ak S5 A 34T T4
10, RILYN B IR 3 L 1.5% WK P 1 AR Al 26 1 JE 4k
JRARLEE AL RE AT BB TORL AL R . i itk — b

1000 bp

—— 5’HR Arm —I lox71-CmR-lox66-nylA'— 3’HR Arm —

comK

XUAZ X 7 Y5 2 20
homologous recombination .
by double crossover s

>_

—{ yhxC [yhzCH lox71-CmR-lox66-PxylAH comK

ComK-R A
bp M 1 2 3 4  bp

bp M bp

700

B

E2 MBRERZIRE C6-comk FIHIZEREE

Figure 2 Construction and identification of super-competence C6-comk strain

A. [A)J5 F 475 5 B (5 HR Arm: 22 [R5 ; lox71-CmR-lox66-PxylA: & &85 & Puik 3 B ARE B 3075 41; 3' HR Arm: 47 [/
TR s comK: RS2 75 5 A% R ¥ yhaC F yhzC: comK (1) EJiFEED]; 5'-UTR: 5'4E#H1% [X; Pxyl-F/ComK-R: ] 2C E&7% PCR [
SIALE). B. [FJEEH A B PCR&&M(M: 2K plusIl DNA Marker; 1: comK-LH: comK /c [F] Y& ; 2: 1ox71-CmR-lox66-PxylA;

3: comK-RH: comK A5 [ ; 4: f& PCR Bt (PxylA-comK)).

C. 54 Pxyl-F/ComK-R % 7% PCR

A. Schematic of the homologous recombination (5' HR Arm: left arm; lox71-CmR-lox66-PxylA: Xylose-inducible promoter (Pxy-
1A) with chloramphenicol resistance gene; 3' HR Arm: Right arm; comK: competence transcription factor; yhxC and yhzC: Up-
stream genes of comK; 5'-UTR: 5' untranslated region; Pxyl-F/ComK-R: Position of the primers for colony PCR in Figure 2C). B.
PCR products of homologous recombination (M: 2K plusll DNA Marker; 1: comK-LH: Left arm of comK; 2: lox71-CmR-lox66-
PxylA; 3: comK-RH: Right arm of comK; 4: PxylA-comK fragment of overlap PCR). C. Colony PCR by primers of Pxyl-F/
ComK-R
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43 B A B 2 AT TR A K S U PR 2 A R s 0 2% fiE T
IR ATE S 28 I B AL L, B T AR 2
PR BB 52 A T ) S B S R comK o BFFE R
L, comK 5= R R 15 & 1) A2 2 RIS MR A R
A5 DNA WSS T 7% , 0 08 2E 48 ik N\ B sz 250K
Z(van Sinderen et al., 1994; Smits et al., 2005; /5 4+
WS, 2015)0 1K BERE 5Tl R i) R IR T H AR 3
5% B R B 2F AT R B SR A TR T R IR BEIR
PEL S

AHIFFIE 0 E SRR T E WU I8 B A A
 BS-C6 15 152 30 1# BS-168 [f F 103, R ILET A=
Rl B2 P AT B e A AR RIS, TR E R e Ak

1000 bp 1148 bp 2300 bp

PCR i F= Wit , (R AMESRAF HAH e+ R EE
A o DR 2 1) i E B AR Y B R BS-C6 (1 L [
A P 3 N TE B R R BS-168 1) comK 3], M 1T 2
71 BS-C6 AL 3% . EL# C6-comk Fll C6-comks
(A AR 22 53 R, R AT C6-comks fig 16 B ik
FTEEAL , F H ORI A6 5 PCR 44k P K % A 2k
R 5. = T BS-C6 Al BS-168 , % B C6-comks
REAE T B2 AR S I RO IS /M s DNA g A%
YR -

Hili L 2F FRUAT 1R R A 2 PRS2 S T O R B
1, Hof comG B9 7 REWS gty 7 Fh B EL (1 R 15
XML i T DNA #4633 72 o DNA W) )i 5 J8%

1000 bp

— 5’HR Arm — lox71-CmR-10x66 3’HR Arm —

epr

S

XA X AR B A
homologous recombination
by double crossover Pexc-ComK-F

I epr |lox7 1-CmR-lox66

%

Pexc-ComK-R A

bp

M

bp M 1 2 3 4 5 bp
5000 5500
3000—]
2000—]

1000—|
750—]

B
B3 BREZEE Co-comks HHERETE

Figure 3 Construction and identification of super-competence C6-comks strain
A AR E AR B K5 HR Arm: £ [F YR ; lox71-CmR-lox66: €75 &5 R Pt EE K 1) lox fi £ ; PxylA-comK-comS: & A HH 5
BT comK ZE 7P F1; 3' HR Arm: 45 [FEYEEE; epr: A 22 %R 55 (1 1§; Pexc-comK-F/Pexc-comK-R: ¥ 3C 1# 7% PCR 151 ¥ 11

#). B. A H 4 Jv B PCR A (M: 2K plusll DNA Marker; 1:

epr-LH: epr & [P ; 2: 1ox71-CmR-10x66; 3: PxylA-comK-

comS; 4: epr-RH: epr 47 [FJJ5E; 5: fl£ PCR F Bi(epr-PxylA-comKs)). C. 5|4 Pexc-comK-F/Pexc-comK-R [#7% PCR. D. C6-

comks #44k p43NM-mCherry 56 1F i 25 552 A5 K 22

A. Schematic of the homologous recombination (5' HR Arm: Left arm; lox71-CmR-lox66: Chloramphenicol resistance gene be-

tween lox71 and lox66; PxylA-comK-comS: Xylose-inducible promoter (PxylA) with comK gene; 3' HR Arm: Right arm; epr: Ex-

tracellular serine protease; Pexc-comK-F/Pexc-comK-R: The position of the primers for colony PCR in Figure 3C). B. PCR prod-
uct of homologous recombination (M: 2K plusll DNA Marker; 1: epr-LH: Left arm of epr; 2: lox71-CmR-lox66; 3: PxylA-comK-
comsS; 4: epr-RH: Right arm of epr; 5: epr-PxylA-comKs fragment of overlap PCR). C. Colony PCR by primers of Pexc-comK-F/

Pexc-comK-R. D. C6-comks transformed p43NM-mCherry to verify the construction of super-competence
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2 A 0 M AR T 45 A K 4% B AR H (Kramer et al.,
2007). comG HHJ& T LA H K, X L& A
KI5 & B 5 Wi % VA K, comGB J& T
comG & F KR M5 2 K , comGB i 2k 2= 3 54
B AL BE 1 F# K (Chung et al., 1998). comGF NJ&
TAEAT comG & A Kk, HAE N —F/hEH, 2
DNA W) 1 5 & 2 A4 R T 45 & L A r A E
(Chung, Dubnau, 1998). comFA Fl comFC 3
comF ¥\ 2wt , X M 2 135 2 55 DNA )i %
1k, 75 21 B 8 A 3 58 o DNA W) i & %5 55 24 H
(Chilton et al., 2017). AHF 7T % 2 & PCR 45 H i
7~ » C6-comks H' comK~ comGB~ comGF~ comFA Fl
comFC (1) 3 K 3R 1A & W 25 19 0, 3X e % M R 1 ik
C6-comks M) ¥ AR %R REETHIX — IR, LW R
Dt 7GR A Wbk . T T 1 Bk C6-comk
B 1 PxylA B #0311 comK H K R IA & T,
FHoAly 55 132 35 T8 BORH 5C 1 O B 5k DR R ik B 0T A7
RS, IXWMAERE T C6-comk 4k iR AT PCR 7=
YIIIASRE IR v B 1 1 SR R, 6 Wi AR 5 3 1
HHIE 1K BS-C6 H & 1 comK H K A BERAF 1 4%
RSB, BT C6-comk Fl C6-comks 3 [K] 2
BN 7 RKE S S B30T PxylA, B2 KRB S
BT HFE, At C6-comk Fll C6-comks HH [ A H [
At O B I 2 IR wylA AN wylB 3238 & 5 BF A2 7 1 bk
BS-C6 #HLE 2 25 P, 2% Bk, 3 2H 7 C6-comks
GAKEF S A 5T PxylA i 1A BS-168 ] comK 3
RIE , 51 AR B2 A T8 UM G L IR 5 3R 0A , T4 1y
A

41174363

4 it

AT 5T 8 i XUAE X [R5 4 7 R R A
2 TR Ak B 2 AT T 168 1 8K 52 25 T1 il 0% Bt 1) 425 %
comK Fl comS #& -4 42 B A2 TR A, 0 2 M 14 C6 1)
epr BL 55, HLAACKE 8 21 F PxylA 75 S e FE IR i %
ik, LI A% T BT AR R, L 2 AT B R RO A
C6-comks. C6-comks Rt =1 25U 44 5k A1 PCR 44,
T DR Jia B J DR A 0 DL R s AR AL 4R T 2
BT RUFRIRF AR . [FIE, 9 A 2R 2F B AT

®3 REEEEEXEENYIERE
Table 3 Amplification efficiency of genes related to com-

petence formation

LR 44K FE PHIRE MKRRHER)
Gene name Slope Efficiency Correlation index (R?)
comK -3.56 1.91 0.95

comFA -3.28  2.02 0.91

comFC -3.33 2.00 0.99

comGB -3.47 1.94 0.93

comGF -3.57 1.91 0.99

flgB -3.48 1.94 0.99

xylA -329 2,01 0.98

xylB -337 198 0.98

rps] -3.21 2.05 1.00

com: RZ AU A K E 3 flgB: MEBIEARFFE 5 ayld: R
WE SR s oyl B AT HE PG s rps ] AZ MR s T )

com: Competent proteins; flgB: Flagellar basal-body rod pro-
tein; xylA: Xylose isomerase; xy/B: Xylulokinase; rps/: Ribo-

somal protein; The same below

A 0 B C 0 D

442452

AR /ICFU-ng™” Transformation efficiency

B4 MEZFEFEBREZE Co-comks FELIZEIIE

Figure 4 Evaluation transformation efficiency of Bacillus subtilis C6-comks
A. C6-comks ¥ ALJFRIZR . B. Co-comk F AU LR . C. C6-comks 4L PCR“HHH . D. C6-comk 4k PCR 2k

A. Plasmid transformation efficiency of C6-comks. B. Plasmid transformation efficiency of C6-comk. C. PCR products transfor-

mation efficiency of C6-comks. D. PCR products transformation efficiency of C6-comk
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Figure 5 Detection of the relative expression of key genes for competent cells formation using qRT-PCR

WT: Bf A T B bk  C6-comk : BRI # C6-comk CGRIRTTFHE K Z A HAK) s C6-comks: PPk Co-comks GEEIHRSZ A MR) : com: [
ZATERARE A % 257 R (P<0.05); **: Z L EP<0.01)

WT: Wild-type strain; C6-comk: Strain C6-comk (super-competent strain cannot be obtained); C6-comks: Strain C6-comks (su-

per-competent strain); com: Competent proteins; *: Significant difference (P<<0.05); **: Extremely significant difference (P<<

0.01)
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