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Abstract — Lactobacillus casei HY 2782, prophage cured strain was characterized to be stable as
much as L. casetr YIT 9018, parent strain. By southern hybridization, it was confirmed that the
temperate phage was incorporated in chromosomal DNA of L. casei YIT 9018 as a prophage. It
was also proved that the prophage was cured from chromosomal DNA of L. casei HY 2782. The
growth rate, lactic acid producing ability, carbohydrates fermentation, and enzymatic activity of
L. casei HY 2782 were found to be similar to those of L. caser YIT 9018. When L. caser HY
2782 was used as a host, the multiplicity of infection (M.O.1.) of the temperate phage for L. case:
HY 2782 was 1.0~5.0. Restriction enzyme analysis of pLLC90 plasmid from L. caser HY 2782 was
shown that the size was an approximately 68.22 kb. The plasmid profiles, genomic DNA patterns,
and cellular fatty acids composition of L. caset HY 2782 were similar to those of L. casei YIT
9018. And the major fatty acids composition of these strains were Cu Ciat, Cisn, Cisr and Cigiyoo
10 sets of arbitrary primer in the PCR were screened to find differentiation against two strains
of L. casei. Among them, bs-1/17-1 primer was produced an approximately 1.3 kb DNA band of
only L. caser YIT 9018. And bs-2/17-2 primer was produced an approximately 1.0 kb DNA band
of only L. caser HY 2782.
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phage cured strain®) L. caset HY 27822} temperate
phage DNAZFe] southern hybridizationg %53}
prophage”} 2+%3] curing HS2 #elsidr)
2] L. casei HY 27829} w432 548 FAAE
3t vbye %3l wlwéle] L. caser HY 27827} %
w79 E""*Eﬁ S IR FAEIE e dAE AT
d-E Ealsksich
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2 o olli= prophage cured straingl L. caser HY
27822}, o] #F9 o)™ lysogenic straing! L.
caser YIT 9018¢} Al&-=gicl).

AU X

L. caser®] Althulekst g4 EAol= MRS )
2A(NE ARS-sleier, AMA TEH S Hele 10%
(w/v) skim milkell 3%(w/v) glucose”} A7}= wl] 2] =
Al-8-shodct. L. caser®] genomic DNA, plasmid DNA
2z} Alell== TCM broth(8)ell 05%(w/v)2] glycines
Hobale] Alasbedc). z2]an phage®] £ W titer
ZHoll:= MRT w2 DE AH8-3F )

Chromosomal DNAS} plasmid DNA &2

L. caser 2] Chromosomal DNA+ Sharp(10)2]
b o] whal H-2]8hed v plasmid DNA 2|+ Bae
S(8)2] Mol we} A AlSFsich

Temperate phagel 22| ¥ &

MRT brothel| lysogenic strain<l L. caser YIT 9018
& 0.1%(v/v) )y 37T o] 4] 184]7F nljokat &
4T ol A 10,000 X g& 15F7F Al HE2]sle] cell deb-
I'IST;::‘ zﬂ?iﬁ}l ALmou o _45—],&.11:,} ] ;.]-_«f;oll_‘-"_ (.92
um<] membrane filterd ¥3l o %3l temperate
phage& #e]§ ¥, Yamamoto 5(11)2] ®el ojz}
5531l

Temperate phage DNAL| F2
Temperate phage DNA2] H-2] = Sambrook 5(12)
of upell whe} AlA|sheic).

Southern hybridization
L. caser2] chromosomal DNAS 77} Ppu l12}
Sal 1.5 digestionA] 7|3, control &
phage DNAZS BamHI3 Xhol®

temperate
> %. double diges-
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tion*1%] &, 0.7% agarose gelol|X 70 voltE 24|7}F
b A7ldEE BAEG olEE 20XS5CEM
NaCl, 300 mM sodium citrate, pH 7.0)& A}-2-3}od
capillary blot ¥*H 2 2 nylon membrane(positively
charged, Boehriner Mannheim)el| transfer®]7]32
120C o} 4 3087} baking3le] fixA] i)

Sal 1.2 = digestion*| %] temperate phage DNA-E
boiling water bathell 4] 1057+ < 2]l 3}e] denatura-
tionA]Z! ¥, random hexanucleotide 2. primings}iL
DIG(Digoxigenin-11-dUTP) 2.2 labelingdlo{ probe
R =

Hybridization-2- 5XSSC(750 mM Na(Cl, 75 mM
sodium citrate, pH 7.0)¢ 1.0%(w/v) blocking rea-
gent, 0.1% N-lauroylsarcosine, 0.02% sodium dode-
cyl sulfate(SDS)E #7}gt hybridization bufferel]
DIG labelingsl DNA probe& #7}ste] gentle sha-
kingstH A 68T o4+l 15|17} Ax|zkdo}). 1]
anti-digoxigenin-alkaline phosphatase£ bindingA] %]
2, X-phosphate(BCIP : 5-bromo-4-chloro-3-indol-
phosphate, toluidinium)®} NBT(Nitroblue tetrazo-
lium)2 7} 3. colorimetric detectionS 3}aich.
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L. caser®] 3543 A FHE 10% skim
milkell 3% glucose® AH7}stal of 7)o 7} FF+E
0.5%(v/v) AE8e] 37C el A 647t wikshala A
et AAAES SAsted wlwstsich HAAT
= A5 01N NaOHE] AT ks ofejAld] gy
dto AbEstgdch
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2] 5. 2Hg)
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L. caser o] v} o] 8-A1-& <dotH 7] 918l API 50 CHL
strip kit-5- AR8-8lgiom, g A8A]e] EHA o= API
ZYM strip kit{API system, France)& AF2-3}ich

Temperate phage2| M.O.l. g} 44

Temperate phage®] =52 L. casei HY 2782%
r}-8-8 o temperate phage’} &F& <Fx3d &4
A2 4 9l MO (Multiplicity of infection) #}F&
Benson(13)2] wHilell wep A Als}eict

L. caset HY 27825 50 mi2] MRT brothel] 3.0X
10° cfu/mi®] w2 ® %33 % temperate phage®
22 10°, 10°%, 10°, 10°, 107 pfu/mi o} "5 5% Z1od A1 A
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37C oA 18A17F wiekslH A L. caser HY 27822
Aot} kel FHE(650 nm)E FA s

il £8 3 33| SoE wifde 2] 55
A %2x % 9} temperate phage?] 74 FxF ol Ao
)3l M.OL ZHS AdAsleict

Temperate phage 75 %
“F HEFE

M.O.L=

Pulsed-field gel electrophoresis

Pulsed-field gel electrophoresis(PFGE)E £ #
71ed&7]| 712+ Gene Navigator System(Pharmacia,
Sweden)S AHE-3tdow, FA7F AlFgE As =27
2 vhHS okl AR ele] ohg-at 3ho] AAlsleict

Glycine®l 0.5%(w/v) 7}l 20 m{2] TCM brothel)
L caseiE 15X10° cfu/mieo] = uwj7}z] wekgl &
20 mM potassium phosphate buffer(pH 6.8)2 23]
A =3sled, 1.5 miel SET buffer(6.7% sucrose-1 mM
EDTA-50 mM Tris, pH 8.0)ol] 3&t3lar, o] Hetallz]
ek 1%(w/v) low-melting temperature agarose
2 Hrlslgdc) o} 7)ol 5 e M-1 enzyme(1.5 mg/m/
in 20 mM potassium phosphate, pH 6.8)3 10 /2]
lysozyme(50 mg/m/ in 25mM Trns, pH8.0)2 Y3
37C oA 30%-7F kg 3, o] 8-o8-2 insert molds
off HF=5lof 4C of| A 15F o]t BEx]3tE 24 DNA
insert block-g& ®“hs%t}. ©| blocke EPS solution
[05M EDTA(pH 9.0), 1 mg/m/ proteinase K, 1%
sodium lauroyl sarcosine]oll o] 50T ofj 2] 4847}
Z-oF A=A} 23]o] D=2 o] DNA insert block-S
1 mM phenylmethylsulfonylfluoride(PMSF)7} 7}
%l TE buffer(10 mM Tris.Cl-1 mM EDTA, pH 8.0)
off o Al 2417} Fob AR|AIZG 28|
PMSF7} A7}=l=] ¢3-2 TE buffer® block-g 33
A2 & F A g a A7) 20~30 units % 715 eppendorf
tubed] DNA insert blocke @eo] 37C ol 4] 4847}
BH-2-A]A genomic DNAE digestion 3}t

Table 1. PCR primers used in this study

o insertd ¥, Gene Navigator System-& ©]£-3}¢]
0.5 sec, pulse & 450 voltel| 4] 4~5A17F &9l &
o skt

Cellular fatty acid 41

L. casei® MRS agar plateol] streakingdled 37C
of| A 48A17F wiokgr %, 34 =l colonyE F|4dted
g w2l 05N NaOH#2}l 8 w2 100% methyl alcohol
Z58dof HEgE g, 95C ol 4} 587} 7}d s}
B3t vhS-5 Aok 7)ol 9ue] 14% BF;/me-
thanol(Sigma, USA)& E&3}lsle] 95T o4 58-7F 7}
d3l3, 32 hexaneS H7IEF & t}A| 95C of| 4
2%-7F 7td&te] fatty acids FEF3H3vh

FZ% fatty acidE AHE7x] W7HAF F 23
NaCl 8-4-& #H7}sto] hexane 3-2] 3|5 40|37
sloic). Hexane & 373t ¥ o]F Alu&® &l
gas chromatography(14)& AA}8leich

Arbitrarity primed polymerase chain reaction
L. caseioll & PCR ¥4 Ericomp TCX20-110/

slo3 si8loi o, primeri= arbitrary primerZ4]
17 merg! 17-1, 17-2 218]51 27 merel bs-1, bs-2E
thy e B F338led ARE-3teic). 7h arbitrary
primer®] sequences= Table 13} 7ic),

25 W/ reaction volumeeo] tis] Z+z+e] primers-
62.5 pmole, template= A+8-& L. casei 75-2] chro-
mosomal DNAS- 125 ng, ANTP+= 250 uM, Taq poly-
merase+— 1 unit® FFFE7} ol Fo] REE )
st o™, 10X Taq buffer 01w W11 H S5
% mass up ¥ § E3fste] Apg-sERelict

PCR®] ut2 7.2 denaturation 92C /45 sec., an-
nealing 28C /1 min., extension 72C /2 min.2 40 cy-
cles AAlg}gion] AWM denaturationd 92C /2
min., 2} 2|2}t extension-& 72C /5 minl. & ¥k-&-A] 718

oiiksto] AAfslsdct

Name length (bp) Sequences degeneracy max.(G+C)%"
17-1 17 CCTGGTGG(GACTYGA(GAT)YGA(GAYGT 24 70.6
17-2 17 ATCACCCAAGTT(CTGA)G(TAYCCA 16 52.9
bs-1 27 GGGGAATTCAGACGTT(GAICA(GA)ICTACGTGAICTG 32 59.3
bs-2 27 CCCTCTAGAGGTGGAAACGNGTGAITGIGADATGA)T 48 55.6

Degenerated sequences are indicated in brackets, ‘bp means base pairs, "max.(G+C)% means the maximum
(G+C)%: when calculated for G or C for the degenerated positions.
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PCRel| 213 &3&-5 DNAE <ql3l7] 28] 10 w2
Hp-2-o8 8- 14% agarese gelo| A4 80 voltE 34|17t 5
b A71ed %3t ¥, EtBr £9(0.5 uyg/mi)ol 2 3087}
stainingd}i. EFo 4 3057} destainingdle] =}
24 &lel| Al polaroid AF#1-& Fedslgic)

A 3 0

Southern hybridization®| 2|3t prophage cured
strain2| &¢I
Temperate phage”} prophage AYel= L. caser YIT
901801] incorporation o] ele 7o} L. caser HY
53‘31% 7V #alslr| HB‘}Q% southern hybridiza-
tionS AAISHaL 1 A3E Fig. 1, 29| el o)
BamH I3} Xho 122 double digestion & tempe-
rate phage DNA#} Sal 1.2 2. digestiongt temperate
phage DNA probe7} hybridization¥]e] band-&-o} 1}
thhie 78 #add o+ gl ed(fFig. 1, b, lane 1),
,,,,, < lysogenic stramc'] L. casei YIT 9018<]
chrc}mOSDmal DNAE Pou lI1E digestion3}o] tempe-
rate phage DNA probe®} hybridizations A A&
ﬂ-ﬁ"’—(Fig 1, b, lane el Mx FUIE Aol el
e B a4 9lelct 2]l L. caser YIT 90182} chro-

Fig. 1. Southern hybridization of L. casei strains with
temperate phage DNA probe L.

(a) Agarose gel electrophoregram of Ppu Il digested
chromosomal DNA from L. casei strains.

Lane 1, YIT 9018; lane 2, HY 2782; lane 3, YIT 9029;
lane 4, BamH 1+ Xho I digested temperate phage DNA
(b) The corresponding southern hybndization of L. ca-
set strains with Sall digested temperate phage DNA
probe

Lane 1, BamHI1+Xhol digested temperate phage
DNA; lane 2, YIT 9029; lane 3, HY 2782; lane 4, YIT
9018

Kor. J. Appl. Microbiol. Biotechnoi.

mosomal DNAE Sal [2. 2 digestiond}e] temperate
phage DNA probe®} hybridizationS Al A%} 74§
% band”} vpehi= 738 #]lsleivHFig 2, b, lane
2). whetA L. easei YIT 9018-—4 chromosomal DNA<]|
temperate phage”} prophage A}elZE incorporation
el 933 #AZ 4 o)k

T2} prophage cured strain®l L. casei HY 2782
¢ chromosomal DNAE Poul=® digestions}od,
Sal 12.&2 digestiong} temperate phage DNA probe2}
hybridization= A A|§F 7-$oll= band”} viel}=x|
ototchFig. 1, b, lane 2). =3} Sa/ 12 & digestion&}
L. caset HY 27829 chromosomal DNA<®} temperate
phage DNA probe?} hybridization®gl-& udx
band7} vjEl}z] ¢ikchFig. 2, b, lane 1). o] 7+&
A3HE %3l prophage genomeo] L. case; HY 27822]
chromosomal DNAZ €| 43| curing=le] ¢)-&-&
of 4 Uk

o5 H MY =Y

Prophage cured straine] 2F& - A|zel] Algd" o
2 AREE 7] Slel e 2dFrE AU 3 9
s/ A 8 A7 AlEe]ol gheKE).
w2t A prophage cured straingl L. caser HY 27827}
BTl L. ocaser YIT 90182 %-¥] mutation 3-8
A e EEA, 54 THH ARIA 5o 2a

(b)

Fig. 2. Southern hybridization of L. casei strains with
temperate phage DNA probe I

(a) Agarose gel electrophoregram of Sal I digested ch-
romosomal DNA from L. case: strains.

Lane 1, BamHI1+Xhol digested temperate phage
DNA; lane 2, YIT 9018; lane 3, HY 2782

(by The corresponding southern hybridization of L. ca-

ser strains with Sall digested temperate phage DNA

probe,
Lane 1, HY 2782; lane 2, YIT 9018: lane 3, BamH 1

+Xho 1 digested temperate phage DNA
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Fig. 3. The growth curves of L. casei strains.

These strains were cultured in 10% skim milk and
3% glucose at 37C for 6 days.

®: L caser HY 2782, M: L caser YIT 9018
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Fig. 4. The changes of titratable acidity of L. caser st-
rains.

These strains were cultured in 10% skim milk and
3% glucose at 37C for 6 days.

®: L. caser HY 2782, B: L. caser YIT 9018
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skim milkel 3% glucoseZ 7} vl 2] of] &) vl o}35h
A9 wlek 2¢ Fof 1.5X10° cfu/mi-& Holwl A sta-
tionary phase® Holt+ 78 & 5 sldon, o=
ok 29 Fel 1.0X10°cfu/m/E vtehd Bmgee}
T4 FEA FHYE o 5 ULk £ Fig 494
¥ wlep ol L ocaser HY 27822 AHAA 5o
ok 62 Feof HAAly 2302 el BFEe)
afe) 7} gle AE o 4 o)

= ojE4Mu Sag
L. caser HY 27822} ¥4+
c} o'r,&AQ;._. B] H A=k

ol L. casei YIT 90183} 2]
] A3 = FF 5= L casei 2]
26 238 tH15)e 2 o] ¢l+ maltose, lac-
tose, mannose, trehalose, amygdalin & ©]-83}hd
A ohE g o] S Ao ML zlo] & Mol ¢igit
(Data not shown).

el FEAgME ¥ }94 Apol 5 WA
&%= E3ledcHTable 2). aluk —i ¢ & leucine aryla-

Table 2. Comparison of enzymatic activities of L. casei
strains

Enzymatic activity®

Enzymes : :
L. caset HY L. caser YIT
2782 9018
Control 0 0
Phosphatase alkaline 0.5 1
Esterase 2 2
Esterase Lipase 4 4
Lipase 0 0
L.eucine arvlamidase 5 5
Valine arylamidase 4 4
Cystine arylamidase 2 2
Trypsin 0 0.5
Chymotrypsin 2 2
Phosphatase acid S 9)
Naphthol-AS-Bl-
phosphohydrolase 5} 5
a-galactosidase 0 0
B-galactosidase D 5
B-glucuronidase 0 0
a-glucosidase 5 5
B-glucosidase 1 1
N-acetyl-B-
glucosaminidase 1 1
a-mannosidase 0 0
a-fucosidase 0 0.5

* 0: 0 nmole, 1: 5 nmole, 2: 10 nmole, 3: 20 nmole,
4: 30 nmole, 5;: 240 nmole
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midase activity7} =& 57} AHMIA FHE 2
7o g el ¢l=dl(16), L. caser HY 27822} YIT
90182] leucine arylamidase activity”} 40 nmole ©]
Aoz A veht, o] F #F¢ 4HAd FEHol
T 2HHFeR o ¢ ATk 2B a-glucosi-
dase?] activityZ7} 40 nmole o] o& A YR
L. acidophilus, S. salivarius subsp. thermophilus, L.
bulgaricusol A= a-glucosidase activityZ7} §lvh= W
F(17)e} AolE et webd Lo casei?t olF
Sk E5, AL #1gF A 3EE a-glucosidase

activity2] ol&-o] 7}g& 7oz A7)

Prophage cured strain®fl CHEH temperate
phage2| M.O.l. gt &H
Multiplicity of infection(M.O.L) %t <54 %2

M Z2 1ol ti&l phage?] 795X 24(13), phage|
)& FA 2L TS veplie g X EE o] 8-
g+ 3lth

Lysogenic straing] L. caser YIT 9018-Z temperate
phageel] tHa+ 7F5AdS zhal QA @B g o]Fd
tigt 324 ARS8 4 ¢llel5). e} prophage
cured strain?! L. caset HY 2782+ temperate
phages] =32 8% ¢ gJornEg, o] AF 5%
2}x3] B4 o+ 2+ temperate phage® F%
Z M.OIL & &Asted temperate phageel w3k
A AEE dol Ert

Fig. 5ol 4 ¥ »}2} 7o) prophage cured strain<l
L. caser HY 27827} 35X 10°cfu/mi8] TE= HE
%l9lS u, temperate phage®] ZdE=7F 107 pfu/
miQ) 7§l &5l L caser HY 278271 A2l #
Alghx] H3ln 2719 Fruks A5 Ao s v
eyt o, temperate phageﬂ 10“’ pfu/mlA ® =1
A= 7ol wiek 9X 7 Y A L] 471
Hast7] A abslked wl ok 18417} S-of] gHH3] 0¥ S
2 2 olydco) gk 1007 10* pfu/m/2] temperate
phage 7rel - Tol Al 7bzk 124) 73} 1547 E8-E]

FAEL w7l Faske AE B 7 A2, =

xﬂza] gk St EAE L%EMKI % ket

u}2} 4] prophage cured strain<! L. caser HY 2782
5 temperate phage®] =F2 AR A5 34
¥ 5 10°cfu/mie] FEE  HFEE D temperate
phage & 10°cfu/mi®] T2 733 A)# 37T o4 18
”‘l 7b wob wioksl mFAlxe] M3 SFEANE

T elajor] olZ4 L caser HY 2782l t} &} te-
mperate phage?] M.O.I. 42 1.0~50 AXEY S &
2 9lgdch o] 248 Hi= J-1 phageZ) L. caseie|
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Fig. 5. The change of viability of L. casei HY 2782
when infected temperate phage by various infection co-
ncentrations at 37°C for 18 hours.

Initial infection conc. of temperate phage; @: 107
pfu/mi, W: 10° pfu/mi, &: 10° pfu/mi, ¥: 10* pfu/mi,
¢: 10° pfu/mi, @: Non infection of temperate phage

s} 10~100(18)2] M.OL 32 Yveplle 27 v
as] 2 ouf ef$ 2 ke ¥ temperate phage®)
S8 o] J-1 phagedl vlal| &35 ARG & F
ATt

pLCI0 plasmide] H|FIELET™ X|T

Prophage cured strain®l L. casei HY 278223 -¢{
plasmid DNA(pLCI0 o)z} ) E ¥2l3ted BamH ],
Xhol, Bgll, Sal1& 7|52 AZFELEH AxF
ek & 2dFal Lo ocaser YIT 90182 plasmid
DNA=2} wvlws)] B 223, plasmidel] Pels lactose
Rt 2 o) A2 4o wa A
FobH Az} skt

Fig. 63} Table 3ol 4] Y.+ nle} Zre] plCI0 plas-
mid+ 68.22 kbe] sizeE viell™, BamHI, Xhol,
Bgll, Sal 102 A2|3t-& A5 27 571, 470, 574
2|2 578 HHES A& 7 AR, olF T A
Fo2 AUNAE Aol Oh~1572) e A
o] v}glc} o] HIE 7|22 slo] pl.CI0 plasmld—r]
AgFEALEH A XEE Fig 7o =Astach 28]3
pLC90 plasmidE 7]e} oJ2{7}x] AgFaLE 2|3}
ol e} £ AT Sma l(47)), Pst K87W), Kpn 1(1071),
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Cla 1(107)), EcoR 1(107Y o|AD, Hind III(107] ¢]Ah)
2] AZFEAAEHE I8 T gldekData not shown).
o] e AFFEAHEH A L. casei YIT 90182
plasmid DNAS Aga4+2 sy s e %o

sl el L. casei HY 2782+ prophage”} cu-

7 10 1

g 9

(kb)

2 3 . ‘ i b
Q.4 —»
0.5-*
4.3
3.0—

2.0=
1.6+

LO—*

Fig. 6. pLC90 plasmid profiles of L. casei HY 2782.
pLC90 plasmid was digested with BamH I, Xho [, and
Bgl 11. Electrophoresis was run in a 0.4% agarose gel
for 45 h at 40 V.

Lane 1, A Hind HI; lane 2, 1 kb ladder; lane 3, A
BstE II; lane 4, High molecular weight; lane 5, BamH I;
lane 6, Xhol; lane 7, BglIl; lane 8, BamH 1+ Xho I,
lane 9, BamH 1 + Bgl 1I; lane 10, Xho [+ Bgi II; lane 11,
BamH 1+ Xho 1+ Bgl 11
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ring)7] $18) mutation 34-g AH.014), plasmid
DNAY B2 Z1g 292 #3350 ¢le-S o
T Uit

Pulsed-field gel electrophoresisti] 2|8t L. cases
genomic DNAZL| H|

PFGE & ¢]-83}ed L. casei HY 27822} L. caser YIT
90182 genomic DNAo| th3} Aggardad okats
Bl BRey 5 g7k xle]E #aldtaial 3

68270 BamH1 omHL 1
65593 Ha r'«um Fall,150
e | call, 1528
82339 Mo 1 Xhol, 2120
62279 BamH]
61200 Xho |
60220 Byl 1
55463 .89 11
53920 o 1 B-gal
S3520,8y/ 11
pLCQB
53420 BamH]1 683229 bp=
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Fig. 7. Restriction map of pLC90 plasmid of L. casei
HY 2782.

Table 3. Molecular sizes of fragments obtained from pLC90 plasmid digested with BamH 1, Xho 1, Bgl Hl, and

Sal | (kb)

BamH]1 BamH1  Xhol Xho l Bgl 11 BamH I Xhol
BamH1  Xhol Bgl 11 Sal + + + + + + Xho | + Bgl 11
Xho 1 Bgl 11 Bgi 11 Sal | Sal +Bgl 11 +Sal 1

5042 30.50 30.80 21.30 30.50 22.80 20.90 18.00 18.60 20.68 18.00
11.35 21.30 21.52 18.60 17.80 1842 20.68 17.40 18.02 17.80 17.40
4.32 7.36 9.20 18.35 7.36 9.20 9.20 8.60 8.15 9.20 592
1.63 7.35 4.76 8.60 3.60 4.76 7.35 7.36 5.92 4.76 5.38
1.71 1.94 1.37 3.50 4.32 4.76 5.38 4.76 3.60 4.76

2.12 3.10 1.71 3.90 3.50 3.10 3.50

1.63 2.05 1.54 3.90 3.28 2.12 3.28

0.99 1.54 1.06 1.71 2.68 1.63 2.68

0.72 1.63 0.62 1.37 1.94 1.04 1.71

0.40 0.60 1.37 1.06 1.54

0.99* 1.37

0.72 1.06

(.62 0.62

0.40 0.60

0.40
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Fig. 8. Pulsed-field gel electrophoregram of genomic
DNA from L. casei strains.

Electrophoresis was run in a 1.2% agarose gel for 5
h at 450 V with 0.5 sec. pulse time.

Lane 1, 3, 5: L. caser YIT 9018 genomic DNA was dige-
sted with Spal, Notl, and Xma I, respectively.

Lane 2, 4, 6: L. caser HY 2782 genomic DNA was dige-
sted with Spa 1, Not 1, and Xma I, respectively.
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Fig. 9. GC spectrums of cellular fatty acids of L. casei
strains.
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Fig. 10. Genomic fingerprints of L. casei strains by arbitrarily primed polymerase chain reactions.
L. casei strains were fingerprinted by AP-PCR with bs-1, bs;-2, 17-1, and 17-2 primers. The resulting amplified
material was resolved by electrophoresis through a 1.4% agarose gel for 3 h at 80 V.

Lane 1, 10: A Hind 11l size marker

Lane 2, 4, 6, 8, 11, 13, 15, 17, 19, 21: L. caset YIT 9018
Lane 3, 5, 7, 9, 12, 14, 16, 18, 20, 22: L. cuse:t HY 2782
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