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Determination of Optimal Electrotransformation
Conditions for Various Lactobacillus spp.

Yoo-Won Lee, Sung-Hoon Im, Chun-Feng Xin, and Jae-Seong So*
Department of Marine Science and Biotechnology, Inha University, Incheon 402-751, Korea.

Abstract Lactobacilius spp., primary members of probiotics, have significant benefits for health and well-being of human. in this study
Lactobacillus strains representing six species (L. paracasei KLB58, L. fermentum MS79 and KLB282, L. plantarum KLB213,
L. gasseri KLB238, and L. reuteri KLB270) isolated from Korean adults were electrotransformed with plasmid pNCKH104.
To determine optimal electrotransformation conditions, various conditions including cell wall weakening agent, electroporation
buffer, electric field strength and time constant were tested for each strain. Overall, high transformation efficiency of
approximately 2.5 x 10° ~ 5.5 x 10° CFU/ug DNA was obtained where conditions of 0.5 M sucrose electroporation buffer, 1.8 kV
pulse voltage and 5 ms time constant were applied. The common conditions developed in this study will make transformation
of various Lactobacilius spp. easier than previous procedures.
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2T (Lactic acid bacteria)}& 1 AFJAQ] ZQAjm
g olz} BrE 5 Tk A0 R Q8 <17k A%
LRI BEE 7R T, 2 7)=e tigk B 5
Aol A7t v a7Eda & 5 ok BRAYESRA
o & A7V A AR Ee gude £330
90 ga= 3§, 1 F 3R} electroporation?] Y&
< FZRE AV wdd] ) AXA o]FZe
2R FEREe] AdBlEE i o) Ao g
ol AT E ARAE ol&sh= Aolti1). 27 KA
ol ther BAESE A7 F2 FATF (Lactococcus)
o ATHNL FAARL gt FE7R LAY
AT (Lactobacillus)l) T3 A7E gaks]) 2305 0]
Lactobacillus helveticus(2), casei(3), acidophilus(4), sake(5),

*Comresponding author
Tel: +82-32-860-7516, Fax: +82-32-872-4046
e-mail: sjaeseon@inha.ac.kr

delbrueckii subsp. lactis(6)s TFF3F 2] PAAS 1
7} o] FAR L Ut

FAAES A FAkr AxE ofEE 93] 371X
28] WHE AT Glycined electroporation® 2]
Al AeA R de] soln gekst vteg]ole] )]
7} A, electrocompetence S A== Ao R A#A sk
31, ghggjo}e] A|EH =lelo)| =7t -7} D-alanine-S Z3}
shke AT R fGA B0t Alxye] $4e ARG
I GEA Aok Mo MEEL Aol A9 Al
B2 A penicilline o]2$ AEH 9 7|2 TAEZ
1 peptidoglycan #/J<] wEA9 GAlo] Bojsle T4
transpeptidase®] 2-8-2 Ao 2N A EHIA] =
GAIE B8, ME W29 penicillin-binding protein¥}
Agste] 1 28-S s, o2 s At LaEs
7} BAskE o] AEEY 838 EAME AeE ¥4Y
A ok 72]al lysozymeS MEZB 2] N-acetylglucosamine
(NAG)3} N-acetylmuramate (NAM)S] 3 (1 — 4) glycosidic
bondsE 7FFE3sld MEH S S1)7= Aoz &

A T, 8).
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1o H(9), E AP M= o] F 6709 Lacrobacillus
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2 dddAe A WX AY AtFez Eod
Lactobacilli &, T}t €)% 37 2B 943 WA
< Kol 6709 75 (L. paracasei KLBSS, L. fermentum
MS79, L. fermentum KLB282, L. plantarum KLB213,
L. gasseri KLB2383} L. reuteri KLB270)7} ©]-8=TH9).
55 MRS (de Man Rogosa Sharped)®j&]ollA X wlj %k
S BjFe e 37C Qrk FEkav]= WEe] 34E 5
EME Escherichia coli DH5aE ©1-831$3.2H, erythromycin
(50 pg/mlye] EE LB wjA|olA 37C 2 ugh sjoka}
Gt FAAGS 8 WE] SEAn =2 XN Escherihia
coli - L. reuteri shuttle vector?] pNCKH104Z A}&2-3}%]
tH(10). o] Sek2v|=9] F7])= 5.7 KbO|L erythromycin
WA FHAE 3A8A marker24 7RI

Competent cell2| =t

AN FEAB7-2 B3B3 A (Phamacia. Biotech, ultrospec.
2000)F ©]83l H=E SAst] BEEHTHODew). A
7] (16-18 )2} FFE 10 ul MRS brothd] 2% H=E, 37C
oA FAiEF & F, 2719] A7) (ODeno = 0.2~0.3,
oF 3AIHY o) AAEE] (6000 x g, 5%, 4T)std LLol
A&l = washing buffer (5 mM sodium phosphate, pH
74, 1 mM MgCL)Z 23] Al&319t) ©] W (Untreatment)
= WETOZ 3lal F7HH o2 AEHS oFlr]7]7] ¢
3 Wei 5(8)°l 23 o) 37k4] W, & i) 16-18A171
Hj k3t 7FE 10 ml MRS brotholl 2% FHZ3td 37C
oA 2A1ZE HIBIAL (ODgoo = 0.1 - 0.2), Penicilling H=
SE 10 pg/ml7t HEE HrkgE & 1A% F7) o
(ODggo = 0.2 - 0.3)3} 2T 22 HHoF A &3l
Penicillin treatment, ii) 16-18A13F W8 FF5 1%
glycine (w/v)°] 78 10 ml MRS brothol] 2% #=3}
& 3AIZF BlF (ODgoo = 0.2 - 0.3)3}2 A1&3F Glycine
treatment, iii) MRS brotho] tiZF3 Zo] vjeksly 3]
T8t MEZE AH & Egg white lysozymes HE &
10ug/ml7} = 7L 37C oA 308 SR8k ice
washing buffer2 13] A|43+ Lysozyme treatment %o

shtE A

Electroporation

AN 48S 98 FAE pNCKH104Ze2r=
DNA (50 pg/ml) 1 ulZ 50 ple} vl dLof 108& ol
RAANZ] AE Herel (4712 A, Table 1)3 g7} 0.2cm
gap Gene Pulser disposable cuvette (Bio-Rad)ol| 33! Gene
Pulser (Bio-Rad)Z o]&3} 1.2, 1.8, 2.5 kv gtz
electric pulseE 7}ttt (71 A7IEl= 24 12, 18,
25 kV/em). ZFz+e] AdellA time constantE default (F
5 ms)9} 2.0msZ AAs] F8E}AT}. Electroporation
F 200 ul®] MRSHIAIE TsaL 37°Collx 2417 B
3+ & 5 pg/mle) erythromycing 3+ MRS agar plate
o =3} MRS agar plateE 37 C oA 2~3Y Hl%
Fofl F2Y JigE AT

Table 1. Composition of electroporation buffers

No Electroporation buffer (EB)

0.5 M sucrose

0.3 M sucrose + 1 mM magnesium chloride

0.3 M sucrose + 1 mM magnesium chloride + 5 mM sodium phosphate
3 x concentrated buffer 2
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2 A ] Bl 93l EHOZ L. paracasei KLB5S
A A A) S Anderson and Mckay(11)2] WHo g &
sl AV19F sdth A F&& =0)|7] A3l
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Aol e 7z g7l F2AE 885 Table 2014
Table 5744 JERARITE L. gasseri KLB2382 lysozyme
A Al ARG G0l Ehom, AR} 5, time
constantZte] &S G&o| FVFke AoE UENTH
L. fermentum KLB282%} L. fermentum MST79¢ 22
o] FOo 72, WISBHA glycine*E] F electroporation
buffer No.19|A HF2] 88 VehoY, lysozyme
22 Al L. fermentum KLB282% TRE ZA|glo) H]s)
Tha "HoJRA|IL L. fermentum MS79E A2 Aol
HA ge Fegxl AolE Btk B8 F o7 B A
7174 ARt AZGE, time constantFro] FolESE
FAME a-go) Bo|AH 1 F=rF MST99AM K} 5
Qe Vehvhs AS ARG L plantarum KLB213
o] Z$-E penicilling g the AL F Y] ¥



< BN E& 58S 4L F AUk L. paracasei
KLB582 A3l A& BE 35 Fo 7M8 58 &8
< UEIITKS.8 x 10* CFU/ug DNA). &A)5t o]9} e
2L AAE 3R] &L electroporation buffer No.19A
T B 533, penicillin®]u lysozymex]2] AlolE &

3] gadte RS ERISHAT glycinex g 27 E
T2 straind B3 888 HYH, A9 o482
OhA §80] EUT L. rekuteri KLB2702] 7S A3
28 O #Fo vg) @ FA¥E 58S By,
lysozyme *]2] § electroporation buffer No. 39l &3}
e o FolFA 1 E&A4S etk kA9 buffers}
AR e 2dME AY Aolg Bolx] itk

2TSE FTME =A

Zh d5e 3 AAE AES B 20 ¥E
ERfSTHTable 2). 5ol whe} olst 2NN 22t
O B&E BYT L fermentumO T 2 EQ MS799}
KLB282& HIS:g EA438 el L. plantarum KLB213
9] 9= electroporation bufferel] A@glo] A=} 2kch

B g SEME =A

z} fFol dis) ot 27io] FAATF S| Z 29
WSS Fe7h dolry] 3l 24 24 29 3o 2%
HAE T8b] B3} thdata not shown). 15 EFE
AA7t 72 52, 5 MY & 992 FE 248 75
A2 AAEGcHTable 3). A1EE FAAS =247
IR 2 g wet ZA S we Fdo] g%
ow 22 L. fermentum?] MS799} KLB282%E MS79E
ARl KLB282& #7189 Al7ld] 2zt 713 st
TS HAck '

L. paracasei KLB58°] 7F¢ 2 HAE Yepd 24
Q1 electroporation buffer No. 1, pulse voltage 2.5 kV,
time constant 5 msol X 47}X] AAjg] wWale] wj& 7z}
752 FANPEL-S vILSIYTHFig. 1). KLB58-& Al
Y XS 1A 9E W (untreatment) 87,500 CFU/ug
DNA, penicillin *3{2]A] 320 CFU/ug DNA % 2704] o}
9] & zolE BT HE iR A= Zhzhe] A
2ol wet I B&o] 23 11 xpo] EF AA YT
Ze 7F<Q MS799} KLB2829] FAAFEA &3 vl ¢

Table 2. Transformation efficiencies of each strain on untreatment

Pulse Time Efficiency (10° CFU/ug DNA)
voltage (kV) constant L. gasseri L. fermentum L. fermentum L. plantarum L. paracasei L. reuteri
(ms) KLB238 MS79 KLB282 KLB213 KLB58 KLB270
12 2 10 2 25 7.5 NT 2
5 12.5 35 25 7.5 1.5 2.5
1 18 2 10 1.5 3 5 NT 25
5 12.5 5 3 6 55 25
25 2 10 2 2.5 4 NT 2.5
5 12,5 4 5 87.5 25
12 2 7.5 25 35 7.5 NT 2
5 10 25 4 7.5 0 25
2 18 2 10 2 35 4 NT 2
5 10 3 4 4 17.5 25
25 2 10 2 3.5 4 NT 2.5
5 12.5 2 25 5 1.2 25
12 2 10 3.5 25 3.5 NT 2
5 10 3.5 4 7.5 0.06 2
3 18 2 10 2 ND ND NT 2
5 12,5 3 35 6 22,5 2
25 2 12.5 2 4 75 NT 4
5 12.5 2 1 3.5 17.5 1
12 2 7.5 4 3.5 5 NT 2
5 6 5 35 75 0 2.5
4 18 2 6.5 2 4 ND NT 25
5 6 2.5 3 5 0 2.5
25 2 7.5 5 1.5 NT 25
5 12.5 1.5 1.5 3.5 0.1 3

EB#, electroporation buffer number; ND, not detected; NT, not test.
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Table 3. Transformation efficiencies of each strain on penicillin pre-treatment
Efficiency (10° CFU/ug DNA
Pulse voltage Time constant - : y k9 ) - -
EB# (kV) (ms) L. gasseri L. fermentum L. fermentum L. plantarum L. paracasei L. reuteri
KLB238 MS79 KLB282 KLB213 KLB58 KLB270
1.2 2 10 3.5 2 35 NT 1.5
’ 5 7.5 5 35 35 0.08 2
1 18 2 12.5 2 5 1.5 NT 1.5
' 5 10 25 4 1 0.1 2
25 2 10 1 5 1 NT 2.5
) 5 12.5 2 4 1 0.32 2
12 2 10 4 5 35 NT 2
' 5 10 5 5 1 0.08 2
2 18 2 12.5 2.5 5 4 NT 2
’ 5 10 4 4 4 0.06 2
25 2 10 1 4 1 NT 2.5
’ 5 12.5 1.5 4 25 0 25
12 2 10 35 25 25 NT 2
’ 5 12.5 3.5 3.5 2.5 0 2
3 18 2 12.5 1 5 1.5 NT 2
’ 5 12.5 4 5 35 0.9 2
25 2 10 0.6 5 1.5 NT 2
' 5 12.5 1.5 4 25 0.12 0.16
12 2 10 3 5 1 NT 2
) 5 12.5 5 5 5 0 25
4 18 2 12.5 3.5 4 1.5 NT 2
' 5 12.5 3 5 4 0.02 2
25 2 10 2 35 1 NT 2.5
’ 5 12.5 1.5 4 1.5 0 25

EB#, electroporation buffer number; NT, not test.

2} MS79% glycine treatmentol| 4] £ &8, untreatment
ol vt E8-& H whdo] KLB282E untreatment &
penicillin treatmentol| 4] %2 &&, glycine treatmentol|A]
T @2 885 HHT: E3F MS79% lysozyme treatment
X A BAAZC] HA| Yo} OhE dFEY Y=
ojitt. Wt FakT2] electroporationol] A AlZHE A
A3k Walo] PAHE G8o dA-F AL F= A
o8 et

90 J/
A1 Wl Untreatment
254 Peniciliin
HE Glycine
[ Lysozyme

20

154

104

10° Transformants / & plasmid DNA
ied

KLB238 MS79 KLB282 KLB213 KBSé
Strain

Fig. 1. Effect of pre-treatment on the electrotransformation (black

bars, untreatment; gray bars, penicillin; dark-gray bars,

glycine; light-gray bars, lysozyme).

KLB270

2} 7139 electroporation bufferol] W& FAHE § &
< v]wa}r] 28] untreatment, pulse voltage 2.5 kV, time
constant 5 msZ WYX HFE 1A THFig. 2). KLB58
9] 735 Mzd FHA2e} viR7IAIR electroporation buffer
o WetMe FAAHE g&o] A AoVt e AE
BoFd) o) ¥kl KLB238- electroporation buffer
of tfdl gdgko] A3 fUe AHOE YEEtow MS79%}
KLB213% @& 333 HHch

90

N EB1
EZEE) EB2

10 4

10° Transformants / plasmid DNA

KLB238

MS79

KLB282 KLB21
Strain

. 2. Effect of electroporation buffer (EB) on the electrotransformation
(black bars, EB No. 1; gray bars, EB No. 2; dark-gray
bars, EB No. 3; light-gray bars, EB No. 4).

KLB58 KLB270

T
Q@
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Table 4. Transformation efficiencies of each strain on glycine pre-treatment

Efficiency (10° CFU/ug DNA)

Pulse voltage Time constant

EB# (kV) (ms) L. gasseri L. fermentum L. fermentum L. plantarum L. paracasei L. reuteri
KLB238 MS79 KLB282 KLB213 KLB58 KLB270
12 2 15 75 5 35 NT 25
’ 5 75 6.5 7.5 5 0.52 2.5
1 18 2 15 5 5 5 NT 2.5
5 10 5 2.5 5 6 35
25 2 25 1 2 3.5 NT 2.5
5 17.5 4 2 ND 1.34 35
12 2 10 5 2.5 ND NT 2.5
’ 5 10 2.5 5 4 0 1.5
2 18 2 10 35 1.4 25 NT 25
5 10 4 1.4 4 0.02 2.5
25 2 15 1 2 35 NT ND
' 5 17.5 0.2 0 5 0.04 35
12 2 15 2.5 2.5 1.5 NT 2.5
) 5 10 2.5 5 4 0.14 2
2 10 25 1.5 NT 4
3 18 5 10 2 1.6 4 0 25
25 2 15 0.2 2 35 NT ND
' 5 10 0.1 2 5 0.04 1.5
12 2 125 3 2.5 3.5 NT 2.5
5 10 2.5 4 1.5 0 25
4 18 2 15 25 4 25 NT 4
5 75 2.5 4 25 0 25
25 2 10 0.6 2 35 NT 2.5
' 5 75 0.6 2 5 0 35
EB#, electroporation buffer number; ND, not detected; NT, not test.
207 S BYAF KLB2827F MS79X Y F3F ‘% AE

10° Transformants / /& plasmid DNA

KLB238 MS79 KLB282 KLB213 KLB58 KLB270
Strain

)
@

. 3. Effect of pulse voltage on the electrotransformation
(black bars, 1.2 kV; gray bars, 1.8 kV; dark-gray
bars, 2.5 kV).

L. fermentum KLB2827} 71§ &2 BXE B2 glycine
treatment, electroporation buffer No. 1, time constant 5 ms
o] Z7A pulse voltageol| W& 2+ 73] FAAS
B&S v WEAHFig. 3). 2L L. fermentum o2
KLB282%} MS797} 1.2 kvl 7} =& 5828 Ho)
31 pulse voltageZ} HolA4E F8o] ol 22L& <

B pulse voltagedl] 931 Jgko] ]331_
ot IR FFEL

g} 2.5 kVollA] 7}
KLB213, KLB270°]%13!, KLB58-&
A 71 2 E82

10° Transformants / 4 plasmid DNA

Ly
@

B8Ol &

O
2 =2

BYrt,

KLB238

MS79

KLB282 KLB213

Strain

/\E E'__l‘)\l

2 pulse voltage7} 23z}

(black bars, 2 ms; gray bars, 5 ms).

KLB58

E%% Bl 75 KI1.B238,
7+ A719) 1.8 kV

H 2ms
5ms

KLB270

. 4. Effect of time constant on the electrotransformation
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Table 5. Transformation efficiencies of each strain on lysozyme pre-treatment
Pulse voltage  Time constant Efficiency (10° CFU/g DNA)
EB# (kV) (ms) L. gasseri L. fermentum L. fermentum L. plantarum L. paracasei L. reuteri
KLB238 MS79 KLB282 KLB213 KLB58 KLB270
12 2 12,5 0 2 6 NT 4
5 10 0.08 2 75 0.34 25
1 18 2 175 0 2 5 NT 4
5 10 0 1.3 5 10 3.5
25 2 30 0.04 0.72 3.5 NT 2.5
5 25 0.02 1.4 7.5 15 5
12 2 17.5 01 2 5 NT 3.5
5 10 0 2 4 0.02 3.5
2 18 2 12.5 0 1.3 5 NT 3
5 10 0 2 3.5 1.16 3.5
25 2 30 0 0.2 3.5 NT 5
5 25 0 1.4 5 6
12 2 12.5 0.02 1 5 NT 15
5 10 0.02 4 5 0.08 6
3 18 2 7.5 0 2 5 NT 3
5 7.5 0 2 5 1.8 3.5
25 2 30 0 0.3 2.5 NT 0.2
5 10 0 1.2 0.4 3 0.08
12 2 10 0.02 1.6 6 NT 1
5 6.5 0 2 7.5 0 0.6
4 1.8 2 5 0 2 5 NT 14
5 10 0 2 4 0.04 0.6
25 2 7.5 0 1 35 NT 0.6
5 6 0 1.2 4 0 0.2
EB#, electroporation buffer number; NT, not test.
L. gasseri KLB2389] EFHa7} 718 =4 VM2 time Table 6. Maximum transformation efficiencies
constant W Af= KLB2387t FEHZ F69 Aol ) Pulse voltage Time constant  Efficiency
£ BYrhFig. 4). YR Z2E lysozyme treatment, Stan Preteament  E8E 4 (ms)  (CFULg DNA)
electroporation buffer No. 3, pulse voltage 2.5 kV %t} Lgasseri KB Lysomme 1 25 ) 20
- lysozyme treatmentoll X &-&0¢] #A|3] Bolx|:= MS79= L. fermentum MS79  Glycine 1 12 2 7:500
FA[BAE A A2 5 QA KLB270E 3] & | fmentum K882 Giyce 1 12 5 7,500
855 HATE KLB282+E 2 msollA] &&o) 49 =3¢l L. plantarum KLB213  Untreatment  1~4 12 5 7,500
HhHo] KLB213L 5 msol|A] 6] o] &80] =4 Je} L. paracasei KLB53  Untreatment 1 25 5 87,500
rq KLB58& = ;q.o] EO] ] 01%9&14' L. reuteri KLB270 Lysozyme 3 1.2 2 15,000
EB# : electroporation buffer number.
38 ga™g =A
Table 7. Most significant transformation conditions
3 L;C;?baf"”’“ Sf’of'f“l %?@9& ﬁ & 7 sl= #HA S Nost sgncan Vean (CFU/ Sandard doviion
o] FHH =08 2] 98 6 w5l Ui 2z 24140 condifon g ONA)  (CFUjg DNA)
Ao B8-S Hhﬁ}ﬁ‘:} % 7P =& Hagho] veRd L gasseri KLB238  Time constant 20,000 10,000 Lysozyme/EB3/2.5 kV
Z71¢] ZF-2 1) untreatment, electroporation buffer No. 1, L. fermentum MST9  Pre-reatment 3,260 2,760 EB1/1.2 KVI2 ms
pulse voltage 1.8 kV, time constant 5 ms, ii) untreatment, L. formentum KLB282  Pulse voltage 4,000 2480 Glycine/EB1/5 ms
electroporation buffer No. 2, pulse voltage 1.8 kV, time L. plantarum KLB213  Pre-treafment 5,260 2,660 EB1/2.5 kVI5 ms
constant 5 ms, iii) glycine treatment, electroporation buffer L paracasei KLBS8  Pre-treament 26,040 35,960 EB112.5 kV/5 ms
No. 1, pulse voltage 1.8 kV, time constant 5 ms2| 37}X L. reuteri KLB270 Pulse voltage 6,060 6420 Lysozyme/EB3/2 ms

EB : Electroporation buffer.



188

JEME| 2l

Electrotransformation ¥ pNCKH104 ¥E Zg}in|=
®] L. paracasei KLB589 3t =94& gRIs}7] 93] A7)
FES YAt (Fig. 1). ANGEL 1.0% oPIE= A4S
o]18-31$3 1 kb DNA ladder® 7S FZ3190H(5.7 Kb).

M 1 2 3

. Confirmation of L. paracasei transformant (M lane, 1
kb DNA ladder; lane 1, L. paracasei; 2, pNCKH104;
3, L. paracasei transformant). Arrow indicates pNCKH104

plasmid band (5.7 kb).

2 <%

Lactobacillus 757 HEA Q] probioticsEA] Q1] ¢
A7RA L JFe Fra ¢8R Jrk B d7
AMe Ad4E gl AlalA st A8 6719
Lactobacillus T3~ (L. paracasei KLB58, L. fermentum
MS79 and KLB282, L. plantarum KLB213, L. gasseri
KLB238, and L. reuteri KLB270)2 Ze}*u]= pNCKH104
2 electrotransformation 3ty A AL 2] Y8
pulse voltage, time constant, A3 X||HHH, A X3 el
< Tl WS zen, 1 Ay Z4zbe] FFo) tha)
32 o] FAAS 2AS AASATE AR AAAA Ee
3+ Lactobacillus 152 2] §10] 0.5 M sucrose buffer
2 dg31q 1.8 kv pulse voltage} 5 ms®] time constant
2 electroporation =3RS W ¢k 2.5 x 10° ~ 5.5 x
10° CFU/ug DNAY 3238 588 e, 72
Lactobacillus TFE 0|83 FAAG AFPE4 vs)
€53 2 ddE oA, Lactobacillus T4 1<)
oeket Fo HEEHE 5 2AL FEoEH Bt
A FAAE AL 70 5 Ut ol Yoz
24, YFHer F23 Lactobacillus 779 321
< &84 8 A Felel=E AU FIEY cell surface
display'2®@d 2 £4, #8132 2498 9% knock-out

mutant's-2] A&l 7]ojgt 4= glogle) B}

E d7e sdisty d7ul AYow F3Psgion,
o TA=

A4 2009 29 18Y, AlAES] 2009\ 49 23Y
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