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Development of highly efficient electrocompetent cells for
electroporation of Geobacillus thermoglucosidasius NCIMB
11955

BU Ruihong', YANG Zhiheng?, LI Zilong?, ZHANG Guojian'', WANG Weishan®"

1 College of Medicine, Ocean University of China, Qingdao 266000, Shandong, China
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Abstract: Geobacillus thermoglucosidasius is a kind of Gram-positive facultative anaerobic
bacteria. The fast growth rate under high temperature and less susceptibility to microbial
contamination enable G. thermoglucosidasius to be a desirable producer of biofuels and
high-value-added chemicals for the next-generation industrial biotechnology. However, compared
with the classical model strain Escherichia coli, the applications of G. thermoglucosidasius are
hampered by its low transformation efficiency. This study aimed at obtaining competent cells with
high transformation efficiency through inactivating restriction enzymes, adding cell membrane
inhibitors and cell wall weakening agents. The results showed that the electro-transformation
efficiency achieved 1.2x10* CFU/(ug DNA) by knocking out four genes encoding restriction
enzymes. Adding a certain amount of tween 80, DL-threonine and glycine further increased the
competent efficiency about 22.5, 44, and 334 times, respectively. The electro-transformation
efficiency was enhanced to 4.6x10° CFU/(ug DNA) under the optimized conditions, laying a
foundation for genetic manipulation and metabolic engineering of G. thermoglucosidasius.
Keywords: Geobacillus thermoglucosidasius; transformation efficiency; restriction-modification
systems; competent cells
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FE 4 [CPHPE R TR A . B IR HRE 1 34
WETF B 2F AT A NCIMB 11955 HIHLEALRCER N
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SRATR DR Ry LAt R A s 52 ) - AE % B R TGk
P 4G A L 1 TR I JTORL S Ak 25 41 i A 3L
2R, RO ZE R R &2 - Tk, RS
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1.1 £
L11 EHR. FRFEFE

PR AR S BRI 1,

LB (Luria Bertani, LB {45575 (g/L): Sfk
B4 10, AR 10, BERERR 5; LB A RAE
(gL): AfLdh 10, EE 10, BEEHRE S, BUlR
#3205 LBS (Luria Bertani Sorbitol, LBS)/& AR5 47
S (gL): FALHh 10, HEEK 10, BERHREY 5, 1L
Z4PE 91; mLB (modified Luria Bertani, mLB)#&Z {4
BEFRA(g/L): AALHN 10, I 10, BEREERA S,
FeS0O,0.06, CaS0O,40.123 8, MgCl,0.056 1; TGP
Bifed(g/lL): AN 17, KGEAW 3, #kH
2.5, @4LHN 5, KHPO, 2.5, Tl 4, NEREREH 4.
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Chain Reaction) mix (LR A ELEYRHH AR
oval), b 80, DL-ARER . HAMR[E T AW
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agra, TSA)[E{AH; 7 F5(OXO0ID).,

LI AL H &% 1 H i ¥ 58 (sorbitol mannitol
glycerol trehalose, SMGT)# W (g/L): 1HZLEE 91,
HEEEE 91, TS 169, Tl 100,

1.2 RRFRERRIA

A LABRL pUB-sfGFP M#itl, LA pUB-F
1 pUB-R H51%7, A KOD One #1542 DNA,
DLIE B ZF JOAT 7 NCIMB 11955 5& [RI 20 A 45
M, FH51%) pUB-9985-L-F, pUB-9985-L-R & 5|
) pUB-9985-R-F ., pUB-9985-R-R ¥/ 1% H At 3L [A]
BCV53 09985 1y I . FHflE EE ; Mol
pUB-5690-L-F . pUB-5690-L-R K 35| #
pUB-5690-R-F . pUB-5690-R-R "3 H it & [A
BCV53_05690 Yy I . T ElE IE; Hul
pUB-12685-L-F . pUB-12685-L-R K& 5| #
pUB-12685-R-F. pUB-12685-R-R #"# H ) 3£ A
BCV53 12685 1y L. T iif[a A ; 5l
pUB-9960-L-F . pUB-9960-L-R % 5| ¥
pUB-9960-R-F ., pUB-9960-R-R 1 H 1) 3k [A
BCV53_09960 1y I . TUElR EE ; M5l
pUB-8635-L-F . pUB-8635-L-R K& 5| ¥
pUB-8635-R-F . pUB-8635-R-R 9" 4% H ) 5 A
BCV53 08635 1% . FEFUEE, Kelikzifl
DNA HBt, JilA VOC (NovoRec Plus)E 2H iff ,
F PCR 1L H' 50 °CKZ I 15 min J5 #4542 K FT
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Table 1  Strains and plasmids used in this study

Strains/Plasmids Characteristics Sources

G. thermoglucosidasius NCIMB 11955  Wild-type strain Lab store

GBCl1 G. thermoglucosidasius NCIMB 11955 with BCV53_09985 gene This study
knockout

GBC2 G. thermoglucosidasius NCIMB 11955 with BCV53_05690 gene This study
knockout

GBC3 G. thermoglucosidasius NCIMB 11955 with BCV53_12685 gene This study
knockout

GBC4 G. thermoglucosidasius NCIMB 11955 with BCV53_09960 gene This study
knockout

GBC5 G. thermoglucosidasius NCIMB 11955 with BCV53_08635 gene This study
knockout

GBCl1-2 G. thermoglucosidasius NCIMB 11955 with BCV53_09985 and This study
BCV53_05690 genes knockout

GBCl1-3 G. thermoglucosidasius NCIMB 11955 with BCV53_09985, This study
BCV53_05690 and BCV53_12685 genes knockout

GBC6 G. thermoglucosidasius NCIMB 11955 with BCV53_09985, This study
BCV53_05690, BCV53_12685 and BCV53_09960 genes knockout

E. coli IM109 For plasmid construction Lab store

pUB-sfGFP pUB-sfGFP, KanR Lab store

pUB-d-BCV53_09985 pUB-sfGFP containing BCV53_09985 knockout cassette This study

pUB-d-BCV53_05690 pUB-sfGFP containing BCV53_05690 knockout cassette This study

pUB-d-BCV53_12685 pUB-sfGFP containing BCV53_12685 knockout cassette This study

pUB-d-BCV53_09960 pUB-sfGFP containing BCV53_09960 knockout cassette This study

pUB-d-BCV53_08635 pUB-sfGFP containing BCV53_08635 knockout cassette This study

pUCG3.8 Shuttle plasmid for testing transformation efficiency Lab store

B IM109 JEZ AL, 22 1R7% PCR K 38k
P2 IE R A e B SR o 5 A BIR A P TG IR A
g R SO Y3 A 32 A
1.3 [EREZEHBR
AR5 R SRR 14 P ) T i R £ B >R
v 58 2 4 1) R AP
1.4 RBRZSMAETE
14.1 PREMEIH ARG ERK BRI SRS &
W SR IRAE TSA BIAA E355% 310, 26
3R 24 h, ZJEHRE 34 N HA AR
FIBTERET 5 mL WK mLB A8 351 o AT %
PR LA B RO TE T, 10% 5 Rh i i 42 E Wi
#4150 mL LBS 3573, ¥4 ODeoo M
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0.1£0.01, & 7T 60 °C. 220 r/min 53R T
ODgoo 4 1.8, BT VK EUKIA 10 min, RJSTEM
B 4 °CEEE.OHLF 6 000 r/min 2.0 5 min
WA, F s b OF 60 S0 1Y = B R
SMGT Uk 4-5 K, (M 800 pL SMGT
&, LS80 pL BWAE A K BRI 1.5 mL EP
B, SRR T80 CCUKFEE A IR-AT-
1.4.2 R0 40 AR EE 554057 K 2B B BE SN IR fE HR
RS E

HFREET 60 cCHFRAiR B 177 318, #k
BUATERET 5 mL WK mLB P a5 348 Jy Al
T, WG RS LBS WIAS; R 8;
IR A ODgoo M 1.8, SR e BEHH LY HE 71 Jin 440 A
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B 555 14 7410 K 248 L R4 i 57—~k 9 80 (0.06%)

DL-7) 2 i2(200 g/L)FIH ZfR (200 /L), 4R B35 57
1 h JEEOERR, It SMGT WEURE0K, I
JEfH ] 800 pL =B K SMGT H A L1l iH e
B2 AN, UL 80 uL B RI R R

R"2 AMRERBSI
Table 2 Primers used in this study

—80 °CVKAf o
1.5 AREEEEHEIFMRTE NCIMB 11955
cilial=k =30 d

W R B B 7 2 A L 5 o R A S S 1 SR
DNA (5 ng)B#2IR ), HEBZHAE 1 mm H

Primer name Primer sequence (5'—3’)

Description

Amplified skeleton
plasmid

Amplified homologous
arm of BCV53_09985

arm of BCV53_05690

pUB-F AGCTTGGCGTAATCATGGTCATAG

pUB-R GATCCGAGTCACTAAGGGCTAACT

pUB-9985-L-F  AGTTAGCCCTTAGTGACTCGGATCACATTTTCACACAGATGGTAGCC

pUB-9985-L-R  CATCATTCTCCGGACCGACCACAACGGAATCAATCGCCC

pUB-9985-R-F  GTCGGTCCGGAGAATGATGT

pUB-9985-R-R CTATGACCATGATTACGCCAAGCTTGCTTTGTTGCACGCGTTTT

pUB-5690-L-F  AGTTAGCCCTTAGTGACTCGGATCGGATATAACATTTTATTCGTAATATCATTT Amplified homologous
TG

pUB-5690-L-R  CTGAAACTTTAGGGATCTCTTGTTCCTTTTCATTATTTTCATAC

pUB-5690-R-F  GAAAAGGAACAAGAGATCCCTAAAGTTTCAGAAGAACAAG

pUB-5690-R-R ACCATGATTACGCCAAGCTTAGTACATTTACAAAAGAAATGCG

pUB-12685-L-F

pUB-12685-R-F  CATTACACTGCGCAATAAAGAG

GTTAGCCCTTAGTGACTCGGATCGTTTTTCTGTTGCACTTAAATTTG
pUB-12685-L-R  TTTATTGCGCAGTGTAATGTAAATTATCAAGTTAAAGATATTGAGTCTC

Amplified homologous
arm of BCV53_12685

pUB-12685-R-R  CTATGACCATGATTACGCCAAGCTATTGATACAGAATGGCAGACA

arm of BCV53_09960

Amplified homologous
arm of BCV53_08635

Identified the strain of
GBCl1

Identified the strain of
GBC2

Identified the strain of
GBC3

Identified the strain of
GBC4

Identified the strain of

pUB-9960-L-F AGTTAGCCCTTAGTGACTCGGATCAAAGGGTTTTATTATACGAAAGAAGAAG Amplified homologous
pUB-9960-L-R AATGCCAGCTTTCTAAAGCCATCGTCCACTAACC

pUB-9960-R-F  CGATGGCTTTAGAAAGCTGGCATTTCTTACCG

pUB-9960-R-R  ACCATGATTACGCCAAGCTTTATAATTCAGTATATTTCTTTTTCGACCCAAAC
pUB-8635-L-F  AGTTAGCCCTTAGTGACTCGGATCACGGAAAGGAAATCGTGTCATC
pUB-8635-L-R  TTTCCTTTTTTCCGCTCTTTCATTTAGGACCGTCTATTTATGAT

pUB-8635-R-F  GCGGAAAAAAGGAAAGTTTCTTC

pUB-8635-R-R  GCTATGACCATGATTACGCCAAGCTGTTGCTTGCAAAAAACCTTGTTC
T-9985-F TGGAAAAGAAGATCCTGTGCCA

T-9985-R ATATTGCCCCTCCTCTTTGAC

T-5690-F AAAAGATGCTCAAACAGATTTAGATC

T-5690-R TTTTTACTTTCGTAAAATTCAATCCACT

T-12685-F TTTAATTGAGCGAATTGCGTTTC

T-12685-R AAAAACAGCTTAGAAATGAGAGAAG

T-9960-F ACATCGACCTTGGTGAAAG

T-9960-R ACGCTGTAATTTTAGACGCT

T-8635-F TGCCATTTCTGAAATTCATTACACAC

T-8635-R TCAACAATCCAGCTAACATCCAT

GBC5

http://journals.im.ac.cn/cjben
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HARE T, BT K EEERE S, dE-DNA
IREWEHREALT 2.5 kV/iem kg, Hrbg
BH AT 253908 200 Q 1 20 wF. HL 25 s 37
R TGP R A2 1 mL, T
52 °CE&MFFIEE 2-4 h (AR o &
Wil T AR, B A TR
IR 52 °CHE %), SRIEHUH 100 pL F H kA
F 12.5 pg/mL RIABEE RPN TSA B4 -,

52 CCHEFRIS A BB A I XAl b 1 B e
PEATTRER, FETTBRAH R AL AR RCR o FRIBURH L 11 5
SEREHEF TR TS PCR A E B (10 ok F 5% i

2 EREM

2.1 AEEEMHFRAERIEIERS
EMEEFEDH

A= W5 B 1R N TR 2 T (o 75 i ol ik 22 1) L
PRIy Rl TN , B 46015 22 G A by 4l 1 e SR 1)
RRERG, | ACE TN, RimfEN T
W RRIT S, BREHE R SR SME DNA #EA
T R A P [ B R ) 1 X6 TR PR a8 A 2R
WL 1 2 A2 72 PR 0 T, PR Sy R AT (R S ) 85 ) 35
TR S AT, DRI, ok 3k PR 2 v IR il 2 Py
VIR MR R AR SR A 7R s,
i 75 45 = 0 BRI IR B AL ROR AT B4 T . &
REBASE" 548 72 100, $AVATAR T I L 2 I AT £
HA 5 AFREPE YOG, a3 3 Fios AFoe 3,
TR BRI 2R G0 AT e, 2 i 22 R4 g
PGSR G, 2R A i BRI 5 | R
SEPE IR R IRl 3 WAL, AR
NCIMB 11955 BAEYE B 2200 brh, IFRERE
5 2Z 6 1 A TR R il A DDl 5 R 22 B0 R R il £
Wi R4 F %405 T RNA JiEfl DNA H LAk,
I ORSFPE ST, E DA T e 25 AT R 2
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B 3 MR AR GE N IR Sy B ok
BCV53_ 05690, BCV53_12685 F1 BCV53 09960,
I 28 BLASTp DA K NCBIEU 4 HE X453 LA
e ; RFER NS R 5L F 2 Mod F1 Res
AFFEFTA AL, Mod EZH TiR5%] DNA J¥41 5
X5 2 P A AT W AR B, e AT r AL R
Mod2Res1 & &40 F T V1] DNA, 7ERE#E
it H 2 AP P B 2 AN SRR N )
Ml HE DR, 43591 BCV53_09985 #il BCV53_08635,
22 AEEEMHZFRARERIEIERS
AR ERE

J T AAFIREME RGBSR AR, K mibR
JFkE pUB-d-BCV53_09985 ., pUB-d-BCV53_ 05690,
pUB-d-BCV53_12685 , pUB-d-BCV53_09960 .
pUB-d-BCV53_08635 437l H % 28 1 Wi 11 i b
ZEMIFFE T, PRE TSA A b Bk AL s 1
MR 4 XRILEEE YO a RIS
Prrkng TSA AR b, BT 68 °C (4 ik =
il F R A ], £E 68 °CAMF R AN )
BEFRAA TR IR ARG FRACHL A R, PRHL TSA °F
M ERATERET 5 mL mLB JCHiik iR 55
PEA TR st IR H e A e 48, SR JE s R U A &2
Toht TSA VA, BRECR e 1 TRV PCR B ik
WE 1R, RS 5 AR VTR R BR A
g7

*3 FRHSIREREPTBALE

Table 3 Type of the restriction endonuclease

Name Gene Type Coordinates

BCV53 05690 RM I 1163 6511 166 803
BCV53 12685 RM I
BCV53 09985 R I
BCV53 09960 R 11

BCV53 08635 R it

2592 734-2 596 216
2007 820-2 010 774
1998 571-2 001 081
1728 661-1 729 392

B<: cjb@im.ac.cn
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Clones
M H,O Control 1 2 3 4 5
bp

5000 — e Lomn'

tamnent ‘w— S’

2000 — —
1 000 —

-

500 —
100 —

B Clones
M H,0OControl 1 2 3 4 5

5000 — — -
2000 —
1000 —

500 —

L et

100 —

1 &% PCR WEIR AE ¥E A L Sk B
(C). Wtk GBC4 (D), LLLIFI#k GBCS (E)
Figure 1

C Clones
bp M H,O Control 1 2 3 4 5

5000 —
2000 —

1000 —
500 —

100 —

St

N — — S—

D Clones
B M H,O Control 1 2 3 4 5

5000 — s’ i
2000 — — -
1000 —

500 —

100 —
E Clones

M H,OControl1 2 3 4 5

bp
5000 —

2 000—

1000— s
500 —

St St e M

100 —

7% PCR X EH Ik GBC1 (A). Ftk GBC2 (B). H#k GBC3

Colony PCR of verify the genes of restriction endonuclease. Identification of strain GBC1 (A), strain

GBC2 (B), strain GBC3 (C), strain GBC4 (D), and strain GBCS5 (E).

23 PR&EMEIR ARG ERFEREMR T E K R EEL
S

SR 1 IR T T 2R e B TR B AR G A K
PR K B AR R A T AR It , S 4 R R,
5 AR TR 5 X BT AR A E AR K B I ok
ZF W B A (K 2A), TERIER ODgoo M 0.1 1Y
O, 5 S EBR RS BB bR AE K 4 h #57]
kB e A K A8 (ODgo=1.8), 7E 11 h Zifq,
KEEKSEAH, 52 ODgoo 4.0, 5 iR
PR 5 X B BA PR A LU AR 1R 25 Fe VRV L S A AR
R A KR —S(E 24), BCABSH )
SR BB R RIS S B kAR o T ik —
A 5 12 PR T8 1 28 9 1R B T2 7 R o SR
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FIREALRCR, AR 5 ng MIRZ S AR
M FR: pUCG3.8 73l L 4% {1k 2 GBC1.GBC2,
GBC3. GBC4. GBC5 WtkH, Pt FA
RN g S A W T o o W WS R gy S
Kl 2B fi7R, GBCS WRESXTIEAALL, bl
TCi R, A 4 D EREE TR BRI BEAE — 2 2
JE B m bR, Hh GBC3 HALRCR N
7.9x10° CFU/(ug DNA), 5% BEA HUL e 1T
2345, GBCA HALAEEN 6.3x10° CFU/(ug DNA),
XA RS T 2.1 £i5, GBC2 HALREN
5.2x10° CFU/(ug DNA), S5X A LIRS T 1.6 £,
GBC1 #4534 3.4x10° CFU/(ug DNA), %Xt
WS T4 0.7 4%, 31X 4 BRI 16 22 Gt e 7Y
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RLRR A0 7 AL 0% 55 i 2R U TR R A L3S B 2 4
15 0 A7 U0 R A P )T R 2 e ok X J Az
AU AR, 5SS AE GBCL mBRIR Y
Fefl bt — A @iBR L BCV53_05690, 745 FR
Tl R G FE TR GBC1-2, SLIg5 R
7, GBC1-2 5 Hilsr s 4R rY GBC1 A1 GBC2 AH
Fb, HFERCRIE—ARE ZE 6.4x10° CFU/(ug DNA);

JG 76 GBC1-2 1y 3 Al I 3k — 4 @ bk 2
BCV53 12685, 3ifH itk GBC1-3, AL R E/N,
GBCI1-3 T PR 137 25 4 i 1) L 5% 00RO 1.0
10* CFU/(ug DNA); FJrifE GBC1-3 AyJERE - ift—
AR RL P BCVB3 9960, 45 FR il 181 2 Gt i
MRl MR GBC6, MIAZE R /R, GBC6 HFkIK
SZAAMEM LS R% R 1.2x10° CFU/(ug DNA).
[ R lr 4 AR N DTEGEE #Pk GBC6
SEPAETRIRARAA L, B2 SRR S T 545, 8
# 1.2x10* CFU/(ug DNA) (# 2B),

2.4 M PEEES51L T % 20 AE AR HD I 55 3 A 1k
e
R SR 2 201 R 40 B A AN ] D Ry 2 —
JRRBEAO R K B N E R . A R A R
3 PVESERRTAL N . T HZAR . ARG
- S B
sl o
S i % Snes
2r ) - GBC4
o GBCS
b/ ‘ 5 T TR
Time (h)

E 2 REibRtREKIZA) R HEEB)
Figure 2
statistically significant differences, ***: P<(0.001.
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Transformation efficiency

SN R, I H R . T2 BN
23 P BUR R G B R v B JCk sc B, 1T
T R 2 FCBHPE B 1 20 B R 1 R AR, — R
JE I R g % G PH M TR A R AR AR O
Tk 8O PRSI AT LA 368 2ok 2% A 24t el S 7y s 1 DA T
P o 2 FCBAPE T Y FL A Ak . IR, 7R RR
4 ASBRAPE N DIBERE R A B R GBC6 R38R |,
X H 22 . DL-FR 2R . I 80 AN 28z 2541
JL 5 R 35 A P U B Al T, kY 80 YIS N i
O3 T M E A 0.03% ., 0.045% ., 0.05%FAINR,,
Horr Yt 3 80 BYMREE A 0.03%0, GBC6 i 4%
A L AL 3R 1.87x10* CFU/(ug DNA); 24
iR 80 MK N 0.045%M), GBC6 B2 254,
AL RCR I — A & 4.7%10* CFU/(ug DNA);
2 80 W FEH 0.05%F, 8.0 32k A8 v i 44
MALfFE, GBCO IHAZ MM E T ER 2.5%
10 CFU/(ug DNA) (& 3A), Kt i 80 fik
ISR 0.045%, T EEALRCR 55T IBAH
BETH 225 f5. X DL-FRE R WA R G in
(0.4%. 0.8%. 1.0%. 1.2%)% A48 1T AL,

M DL-FR AR BN 0.4%BF, GBC6 Bz A4
Ml %E b 3% 3.3%x10% CFU/(ug DNA), [

1.5x<10% -
sk
il 1x10* -
()
g
2 5x10° H
S
0 mﬂ | |
YV "’z b
§§§&§§ '

Strams

Growth curve (A) and transformation efficiency (B) of knockout strains. Asterisk denotes
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DL-J SRR (3G 0, Rz A Ak R 2 3
ThHta#s, MHAREIE N 1.0%0, GBC6 &3z
AR IE R I R AH 9.0x10° CFU/(ug DNA),
L5 A R TRAR A RS2 S A AR IR = T 44 %
(Kl 3B). HAMRMEMEDHHN 0.5%. 1%.
1.5% . 2%F1 3%, Bl T2 i B i3 i
GBC6 [&Z A MR Z W T, 2 H &R
TR 2%IF, GBC6 JEsz A MIAICR S o e
6.7x 10° CFU/(ug DNA), S5EFARERNIELHIAY
Xof A FO A2 AS A EAScR 4ty 1 334 %, BEE T
SR I RS2 TN NI AZ S A I L R AL R TP IR T
B, YHZERESINGE N 3%8, GBC6 &z
Y AL AR EE R 2.7x10° CFU/(ng DNA) (&
3C). LA LI ESEE, mhill 80, DL-FR&R A
AT PR VS TN AE — 2 S [ PR 0 AT DA o R i
Tit Hb 2 AT 7R 1 FL AR A0
2.5 1E 3Z SCIG X 4 Bl BE 55 1k 57 Kz BR HD I 57
B SR

J T AR IR 80, DL-FREBRAIH &

RS I e R, ABFSE R Lo 3%) 3 7
3 KPR IESC LR, 3 BF4r 5 kit 7L 80 ¥R
DL-J) PR E . H AR E ; Hrpnkii 80 1Y
3 Pk BE 454 1 0.037 5%, 0.045 0%711 0.047 5%,
DL-FARWESE R 0.9% . 1.0%F 1.1%, H
R IE B R : 1.5% . 2.0%F1 2.5%. 385K
AN 4 Fion ., SRRV, AAUN 3 Fhik
FJE , FEL 2l G i AR 3 AR S A
E— B FA TS, Hrh R eacEh
1.1x10° CFU/(ug DNA), %414 ki 80 Fshn
A 0.045%, DL-FRZBRININEN 1.1%, H=
FRANIEN 2.5%; 1. 6, 8 =l baieR
W& T HA 6 4, X 3 ¥ kil 80 W nd:
4 0.037 5%, s Aras RR I 80 MY N2l
ARRCRA BT TR, gl & ekt il 80 M
WA 0.037 5%; 2tk 80, DL-JRZMR |
HEBR IS AN 0.037 5%, 1%, 2.5%HF
AL IR B B N 4.6x10° CFU/(ug DNA).

A B C

6x10* - > 1x10° — > 8x10° -
g 2 gx10|- - 2
1) = L o
-3 — 2 6x10 - 2 ex105
g 5 4x10' B g 410%- 5%
g3 £ S 2x10°- m o~ £
o5 52 2D 4x10°
® < (u"_) &
£ axi0t| EZ ax10°- EQ
S £ S x105

12}
2 g 2x10°| 2
w Ll : n
= ol [0l Il 1y = oLl bl Pl 1 1y = 0 Late 171 !
\.@\ &Q be @Q Control 0.4 0.8 1.0 1.2 Control 0.5 1.0 1.5 2.0 3.0
Qo‘\ ANEEERN DN DL-Thr concentration (%) Gly concentration (%)

Tween80 concentration (%)

3
JERYHE R
Figure 3

RFLRMELRE A BIAFEME R 80. B: YIS EIM M DL- 7R E MR, C: UINAS Rk

Improving Geobacillus thermoglucosidasius transformation efficiency by adding different

concentrations of Tween 80 (A), DL-threonine (B), and glycine (C).
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Table 4 Orthogonal tests of three variables and the corresponding transformation efficiency

Trail No. Variable Transformation efficiency (CFU/(ug DNA))
Gly (%) DL-Thr (%) Tween 80 (%)
1 1.500 0 0.900 0 0.037 5 3.80x10°
2 1.500 0 1.000 0 0.0450 1.07x10°
3 1.500 0 1.100 0 0.047 5 4.20%10°
4 2.000 0 0.900 0 0.0450 1.20x10°
5 2.000 0 1.000 0 0.047 5 5.26x10°
6 2.000 0 1.100 0 0.0375 4.10x10°
7 2.500 0 0.900 0 0.047 5 5.40x10°
8 2.500 0 1.000 0 0.037 5 4.60x10°
9 2.500 0 1.100 0 0.0450 1.10x10°

3 ik

ASHIFZE A A T il M 25 AT R NCIMB
11955 1 vy 2850 R 27 2580 2% 0 3 ok PR PN 1D g 1)
R 2 R 555 A R0 A IR o ) A R A AR T
SEHLAY o R RS2 2SN M R B i ATk
4.6x10° CFU/(ug DNA), & HHifrHiiER NCIMB
11955 J8 A7 A5 A MR IR e Ko 3K S B
T i b 25 JEU AT TR A S5 R g 8 e T AR P B4
T A

R P VT 5% i A1 DNA 5 ABCR Y
HRE R 2R 22—, TEASAI S o3 o Tt PO 1oz 1% B
P P 70 il 5 R ol FH ] 058 2 ) R A 7 R
R S I AR SN TR A AR R R S A, XS
RSN T 15 1 PRS2 48 23 B RS A1 A
DNA AfZBAHI—EL, Gk sk (Sreptococcus
pyogenes) HoKs IRL B i N DIBESEE . hsdM Bl
A (AL AR B 5 A5,

H T i BARERR 11955 By
YHMIRCR , A58 R T 20 BB 555 10 751 1 241 it Jss
IR o 24 B 555 Ak R0 T 2B (R S N RE 6% 5 25 1
P2 = RS UM A R AR 3K PT RE 2 T4
BEG G FR A, A i N PR A T 24 R P 2 A
A F0 UK TS T AR AC NS, ik 80 1Y

&: 010-64807509

VNNt R 8 S 2 B e bR R R A SR A A P
feiR, ArfgR i TR 80 AN T 41
R SE e, I o B AR B AR H S o
VNN DL- 7 2 18 ol JER 2 245 200 bS50 3R 42 v T B it
5 H 2R . o xR RSk B RS H
(), PR IE 3SR AL R i, 45 IR 5K
T eI B R R A N L A AL ORI A R
PR D 2E AT 74 NCIMB 11955 BLRTHY
P s 2 A M A58 %R B e e 3 Sk A A o
DA S ARAL 58 5 W A B e /3, AR Sl
A 4 DI B 2 AT TR A S X B R A 2 22 PR PR
W, DARIGHFF RO i bR s 22 R b, 4%
B HAT PR A B 1 A Il R 8L P oo . 4
R 555 Ak ROV B 240 M A o 7 k38 80 ARSI,
P E T AT R 2R IOAT B 11955 (R HL %%
ROR BRI P U3 DAL 104 et o R SR 5 200 M R 55
A 751 T A4 L S ) 750 s b £, AT R DR PR AR IR
DR BTRARXT AN, FEARAL S IZ N YT TR A7
R TR EE S 150 0 DL-95 SRR A B H 4
iz, PRI REAMRE S AR, UDP-N-&
T 580 P A7 2 AT )% % T (muropeptide A, murA)
FEYI Sz MM H 2R S pL- 78 2 R R g
RO R TS ER A A T AR, B
PRI R R, B B RIS
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AW ST X6 FRAT W T i 2R MU AT 1A NCIMB
11955, FF R T —ERGM Ak T Z
PR LA R FIATX AN, NCIMB 11955
B PR A0 FL SR $E 7 & 4.6x10° CFU/(ug DNA),
S LR 7 25 A L P A K R 1 e e KO, XA —
PR Loz AR | S T I R AR T
SLilt, [FB 2O R i X — A s
Tr R SRR Tl Ak
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