R A 2] Plasmid DNA &4 gl Electroporationel
o)t H Ao FAZZ o B3 AT

A A7)
A f7HE e R FEr AT

ILLM &

u] J &£ ¢} plasmid DNA 2t 19603t ol buoyant-density QA& g]o] o] & H}o, AL
Z plasmide] 29 FAFAE0] AAHA FAAF T, A thAh, @i d A, bac-
teriocin A4, Y EF WA, & A2} phage WA, obvli=at dia} Sol Bodste FAF A AT
plasmidell A A= YT,

2279 plasmid DNAE AXEEY FAolM AaHog &457] 490, plasmide] P52
chromosome FAAETH EeHFslt), &, A7 83 7155 AFH Lz QlojAe BAHA
AT 2EE Y o] 84 T3 EAZ Q4L Jub, AP HE5Y S AT AT HolF 2T
A Aol plasmidel Fde] BE o™, AAFF9] plasmide} 7159, AN A plasmide] &
A0, B2 plasmid 2P, 242kF 9] plasmid F2WEY 5o A7 o] FolA St

PAHAGL A2F DNAZ| &S o] 48] NEL FF8 v=cd 53 WYolt A3z 7
2% A FAPARY L A2 DNA7I &9 AR =2 cloning vector plasmid®] 7 &o]n],
A2 A3 DNAZI&S 0] 8317] 918l A & host-vector A A 2] Mo} Fa3dci, FA A
o] = protoplast transformation'®, cell conjugation® 3} protoplast fusion® 5 <] ¥ o] 1t} Chassy
9} Flickinger®i= electroporationg Z&] FZA A MIEE Qo0 o] 7|&2 NLa7t 1 =
zto] zbtatn Blgo] HA B plasmidE Zte Ho|FF o 3 Ho] A Yyywolst stk BE
u) A} E-o) X electroporation© & plasmid DNA7} o} A o)== AL ol o]gjdt 71&& o] 43 F3
Ao G nXe SJAEZE FFe] G, AFuiA 9 A7), Aol plasmid DNAS
A7)9F <k g gEAe ARFA FX, pulse length 59 electroporation M4, o)Al vectors}
%4313 & plasmid DNAZHS] fAH € w9 27 T22 o5 o3 FEAG 7t &
Fo] AAAY, o] AF & A7 A83¢ plasmid DNA HEeiuhizl 883 JAHBYY L A
TF317] 98] Al s

I xz 3y
LA BF



AHE® BAFF 9} vector plasmidis MW F715 8 AFAA BE 5 FFS} @ oFFEE
Zoya Ao A Hepitol A}23H3 e, vector plasmide v Illinoist tell A & who} AL8-313]
o} siA] BojlA Bald AAFS £ 229 FEFAA Beston, glE FFE AHSEH

2. HHX| o A

Lactobacillitz= LCM broth?, lactococci$} enterococciy GM? broth®, L. casei 1025 pIL253,
pLZ122] A Ao e erythromycin# chloramphenicol(7.5xg /ml)-& H7t& LCM broth & AH&-3H31 2.
o, A% 27172 A3 A EE plasmid DNAE 2] o AH8-3Fi T}

3. Plasmid DNA 22|} Z4A}

Lactobacilli9] plasmid 2e]& Fig, 1, 29 3¢] FA1€ Wi & Al&3tdth Plasmid DNAS] 3719
Z9 Sambrook 209} WrA o] wrel AAFF O™ L. caser 102S plL2533 pLZ12% EcoR1 22 A
3tsth

Growth (10 ml. LCM+ 0.5% Glu.)
| centrifuge
Wash pellet twice with TES buffer
transfer to eppendorf tube.
Resuspend pellet in 2526 sucrose sol. containing 30mg of
lysozyme/ml and 40 #g of mutanclysin/ml, to 200 # L.
incubate at 37°C for 15 mins.
Add 200 11 of resuspension solution(25mM Tris, 10mM EDTA
keep 5 mins. at R/T.
Add 400 ¢1 of alkaline SDS solution(3% SDS, 0.2N NaOH)
mix immediately & keep 5 mins. on ice
Add 300 #1 of ice~cold 5M K-acetate
| mix immediately & keep 5 mins.on ice & spin 15 mins at 4C
Transfer supernatant to new eppi. and add equal volume of cold isopropanol
mix well & freeze for 15 mins. & spin at max. speed, 15 mins at 4C
Remove all liquid and resuspend pellet in 320 ul of sdH:0
Add 2001 of 7.5M ammonium acetate containing 0.5mg/ml EtBr.
and add 350 1 phenol/chloroform/isoamylalcohol(25:24:1)
] mix well & Spin at max. speed for 5 mins(4C)
Transfer upper phase to new eppi. and add 1ml of ethanol(-20C)
mix well & freeze for 30 mins. & spin at max. speed for 15 mins(4C)
Wash pellet in 709 ethanol(-20°C) & remove all liquid & resuspend pellet in TE buffer.

Remove llNA(Treat with RNase at 37C for 1 hr.)

Fig. 1. Improved isolation protocol of lactobacillus plasmids.

4. MIZE O MIZ Mol S 0| &%t E. colio] HAME



Growth(10 ml. LCM+ 0.5% Glucose)
centrifuge
let twice with TES buffer and add 10041 of TE buffer
transfer to eppendorf tube
Add 501 of lysozyme/mutanclysin sol.
(50mg lysozvme, 40 z g mutanolysin/ml! in TE buffer)
incubate at 37C for 30 mins.
Add 250 ¢#1 of "Guanidium thiocyanate soln.
vortex cell suspension and keep on ice
Add 125 x!l of 75M anunonium acetate solution
mix and keep for 10 mins. on ice
Add 250 g1 of phenol : chloroform : iscamyl alcohol(25:24:1)
spin at max. for 10 mins. & transfer supermnatant to new eppendorf tube
Add 0.54 volume of cold isopropanol
mix by inversion for 1 min. & spin for 15 mins. at 10,000 rpm.
Wash DNA pellet with 7026 ethanol
dry DNA pellet on ar
Resuspend pellet in TE buffer.

Wash pe

Remove LKNA(Treat with RNase at 37C. 1 hr.)

Fig. 2. Genomic DNA extraction of lactobacillus with guanidium thiocyanate,

Growth ( 10 ml LCM¢+ 0.5% Glu.)
centrifuge
Wash pellet twice with TES bufler
transfer to eppendorf tube.
Resuspend pellet in 25% sucrose solution containing 30mg of
lysozyme/ml and 40 ¢ g of mutanolysin/ml, to a final volume of 200« 1.
incubate at 37°C for 15 mins.
Add 200 ¢#1 of resuspension solution(25 mM Tris, 10 mM EDTA)
keep 5 mins. at R/T.
Add 400 #1 of alkaline SDS solution{3% SDS, 0.2N NaOH)
mix immediately & keep 5 mins. on ice
Add 300 u1 of neutralization solution{(cM K-acetate)
| mix immediately & keep 5 mins.at R/T & spin at max. speed, 15 mins at R/T
Transfer supernatant to new eppendorf tube and add 3001 of 6.0M guanidine
mix well by inversion
Load the lysate intc MPS membrane filter
(g incubate 1 min. and spin at max. speed for 10 sec.
Discard the filtrate and wash in 65% ethanol(-20C)
spin at max. speed for 10 sec. & respin the empty filter for 30 sec.
Transfer the MPS filter to a fresh ependor{ tube

Apply 50 pl of 66C TE buffer to the MPS filter
spin at max. speed for 10 sec.
Remove- RNA(Treat with RNase at 37C for 1 hr.)

Fig. 3. Lactobacillus plasmid isolation protocol with MPS membrane filter,

— 43 —



Wash the pellet with EB(centrifuge at 4T, 4,000pm) - 6 times

Resuspend pellet in 1001 of EB

Ist. Pulsing : sample - 28;11 gap - 0.03cm
ms - 250 ¢ capacitance - 1002 FD
voltage - 373\’olt(12 rSkV x 0.03cm)

Centrifuge at 4C, 10,000rpm, 5 min. and filter(0.2 ¢ m)

Mix the f!ltrates and E. coli DHS5 e suspension in EB(1:2)

2nd. Pulsing - same condition as 1st. pulsing

Post incubation, 1 hr. 37C in 1ml LB broth

Spread on LB agar(chloramphenicol 15 g/ml) and incubation

Fig. 4. Cell to cell electrotransformation protocol of E. cols.

E. coli JM109-pBS19%} pBR322% chloramphenicol (154¢ /ml) o] d7+8 LB broth?ol X, E. coli
DH5a%= LB brotholl Al t4=A% @7 71A] 37ColA =yt vk 3 ProGenitor I (Hoefer Sci. USA)
5 o] 83}4 Fig. 49] Wy o uat dA1skch

5. ™7™ Z2Z43} Lysozyme X{2|0l 2|5t H Lol Al

o] Ed AAF AEE YAEYSA 343 S 10042 2x1FF59] I Gene Pulser
(BioRad Laboratories, Richimond, CA)& A}-&389 4.0~12.5kV /cm, capacitance-25,FD, gap-0.
2cm, A&-2000hmse] 272 2 pulsing 332 AYuj Aol A =2 v kst o},

Lysozyme2- mig 2,000U08] v 2 H7}38l3 37C o)A 0~458 g & 7+ whio = wjoksts 2zt
¥l 2] o] 0.5M sucroseE H7lst A X 3| B-& =}

6. RARe| ¥

= -

o
o

6- 1. Plasmid pLZ 121} & AbD M|

Fig. 18] o2 A4& pLZ12E TE buffero] 3¢ o2 CsCl-EtBr Gradient HHi#& o] &3t &
4% plasmid pLZ12& At FZAAE o] 83 lactococcist lactobacillis zFzb 20mMe] DL-
threoninee] #A7}d GM173 LCM brothell A sl %ka} il Q4 8e] & 3= o electroporationol]
AH-E-3Fd o}

6-2. 3 4H2| electroporation

A Ao pLZI2E AolAN7]7] 98] Gene Pulser& AM43te] electroporationg 4| &t o},
Pulsing ¥ 9] 6-15 & iAol 24]7F W] A1 7] 2L chloramphenicol(7.5ug /mi) o] H7Hg A
iAol =ate] zpz} 32°C ok 37ColA wikstAth T3 Rl lysozymed 32 (R AE-30%,
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FATFFR)T F 2P0 YUY S ZAAT

7. Electroporator®} HEXE & &
Gene Pulser$} ProGenitor I 7 S
Ao A 957 Fo)W qAWNA Hsd @ 7F& 270 2 electroporations 3}9;;1:},

8. L. casei 102S 2| HEMS EE

t}&- 3} 7+& electroporation parameter®] 27-& o] &ate] FAAZ T &L FFAU.

1) A%t —5.0, 10.0, 12.5kV

2) &A1 7] —0.D Awn=0.5, 0.8, 1.0, 1.2

3) g2 — EB, 1.0mM HEPES, TE buffer, 10% glycerol, 23} Z{F 4

4) Plasmid DNA®] X — pLZ12¢] 5= 0.5, 1.0, 2.0, 3.0¢g

5) MEe BE X 2 77 — 3Y AZTAE, Al F —20CoHA 197474 23T AE
6) Lysozyme 5% — lysozyme(2,000U /ml)& 37C°lA 0, 10, 20, 303 A €]

I, 2=z o 13
1. ZAFR2| plasmid DNA £2]

1) Plasmid DNA2| 22|

A] 7}A] plasmid &% (O’'Sullivan® Klaenhammer® 2] ¥y, /4 E 3
cyanate X2 ¥IY® g o]-&8td L. casei 102S pIL2537} pLZ12& v‘i'—alfz Az Al 7};1 e e gl
st cH(Fig. 5, 6, 7).

Streptomyceso} A 323+ mutanolysine] lysozyme 2t} 728 g M XY &3]38& Ad A2 &4
AW A Gram%¥A 79 plasmid £ o Bo] o]-&3tA A, Mutanolysin 2 2] 4] 24t 90%
o] A EHo] LAHUL, 2+ AL lysozymed M5 W) 40~70%9) M EH L2 B
om®, mutanolysing AbEsle ZARTD o F8% e AHIYL2EG AR FAZ A A
endonuclease ¥} 7} Yolu} plasmide] 44 E It SFHA T,

Kanatani $2-& L. acidophiluso] mutanolysin} lysozyme-g& A 2|34 plasmid& ¥elstgdew, o
FAF F71U A 79 N EE lysozymed] W A @0l FIL L. casei$} Ent. mutans®] 75 A
Z79 NE7F A7 AER G387 2 bR A, 28 L. delbruckii ssp. bulgaricus®] 73
2. plasmid a7t ]9 gt W E T A}t 6M guanidium thiocyanate$} membrane filter&
o]-gsle] M X A& MPS membranes] §2HA]7]3 DNARHS 3 48te WH & ol 8319 L. case
102S pLZ12& EAF g /19522 plasmidE AUt Guanidium thiocyanatex
prokaryotic3} eukaryotic cell2] DNA9} RNA FZo) o] 852 oy, vzl Esjsgo] Holu &
3] nucleéase 40l 2 Aol BA7 2 o f8aA AMEE F A2, o] WS E. colid] H&33
& o aRFom o|Fojg o}, Ao A NEY THEA, dA FO 2 A5 membraneo]

, guanidium thio-



Fig. 5.
Lane 1. 1 kb DNA ladder(GIBCO, BRL);:
Lane 2. plL253 by O'Sullivan & Klaenh-
ammer’s method; Lane 3. plL253 by the
modified method; Lane 4. plL.253 by guani-
dium thiocyanate; Lane 5. pIL253 digested
with EcoRI.

Isolation of plasmid plL253.

Fig. 6.

Isolation of plasmid pL.Z12.

Lane 1. 1 kb DNA ladder(GIBCO, BRL);
Lane 2. plZ12 by O'Sullivan & Klaenh-
ammer’s method; Lane 3. pLZ12 by the
modified method; Lane 4. pLZ12 by guani-
dium thiocyanate; Lane 5. pLZ12 digested
with EcoRI,

93le %7 ARk

2) Lactobacillil plasmid DNA

Fig. 8, 9, 10-& O'Sullivan® Klaenhammer®?] plasmid #2%¥ & 7§48 whi oz 823 L. cased,
L. acidophilus 2 7] €} lactobacilli®] plasmid®] AFFelt}, L. caser YIT9018, S1, LM1, ATCC72303%}
L. casei ssp. rhammosus SG1o|X 14 9] plasmid, L. acidophilus 1FO3205%F Y502¢14 671,
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Fig. 7. Plasmid pLZ12 Fig. 8. Plasmids of L. casei strains.

isolated by MPS Lane 1. 1 kb DNA ladder(GIBCO, BRL):
membrane, Lane 2. L. cases YITO018: Lane 3. L. casei
Lane 1. plasmid pLZ12; ATCC3533: Lane 4. L. caser S1; Lane 5. L.
Lane 2. 1 kb DNA adder cases LM1,; Lane 6, L. case: IFO3245; Lane
(GIBCO, BRL). 7. L. casei ATCC7230; Lane 8. L. casei ssp.

rhamnosus SG1.

L. brevis IFO131097F 271, L. plantarum LP10) 170, L. delbruckii var. bulgaricus ATCC334095}+ CH3
o)A 3709} 171 9] plasmid & A8t} o] AFAME L. cases 9 FFF 48 &FF, L. acidophilus
9 EF F 208 FF, L. delbruckii var, bulgaricus 3T-5F% 219 &3, L. plantarum 2355 137,
L. brevis 135% 1719 plasmidE £21& 4= AUk 53] L. delbruekii var. bulgaricus®) 79 449
plasmid £ o2 &7} 7tedg BAF R Aot

3) Lactococci2t EiX] 20|M 22l8t H LH7F2| plasmid DNA 22|



Fig. 9. Plasmids of L. acidophilus strains.

Lane 1. L. acidodophilus HY7008; Lane 2. Fig. 10. Plasmids of Lactobacilli strains.

L. acidophilus WIESBY ; Lane 3. L. acido- Lane 1. 1 kb DNA ladder(GIBCO, BRL):
philus TIFO3205; Lane 4. L. acidophilus Lane 2. L. brevis IFO13109; Lane 3. L.
Y502: Lane 5. L. acidophilus ATCC2182; plantarum LP1: Lane 4. L. plantarum
Lane 6. L. acidophilus ATCC1942; Lane 7. ATCC1048; Lane 5. L. delbruekii ATCC-
L. acidophilus NCFM; Lane 8. L. acido- 9469; Lane 6. L. delbruekii var. bulgaricus
philus ATCC4962, ATCC33409; Lane 7. L. delbruekii var.

bulgaricus CH3,

Fig. 12 A" v o= B8 L. lactis ssp. lactis B Ent. faecalis, Ent. faeciumd 5 9] plasmid 2
4] lactococci®} enterococci®] plasmid ¥ 2]+ lactobacilli¢} &2 mutanolysin®] A 2]gle|x &2 7}
Z HA o, L. lactis ssp. lactis KCTC21849 A 478, Ent. faecalis ATCC1172991 4 270 €] plasmid &
ZHAE A& FAsATh

Fig. 13& sjA] ¥oA £ A plasmid®] ArF 2 24 Sharpe® o] ¥y wre}t 533 A
L. lactis ssp. lactis, L. fermentum, L. plantarum S 2 FA AN LY, L. lactis ssp. lactiso| A 27, L.
fermentum=} L. plantarum®) A 2tz 370 ¢} 271 9] plasmid & Q13 A o}



Fig. 11. Plasmids of lactococci and Fig. 12. Plasmids of lactic acid bacteria
enterococci. isolated from pig feces.

Lane 1. Ent. faecium ATCC2202; Lane 2. Ent. Lane 1. 1 kb DNA ladder(GIBCO, BRL);

faecalis ATCC11729; Lane 3. L. lactis KCTC-  Lane 2. L. lactis ssp. lactis PR3: Lane 3. L.

2184; Lane 4. 1 kb DNA ladder(GIBCO,  plantarum PA2; Lane 4. L. fermentum CG1.
BRL).

A2x o2 OSullivan® Klaenhammer2] 8-& /A8 R2F plasmid DNAS] #2434
ADE AL F Yo, 3] mutanolysin®] X 2l7} RAAzkFe] M XL L3 A7) =] A3
YL & F AN 71EY By uc ZedA o] @dedta wE Azl £2)7t 7Hsste A
Alks AGE = AT BEE,

o
—

ot ot

£ 0
L
Q
=

3}

S

4) MIZ O NI MO|H S 0| &S E. colio] HATS



AZ7AA L E. coli®) FAAFL CaCl,E ©]&3td competent cell& WEo] Ao|A7| A
electroporationg °o]-&3le] ¢ £ plasmidE oAy, o] @TFdA & electroporationA]
A7H FA o8] AxHe] gz 2dvE 3o F<tete plasmidg ¥elshA] ¥ 13 pulsing2
2 E. coli A|EEX-¥ palsmid 28 X3 o2 23} pulsing & plasmid& AojAl7 & WHo R
AxoN NE2 JPAole 7H5AE B}AF] 5t AASAT HTM L2 FA AFHA
749 z}z} 3.0X10° 9 5.0x10° cfus] Aol F& Ao, &4 plasmidE He|A K -9 742 2.6X
107 9 1.0x10° cfu®] MeolFF& do] A X tf ME FAA WY& plasmid& #8314 3 FAA
o] 7H58ty 71E 9 electroporation WU BT R g FAH[F YA S & AUTH

5) HI71& £Z{2} lysozyme X{2|0f] 2|8t AL MEF

(1) T7|15 SHoj| 2fst Rikre| YE

1010

T 7T T 1Tl

10°

T IIIII]

Cells(cfu/ml)
<

T TI1TTI

i —@— L. lactis ssp. lactis LM0230
107 —®— L Jactis ssp. lactis MG1363
—A— | lactis ssp. lactis IDM

IIIIIII

1 06 ! ! | l | | !
0 2 4 6 8 10 12 14
Elecrtic field strength(kV/cm)

Fig. 13. Survival of Lactococci after electric shocking,
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1019
10° L 4
g 8
f:, 10 3 ®— | acidophilus NCFM
3 : —®— [ qgcidophilus WIESBY
| —A— L. acidophilus HY7001
107 Y~ L. acidophilus HY7008
E —4— ], casei 1025
106 | L 1 1 [ | 1

0 2 4 6 8 10 12 14
Electric field strength(kV/cm)

Fig. 14. Survival of Lactobacilli and L. case: 102S after electric shocking:

ElectroporationA] A 713 Z7d o8] ¢=7t8q oz MEo] AR FAld Ald &3% U} 2
AFFe BT 2~8kVe M)A 2R AEsgon, LM023073 MG13632 10kVel| A B8 90% 7}
ApE 3] AlAEA T IDM ] 39 12,5k VA 90%7F AFEstleh g Sl Eo) AJLEE 4709 L
acidophilus &5 12.5k VOl X = 20% ] gko] AbEsle] ot & gt A7)13 220 Zaigen, L.
caser 1025 10k VoA 7%7F ApE st Hl o} 12,5k Vel A 99%7F Abd ate] 2z} #3vich H7)3 244
& ato]l & B AtH(Fig. 13, 14).

(2) LysozymeME[d]| 2|&t FLbte| A
Lysozyme X e]A] R3] AER L BF FANG AFE DAL, L acidophilus®] 7% BT
a3 e 2702 lysozymeS A AL o) NP9 L acidophiluss RAFFRT AFgo] B¢

I’H



10°

g
5 ]
S108 L
S I

- —®— L. lactis ssp. lactis LM0230

i —— L. lactis ssp. lactis MG1363

—A— [ lactis ssp. lactis IDM
107 ' L 1 l | |
0 10 20 30 40 50

Time(min.)

Fig. 15. Survival of Lactococci after lysozyme treatment,

v, L. acidophilus HY70019E2 A E&o] o] Holxe A2 Yelyt. L caser 102SE 45%7H] A8
Folx 100%9] =4S 1o A4 o] m) ¢ =vH(Fig. 15, 16).

6) L. lactis ssp. lactis2] S3& &t

L. lactis ssp. lactis®] pLZ12E 6.0kVe} 12.5kV /cmoll A electroporationg A A g A3} 12.5kV)
Ao HAAF 7&2 6.0kVel vl 242 0.45%, 15.6%, 1.7%% 22 A F&-8 B (Table 1), L.
lactis ssp. lactis LM0230°]] pMU1328-& A o)A W lysozyme A 8]d A3} X8 ¢+3 AR} 300~
1,000u v FAAE G&o] Flsthe RI® e} X she B¢ BA

Harlander®¥& L. lactis ssp. lactiso] plasmid pSA3E HojA| A of ¥}& A (6kV /cm)o] &7}3 0]



Cells(cfu/ml)

10°
_ :\.’\'\‘H
| A A\
108
I v
107 - —®— L. acidophilus NCFM
- —®— L acidophilus WIESBY
- —&— L acidophilus HY7001
- —¥— L. acidophilus HY7008
- —®— L. casei 1028
106 l | | ] [
0 10 20 30 40 50
Time(min.)

Fig. 16. Survival of Lactobacilli and L. casei 102S after lysozyme treatment.

Table 1. Electrotransformation of L. lactss ssp. lactis with pLZ12 by the electroporation

Electrotransformants / g of pLZ12

Strains 6.0kV /cm 12.5kV /cm

lysozyme treated not treated not treated

L. lactis ssp. lactis LM0230 1.2x%10°cfu 8.0x10%cfu 3.6 X 10°cfu
L. lactis ssp. lactis MG1363 5.2%10°cfu 3.2%10%fu 5.0X10%fu
L. lactis ssp. lactis IDM 3.8X1(°cfu 3.6X10%fu 6.0 x 10cfu




Table 2. Electrotransformation of L. acidophilus with pLLZ12 by the electroporation

Electrotransformants / ug of pLZ12

Strains 6.0kV /cm 12.5kV /cm
lysozyme treated not treated not treated
L. acidophilus NCFM 5.6X10%cfu 7.2%10'cfu none
L. acidophilus WIESBY 3.7X10°cfu 2.0x10%cfu none
L. acidophilus HY7008 3.2X10'cfu 3.0x10'cfu 3.0x10%fu
L. acidophilus HY 7001 4.0X10°cfu 8.0x10°cfu 5.0x10%fu

G2 o}, L. lactis ssp. lactis LM0230¢] pLM2001, pGB301, pSA3, pAM120-& H oA H L
17.0k Vo A 420~1,100cfu®] HolaFg ARtk B, L. lactis ssp. cremoris BC101¢] plasmid
pIL253 Fo)A] 2.5kV, 5kVE.t} 12.5k Vel A o B HolgF& dUtte BRI S} Rol& BY
=3

7) Lactobacillus acidophilus2| &§Z! T &

L. acidophilus @59 6.0kVA plasmid pLZ12E A SIA AL o L. lactis ssp. lactis FF R} A
AZF o] @ton, 12.5kVe]A HIANHE W L. acidophilus WIESBY 9} NCFM-& A o] 7} o] &)
AA B IR #FE FAAY F-&0) RktH(Table 2).

Luchansky $'9-& L. acidophilus ADH©|] pGK12E PEB bufferd] 4 &3 & 6.25, 5,0, 3.75k VoA
electroporation®t A3} z}z} 3.8X10%, 3.2x10% 1.1x10%cfue) Ho)FF & dyon, 2.5kVM = A
o]7} o] FolXA] Yty HATE o5 6.25kVe] AANEZAA L. acidophilus ADHO] PE&&

1~30%3} st o] AFANME L. acidophilus F5= t)¥-2 o] 6.0kVoA 75~100%, 12.5k VoilA]
10~21%69] AEEE B Aol& BTt

L. acidophilus 59 lysozyme A 2] ¥ 6.0kVE & A A electroporationd st A=
lysozyme- M2l ohx] o3& Ant YAARET L] 25 FAHYON, 58] L. acidophilus HYT001:&
8.0X10% A 4.0x10%cfuz 718ttt o] 48 As= £ o lactococciol A9} 7Fe] lactobacillie
lysozyme xg]of 2]3] JAAZ F8o] FAHE Ao Addr)

]

g,
o

8) Electroporator0]] 2)&} 5F

Gene Pulser9} Progenitor Il 79} 25712 Zfojo)] 2]d FA AP T892 2pol= Table 33 7t}
Gene i’ulserS’Jr Progenitor [ & o]&3te 6.0kV, 2000hmsolA] 23} 2848 gEHo 2 AL 5ty
PLZ12E A7 A7) HolAZ& = Progenitor I7} FAHE Fgo] wgten, L.
acidophilus Wiesby 9+ Ncfm-& Progenitor I oA Ho]7F 2 ojubx] 9kt o )t Gene Pulsersl A& A o]
7t doji} 5 electroporatorZte] 2}o]& B Eth Gene Pulser?] 7% 12.5kVolA A71224A 9 ¥ 5
of 423 st A3 MEL] NHA & A Ho] A2 o] Ro]A A gow wAHA o] HA Ao
Yt o]t Gene Pulser§ AM2-8}led 12,5 kVe]A pulsing & ] wWA3 o] 2 Adojr}r) wj& o
10kVe g wFo] ALgsice RIVAME & 4 en], o H& Progenitor I+ 16.7kVe)
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Table 3. Electrotransformation efficiency of lactic acid bacteria using two electroporators

Electrotransformants( / gg of pLZ12)

Strains Gene pulser Progenitor Il
L. lactis ssp. lactis LM0230 8.0x10'fu 2.0%10'cfu
L. lactis ssp. lactis MG1363 3.2X10%fu 1.5X10'cfu
L. lactis ssp. lactis IDM 3.6X10cfu 1.5X10'cfu
L. acidophilus NCFM 7.2x10cfu none
L. acidophilus WIESBY 2.0x10%cfu none
L. acidophilus HY7008 3.0x10cfu 3.0x10%fu
L. acidophilus HY7001 8.0x10%fu 2.0Xx10°cfu
$o AYS T 5 YLOE BT YREAol & ok skeh. o] 2o|E capacitance ¥ 919}

A 3= Progenitorll o] A-$& AT 71 gl=E Ho] 9lav], time constance® Gene Pulser=
pulsing 279 wat AEZA5 Progenitor [ £ 522 2H&A Hol & F B2 Aol8 BN
=% :

9) L. casei 102582| HZ& M&t

L. cases 10259 plasmid pLZ12E Ao]A] 10kVel A (Fig. 17), ti+44 @719 A XA (Fig. 18)
Hu FAAY 58S AUt Plasmid pLZ12¢] $EE 0.5~3.0482 2 electroporationg A 8t 3
2 ) plasmid ¥x9 A 8L vHFTe nygen(Fig. 19), =99 A9, 10% glycerol,
EB(electroporation buffer) s} 23} 2549 o2 YAAE 488 4o, 1.0omM HEPES, TE
bufferg A1-&8l5 g dolle Ao|FFE A& 7 AN (Table 4).

L. casei 102SE 12.5kVe A A &go] 0.15% 24 o] A E Ao|7}t o] Fo]F o, ojA4fe] A
2 2 o electroporation A oju} AoJA|F| A} s= plasmid DNAS £5/, $FFF, &9 A4
=4 ot} Aole] o]t AggS & 4 AT} L. caser 10259 lysozyme 3 2] & electroporation-g 4
A Az FAAY F80) TS U2 FA P Ze: yey g IAFF Aolg BT
(Table 5).

Table 62 L. casei 102S MEE TE F 10% glycerolzt EBell 3o —20CAM W¥FEd ¥
electroporationg AA| S AFZA L. caser 1028 A X E W5 BHAA] A Ed&igo] doju} FAAYR &
Soll FgS uHS & 4 AA). ol L. plantarums] pGKI2E HolA] A X Y53} &5 & uhEg
A% FAAZ F&o) BAsActs BV} L. lactis ssp. lactiso]] pGB301& Aol3tH S o 3.84%10°
cfuslA} —20Cc¥ 55 30d Fo= 1X10% cfud Azt oy —60cH FR3A] 309 F-9 5.36%
107 cfu® 238 Z718tEths Rama B o N Xe —60~—80C2] deep freezerd| A B3t A
o] BFHolgty Btd}.
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Fig. 17. Electrotransformation efficiency of L. cases 102S with pLZ12 at various electric field

strength.

Table 4. Electrotransformation of lactoco- Table 5. Electrotransformation of L. casei

cci with pLZ12 in some buffers 102S with pLZ12 after lysozyme

Electrotransformants treatment
Buffer / oLz
g of pLZ12 Ti Electrotransformants

10% Glycerol 3.8 10° cfu fme / g of pLZ12
EB 5.0x10% cfu 0 min, 3.8%x10% cfu
dd H,O 1.5%10?% cfu 10 min. 3.0x10° cfu
TE none 20 min, 3.0x10% cfu
1 mM HEPES none 30 min, 3.4x10° cfu
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Fig. 18. Electrotransformation efficiency of L. caser 102S with pLZ12 at different growth
phase.

Table 6. Effect of storage and suspension buffer on electrotransformation efficiency of L.

caset 102S cells
Days stored 10% glycerol EB
0 3.8X10° cfu 5.0%10? cfu
1 2.0X10?% cfu 2.0X10! cfu
7 1.2X10? cfu 1.0x 10! cfu
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Fig. 19. Electrotransformation efficiency of L. casei 102S with pLZ12 at various plasmid DNA

concentration.
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porationg ©]-§-3te} vector plasmide] 7+etata A3 Moy e A7) 9)8 RAF
FFshe 2 3ty A7 ey AFAHE e :
1. O'Sullivan3} Klaenhammer®] ¥Wg-& 7§ 8te] 247 plasmid DNA® &) £ A7 AL
T Qe A& 4L i S 7¢stgon, genomic DNA £2lo} o] £5% guanidium thio-

cyanate X 2"} & plasmid¢] 2a)o) H L& & AU}

lasmid DNA¢] Ealuhd 3t electro-
FA A
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2.

10.

11.

12.

13.

14.

15.

L. casei, L. acidophilus, L. delbruekii var. bulgaricus, L. brevis9t L. plantarum @3- A plasmid&
golstglon, A BoA BaW L. lactis ssp. lactis, L. fermentum} L. plantarumo] 4 = plasmid
g B g3t

. Lactococci®] plasmid2&)& lactobacilligb= @2 mutanolysing] Aglglelx & FHew, L

lactis ssp. lactisS} Ent. faecalisol| A plasmid& <13t o,

. E. coli plasmid 23 9] o]€=+= MPS membrane filter ¥ 02 AL plasmid pl.Z12¢9] £

7} 7beat g ok, MEFAH o filterE ol Ago] ol Fo] Qe Aoz AU

. Plasmid #2)¢lo] electroporationg o] &3 NX o] NE Hol¥yog 7FHE L WEA E. coli

DHS5a%l E. coli JM1099] plasmid pBS19, pBR322& A o] A At}

. L. lactis ssp. lactis TF5-& 10kVAA R¥] ztzt 90%7F AvH st o9, L. acidophilus F 52 12.

SkV7}=] 20%w]gho] *}%6}9\120}, L. casei 102S& 10kVo A 7%, 12.5k Vel A 99%71 AbH &t
7 @3vich A28 FA0) @ Ayl olg B,

. L. lactis ssp. lactis T3] lysozyme = 2]A] 30~80%¢ AEE&L Bgon], uyiie L

acidophilus T5-2] 739 %F 7028 BEEE B L caser 1028¢] -5 4587 AP A=
100%°] AE&E BHYth

. L. lactis ssp. lactis @39 pLZ12E 6.0k Vel A HAolAZl A3} 12.5kVelA B} FAAL F-80]

g =9ken lysozyme A glo] o3 AN F-80] T7HHA

. L. acidophilus T3l pLZ12E HolA] 6.0kVel A= A7l 2% o]FojH o], 12.5kVIA & L.

acidophilus WIESBY &} NCFMollA] Ho]7} o] Fo6]x|A] ¢kqko ™, lysozyme A& ¥ pLZI12& A
oA A& u} 12kVR T} 6.0kVelA FAAF &&] F7F= A}

Gene Pulser$} Progenitor 1 & A}8-8le] pLZ128 L. lactis ssp. lactis 3o Hol3t4 S v
Gene Pulserol H]3] Progenitor 2] AA &-&o] A3 dolAth L. acidophilus HYT7008
HY70012 ¥ 7]17] 2% gAAZo] o|Fo]H o\, L. acidophilus WIESBY ¢} NCFM & Progeni-
tor Hoa] Aoj7} dojtA] Yton, Gene Pulserd|A Hold-FE o] F electroporatorz}tel
FHAAGZ 589 2ol Bk

L. casei 10259 pLZ12%E electroporationA] & AgeA FAAE A &o] vwd o], g
Al71E 283t AoAIZE o A 7] st A AE Fgo] Foirh

L. casei 102SHM E & z}z} 10% glycerol, EB, 23} 284 £ = d electroporationg A A3l <&
o) z}z} 3.8X10° 5.0%10% 1.5x10%fue] ¥dHE §8& Hov, 1.0mM HEPES, TE buffer
£ AHE-3HA S ol Aol o] oA A eFgity

Plasmid pLZ129] Fx=& 223} electroporation 3t & ol HAAF T 80) Fxo vl 3l
%73t Atk

L. casei 10259 A Br) o] A EE A F sk 10% glycerol, 200 Ohms, 25 £FD, 10kV /cmZ
plasmid pLZ12& electroporation@ @ o FAAE T-&Y’'3.8X10cfud EReH, lysozyme
A7t e e 2 FAAY 8-S FUHAIIA A

L. casei 102S M X& 10% glycerols EBoll o] —20C oA BEA o 143 79 3 Al S
electroporationdt A3 WEA] A Lo &AL = Aoz AHYL}.
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