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(CERHL TR YR e TREEZRE KR LiE 200237)

B . [8 4] 54 3F 305 (Bacillus coagulans)#—Fr A% A LAk 5 F AT % 694, 237 4%
HeAv o B M R PRI AT L AT TAR B KA R £ . AR 228 KA RIBHRA B HZE 4R,
AR T G5 ol F BT H BB AT s 4 AT B AR AR M B, et
FIATHA B E AT A, [k ] A F A4 pNW33N © 3540k 45 3F 64T 5 P4-102B,
FAWE R GEFM T mle A KN, BRZSARRE., ©EZ T RASF 5 HBEFARERSF
Tt g e, [ER]1 B—Rg &N T S54RI EEARSA 2] B4R &5 BAZ T4
B, BARESH 0.5 mol/L LA EF 8 LB 32773 F A& K 5| ODgoo 4 0.8 B I %, 1 SMG [0.5 mol/L
LALEE, 0.5 mol/L H B, 10% (R BRIy bR HE 4 Rkt lik 4 k3 &2 S, £
T 14 kV/iem. PROTETIE] 5 ms. | mm #AE &) BAEARSATE F 440, BILE T RPN S
A 0.5 mol/L AL BEE A= 0.38 mol/L H5EB5 49 LB A Rz R 3z 5k, 49 3 R R4 iua k
2.7x10* CFU/ug DNA. [4it] 128 55w 405 %R S b K is e nfE %, jFa
A RIFIR 5 0 450 a &

KERIF: B AT, wEi b, HE, 5%

High osmolarity improves the electro-transformation efficiency of
the gram-positive bacteria Bacillus coagulans P4-102B
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(State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: [Objective] One of the genetic manipulation restriction factors in Bacillus coagulansis the
absence of an efficient and reproducible transformation method. This study optimized the
concentrations of the osmoticums, sorbitol and mannitol, in the growth, electroporationand recovery
media and other conditions to improved the transformation efficiency of B. coagulans P4-102B.
[Methods] To optimize the conditions for electroproation of B. coagulans P4-102B, a shuttle vector for
E. coli and B. coagulans pNW33N was used. Factors including growth phase, competent cell density,
electroporation buffer, re-growth medium were investigated. [Results] Results showed that the
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electro-transformation efficiency under high osmolarity was higher than that under the low osmolarity
and the stability of electro-transformation efficiency was enhance. The highest transformation
efficiency of 2.7x10* CFU/ug DNA in strain P4-102B was obtained under the optimized conditions:
growth ODgg 0.8, electro-transformation buffer SMG [(0.5 mol/L sorbitol, 0.5 mol/L. mannitol and
glycerol 10% (W/V)], 1 mm cuvette, electro-transformation field strength 14 kV/cm and pulse constant
for 5 ms, re-growth medium RGM (LB with 0.5 mol/L sorbitol and 0.38 mol/L mannitol).
[Conclusion] High osmolarity improved the stabitity and reproducibility of electro-transformation and

obtained a high electro-transformation efficiency.

Keywords: Bacillus coagulans, Electro-transformation, Transformation efficiency, High-osmolarity
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50-55°C, pH 5.0, JEYAIHREDL Hoh, TilfE
FI AN G A= 10 5 3 0RO e B A 7= A= D Ak 2
MFLMR . 2B A KR B A Tl |
B B AT 4 R W oG iR AT . Rk, 7
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BRI H =B I Re A s, B2 0 40 M ) P
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AMEIAETE R, AR e aexl, FrHRZ
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PR o BE 4 ZF KT B (Bacillus  coagulans)
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(Escherichia coli) Top10, ARLIELAT, FHTP 14
Bk MUK pNW33N (4 217 bp), K. T.

Shanmugam # % W i% ; S & R P M A

pIM1773-PRHIII-sfGFP-pNW33N (5 062 bp)itJLF

Addgene Vector Database ; 5485 2 UM DGR A

s

1.2 EFE

LB 15373 (g/L)"™ ) ARG FRIE A 2% Bl
BECH TR 35 KA pH 7.0, T35 SRS 25 AT
I pH 5.0

GM (Growth medium)}% 55 3£ (g/L): NaCl 10,
T RER B 5, W 10, 0.5 mol/L ILALESE, pH 5.0,
FH T HE SR B, 2R T 1A

RGM1 (Re-growth medium)}5573E(g/L): NaCl
10, BERHEEW 5, FEEWE 10, HEBE 0.38 mol/L,
(LHZ4EE 0.2 mol/L, pH 5.0, FIF i /5 HEELS 2t kT
WHIE o RGM2 (Re-growth medium)1 5% 3 (g/L):
NaCl 10, BRI 5, FEH IR 10, FEHE 0.5 mol/L,
MgCl, 20 mmol/L, #Zi#E 1%.

1.3 FERFIFNEE

SER. TR LA HEREEI A e
TAYTEARRAT; Pfu DNA RARHE A KRR
R AL ) AR ] 5 BEiEHE 2 DNA Marker It
HEAEY(KE) A FRA L 5 Ok DNA /Nl i)
& A & B E Y HAR BN AR A

AER. HBIAEWRENTS oL, TIEREN
7.5 mg/L,

L T AL (GenePulser Xcell), FEE{ARAEIR
INF] DOERMEEM30C), TR A R,
1.4 HEHZEH® (Electroporation medium, ETM)

SMG Hi,il728 Mk - 0.5 mol/L 1AL, 0.5 mol/L
HEEE, 10% (B )y Hib.

MG 2. 0.5 mol/L H&EERE, 10% (i
EARFE) H

SG Ml ZE ik ;. 0.5 mol/L 1IAYEE, 10% (Jfi i
IRFRLE) H

SG1 HLFZE P : 0.5 mol/L HEME, 10% (it
TRFEL)Y H
1.5 3¥IE/K

R T EUEREAR T, WS4 CAT F/R #5 D1 i
i pNW33N AR R PitE. 51 WA it il TR
YA RAFMAT, 519 : CATF: 5-CCCGGGTGA
TTCTAATGAAGAAAGCAGACAAGTAAGCC-3',
CATR: 5'-CCCGGGATTTCGAATCGTGCCAGCCC
TTCAAACTTCCCA-3',,
1.6 ELETFAMTE Bk AR EL

R 4R IS IR Rhee 25T M# B, B.
coagulans P4-102B 54t F7F 4 mL LB ¥R IA3E S Hrh
50 °C. 200 r/min 3570 . KiFRAFIN TR 4 °C.
10 000 r/min 20> 5 min WAEER . A 500 pL
SET (5%, 50 mmol/L EDTA, 50 mmol/L Tris
pH 8.0) i Ve 3 I, ¥ WIREFETE 250 L 54
1 g/L % HMEF 40 g/L RNase [ SET H1, 37 °C /K
30 min, HZERWEEE. MA 250 pL GRAHR
(0.2 mol/L NaOH, 1% SDS), #481# 5], & 3 min,
B RNBTFR AR SRIG A 250 pL it - A7)
(3 mol/L K*-5 mol/L COOH ), #25411#4], B5.0> 10 min,,
FH R B b B2 1 25 B 88 0 OFR S 55 R B =
25:24:1, PKRALL) . AR BEDTEE Bk DNA, 70%
() BRI TR DNA, Flba /2, Bt InEsE
Al KRR, —20 °C fR-77EFRL
1.7 SREFHATERZSNE

it LB #5534tk B. coagulans P4-102B,
PROBCAR YRR T 15 mL B LB Wik 32t
50 °C #FESEFRIR . WSS MR 750 pL
FRIEF 2 5 50 mL Hréf GM K533t , 50 °C.
200 r/min ¥55F 2 ODgoo 53 0.4 ], BA KT
W E 50 mL B0, 4°C. 5000 r/min 2.0
10 min, 2R EH, FHAAY 30 mL B 522 ihik &
VR 4 WE, )5 ] 4 °C A R L S i &
TR Z AWM, MR A AW R R
10x10°-10x10""4~/mL, F/r2E#IHWA 1 1.5 mL
He LT, 45 80 ul, 4°C iE, .
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10 min, HBERELZHRM 1 mm BEMH T,
AR eI M T, TR0, e S
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5 000 r/min #5.0> 10 min WK, BHIKEETE
0.2 mLRGMI 1, IRIRAT TRBER DA, 50 °C
Figr 48 h, SRBUEAL TR,
1.9 F{LFIIE

H Tk pNW33N 7E B. coagulans P4-102B H
(8 DUBURAG, IFE AL USORE B TR
BECHLTK, TEHLIKSS R EER PR A B 500
WAEFAL TS b b i Se R U A 7 BokL, PR 42
BUSTREAE AR, SOk AR BT
W5 |19 3R A W% 2 S (Polymerase chain reaction,
PCR)Y My S Fe R PUMESE A

2 RS54

2.1 B FETEELTRIIEIE
BEALHEE 10 N4l 5 R K L mo g, AR

1.6 1 ERV B BRI sE R A TR, IR LA K
BRSPS RS | R A e =X
RV (PCR)Y B B R PUMSLA o P14 =1L 1%35
PR B F5C FEL K ARSI 73BT, AnAEZY 810 bp 4b 3 H 1)
iy, DUNIERHSESS 2R fUAF I P4-102B REFEDTIE PR
FARKEMTFRAFAEZIMILETEC SN R
JEokE pNW33N A Ky BH X & [ i b4 T B i e e
LKA, 40— 3 A 0 B — R DU i — 2 UE B R
pNW33N AL ABELS ZEfIFT I P4-102B, FLUKZ:
AN 1R
22 REFEATEEAE KSR

R T WRGEEELE ZE AT B AS [R) 9 A RS X Ja
ZA TG WAL R RE I, TERTIRUNME ODsoo
53910 04, 0.6, 0.8, 1.0 A, WA, M
1.7 TR IHIE T, AAFAR ) A K i ) Jek
ZASAMML, B R TR pNW33N RIS 1.8 (IRIEL
P A L RIRAZ AT, TRAF 7.5 mg/L AR
PR LB AR SR, TGS, HE S
fe, Hip g hiEh SMG, HARFEE N
RGMI1., H& 2 " B EIAH: 24 ODgoo fE 4 0.8 i,
AR IA TR, P24 0.4x10° CFU/ug DNA,
Bl 2A AT51, BB ACFEEUE K IR B, 24
ODgoo /T 0.8 5, FIRATERSEUE KA, Felb®

6 7 8 9 10 11

1 BLFHIE
Figure 1 Verification of transformants
1:: M: Marker DL1000. 1-9: JyR FBEHLEKELT 9 Ak FHRIBUSTRLE AR 1) PCR S BEICHLIKZE 5,5 10: BTkl pNW33N [ PCR
S8 11 BOAEEILIURL pNW33N (T S IRUTORLIY PCR 455, Bk .
Note: M: Marker DL1000. 1-9: The PCR amplification of the plasmid isolation from transformants; 10: The PCR amplification of the
plasmid pNW33N; 11: The PCR amplification of the plasmid isolation from negative strain.
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Figure 2 Effects of growth phase on the electroporation
efficiency

. A: B coagulans P4-102B A Ki#iZk; B: BAREAERK
ODeoo X ALZE 5],

Note: A: The growth curve of B. coagulans P4-102B; B: Effects of
different ODgo on the electroporation efficiency.

AR, ATRER R BT R R A AT, AR
BAZ, TEHl &R, EREHE R 24 ODgo
KT 0.8 I, BATEARECERISIN, FikidZ
AR, AR AL o FLCRIEAR
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TE ODgoo 19 0.8 I, WCH R AR #2745 .

o BAZ AR AR T Z iR SMG, MG, SG.
SGI1 Eikdif, Wiz S MR riRAaY . Bl

Ja, SERPIMAE 0.2 mol/L ILAYEERT 0.38 mol/L H
FER A2 IR, 48 h 5 B L2 R . sl 3 1]
M, TEMTH SMG 5582 85 s Bl T i Ak,

LR ES T i?ﬂ:%ijﬂ 1.4x10* CFU/ug DNA.,
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Figure 3 Effects of electroporation medium (ETM) on the
electroporation efficiency

24 BHEEEFEFEPSEFTIRENMLL
TEREARA K F] ODgoo N 0.8 I, ISCAE BRI 45
JAZ 3, FEESZ SR EE ODgoo M 20 B, i
JRZ BRI A Y. id)E, SLRVINA S AR
{M? AIILALEE0.2. 0.4, 0.5, 0.8, 1 mol/L)E i
R EIT MBS R . B 4 AR, Huds s m
A 0.5 mol/L IWAYEEE IRIGFRIENT, T4k
A ERAF 2.7x10° CFU/pg DNA, R T 5T H 7
XoF e AR )5 T%fﬁ%’ﬂﬁﬁiﬂﬂﬁﬂ/\ aﬁ
0.5 mol/L LA EEFNA [R] v BE i H B2 (0.1
0.38. 0.5, 0.7 mol/L)E@Eﬁi%?%%a‘fﬂﬁ;?%%o &
Bl o4 mrgn, BEFEMA® 0.5 mol/L 1L AL EEAM
0.38 mol/L HEEREN I RIGFRAEmy, IS
ik ] 2.7x10* CFU/ug DNA, Hi 5 5 I AL 5 )5 1)
BRI L ALEE VR R 0.5 mol/L, H BRI
W 0.38 mol/L B, ik imm; ILWAYEER VR B
=T 0.5mol/L, HERBEMIMREE =T 0.38 mol/L ¥,
FEALFR TR . 3T RESE: A L B IR H BRI
WP R, RREIBE TR T AEr K
25 REFENSESEEMNHUMENZN
B HE IR Rhee Z57F 2007 4ERHED, 78
B A i e AL 2R AT IR P4-102B . TRIATE
LB F 532 F 400 ODeoo 79 0.8 I, M4 1.7 7z

. 5
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A 2 30p SRR, IR T, BB A EMITE &
2 s PF T HIBALFAEAR K, (T RHE AT,
2 R 4 R RO L B A 1Y 7 T8 4 P R R

w2 200 FALR; M3k LIBT3 ALPATAI SR,

5% sl B AT B (AR R A B e TR A

& ] 5 BRI ARBTG5 R b AR T %

25 Loy B AEP S B ATUE AR AR A R
£ osf B 2R A T A M 17 5 T8 A AL
£ . | TEEEL TIPSR G A
2 02 04 05 08 10 RUIG, (FRAERHRIERIET , BBARE AR

Sorbiol Sonsentanion (molf) AR AAh, AT EIE R AT

B 8l it 14 kV/em, BB A& IE T AIAFE R RB A
2 55| 5 2.5 i, AT ILBERIIA KA T AN 1
z K AERT AR FHAACR T TIOB A L5

£2 2 SR T I B AR S0 0 BB DR

8% 1s) (1) (BB R R AR AN, 45 A0

£ HOREASENRE S, (AN T I 5 LA K

=8 S T AR, ELLRSAT SRR
g ost AL TS THRIE , Wb MM A o 2
£ O_OJ . G, NITTHER T AIMAOTEIG 3 (2) WWALBERITT 6%
2 00 0% 03 0% o AR MANNBE B, (EHSM L) DNA B2

Mannitol concentration (mol/L) Syt ABVAIPY . PRt X wi T rE A, B
TR,

4 ERBEFERRINSEFMNELLRIRM

Figure 4 Effects of osmotic stabilizers in regeneration =g % ; )
media on the electroporation efficiency &1 BEXHARE %14:;15?1{)&1&’] ,-?.,ﬂl'-?
W A RAEFRE AP AR B AR B: & Table 1 Effects of OSZ-;-:];::Z on the electroporation
IR A SRR TR R AL RO, ’ =
Note: A: Effects of sorbitol concentrations in regeneration media HYHUE el r etseR
on the electroporation efficiency; B: Effects of mannitol Field strength  Electroporation Electroporation efficiency
concentrations in regeneration media on the electroporation. (kV/cm) condition (x 10> CFU/ug DNA)
s o 8 232 0.9 0.87 0.85
A7 . TSGR S84 b e o e o
AR RGM2 Bt dk. BBk MR AT S 025 N a s i e
S %41k P4-102B., P4-102B 7 GM Hl53%, 7E s 13 0.90 052
AR ODgoo (EM 0.8 B, WEERR, WRig 1.7 14 = 2.7 2.60 258
WIRZ BRI, H SMG SR il 45 aZ 4, ki 18 140 0.59
7 5 52 B A S 0.5 mol/L 1L ALEE AN 0.38 mol/L 15 HiE 12 109 1.05
HERREAY LB ARSI, R PRy R % 05 032 ol
feA AR A TEIR (R VAT, EHI 16 it 07 058 056
iz 0.1 0.03 0

AR, M AT REAR B AR R TR
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Figure 5 Cell survival rate of B. coagulans P4-102B after
electroporation
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