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Antimicrobial Activity of Lactobacillus sakei J4 Isolated from
Korean Dongchimi and Its Probiotic Properties

Joong-Hyun Park', Deog-Hwan Oh', and Ha-Yull Chung*

'Department of Food Science and Biotechnology, Kangwon National University Department of Food Science
and Biotechnology, Hankyong National University and Food and Biotechnology Research Center

Abstract

Various lactic acid bacteria were isolated from Korean Dongchimi (whole radish Kimchi with added water) in order
to study their antimicrobial activity, optimal culture conditions and probiotics. Among the eight isolated strains, J4
showed the highest inhibitory effect on pathogens (Bacillus cereus KCTC 3624, Listeria monocytogenes KCTC
13064, Staphylococcus aureus subsp. aureus KCTC 3881, Escherichia coli KCTC 2441, Salmonella enterica subsp.
enterica KCTC 2514, Vibrio parahaemolyticus KCTC 2729). It was identified as Lactobacillus sakei based on its
morphological and 16S rRNA gene sequence, and designated as L. sakei J4. The optimal pH of the medium, culture
temperature and shaking speed for the antimicrobial substance (s) production were pH 8.5, 30°C and 0 rpm, respec-
tively. L. sakei J4 had 24.3% of survival after 2 hr incubation in the artificial gastric juice, 25.8% of survival after
24 h incubation in the presence of 0.3% oxgall and 101.2% of survival after 24 hr incubation in the 0.5% pancreatic
juice. These results suggest that Lactobacillus sakei J4 may be commercially used for the probiotic culture.
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ol 71732 F o249 9] 7HXE A dth(Noh et al., 2008).
FAFa(LAB; Lactic acid bacteria)2 B U422 Gram
kA, catalase 24, Bl EZA}F FHFOZA, BEES o
83lo] 24 Ei 2442 ARRE Zlo] SoIm, Algol
O EfEEe sl 7, A4 A7), 4 BEAE
I EF T AdA d7 EAEF o] AtH(Chon et al.,
2008). E3F 745 g A Fe] Azl Fu |d7k o] 8o
%\1—31/]_ X o] Oqux];q gro ohﬂ]-x% o7 oFxsH u]/\g%
(GRAS; generally regarded as safe)Z OJZ_]'O]L]' TE A
ol FEst AT Alste] ozt Ao Fabste A
o HT—OH o]—O:] J\IZE Hl-/ng_g tﬂ—o}._’Z__Tl_ O/\]_iLoﬂ 43H AA
= drg A EQ 07]}\]. O]—i A8l 2, diacetyl A

4
I

AT
bacteriocin 52 7t AW S oW - JA AV WA v
e A frellds FeolAY 42 AAst A3FA
o & Jge ddet= Aow LA UrHCasla et al.,
1996; Lee & Baek, 2001; Guarner & Malagelada, 2003).
oje} 7o) fakt WAE o] &3te] AlxE AFS 98 A

Zﬂ-/] o:]o};x% E_,J,g], I ER QI3 _g__,/],ﬂ_ i—al—xq o7
o] EolA Abgolu} 7tEe] ARERG sleiste] A2
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probiotics® @2 ©]-8% 3 tH(Klaenhammer, 1988; Jack
et al., 1995).

Probiotics¥ Z3F 7] WA= AH Al A »
7ZE INANTIAY AGAE SAdAA 2f9] 7]
FS de AFEHRE SR ee Aolle AE AE B
ZFAZ2 Ao & 4 AtHGeamer & Schaafsma, 1998;
Fuller, 1989). Probiotics®] &35 7|th3l7] ¢lsiAl= WA
A1e] APgoA o] T4 e 97147HAS] pH WS
9 2 A Eejde] &4, @42 FaEeits 5o
gk Aol lojoF & (Dunne, 2001), A 2|82, 3}sh4
o2 = A SHEA AAH LR A&EE AATe
Fo] nAE HFHE Q2 3t} Probiotics 5= A,
Abel Al drpv £ S RA=A, A4, AFS] A
shelf-life & Avht B o] AopdeA], AR, S
T o dep dobdeA], AU oA dvi §
Aot Al Folde=Al, A, thE ¥ed nAdEEl
sl drhyg B2 Faad-S AiksteA], oA, G v
AEg 747 Au 2 Pgst A1 F eEA 52 HE
sho]  Adbsle]ol  ShcK(Gilliland, 1990; Macfarlane &
Cummings, 2002). ProbioticsE A WollA doju= A %4
I #HE H Eal(Sanders, 2000), AHYe] o (Brady
et al., 2000; Wollowski et al., 2001), @5 ZH=HE &+
2 7, "ol 7Hek(Sanders, 2000), W7 EFA
(Ouwehand & Salminen, 2002), & Z e dlo]| 22|
2194 2 APE (Hamilton-Miller, 2003), 3+9} - &+ =2H-8
(Braat et al., 2004), vlU|Z &4 < Z(Famularo et al.,
2005), 4 aF A A (Miranda, 2006), 1] x4)2] 7]
A 3to]l oA|(Reid, 2001; Famularo et al., 2001) & 22
7123 AEo] ok A3 probiotics7t 5 ©] &7l
sl 71&e] gk A7t fAkol EHleke dWEAS
o] &gt A Ao gk A7t &s] YL Ut
e ol gtk it A} AdFE o83 A
Aol digt A= miHlgk Aol

weba] B Aol A& probiotics 7 AEHS flE A5
L AER SR ERE AFEel sl =2 dHEdS
Hole fAktS e sAste] xS ggsta, 94k
&AL Aol tiet A3 S F3N probiotics=A €]
7V T et Bkt
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I AASHAE 5¢2 Fst Ha A2 94(0.85% NaCl)
225mLS 7Fst F Bagmixer(Bagmixer 400 W, Interscience,
Saint-Nom-la-Breteche, France)® 187 #23}3 A&
3|4 3ste] 2% CaCO,& # 718t Lactobacilli MRS agar
(Yang & Chang, 2008)° 0.1 mL =338} 35°Co|A &7]
sl FYE-S Jehlle oFE5 1 A Ak 1 3}
A FFZ MRS agardl] direct method(Kim et al., 1999)
£ ANt FaAEE BHlso] 5 #FE 2 2
SFTh 2 AP FFE LB soft agar(0.75% agar)ol] disc
diffusion method(Bhunia et al., 1988)% 74l thsl
&t g s Yl #5E T AT H5aE
g #FE SIS F ATt 4 Ao EaE
WA 75%(v/v), glycerol 25%(v/v)E 41¢] 1.5 mL microtube
o 100 uLY HEF3le] AR Aol F45 242 F -86°C
deep freezeroll Hstod ARE-sIith 8 vt= 2HEA
T 22 Bacillus cereus KCTC 3624, Listeria monocytogenes
KCTC 13064, Staphylococcus aureus subsp. aureus KCTC
38812 AFE-SIA AL, 2HS AT 2 Escherichia coli KCTC
2441, Salmonella enterica subsp. enterica KCTC 2514,
Vibrio parahaemolyticus KCTC 27295 A}&3lth B
cereus KCTC 362455 LBUIR|o|A] 30°CollA &7]u) <
ste] AMESIA AL, V. parahaemolyticus KCTC 272905+
3% NaCl2 Z7}3F NBHjA| o] 25°Col|lA] & 7|ufFshe] AL
g3tk YA o2 #55 LBujA| A 37°CollA 57
vjgate] AREsiTh T SEAE e
A E AL A E](KCTC, Korean Collection for Type Culture,
Daejeon, Korea)ollA] &<F wro} FduleF $ -86°Coll A

stockd}o] ARSI T

22| #Fe| g AdE

-86°ColA Bt HE 48 #F5 10mL MRS brothol]
HEslo] 30°Col A 244178, 2 3] Alt) widkste] o] B4
S =01 ujFANS 100 mL MRS brothol] 3%(v/v) HE3}]

o

f
F

HiF 3 441 2-2)(3,000 rpm, 30 ¥, 4°C)3te] FAE A A
3ta, AL 3Ete] ol RYFERR ARSI
ZEAEd2 7AdEFo dal disc diffusion method

(Bhunia et al., 1988)% @+ S E-HS ARSI 24
AdF 20 uLe} 15mLe] LB soft agar(0.75% agan)Es &%
stod ZAAHA petri disholl 232 ALol|x GXA]A u)
A& 23 & T o] 83} paper disc(diameter 8 mm,
advantec, Tokyo, Japan)E HjA|] gl& 3 ZaF4EZS
60 uLA paper discoll GolrEgith. 30°C, 24417+ &<t v ¢
SPHA] paper disc F9lol 7 ol gk AsA s S
(clear zone)®] AJ-fF-E ¥Zste] Burnier calipers(530-
101, Mitutoyo, Kawasaki, Japan)Z AJ-5-A3]32] =7](mm)
£ S4skh
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2| 50| s =4 A 25

AR ED AT FH SR 542 Gram-stainingS
3tod 38k v 7 (BX50, Olympus, Tokyo, Japan)2- 2 1,500
Hjgol A 47, FAPAAFE W A (SEM; S-3500N, Hitachi,
Tokyo, Japan)©.Z 15KV, 10,000 #j-&-ll4 &A=&ttt 3t
SH A2 el A2 (5,000 tpm, 30 )3 F &
AAS AA, 10mL B A2 97(0.85% NaChE H7H
to] de & ARt FAE 358 S 33
WSt #AE AlFHEAT 35 #A O 50mM
phosphate buffer 10mLS F7Fsle] 814 3 045um
membrane filterE filter holder]] 72}, filtrationd}] 3| &
filterdl] F-ZA|ZH T F2E A& ZAA 7171 A3 5%
glutaldehyde &l 12417 &<t A & Het A2 H+
of 187+ A, 30, 60 2 90% EtOHe x4 o= 10 %
A, isoamyl acetate®]] 30 % A F stubel]l LA, ion
sputter(E-1010, Hitachi, Tokyo, Japan)l|Al 60 %7+ =¥
(Pt+Pd)dte] SEM &2 #-&3litt.

23 455 16S rRNA F32 47142 24 ©
£-3}e] NCBI BLAST programe ©]-83}% GenBank®l 5
S8 FAAETR FEES vlaste] 5438kt Genomic
DNAE FZ3% ¥ PCR #AE AHS-3to] A DNA Sl
A1 16S tDNAEH-E SZA|Z Tt} Primere universal primer
= 27F 5-AGAGTTTGATCCTGGCTCAG-3', 1492R 5'-
GGTTACCTTGTTACGACTT-3"S AH&-3F¢] PCRS 34331
t}. PCRL pre-denaturation 95°C, 15 %, 1 cycle, denaturation
95°C, 20 %, annealing 50°C, 40 =, polymerization 72, 90 %,
30 cycles, post-polymerization 72°C, 5+, 1 cycle®] Z71S
Z 739 S 7o AFEAAEH ABBAE =4
&17] 918l CLUSTAL W Z2713& o] g3l A4E 7
FTE e

of

L o8 - Aa

=2 w3 E|& s =

e Ao HA wiF 205 A7) flal 2%, W)
Al pH, ABEEE Uttt HE AEd 4579 HA
AL 2 7] 98] 100 mL brothol] ¥-2]d5 uj ¥l
3%(VV)E HES T 20, 25, 30 L 35°CoA 48417 X
uj) 3l A spectrophotometer(HNBT-3000 UV/VIS,
Hanbitnanobiotecnology, Seoul, Korea)Z ©]-8-5}3 0D, 4]
N7 AR FREE SHEA WA 271 pH7L
77 s A= IS Fotr7] skl pH 6.59]
MRS brothol] 5N HCIZ+ 5N NaOH £9& 37}3ke] pH
£ 35-1059 AR 28 F BT WA 3%((viv)
£ HEotaL S 30°Col A 48417 A A ul ke A
ODy oA 4r7 ZHH o' F3=5 S5t
ANFEE7E nX = &S
A pH 8.5914 &&=
747y A sko] st &
ODy, oA 4RI 7} 7HA o

a
e
[
s
N
S
ED
oz

O

22| T2 Q13N SEA, FAM0| ChEF Maky

Adk gFo] e, gEat, Ao ik A
H7}3F tH(Chung et al., 2003). <1 F A 2] A =4
MRS brotholl 30°C, 24417 &<t wiFsh )& 50 mL
2] Q1F$H (1000 unit pepsin/mL, MRS broth, pH 3.0, |
213 MRS broth(H] A 2] F)ell 2tz 3%(viv) 3 &3kl
30°C, 2A17F B9t ARG T 1 mLS FH3 B2 A A
4(0.85% NaClyoll @A 8]} MRS agarell 0.1 mL =2
St & AFTE st Attt g5ate] A =
4> MRS broth(M1x 2] 7)¢F 0.3% oxgalle] H7Fe MRS
broth(Z] 2] 7)ol g HollA] A3 F 3%((viv)E HBE35}
o 30°CollA 24A17F &t BAF & BHrE A5t

KR
=

KN
=

Table 1. Antimicrobial activity of cell-free culture supernatant of inhibition spectrum of lactic acid bacteria isolated from Korean

Dongchimi.
Zone of inhibition (mm)
Pathogen strains MRS ” W4 Is s1 $2 $3
broth

B. cereus 1 ) c a d ab d d be

KOTC 3604 18.8740.762 17.30£0.49° 14.55+0.62* 19.85+0.53% 14.93+0.69" 20.37+0.96! 19.03£0.72% 16.22+0.63

Gram (+) L'Ig”g?’ccy]g’ggfes 17.63+0.49% 14.91+0.60° 16.80+0.80° 18.37+0.38% 17.25+0.61% 16.78+0.72° 17.5340.56™ 19.1240.59°
S. aureus d c a e c be d b

KCTO 3681 19.80£0.72¢  16.11+0.73° 11.43£0.30° 22.49+0.37¢ 15.57+0.30° 15.21£0.57™ 19.83+0.63% 14.32+0.59

E. coli b b b b a b b a

KCTG 2441 17.3040.54° 17.35+0.70" 16.45+0.44°> 17.90+0.64° 14.83+0.62° 16.60£0.47° 17.214£0.99° 13.75+0.61
Gram (-) Ig'ce{’éerzigﬁ - 16.98£0.85° 15.30£0.92° 13.60+£0.31" 16.28+0.53% 11.42+0.86* 14.88+0.57" 16.32+0.83% 15.1720.72™
Vp‘gg’}“g’gg%"cus - 22554038 19.3140.60° 23.49+0.64% 24.59+0.29° 20.45+1.03% 19.96+0.77% 21.28+0.84 24.09+0.78%

Values are mean+SD (n=3).
Yno inhibition.

IDifferent superscriptive letters in a row indicate significant difference among samples at p < 0.05 level by Duncan's multiple range test.
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AArstATt #Agd o] A 42 MRS brothet 0.5%
FA7gHo] M7 MRS brothell FFArIA A8 o 3%(v/
VE HESI 30°ColA 24A17F B9t AXut & A
& SA st AT

SAXE

BE AP 33 v AAIsk] meantSDE HYERASIC
o, 7} A A}e] FA RS SPSS(statistical package social
science, version 19.0, SPSS Inc., Chicago, IL, USA)E ©]&
3t dYPEAHEAH S A A]310] Duncan's multiple range test
of o8 A7k F-oA Aol (p<0.05)E HAsIAT

= O

+ 8 A8 2U1AA, FAAA, dFAHA, A4
n2HE FH3S Uyeille 455 47 247, 14+
T, 1435, 10 55 sl 1 AHo2 F 50 455
28 3191 Th(A ZHa] A A]). ZHE  direct
method(Kim et al., 19995 A-8-3l] a4 EF HH|50]
T A5 852 220 S, dAIHSE I, U2
13, J4, 15, S1, S2 2 S32F WStk 2 Y g S
LB soft agar(0.75% agar)el|l disc diffusion method(Bhunia et
al,, 1988)= 778 w5l sl Zgk d+dS vYepl=
J4g5E HE4E 31t Park et al.(1999)0] £]3hd Ho}f
o] AFOTHY L salivaruse 2|59, Yang et
al.(2004) 1M1 FHe] ot S 2 B Bifidobacterium spp.
welalgich. ol A 913 vl AEe] A5 RS 5%
A GE, A 5 askwe) B3 WES Ad 7
W s AAW B ohlet B LAY 2

s R

2
2
i3
4
N

N to

AL i

22| oo g AHE

220 o] FdEE S Azt BeAdT
el - 2HEH-S ZAFSE A3KTable 1), Bacillus cereus
o thall S1, J4, S22] A-LA N3] =717} ZH2F 20.03+0.96,
19.0340.72 2 19.85+0.53 mm, Listeria monocytogenes= S3,
J4, J17F 19124059, 18374038 = 17.63+0.49 mm,
Staphylococcus aureus= J4, S2, J1°] 22.49+0.37, 19.83+0.63
2 19.80+0.72mm, Escherichia coli= 14, J1, 27}
17.90+0.64, 17.35£0.70 % 17.3580.54mm, Salmonella
enterica= J1, S2, J47} 16.98+0.85, 16324083 X 1628+
0.53mm, Vibrio parahaemolyticus= 14, S3, J37} 24.59+
0.29, 24.09£0.78 % 23.49+0.64 mm=Z J47} gram FAd =
=4 EFo As d4E4ES JeR AT Chung et
al.(2003)2 UR7PFA T AP EHE Lactobacillus
sp. FF-35 223l E. coli 0157, Salmonella sp., Bacillus

Table 2. Effect of artificial gastric juice, 0.3% bile acids, 0.5%
pancreatic juice on the growth of isolated lactic acid bacteria.

Viable cell count

Digestive  Lactic acid (log CFU/mL) Viability (%)
juice bacteria
No treatment Treatment
J1 7.15£0.06  6.35+0.05  15.9+0.2°V
Artificial J2 7.84+0.04  6.4310.01 3.940.3°
gastric J4 7.8140.05  7.1940.03  24.3+3.0°
Juice S1 7.76+0.01  6.87+0.01  13.1£0.6°
S2 7.15+£0.02  6.05%0.01 8.0+0.3°
1 9.15+0.01  8.62+0.01  29.9+0.5%¢
0.3% bile 2 8.95+0.04  8.44+0.02  31.0+2.3¢
acids J4 9.04+0.02  8.45+0.02  25.840.4°
S1 9.3340.01  8.44+0.01 13.0+0.1*
S2 9.15+0.02  8.59+0.01  28.0+0.6™
I 8.82+0.02  8.36+0.03  34.6+1.1°
0.5% J2 8.96+0.04  8.95+0.04  97.9+1.6°
pancreatic J4 9.1140.04  9.11+0.03  101.2+4.5¢
Juice S1 9.07£0.01  8.88+0.02  63.8+2.9°
S2 8.82+0.05  8.15+0.05  21.0%1.0°

Values are mean+SD (n=3).
"Different superscriptive letters in a column indicate significant difference
amon samples at p <0.05 level by Duncan's multiple ragne test.

sp. ol i8] 43S =4S A3 20, 38 2 21 mm
o] A&A S YJERNAL, Yang & Chang(2008)%= w3
HAXNZFE Lactobacillus plantarum AF1S £2]3F] gram
I Al tiEl FHE84S S8 A3 18 mm W
99 =2 ASAZHE YER AT Kim et al.(2004)°]
AX N &3 L. sakei P3-1S & 25 @70l thall sl
848 A A3 L monocytogeneso| A1 3 mm ©]7F2]
Al eS RN, Moon et al.(2011)2 ZAR|AA L. sakei
glste] SX|< Streptococcus mutans2] Y5
2139t} Lee et al.2011)%E 7HoA A4 G
AANZRE 11 59 L sakei 475 2 8te] 759 2%
Svtol el =2 g S A= S IRl oA

3 o

sl 34k, 24k, Faksle4 diacetyl 2 vbE| 2] QA
S BN ER Q8 g2 FF9 Y-S JAE]
o7 4#A ArhPan et al, 2009; Ma et al., 2009). =i}
A A FEe] st 22 dFEe A J49] e
737 168 1IRNA #3172+ 4712 £43t $8& 3t
AR st ABAA S FAFSII T

2 ¥y
o i 2

Ry o

22| @Fel HEfEN SN U 55
Fadel 14 £ WATE AT Ausle] ey

|

|
HE, TR IRIFATHFIg. 1). HE A%
£ 574371 $18Fe] universal primer¢! 27F<}
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(A)

1492RE Al8-3}e] 16S rRNA partial sequence £4 &,
NCBI GenBank sequence database®] BLASTE % 3}¢
Q7IM e Fs8s vt 8% A, Lactobacillus
sakei(accession No. AB601167)2} 99%2] 542 el
of, HAF AE 59 J4dFE L sakei J42} Ué“é’ st}
%9 L sakei J42] 16S rRNA partial sequence= NCBI
GenBank  sequence  database(http:/www.ncbi.nim.nih.gov/
Genbank)®ll 539t 54 L. sakei J42] A%
BA e CLUSTAL W Z2I8S o] g3le] uwate] 1}
ER 2 tH(Fig. 2). Kim et al.(2004)S PR Z5E 18U%A,
7+ L. sakei P3-1455 F2]3F 3, Lim et al.(2008)

< o+ L. plantarum K1145Z5
ekt -2 AR 25E 228 4= Lactobacillus
EN

7

catalase <73, H|XEAEA, v 54,

._—’F-BI 2 i =4

Z=o] H2A AL ewE 2] e 2 LxgEE

E—% 4% AFig 3), 27FEHEE 3
3] =20 ] otz uk gA1 7 o] ZHE 30, 25°C

Ag)Elo] 12417+ O] FHE = 30°Co] A

e AL AT F AT ol

100 Lactobacillus sakei J4

L Lactobacillus sakei DSM20017

r Lactobacillus

1001 Lactobacillus casei ATCC393

Lactobacillus dextrinicus JCM5
Lactobacillus animalis NBRC158

Lactobacillus oeni 53b

Lactobacillus arizonensis NRRL

Lactobacillus kimchii AP1077

Lactobacillus brevis ATCC14869

Lactobacillus kefiri LMG9480T

Lactobacillus fermentum ATCC14
Lactobacillus reuteri DSM20016

00— Lactobacillus gasseri ATCC3332

65
67
37
98 98
73
— 56
73
38
100

L Lactobacillus johnsonii ATCC33
100~ Lactobacillus delbrueckii subs

75

A
0.0

L Lactobacillus lactis ATCC12315
Lactobacillus amylolyticus

a9 Lactobacillus acidophilus BCRC
100 |: Lactobacillus helveticus DSM 2

Fig. 2. Phylogenetic tree based on 16S rRNA gene sequences of L. sakei J4 isolated from Korean Dongchimi.
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o —e— pH35 —=— pH75
—o— pH4.5 —o— pH85
—v— pH55 —¢— pH95
—v— pH6.5 —— pH105

(A) (B)
25 :
2,0
£ -
€
S5 3
P=3 =3
8 8
: 1.0 —e— 20T =
g —o— 25T b=
05 —v— 30T
) —v— 35T
0.0
0 12 24 36 48

Time (hr)

Time (hr)

0.D. (600 nm)

N
o

g
o

N
[

N
o

ol
3

o
o

©

—e— 0 rpm
—o— 50 rpm
—v— 100 rpm
—v— 150 rpm

o

12 24 36 48
Time (hr)

Fig. 3. Optimal growth conditions of L. sakei J4; temperature (A), pH (B) and shaking speed (C). Each value is expressed as

meantSD (n=3).

Kim et al.(2002)3 Kim et al.(2004)¢] A} L3 2
& FRlsHATh vix]e] Z7] pHel W&
AEAEE Gold A= Fig 39 2oh #4
o= pHE ZASHA &S o 7P &
BAIRE 1642F o] %58 pH 8.5YU | S]]
dojytt}, Z3y pH 3.5, 9.5 2 10594
L}Z] okt EEE7) A3 m|xE= Fd
+= Fig. 3¢9 7“:]— L. sakei= &/38 713+
g R YAudes & A 7o A5
HELz;;% ;} o BV 25E 223 L sakei J4
H 8.5, 30°C, BAud= & 45 A5
21011/]"\: 7}13 Q?_]O]'Mq'.

%
4011
b
N
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i
e a e
i&l'i
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>
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2 [0 o o) L oy of
N
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o
ki
(0]
©
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Yal
2
2
=
_(')j
—
0o
z

1jr*— TER
Ao SIH YTt g
A, ?l% ]°“°ﬂ/‘1 =2 A ?—_r% HAW Mtae "S5it
oA 25.840.4%°] BEES HALL, 139l 39i03
8.010.3%% W& AEES HAFH 12, S2 #F7F &

2t M= 31.042.3, 28.010.6%% E2 =SS iorlTM
t}. Si %L-Zr ALetaie GFatel ek Aado] tha
E52 F2st% ) Gilliland et al.(1984)3 Flock et al.
(1992)2 UULA 0 2 Lactobacillus 4:2] TAYE0] THAH
st oket 548 7, rlAllEe] ¥ F9E AE &
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