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Lactiplantibacillus plantarum DFEEL

Characteristics of Lactiplantibacillus plantarum collected from deep seawater
at Izu-Akazawa in Shizuoka prefecture
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Abstract

Regarding the characteristics of deep seawater (DSW), one of the resources that matches the
concept of sustainable development goals (SDGs), is that it contains various kinds of useful sub-
stances for human life unlike solar, wave, wind and geothermal resources. In this study, microor-
ganisms from DSW which have not been fully utilized were the focus. Especially, lactic acid bacte-
ria which have been used in the health care industry were chosen among them. Four isolates were
randomly selected from 19 lactic acid bacteria candidates isolated from DSW at Izu-Akazawa and
were identified species by 16S rDNA sequence analysis. As a result, all of four isolates were iden-
tified as Lactiplantibacillus plantarum. There was a slight difference in physiological and biochemi-
cal characteristics between the isolates from DSW and the type strain of L. plantarum. Further-
more, there was also a little difference in enzyme production between the isolates and the type
strain. Then, it was suggested that the culture supernatant of the isolate BF1-13 increased ex-
pression of tight junction related proteins (T]s) and aquaporin 3 (AQP3) genes i vitro using nor-
mal Madin-Darby canine kidney (MDCK) cells. On the other hand, there was no effect in the super-
natant of the type strain.
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Sustainable development goals (SDGs) DOHE&IZEE L 72 Fhi il R AN F—&FHO—D2TH 5
WEEEEAR (DSW) XL, Kbs, ¥, B, HEELIZER D, A FICANBEITRILOMA 7%
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1. #

il

201549 H O EES 2 v M TIMMEE O &4 —3T
RIS N, [Frfe TR 2 D72 m20307 ¥ = ~
FIIZEER S L7z, 20304F F TSR IAET, £ D
JWiE R 2 HIESTEBRBEETH 5170 T — )L L 169
DF =7y N BRER S 7115 Sustainable Development
Goals (L%, SDGs) @ ER KT L T, DSWIZIZK
WICHIEREE SN TV DS, e %51, DSW%
HAIZZ AL F— G Jie LTEBR7HAIC
1, BEICAIHASEA TV B REE A, i, K
1% E O RS FHABIROR O—DI1T#E E v
2, DSWiCh S ofERRE ER L), =4V
F—OFHZTIZHE ST, K2l E Lo NEPLE
ET DL EDLEE R R T &
ATVDLRLETHD., LrbDSWORIZEKTH
% (B, 2000). ZODSWHIZHFAEL, 7222 A
DG Z B LT NB RN D 56 HERE
LAy CERmAEY) 8765, RFET
(X, DSWHIZHAES 2 HHED om T, NH
DEGZEPICL CE B AR OIMRICER L
72, FLERWICOWTIE, 18574RIC/ S A Y — VS5l
L7230 IS BEE O & ety L, 18734R12 ) A
5 — ST OHBEIZET) LTk, % OFfEE IS
Lo TEHMOATRE O HEDHE S ND L) 12k -
7o (FR#th, 1997). Z O HE ST AR, &
B\ E iR EoRE FERBICEE ST, ERSE S
5 b FLERW O HESIE SN D L HI12% D, 20054F
(21X Ishikawa et al 1%, WEFEBRBEIEZKEZ A L,
TV A )R OBREE T THH T 5 &\ ) iR 1B
LU 72430 - AL 2 A 9 5 FLBR A % 47 it
L, ThaE NEEAmEl & LTiELTeh, £
Db TR O % 63 2 SEk OS5 A
5D (AL, 2020). WEEREED S OFLERE O
BRMZEIE S HIHERE LT, 19894 OB M= A1
AREEIDIC, HREWMTHKEIND L) Ilho70E
B O HEFEREK (DSW) 225, b bSO IE
WHEZER T 5 2 & 235 5 LT\ % Enterococcus &
DIFBHEPTEES LTS (BR S, 2007). DSW A
5o S L FLBRTH & WIS ANE 4 5 7201213,

T ENS DOFBER BT ORI OV TGRAN 7T
B EWNEERDY, HSHETDEZ AHDSWHIR
DI HERIZBET 2 2N OFMEITTR EA LN,
Z 2 TARBIETIE, & 57 LoFERRODSW
5 o S N LR A AR 19% 2 5, 9 IEAE
AT EL L, 5FEFFEIC L ) O
ERATo 72, ZTOMER, EHINZ4KIE, Wi
Y Lactiplantibacillus plantarum T - 72. T TIN
O ARRDER - BAL AR IR O RS X O FERAI
& LTS EDORENIOWT, L plantarum
DORMER L BT E L CRET L7z, TORER, &
TOHMAIHELN-OTT ZIZHET S

2. MHAERE

2.1 ILBEOSHE

DSW (ffF &R 9R, Ak #634°50197, 3% 139°08'11,
REES00 m) IFHUKE 2 AV SIC i D 2 & < A
I A v THUKKBRAZEK END DS, 2 OPUKHiR
WICHE SN TV L EEYREEERFO 7 V5 —
(N 774 0VF—, $180 mm, £ & 800 mm, FIL
£ 5 05 um, 20084F-11 HERI) Z 4R & L, €DK
AR I3 em M IS U B L 22 14, I DSW
10mL % AN7250 mLAER LT 2 — 7B L TRV
Ty 7 ATHEEL, BEREHE L. BoNng
E0.1 mL & HH (2019) O FFIZHE LT, 0.05% 7
VALF P T ABLI% B VY T A FRIL
7=MRSFERF:#h L2 84k L CHi 3 (27°C, WEpT, #
B, 3-14HM) #47-7-. Kk, H#HTCao=-—
DOIK (MWEIR @M &) BB T L LI, 2
O = —FBIZER T — 2R L T 72k % FLER
WEMibkE LM L, ik MRSFER K Hy 1 |2 ]
MLUCHUEE GHM) 217-o721%, HFERETHO
H—auo=—»LRKZ L. WICHEELZZH
RO a0 = —|23%\EILKFZEZHET L, s
RENLhpolEFLERE EHE L2, T
PR 1X MRS AR5 % I C B 3732 (27C, 3H)
%, 10% 7)o —VIZEELTZ)to— LA
Ny 7Lk —80CTRAFL:. &b, K
WIE TR L, FICHET 2 b 0DIEINIETRT
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27C, B5ir, BESMHTIT- 7.

2.2 IEEEORE

2181 CTorfl S N FLER W BRI R O W 2 & BE1E
IZ4Bk % I L CMRSERE TR 48 (3H, 27C)
th, EREH FICAEC-a0—h o EEICE) T
Wxy M (2= hIa N7 )TH, b=
A=) ZFHWCDNAZHH - 3L, Chzailke
LTOF, 1492RD 7 F 4 ~— (Table 1) 3 & 1'Go Taq
Green Master Mix (71 X ) % F\v»CPCR (My Cy-
cler™ thermal cycler, BIO-RAD) % 47\>, PCREW) % i
L 72, PCRIC X 2 ¥4lE1394°C C 24 MW n 2%
94T (14rM), 57C (Q5rM), 72C (150H) Z 14
A7 NVEL, ZOF A2 )VE2M0EDE L 72,
72C (1047 1) OImBLEE %17 > 72, 155 1 7-PCR
FEWIE TS ) — VIEBEEIC X DR L Tab
B, PCREEW20uLIZ995% =% / — V50 ul3 & OF
10 MEERE 7 >~ B =7 42 ul % 4500 LTk 1T 20431
FRE L 7o, w4k (20,000 % g, 10451, 4C) %
7o 7z L MEts REWICZ0% =8 7 — )
250 pl % 80 L C R EE L 4 B (20,000 X g, 1043,
4C) L, Boh7xLy bZEELH% Bk
10 uL (2 VAR L CHRIDNA % 3 L 72, 155 N7z 8
RIDNA B & UV9F, 907R, 1492R (Table 1) D75 1 < —
THWCY = Y AZAilEE Y AT L - A TR
BRASAITIRIE L 72, 15 5 417216S rDNA O 35 ZE L
Hl (#71,400bp) 122 WT, BLASTH#IZ L ) 7 — %
N— 2 _FOBEMOIERLES) & OMFEEE R~

Table1 Primers used for sequence PCR of lactic acid bacteria
isolated from DSW of Izu-Akazawa

Primer name Oligonucleotide sequence (5'—3)
9F GAGTTTGATCCTGGCTCAG
907R CCGTCAATTCCTTTGAGTTT
1492R TACGGYTACCTTGTTACGACTT

23 HEEK

2281 @ ¥ AE T % S N 7248k DL plantarum
(Strain 1-1, 1-13, 218 & U°2-14) % GYPfAR: #h CH:
L T2 EERNS, L plantarum O FEHERR
(NBRC15891 #k, A AZAT i N B i AP MM AT 25k A 4

) & AFL, 0k & RIS GYP AR 2 F v
THEL, AW RERERE L7

2.4 EEHBRE DR

DSW H1 7 & 458t U 72 L. plantarum O AH - A 4L
B T B 12dh 720, BRES - BRES (1977) @
W2 BEI, PHRPEREL W LEZLND
KERBIAEZRLC, RREF T COREL R
TAHZ LI L7 &2 TR A ELM 7 GYPR
R 2 AR L C, FBEUKDO R D D IZDSW % H
W7z B M (GYP - DSWHS Hi, Table 2) % #i 8 L 7-.
ZDOGYP - DSWH 2 %12, DSWH VT E 5122
f, Af%, SFEICA ML 72 % 4 OF 10 mLIZ % L
T, PEEATRARIE (ODggo fE : 0.01 well, 100 uL, 967X 7"
L— b)) %20 uL 3T O MBS L C, Bm%
REHRICERE L7z, rHERR O BGE L, B2 2380
SRR A I\ CGYP - DSWH; b CHE 38 L 7255 8810
O {8 FE % ODggo fiEl (100 uL, 969X 7 L — ) THlET
B Ll I, AW (cfulk) LEE (ODgyfiE) OAH
B (Fig. 1) IOV TERKE LTEL .

Table 2 Composition of GYP-DSW culture medium

Component/Grade, Producer Concentration (%, w/v)

D (+) glucose/Special grade 1.0
Yeast extract/Bacto yeast extract, BD 1.0
Polypepton/Polypepton N, 0.5
Meet extract/Meet extract from Skipjack 0.2
DSW 100.0 mL

2.5 438 - £ALFAIREER

2AE OREFS TARWIFE T8 & & 2 & - A B
FOGYP - DSWH; #hT7 H 53 L 720 Bk 12D »
T, WlF Y P EAWTHEDOELM (api 50 CHL, €

F A a— - VxR r) BIOAERESR (api ZYM,
EF A a— - Ty y) OBz B,

AR A FCRIBRICHE L CHBME 2175 7.
W 2485 THEET L 72 GYP - DSW 5 H % Fij v T
i (15C) B L UEiE (30C) O imESMA R
WA THHEFESEGOMMEBISR L. ForT
Y ERDIANIZE DML E TdH 5 L. plantarum D HEE |2
HEEZITRTWVWIENMON TS Z &M, K
H - %1 (2015) O#EESE1ZL T, GYP - DSW
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B 7 Vva—20RbIZHTT 7 b—A Rk,
BL7 4 VARG 2 HWTER L. 2ok
% 248 TGS L 72 ARSI, 0.1 (wiy, %)
DY LUWBT rEZ A FER, BT 4V AFDE
MZE) ZRINL 728, W%pH%EZ 458 L UN6.0DHE %
LHpHIZHHE L 728 c7 H IR L Ttk
MR L. SO EIROBEEBREY EE L
T, —HOBAENTIEED B S N WK fil
PR AKALY % F T, 238 OME Clif#<cdh - 72
THEDOGYP - DSWD 7 )V a— 224tz 72 B,
) A e ARALY (B - =R, 1998) & LTI,
A4 V=V b)) TIHE (EALER, L7 4 VARG
FFE), T2 bA) TR (BEL7 4 v AHGH
2 7T MA)IHE A BLT 1OV ARG
) bLoa— 2 L, BT 1 v 28GR,
NG T — A (AL, BT 4 v AFGHER)
BIUsrva—2 (EL7 1 VAaHEHE) Ot
GREMEZ HIVy, 27V a— A &A% fE e ARAL AL,
Z CHHL L 72GYP - DSW 55 iy % DSW T 45 A L L
7oBE M, 2480 I HE U T EER 2 AR L
7HMEER R L TR R ek, bk
BRI HRAE L 7o 2k & OO IR & L 7z,

2.6 HEEBROEE FEOEEEME

A O CTARBIFEI I & % 2 & N7z A A
2O GYP - DSW 8 # THy 22 L 72 it MR o B e 1k
METY 572012, BFLISKROBE R 2L, =
N & w0 BE (9,840 x g, 20T, 547 1) LCHEH N7z
LR BRI A @A L 723 (FLEE0.2 wm, Minisart, H°
Vb R) EEFMEE L LT, MDCKAfifE (NBL-
2, JCRB9029) % WV CTJs %K+ 2% 4 v /37 HT
»%27a—7 4 (CLDN) 2, CLDN4, *+ 7 V71 »
(OCLN), zonula# 7 )V 7 1 »1(Z0-1) B & UK
F X AV TH B AQP3 D E BT EBUI AT T 2
% £ PCR{ZE CTHGES L 72, MDCKMIAZIZ10% (viv)
v VRRIBIE (LM%, FBS) (MP/NA 4 X714 71)V)
GHA — 7 IVMEME: M (571947 A7) TR #
%, WHEICTUEL TR~ A 7u7L— b (MR
B, a—=22) 122000018, K& 75 &I
AR L 72, $BFE2 5 1 HRBRICE M2 IEAR GO A —

ZIVMEMIC & L C & 5121 H MK 28 (37C, 5%
CO,) 95 Z & CHllE % MIEHLEREEIC LT, 50
U @l S 1 % 63 <472 (Wilmut ef al, 1997). A<
SRR TUE, 1/%12180 ul @ A — 77 )VMEM, 10 uL. @
FBS (L FE, 5%, viv) B L O Liko#IECTH SR
- RO R #E FiE (BRF1-13KkK 5 25 #E#k, NBRC15891
BE) 10 ul REIREES%, viv) & iRA L 7z5FlEs #h (&
200 uL%) % H v CMDCKAMH 8 #1H R 5% 22
(37C, 5%C0,) L 7z. £:#:1%, Chomczynski and Sac-
chi (2006) D FEEIZHE> CTRNA Z it s K OHEH L,
ReverTra Ace gPCR RT Master Mix (BEiE#5) % W
cDNA % &% L 72, & 12 THUNDERBIRD SYBR gPCR
Mix CREE#G) % AV CPCREISE A B L, 1) 7V
% 4 ZPCRZE1E (StepOnePlus, Applied Biosystems) T
£ PCR % 17\, GAPDH#(E T 12K 3 % ik 4%
BT O mRNA DA F Bl & i Crik iz & 0
WrL7:. EEPCRICHW KB IZTDTIA<T—D
HRIERCH) % Table 31278 T, 7 BAFMHEHE AN IX
(Blank) & L C, il FFAliatAHI A 2 TRk
K GHRaREaH, B4 7 1V AFEHE) THEL
PR A 7213200, SRR & AR ERE L O
EReiro7e.

2.7 #EtuE

RIFFE T, PEOEMES L O ERR O %
BR&, §XTn=3TIT\V, 15 N7KERITPIHHE
R AETEL . HEHF 1T 1214 Student's
ttestlZ & 2 “HREMIMUEIC X ) AREAA T HIE L.

3. & R

3.1 #HEE%

2.1 5 D )75 T o Bk X 72 198k 0 SLIER B Ml ik 7>
BEEVEA IR L 72 48R12D W T, 16S rDNA O3
FCH 2 AT L 726G R, W9 1L b Lactiplantibacillus
plantarum & 99.9% OMFEVEZ R L7z, KBTI,
INHARKRE 1, 113, 218 L N2 144k & ey
% LT oIt L7,
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Table 3 Primers used for gPCR of TJs-related protein and AQP; genes

Gene name Oligonucleotide sequence Reference
OCLN Forward (5—3') TGGCGTACTCTTCCAATGGT
Reverse (5—3') CCGTCGTGTAGTCTGTCTCA
70-1 Forward (5—3') CTAAACCTGGGGCTGTCTCA Moinard, A. ef al. (2020)
Reverse (5—3') AGGTAGGACGCCATCAGATG e
CLDN2 Forward (5—3') GGTGGGTGGAGTCTTCTTCA
Reverse (5—3') CCAGCTACCAGGGAGAACAA
CLDN4 Forward (5—3') TGCACCAACTGCGTGGAGGATGAG

Reverse (5—3')
AQP, Forward (5—3')
Reverse (5—3')

Garcia-Hernandez, V. et al. (2015)

ACCACCAGCGGGTTGTAGAAGTCC
ACCCTCATCCTCGTGATGTTTG
GGTCACAGCAGGGTTCAGGT

Self-prepared

3.2 EHRE DR

2480 F71ETGYP - DSWHi b D DSW 12 & % &7
REOREHZ B 5 0 BERRO IR 2 72 €D
FER, DSWIC & 2 AR B L 28 MOGYP -
DSWEs HilZ B\ A a5, e L BREE HH R o 2Lk
(NBRC15891) 2SEZTd o 7225, AREABTIEME
OIFEVEIC K E B ERDBHR LN otz EHIC
$fEF CTHAMT 2 &, MHEILIZITE A LG L %
o7z (Fig 2). uﬂ%@#*%ﬁ‘% AW T L

Fe D EERIZIZDSW TAR5 124 L 72 GYP - DSW i
f@%ﬁﬁ‘/)é [ 2: - Lj:
70
y =563.84x
60 T R?=0.9638

50 1

40

30 1

20 1

Number of cells (X 106 cfu/ml)

0.00 0.02 0.04 0.06 0.08 0.10 0.12
AOD 4 value

Fig.1 Calibration curve for the determination of cell growth.

3.3 A - HEFROREMER
258D TIT o 72 BER ORE D B ALME L L O
HTERER ORI A MR O Z s & iR L AR
Table 4B L UB5IZRT. TNHORNLSHL 4 X
I, BEOBEICB T, ERERIEILTE R
Molz) R=A LT 7 b= A% AR FEERIT T
TEALL 72132013, 0Bk & BRERR D IR & 272

RiEA SN otz —7, HEFREORBIZOWV
TlZ, Valine-arylformamidase (45 BE#R BF1-13 127217
BHEE 72 A BEHSFR O 53, Cystein-arylformamidase

SrBEARBF1-13 & JRHERR IC IR 2 LERE SRR O H 1L
otz aXE M) T T, EEREBR2-14 12
A, WHBEE 22 A E DS & 172, p-Galactosidase 13 75 it
FRBF1-1 & JEMERR I BT 72 AL E SRR D H N2 70 o
7z. o-Glucosidase |3 77 B Pk BF2-1 12 @ F BB 7 22
WRRDOLNT2 X )N, Ik & BaERR O ] I TAHE DS
O,

w2, & (15C) B X O (30T) o iES
T OWEIAME L FRTHER, RRSEGTIIVWTho
WARIC S BATEDS A S N o 720 (5 — & RIR),
ERGMFCUE, BRI IR AR I TR 2 & 0t
HEEEgIc A B 2 EAVRBE N (Fig3). &5
24 DAREAFGYP - DSWHE; HL o> 7V 3 — A 1A,
ATCHI 7 bP—AZHWw, JZTUVBRT VEZT A
(—#k, BEL7 4V AHGHEE) %Nz THEEOpH
%453 X UpH 6.01Z i % L 72 4% A BGYP - DSW
By (7 ZUBRT v E= T AOMGRE, 2mM) (24
L7zBE38Cld, FrBEfk, 2RMERRE D IZpH45 L D B
pH6.0IZ T EE L 72 5FAffi 55 #h C @ W IEFEE A A 5 1L
7. L2L, WINOpHEMHIZBWTY, 75Hkk
EEAERR LD b BB DS A S 7z (Fig. 4).

F 72— SR ISR S U Bl kA
WMORBHEBE LA, A VYV NF) T
e, 7 M) IHE TV A THE M Lo
O—RA, T/ —RI%, sk, FEkREHI27
VI — A L) SBGEEDME o 72 (77— & KIR).
L2L77va—AIREESALN, Fig 512
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~ 150 ¢ .
\E Nondiluted "
=
13) P
< T |
= 100 } et .,
3
G
S 50
5
2
£
=
Z
0

Incubation day
501

4 times diluted
40
30
20

10 1

Number of cells (X 109 cfu/ml)

Incubation day

0 1 2 3 4 5 6 7

100 1
2 times diluted

80

60 [

40 1

20

Number of cells (X 10¢ cfu/ml)

Incuvation day

50
8 times diluted

40 1

30 1

Number of cells (X 10 cfu/ml)

| S C—

0 1 2 3 4 5 6 7
Incubation time (day)

Fig.2 Cell growth ability in GYP medium diluted by DSW for various dilution rates.
---O---, NBRC15891; —ll—, BF1-1, —@—, BF1-13; —A— BF2-1;, —® — BF2-14
n=3, Bars mean+SD

Y LD EERR T LD FRERR IC AR TR
JEIE 2R L2 DIk L, FREERR ORI I A BT
o7z (p<0.05).

3.4 SEEBROIEE EIEOMEEM

B % OOk ORREME 2 R T 2 12 H
7oh, WA SO R — AR ML
L G 70578 Clie b B IS S T b
MDCK Al AE (k1L - ST iF, 2008) & 2 Z &2 L
7. MDCKMIf CHEEE S 7z Rz RS — Mg, 4
g & L C ok 2 B se 12 B9 5 3 % CLDN2,
CLDN4, OCLN, ZO-17 & D TJsB5# & > /3 7 % (Van
Itallie et al, 2003) B X VK DEHET ¥ £V Th 5
AQP3DIEHAH S LTV A (Matsuzaki et al, 2001).
LBARFHmICH ), A - A LEFEERICB W
THHARMICRE R END o722 L2 s, BF1-
13k DREE BiE & FFAHURE & LC, 268 D#IEIC
7> TMDCKAAZ It L, TJs b £ ONAQP3EIL 58
BlaHA L7z, 2 ORI L, AR TH
BERRE LA TIsFE Y 37 HOBIRTF5

HWaeJi#Ed @A A SN, HFIZZ0-1EE T I
LCIEAEES (p<0.05) SHTTHER RS A S N7
—0, FHEMROREE FFICE, TsB#E Y v s g
DWTNOBIE TR TLHET 2 EIANIIAS N2
o7z (Fig. 6). F-EhioksE s L CHEEZ AQP3
BETORBEEMELZE A, FMaFHIIE
AQP3EIZT DB 2 Tl T 2 H A bz —
75, FEMRORERE FIEIEEOERIZA LN o
72 (Fig. 7).

4. % =

FEH O IL I N F TIIHFEIRIODSW 22 & 30 i #
Do REGERKEZ SHL T2 (5= % KH
). BEEMRIC L B &, FLEER T AI200E, #9200
FEDSEN ST %28 (R, 2002), £ D%k &Hh7kE
BRSO SHESNIRTH Y, RS, R
DSW 72 & O 5 BB O i 138 b % <, & 5158k
BROFBICHE T 2 3Fa E R oz v, oMb
L LT, DSWIixEREAK (LI, SSW) (2R THAR
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Table4 Characteristics of each strain on assimilation of carbohydrates

Strain
Carbohydrate
BF1-1 BF1-13 BF2-1 BF2-14 NBRC15891
Grycerol —* - - - -
Elythritol - - - - -
p-Arabiose - - - - -
L-Arabiose + + + + +
p-Ribose + + + + -
p-Xyose - - - - -
L-Xylose - - - - -
p-Adonitol - - - - -
Metyl-pD-Xyopyranoside - - - - -
p-Galactose + + + + +
p-Glucose + + + + +
p-Fructose + + + + +
p-Mannose + + + + +
L-Sorbose - - - - -
L-Rhamnose - - - - -
Dulcitol - - - - -
Inositol - - - - -
p-Mannitol + + + + +
p-Sorbitol + + + + +
Methyl-ap-Mannopyranoside + + + + +
Methyl-ap-Glucopyranoside - - - - -
N-Acetylglucosamine + + + + +
Amygdalin + + + + +
Arbutin + + + + +
Esculin ferric citrate + + + + +
Salicin + + + + +
p-Celobiose + + + + +
p- Maltose + + + + +
p-Lactose + + + + -
p-Melbiose + + + + +
p-Sucrose + + + + +
p-Trehalose + + + + +
Inulin - - - - -
p-Melezitose + + + + +
p-Rafinose + + + + +
Starch - - - - -
Glycogen - - - - -
Xylibiol - - - - -
Gentiobiose + + + + +
p-Turanose + + + + +
p-Lyxose - - - - -
p-Tagatose - - - - -
p-Fucose - - - - -
L-Fucose - - - - -
p-Arabitol - - - - -
L-Arabitol - - - - -
Gluconate + + + + +

2-keto-gluconate - - — - _
5-keto-gluconate - - - - _

* — negative; ** +  positive
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Table 5 Characteristics of each strain on enzyme production

Strain

Enzyme
BF1-1

BF1-13 BF2-1 BF2-14 NBRC15891

Alkarine phosphadase -
Esterase (C4) *
Esterase lipase (C8) +
Lipase (C14) -
Leucine-arylformamidase
Valine-arylformamidase +
Cystein-arylformamidase +
Trypsin +
a-Chymotripsin -
Acid phosphatese
Naphtol-AS-Bl-phosphohydrase
a-Galactosidase

H H+

p-Galactosidase
p-Glucronidase
a-Glucosidase

H H+

p-Glucosidase

N-Acetyl-p-glucosamidase
a-Mannosidase
o-Fucosidase

S

(e o T S T O
Folo+ + o+ O H

I+ W+ o+ o+ B H
Fo o+

|
I+ + 0+
I+

H + + I+ H |
I+ H+
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* — negative; ** + | doubtful; , positive
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Fig.3  Cell growth ability of L. plantarum at 30C on cultiva-

tion using the GYP medium diluted 4 times by DSW.
---O---, NBRC15891; —ll—, BF1-1; —@—, BF1-
13; —A— BF2-1;,—@®— BF2-14

7n=3, Bars mean=SD
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Fig.4  Effect of two kinds of initial pHs on cell growth of each strain cultured for 7 days using GYP medium of 4 times diluted

by DSW.

n=3, Bars mean=*SD, Asterisks indicate a significant difference, **p<C0.01, Student’s #-test
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Fig.5  Alternative effect of lactulose as carbohydrate instead
of glucose in the modified GYP medium on cell
growth by each strain cultured for 7 days.

[], Type strain; M, Isolates
n=3, Bars mean=+SD, Asterisk indicates a significant
difference, *p<0.05, Students #-test
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