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Global Transcriptional Analysis of Lactobacillus plantarum WCEFS1
at Low Temperature and Low pH

Daisuke Yasokawa and Tazusa Hashido

Due to a cool climate, grapes harvested in Hokkaido tend to contain more acid than those in the
southern part of Japan. Crucial to the production of high-quality wine in Hokkaido is reduction in the
sour taste associated with higher levels of acidity. To test the hypothesis that Hokkaido is too cool for
the activation of malolactic fermentation, genome-wide expression profiling of the response to low
temperature/low pH in the lactic acid bacterium Lactobacillus plantarum WCFS1 was performed, since
L. plantarum decarboxylates L-malate to L-lactate. The biological characteristics of upregulated open
reading frames were assigned and analyzed according to the KEGG PATHWAY database (Kyoto
Encyclopedia of Genes and Genomes, http://www.genome.jp/kegg/). Significant induction of sugar
transport system was observed in low temperature/low pH. Furthermore, transcription of malate

transport protein gene (Ip_1119) and malolactic enzyme gene (Ip_1118) were strongly upregulated in the

same conditions.
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This response indicates that L. plantarum suffers from energy shortage.
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£ 1. pH3.3, I5CHEFEICE VT pHA4.8, J0CEEFICLEN2EUERR ER L 2&EF LA 50 ORF

SEQ_ID Fold GENE_NAME FUNCTION

T12206685000620 28.6 1p_0733 phosphate ABC transporter, substrate binding protein

TI12206685000932 24.0 Ip_1119 malate transport protein

T1220668S002885 22.4 1p_3548 galacitol PTS, EIIA

TI12206685002666 21.7 1p_3271 guanosine 5’-monophosphate oxidoreductase

T12206685002884 19.9 1p_3547 galactitol PTS, EIIB

T12206685002867 19.8 1p_3527 beta-glucosides PTS, EIIBCA

TI220668S000765 19.0 1p_0907 DedA protein

T12206685002464 17.1 1p_3010 cellobiose PTS, EIIC

TI1220668S002519 17.0 1p_3077 extracellular protein (putative)

T12206685002883 15.9 1p_3546 galacitol PTS, EIIC

TI12206685001160 15.0 1p_1402 transport protein

TI220668S000931 14.4 Ip_1118 malolactic enzyme

T12206685002866 14.3 1p_3526 6-phospho-beta-glucosidase

T12206685002882 12.5 1p_3545 L-iditol 2-dehydrogenase

TI220668S5001161 11.4 1p_1403 cell surface protein, ErfK family

TI12206685002887 11.1 1p_3551 putative phosphoketolase

TI1220668S5001792 11.1 1p_2153 pyruvate dehydrogenase complex, E1 component, beta subunit

TI1220668S5001260 10.8 Ip_1521 oxidoreductase

T12206685002463 10.3 1p_3009 cellobiose PTS, EIIB

TI1220668S000795 10.1 1p_0946 cell surface protein precursor, GY family

TI12206685000238 9.5 1p_0289 hypothetical protein

TI1220668S000718 9.5 1p_0849 pyruvate oxidase

TI1220668S5002554 9.2 Ip_3117 cell surface protein (putative)

TI220668S002851 9.1 1p_3509 N-acetylglucosamine kinase (putative)

TI12206685002665 9.1 1p_3270 adenylosuccinate synthase

TI12206685002104 8.8 1p_2537 homoserine O-succinyltransferase

TI12206685000328 8.7 1p_0393 galactoside O-acetyltransferase

TI12206685002960 8.6 1p_3632 hypothetical protein

TI2206685002121 8.6 1p_2560 ATP phosphoribosyltransferase

TI12206685001594 8.6 1p_1920 phosphopyruvate hydratase

TI12206685002667 8.5 1p_3272 protein-tyrosine phosphatase

TI12206685002289 8.3 1p_2777 6-phospho-beta-glucosidase

TI12206685002103 8.3 1p_2536 O-acetylhomoserine (thiol)-lyase

T1220668S000329 8.2 1p_0394 transport protein

TI12206685001437 8.2 1p_1730 maltose phosphorylase

TI12206685001510 7.9 1p_1816 2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase

TI1220668S001791 7.7 1p_2152 pyruvate dehydrogenase complex, E2 component; dihydrolipoamide S-
acetyltransferase

TI12206685002876 7.6 1p_3539 transaldolase

T1220668S000110 7.6 1p_0136 oxidoreductase

TI12206685002850 7.6 1p_3508 hypothetical protein

T12206685000311 7.5 1p_0370 glycerol kinase

TI12206685002852 74 1p_3510 hypothetical protein

TI1220668S000239 7.4 1p_0290 transcription regulator

TI12206685000481 7.4 Ip_0574 hypothetical protein

T12206685002986 7.3 1p_3660 ribokinase

TI12206685001438 7.2 Ip_1731 aldose 1-epimerase

TI12206685001436 7.2 1p_1729 sugar transport protein (putative)

TI220668S000331 7.2 1p_0396 transcription regulator

TI1220668S5001746 7.2 1p_2098 lipoprotein precursor

TI12206685002415 7.2 1p_2942 transcription regulator
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K74 MK EZT 2 2 EBHSNTWL 5105, KiE»
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E5IT, EORRBEETS2HEUEFREAL TS
D2 OWT KEGG (Kyoto Encyclopedia of Genes
and Genomes, http://www.genome.jp/kegg/) TDi&
BFAFNHE AT L 72,
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Energy metabolism (= V¥ —R3#) BT 28ETF
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IV F —EREEERTF 2R L 2w e EFEET
EnZEzRLTWS, X3 B & UK 4 IZ Metabo-
lism @3 % #1I5TD > b Carbohydrate metabolism
B & O Energy metabolism %747 IV —IZ/ET %
AT TN = EOFTREREZR LI, 37 AT T —
Carbohydrate metabolism T, E3 % & THIZD %
Wb DD, Pentose and glucuronate interconversions 3
9 EETFH 6 BIET (66.7%) LM FEH AL TEHD,
Z DOl Galactose metabolism, Butanoate metabolism,
Citrate cycle, # & U Fructose and mannose metabo-
lism 23 % L2 1 31 BIEFH 13 EEF (41.9%), 21 #1E
Frh 8 EETF (38.1%), 4B LEFH5EMLTF (35.7%),
BL UM ERTH 12EETF (35.3%) LRBEALT
Wiz (83). %7 %7 3V —Energy metabolism TlZ,
Reductive carboxylate cycle 8 9 s F 4 4 &5 F

(44.4%), Nitrogen metabolism %% 16 & TH 5 En
F (31.3%) REMFEH LA L Tz (F4)., ZhsD
Z L IEIR, 1K pH BIED L. plantarum B I 3 )V F —
TRIZHi> TR ATREME 2R L T 5, £ 512 Envi-
ronmental information processing (BREZ[EIRALER) 2
54 2 BETEICOWT % T, FDFEE, Electron
transfer carriers i& 3 BIEF D2 T (100%), Phos-
photransferase system T % 63 i& 1= T 1 26 i& & T
(41.3%) = EOFBL LA ZFEDI:. Chopl b, K
BIE pH BEEICB T B L. plantarum OFEWHIEK T %
FTRLTwBEFZ NIz,

L. plantarum ® X S ~va 2 7 74 v 7 ABE
LoTo~uz 277 4y 7 fBOEMFHIREIONT
F25E, FEERIGZEDD D TE T AV F =K
BRER L, 2, VU TBOOABANOERIC L S
0.2FEDpH L&Y, 8iFE~usri74 v 7ABE
WWESTEBEODHLIFLERTZBEVEEZFZONTET:
»3, Cox & Henick-Kling!"'? kb ~uz 2774 v7
RSHT# CHIFEA M 7 a s VBB B X, ik
FIAL7: ATPEABREE 2 2 ¥R E Nz, B,
Olsen 5™ 2 & b, Hifgshic—EEELLLETY > TEA
FET 254G, VyaBNE/ 724 OB TRV A
Fh, ~uZ 27 4y 7 RKEEE, ARPIEFERER CHEL
SNDHZLIck Y 7o b VREARPER SIS EvD
ETNPERR SN, w0 T 7T 4y 7 FEEIMRR TR
pHEREIC I D T ANVF —E @) cfio7exa o2
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DTk EHEE S LTz,

F2. pH3.3, I5CHEEICEUVTpHA4.8, 30CEED2HFEULERR LR L 2EEZFD 5 B Metabolism (CEI5 T 338

ZF#
Entries From input list /Entries (%) /Input list (%)
METABOLISM 624 136 21.8 27.5
Carbohydrate metabolism 241 74 30.7 15.0
Energy metabolism 61 16 26.2 3.2
Lipid metabolism 73 11 15.1 2.2
Nucleotide metaholism 87 6 6.9 1.2
Amino acid metabolism 184 37 20.1 7.5
Metabolism of other amino acids 49 8 16.3 1.6
Glycan biosynthesis and metabolism 20 3 15.0 0.6
Biosynthesis of polyketides and nonribosomal peptides 7 2 28.6 0.4
Metabolism of cofactors and vitamins 81 6 7.4 1.2
Biosynthesis of secondary metabolites 34 3 8.8 0.6
Xenobiotics biodegradation and metabolism 28 4 14.3 0.8

Entries 3Z DA 7 TV — %7233 727 3TV —ZEENLELET DO, From input list 13FH LH L7 494 BIEFhZzDh T
TV —FRBY T AT T —ICEENIEETH, /Entries (B)EZDOHT TV =573V 7H 73TV —DHBEETFHTHEL
B LIEBETON—t T —Y, /Input list (Q)IEFHEBLEF LI M BETFHTZOL T IV —F2B 7073V —cEF

NAELEFO N N—k T —Y %2ERT,
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£ 3. ¥7HF Y — Carbohydrate metabolism (X228R) ICET3EGEF T2 EULERER L AEETHE

Entries From input list /Entries (%) /Input list (%)

Carbohydrate metabolism
Glycolysis/Gluconeogenesis
Citrate cycle
Pentose phosphate pathway
Pentose and glucuronate interconversions
Fructose and mannnose metabolism
Galactose metabolism
Ascorbate and aldarate metabolism
Starch and sucrose metabolism
Aminosugars metabolism
Nucleotide sugars metabolism
Pyruvate metabolism
Glyoxylate and dicarboxylate metabolism
Propanoate metabolism
Butanoate metabolism
C5-Branched dibasic acid metabolism
Inositol metabolism
Inositol phosphate metabolism

241 74 30.7 15.0
47 13 27.7 2.6
14 5 35.7 1.0
24 6 25.0 1.2

9 6 66.7 1.2
34 12 35.3 2.4
31 13 41.9 2.6

5 1 20.0 0.2
40 13 32.5 2.6
15 2 13.3 0.4
10 2 20.0 0.4
39 11 28.2 2.2
10 1 10.0 0.2
19 2 10.5 0.4
21 8 38.1 1.6

2 0 0.0 0.0

6 0 0.0 0.0
11 2 18.2 0.4

K4, ¥7H5 TV — Energy metabolism (R2Z8) CET3EEFT2HEULERRER L -EEFH

Entries From input list /Entries (%) /Input list (%)

Energy metabolism
Oxidative phosphorylation
Carbon fixation
Reductive carboxylate cycle
Methane metabolism
Nitrogen metabolism
Sulfur metabolism
Pyruvate/Oxoglutarate metabolism
ATPases

61 16 26.2 3.2
20 4 20.0 0.8
14 4 28.6 0.8
9 4 44 .4 0.8
4 1 25.0 0.2
16 5 31.3 1.0
8 1 12.5 0.2
0 0 0.0 0.0
1 1 100.0 0.2

% 5. Environmental information processing (CRA5 ¥ 3 &EF T, 2EULRIALR L 2 EETFH

Entries From input list /Entries (%) /Input list (%)

ENVIRONMENTAL INFORMATION PROCESSING
Membrane transport
ABC transporters
Other ion-coupled transporters
Pores ion channels
Electron transfer carriers
Other transporters
Phosphotransferase system
Signal transduction
Two-component system
Signaling molecules and interaction

271 74 27.3 15.0
235 67 28.5 13.6
106 29 27.4 5.9
44 6 13.6 1.2
4 0 0.0 0.0
3 3 100.0 0.6
4 1 25.0 0.2
63 26 41.3 5.3
41 12 29.3 2.4
41 12 29.3 2.4
0 0 0.0 0.0

L. plantarum O FFIN pH 13X 4.6~4. 8 W TR TH
D, HOfEA: (BEHb) pH X 3.0 THHEFEWEETH 50,
Leuconostoc  mesenteroides O AN pH & T [R5 &
pH5.4~5.7 TH Y, L. plantarum £ Y b pH MHEIME
VB, ZNERIREAAD pH ZKE SR DEETnE S

WCHIEEN pH 2 T 286 0ME W2 & S Tnw b,
—FCHEOMBEANpH OLEIR, Fig7a b v—
ATPase 8-> T8 YD, ATP 2&EL C 7o b > %2
HIL T2, A fFEn]RediPl < & K pH B CHllER O #5858
NHFSN TV ERERERD—21F 2D ATP OIHE
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& pH T O s T FEH T

b, SEOFBETICECTHZDI LRENT
EEZoND,

PERARSIX, L. gasseri LG21 kD~ A Z7a7v A % H
W, THEETES & UMRSEIG I D W T 21T > TWh 519,
Z T, MRS BiEREHFIC B8 W T pH6S 25 4.8 1
pH 2RI T 721 30 73 ORICEE D 7 74 > ABC
transporter %, Z# D PTS Rk AER T, HHmoaE
BT, 73 /B/ERET v F K= —DF L WIEER
ERDHoT2ZERTLL TS, X512 N5 DIRE(EHE
ENTEETFRDS S BT 3OV F — 4R BE ¢
32 Em5, BN I F —EEREIUKET S
BHOTH?H EHELTnDE, s DEERERET
B, SO L. plantarum TOFIREHTEE T HFHE
ENTBY, BT L bERROBEICERNHER T
RWEFZSND, BEICHERZ KRS IZHRIENY ~ B
LB ANF—ERRCEHL TS, ZOBRERKIE
R, BRERST S BoSHIlEPICED A E BRI
Lo THIFEND 7 VA VEDSRE Z % & & b2 ATP 234
B RIS MRS cHE S b L v S, BRI TE X A
ZALELTREDLO THERNLBDTH S, FEOD
L. plantarum © 15°CpH 3.3 FE I B\ T H 30°C
pH 4.8 55312 FbX, glutamate decarboxylase % 3.9 5%
DFPLAZRLTBY, $lo~vuor T4 v ¥
DbONY ¥ T SHABANOBRBRIETH S (14.4
BEo LS.

SHRR <A 70T VA EROIRBENT 2175 2
LWk, BEYT A OREN R E R SRS O iR
DR, FRER & BINCHE 5 T 7o FEEERA 2 RIS
B2 bDICT 5 ENHREIC S 5 EIRFL T 5,

= #

L. plantarum @ 15°C, pH 3.0 55l & 30°C, pH 4.8
BB OB TR Z DNA A 707 VA 12 X D g
AT L7z & 2 2, (KR, {5 pH 558812 & D B2 Rk RO
BREFPTANF —EGRERTFIE BHFEINT
W3 Z kD, L. plantarum 1R WHERIREEICH 5 b D
LEI NI, Flo, ASRBETTIUI 277 4 v 75
WhER Y VI TV AR—F =Y Y ITBT L RO
Fr—YhWMLFEH LW, 202 ii~vas 7
T4y 7 FESYERREBICH 2 ~va T 7 T 1 v 7 AR
e T, EFELELRAFHRO—DTH 2R 2R
BLTWw3,

S, RREEpH OB o—HN~a I 7T 4 v
7 FEEEEE TR LR CERL T 200, H50»

BHEAPHE S TEFD LI RIERIZH > T EDnkE
BT D0END S,
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