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AEQL AERAE HE2 Yersinia enterocolitical)

AZEoj| o|x|& glycine betaine&
H|® 8t osmolytel| &k

up Al
RosE A AR 5ok

EB2 9o NEY 2EY2IE WS Yersinia enterocolitica ATCC 9610 M EUd] ZA =]+ osmolyte S
BC NMRE 53] ALt AAQAA e &3] A5 713 232 osmolyte2 ¢ 7 glycine betaine?] A5t
2E#2E W Y. enterocolitica ATCC 9610 A X F%= (8019 nmol/mg protein)= A5 2EH2E x|
%2 AXE (192 nmol/mg protein) K.t} 41.88] Bol A& o] Y. enterocolitica ATCC 9%6108) 7} F23 osmol-
yte2 283} t). Proline’z. 284.2 nmol/mg protein®] T =2 AZ o) Y. enterocolitica ATCC 96102) osmolyte 2
2239t} Glycine betained H]Z8 2= osmolyte”’} A5 AEHAE WS V. enterocolitica MEAAo)
X 9&E 1537 A8 Y. enterocoliticad) 4FE55) vAE o159 JFE FAMIY 25%2] NaClo]
A7t MMA ujR9] glycine betaine™} prolineg Z}2t H7}31&wl, 1mM glycine betaine®] 7% osmolyteS
HovelA &2 diz7ol v 4F& =) 368 Tohsti o™ 5mM prolines) B9+ 139} Z718k3{ ). Dime-
thylglycine’= 25%¢] NaCl& #7}g MMA wjX|d] 5mMe) $=2 H7Istgd g7 v|8) A34=0)
314 - Z718 =, monomethylglycineS 459t AEFAE e Y. enterocoliticad) 4730 olH I¥=
uX]x] 53t} Carnitined 25%9] NaCle] H7Hg MMA #ilo] 5mMe) 528 H71EALd thz7o)
H3) 249 A& E0} SU1E e choline AAo) o8 IF¥E mx)A Ik o) ARZ glycine
betaine Y. enterocolitica ATCC 9610%] 7} F23% osmolyte2 Z831H, proline, dimethylglycine Z18]1
camitine= Y. enterocolitica ATCC 96102] osmolyte= z}8-3led A5 AEHAE W V. enterocolitica ATCC
9%100] HFEEE F7HIZTHI995E 49 108 A4, 19959 59 309 Fa)).

HoB 27) olgo] guknn® Hzoe WATAS 7

AN Witolzt Aeq AN AL 2Ed

AR AdS AE 4 iEgez A% 2EY
2o A Hg3te AZRF oY nPgELY S9
dorgt FAZASFNANE A 4 Y= ¥ aA
AlA ). Salmonella oranienburg® Escherichia coli? Sal-
monella typhimurium,® Listeria monocytogenes,* Pseudo-
monas aeruginosa,® Pseudomonas mendocing,” 18|31
Klebsiella pneumoniae® 5 F=2 FUATFAA ojd &
ol Rugn ok WAL 54 1 AFe A
FoF Z2EH2A dutHoez AEWe] osmolytest il
EZe 45FR35EZ (osmoprotectant)S Z&H3o =4
MEN B AT MEL R nAFEQto R
A3l dold F A& 4P FE WA AEHLS
ZZA S0 JRE 9] osmolyter A E R} $7E
22A 2 g &3zl Fom, HaAdelel pHolA
A7} 0oy, Ako dF SAo] g RPEL Z
F3 ok Osmolyteo = polyols(sugars, glycerol),
amino acid (proline, glutamate), amino acid 53| (gly-
cine betaine, y-aminobutyric acid), peptides, methylami-
nes 12} urea 5 #713818E 7} potassium ionT e

2A] AE YR osmolyte’} A Fo] gAY o]d
BT A77F B3] o] FojA A e LA Y. ente-
rocolitica’= 1HF739] TARPIINTEA AA A
HE dodle AEuHE. V. enterooliticas %L
AFo2RE EFHULHY iEH QAAIILE
19763 F&M 24" IYAHoR WE $/E
21 2208 9] o) FE9 Alart Utk Y. enterocoli-
ticax= L. momocytogenes®9} o] 0CAHEQ ALJAE
A ¢ Qom0 2d YAEAS 7H FAd e
24 AEEAEY] WA dILFALE dod F
AE AP doltt. BE FuiALY A HFEY =
EG2A] HEY osmolyte’} ZHHET BiH wir}
Qo) Y. enterocolitica®) 73-9- oo ik Rurt ARG
Aot} wetA B AFAAE ®C NMRE ©]§3h
Y. enterocolitica MEW)| ZHEE osmolyteE ZAS}
QoH, Y. enterocolitica®) 7} 2% osmolyted! gly-
cine betaineS BIEF UWrAHO R Ao osmolyteZ
&3 2 proline, carnitine, choline L& glycine be-
taine®] demethyl-f- =A< monomethylglycine, dimethyl-

Zr=1: Yersinia enterocolitica, psychrotroph, osmolyte, glycine betaine, mc?nomethylglycine, dimethylglycine, carnitine, proline, choline
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2 A8 AV 29 Y. enterocolitica ATCC 96102 Ame-
rican Type Culture Collection (Rockville, Md.)2.2 FH
T8t AHSEFH T FF Y &L FE Brain heart
infusion(BHL; Difco) ajuixol HE3ted 27C A nj
3k F 4T YAANA HAsHow wid Ay
¥ A AT

HH x|

Y. enterocolitica ATCC 96109] $+Awjx]2+ BHIZ
AHElG e, HLUAZE minimal AMA) Hj AP
thiamine 17 mg/l& 713 wjA] (o]3} MMAR *H3H)E
AgsgEY 2 248 KHPO, 105 g/l, KHPO, 45 g/,
(NH.S0, 1.0 g/l, sodium citrate 0.5 g/I, MgSQ,-7H;0 0.1
g/l, glucose 2.0¢g/l T1&]3l thiamine 17 mg/lo)t} Glu-
coset= 045um o =HMillipore)o. & A\F3F F- 19tA
@ WA ArhetAnt. AREHe) Wt glycine be-
taine, monomethylglycine, dimethylglycine, carnitine, pro-
line 18] choline & MMA ®{X|d| H7}8tg =0
prolinec] £]9] 332 045 um oz AF3 F
A7vst At

i SES

YAl AE#e] AESE BHI AAuiA 25 miE
231 Y. enterocolitica ATCC 96102 195o] 7153 &
3k 5 27Co A oF SAIMAE FuhekstH $7] o
7l(late log phase)oll T=@3tt). o] HjYFd-& MMAHN]
ol 5% Gt 27CAA F7] W57 7hA] KEel g
AL FHoz ALEAT

o Xy ol off

MESEEH

AA WY AN A Y. enterocolitica®) FFEEE =437
f3) g Mg ZehaFo APE Aol wet A
Z¥ MMAY BHI 817 15miE Y oA A=+
ZAE 2% AES T 27CoA Aedufokstdc). vk
A PAAITtulTt ¥4 (no54) BEE 713 Klett-Sum-
merson B|4 A& SN EHEE St YFEES
Axdetdh? &= AP 338k AA|styTh

3C NMR &X

4% NaCloe] #7}g BHIM|A 1le] A7) #Hez
AzE FdS 5% T F 27CA A R st
wjFdo] 7] gigrlel =2EH WY 900miE 4
7He] 250m/ AR Hal 6000 rpmol A 1027H
AR FAE st or], BdE AEs 7%
perchloric acid® ZZ3lgch. 8C NMR =4& g

EfAS WO Yersinia enterocolitica®) 3730l vAE osmolyteo] QI 919

A gFH]E Smithe Smithe] WH@e Fala] dAlst
e} BC NMR 2#E ¢ & General Electric Omega 300
spectrometerS  AHg-3ta] 7558 MHzoll Al dof o,
7)€} parameter® oA AFH wWHMH 2oyt Os-
molyted] FE¥ ¥FE 2 50 mM alanine? resonance
intensity?} Bladto 2 ARSI WHE osmolyte ]
e Lowry 59 WP o3ty SA® wlAd
o8 xFsetdh

Zn o o8

2ro A&

Y. enterocolitica ATCC 96102] HAwi A2+ MAn| A
2 7)x= &gon Y. enterocoliticad) oAt 2 thia-
mine FY¥ LTS AR @ MAsHX|l cystine,
valine, tryptophan, casamino acid, 18] thiamine 5-&
Ztzb Hrlste] 27CoA A& EE vlusRt d3E
T2 JeiAE @A 17mg/l9) thiamineS #H7}
stAS W Y. enterocolitica® ¥ A F7F SR
on ojulite] A4 ¥ AL WAX Fadrh B
24 MAY 17 mg/le) thiamines 713+ MMAw| A&
B AR A Y. enterocolitica ATCC 96109] & AnjA|2
Abgskgith. BHI ¢ha Al e 849%F 5 2EFNA
Y. enterocolitica 23] vixle 259 d¢e GgF B
REQPoHB® 7 FHHLwv) thh g HiuEle
o, 3 HoujRoA 2x9 FE

] %@- LI . _L-
T3 A wh B AdE s8] 4 MMAHA]

ol A Y. enterocolitica ATCC 96108] HHLE W 229
AL 4T~37C Yol A3 MMAUEA] of A
Y. enterocolitica ATCC -96102] A&l pjX= 59
ggFe Table 1o vehd wisl go] HALmE 27C
gom 1w AAETE 039h71o|Ch Y. enterocoli-
teass A2 MFo A 4THAAN FE7]|(lag time)7} 140
h o]glon AARAETE 0021h 1ot 37CoA= A
ol 14U7A] #AH A Fich

AEOL AEMAZ HI2 Y, enterocolitica MEW =

Table 1. Growth of Y. enterocolitica ATCC 9610 in MMA me-
dium at different temperatures.

Temp. (C) Lag time (h) Growth rate (h™)
37 — :
34 683+ 83 0.15 +0.015
27 9.0+ 0.7 0.39 +0.023
7 56.7+ 5.3 0.038+ 0.002
4 140.0+ 14.7 0.021+ 0.0025

No growth during 14 days of incubation.
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nXe FE9 43S AT (Fig 1). Y. enterocoli-
tica ATCC 9610& 0~25% NaClo] H7}€ MMA A
ANA FZE F ANSH, 3% ©]/de] NaCle] H7}s
e B¢ 74 T ARl EFEHA gioh ¥bd BHI
vl Ao M= 6% NaCle] H7IEHYSHAE AGS &
A3 & YA AFY ZEHEE 1L Y. enterocolitica
ATCC 9610 Al ¥4 ZH == osmolyteE ZA}317] 9)3)
4%9] NaCle]l 72 BHI WA Y. enterocoliticas
F7) d717HA A S § 4839 £ed
AEE 7%2) perchloric acid2 %23 & gA AFH
ydiMo 2 BC NMRZ osmolyteE FHE39ch NMR
3L osmolyted] FE9} 3&Hg-o] FARle] H]
FrEoz FHHE SL2YAE JIAE oW osmo-
ytex ZAEE & 7] dFo E3] F8F ol
4% NaCl& 713+ BHI s Ao\ A & Y. enterocolitica
A X322 NMR 29 EZL Fig 2] Jehd npe}
o] 2719 F83 osmolyte7} 2XE L 2 & Yot
Glycine betaine-2 Y. enterocolitica® 7} 23+ osmol-
yteZ A 1700, 669, 183 542 S(ppm)ol A TEEZ
AZH 2.9 prolined 1760, 62.1, 47.0, 298 18] 11 246
S(ppm)ol A AZ&E ) Osmolyted] e+ EF £33
50 mM alanine (176.7, 51.5, 17.1 &(ppm))<] resonance in-
tensity$} Blidte] HAAH YW, Lowry 5 WP
o3 ZAHE AEW Ao i HEF osmo-
Iyted) *do2 HFSEHATh 4% NaCle] 7} BHI
) x| A R} Y. enterocolitica A EW glycine betaine?)
FEE 8019nmol/mg protein® 2 1P YEMNAE
FRAAT AT 2EHLE @A &2 BHI sjX]oA
At Y. enterocolitica®) 73%  glycine  betaine®)
FX7} 19.2 nmol/mg protein 1 o) vj3f 4188} go)
Z A At} Glycine betaine E. coli,? L. monocytogenes*
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Fig. 1. Growth of Y. enterocolitica ATCC 9610 in MMA medium
{open bar) and BHI (solid bar) in the presence of NaCl at 27C.

ZoA9 F83 osmolytez LA Qe ¥C NMR
& o] 83 B AFNANE Y. enterocolitica®] T2 osmol-
yte2 st 8 4%9] NaCle] b€l BHIM|A]
o)A A Y. enterocolitica MEW proline] &7 & 2848
nmol/mg proteing] ¥4, 1P o 2 Y AE g ATH
ANEot 2EYAE WA FS BHIYNA A=} Y. enterocoli-
tica AEW prolined] AL HEHA gsirh WA
pioline® A5 2EHAE B Y. enterocolitica®] os-

molyte2 &= Atk

ALEOL AERAE W2 Y. enterocolitieal o]l
o|x}& glycine bataineZ} proline2| & &

ngEes AES 2EHAE W Ao AFS
2EHAE WR] &L Y. enterocolitica 3FET o vlX
£ glycine betaine?] TS =AGH AF= Table 29}
2t} AE 2EHAE @R k2 Y. enterocolitica Al
¥ & glycine betaineS H7ISE A FA% 4FS
n)x)=2] 2t A NaCle 25% 713k MMAHIA]
oA A& Y. enterocolitica®) 73-% glycine betaineg 1
mM 2718 W) AFEE7} 026h 24 glycine be-
taineS F713HA) FkE w9 4FEE 0.072h71o) H|F
364 =713kt =8 NaClg 3.0% 713 MMA H)
ol glycine betainee A 18tA] Fgsul 7ANA] A
Aol BEE R &9kAT, glycine betaineo] 0.1~10.0 mM
vz AVIEYS 4AEE7 017~021 h 12 VEr

"l PUNRIVEADN . "
P T e T e e T T T T T
190 170 150 130 e 90 0 k] 30 0
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Fig. 2. Natural-abundance '*C NMR spectrum of the perchioric
acid extract of Y. enterocolitica ATCC 9610 grown in BHI with
NaCl (4%). Resonances at 176.7, 515 and 17.1 8(ppm)(A) arise
from alanine which was added as the internal concentration stan-
dard (50 mM). Resonances at 1700, 669, and 54.2 5(ppm)(B) arise
from glycine betaine. Resonances at 176.0, 62.1, 47.0, 29.8 and 24.6
S(ppm)(P) arise from proline.
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1}, glycine betainee Y. enterocolitica®] osmolyteZ =}
43l AT J4FE FANZYE AL ¢ F Uk
Ko 392 4%t 2EHAE WS L monocytogenes A
¥1ff glycine betaine®] &2 A4 2Hgd 7)2dsE
Fol ol WAz HE AHEHE 53 547
ojgitta BasldEnl, Y. enterocolitica® glycine be-
tainec] MMA ®j x| o] H7tE Z9owt WAFES &
IE 7HAE ALZ Kol Y. enterocolitica XX glycine
betaine®] A o] A FHgo] olE} NETLS 53
TF 71%d & o]Fo Atk= AL ¢ F Yot Gly-
cine betaine?] H#HFEE 25%9 NaCl #7135 MMA
A= 1mMo|loy, NaCle] =7 3.0%= =
HSde IR0 9 52 75 GmMold Hz A

Table 2. Effect of exogenous glycine betaine on the growth rate
of osmotically stressed and non-stressed Y. enterocolitica ATCC
9610 grown in MMA medium at 27C.

Conc. of GB° Growth rate (™) (mean+ SD) at indicated NaCl level

(mM) 0% NaCl 2.5% NaCl 3.0% NaCl
0 0.39+ 0.023 0.072+ 0.002 —b
01 040+ 0.011 022 +0.020 0.17+ 0.020
05 0.39+ 0.014 025 + 0015 0.19+ 0.017
1.0 0.39+ 0.028 0.26 +0.012 0.20+ 0.006
50 0.394 0.012 024 +0012 0.21+ 0.015
100 0.38+ 0.007 024 +0017 0.20+ 0.012

%GB, glycine betaine; "No growth during 7 days of incubation.

Table 3. Effect of exogenous proline on the growth rate of os-
motically stressed and non-stressed Y. enterocolitica ATCC 9610
grown in MMA medium at 27C.

Conc. of proline Growth rate (h™° (mean+ SD) at indicated NaCl level

(mM) 0% NaCl 2.5% NaCl 3.0% NaCl
0 0.39+ 0.023 0.072+ 0.002 —2

1 0.40+ 0.020 0.095+ 0.010 0.012+0.001

2 041+ 0.014 0.092+ 0.015 0.014+ 0.001

5 0.39+ 0.018 0.095+ 0.009 0,018+ 0.002

10 0.38+ 0.018 0.095+0.010 0.017+0.002

®No growth during 7 days of incubation.

A& E YRStk ol NaClYl ¥&7F S42
AEN Bt FAAN L EFaLES WA= ¢
o glycine betaineS 8.7-3ct Adzte 4= ¢itt Pro-
lineo] Y. enterocolitica®l 3ol vja]+= F3E& Table 30
Ul vhel 7Eo], 25% NaClg et 2EHAE whe
Y. enterocolitica®) 1mMe] prolineo] H7lEQ0-& A
A& %7F 0095 h7' 24 prolineo] H7IEA ¥}kS
A99 AAE&E 0072h7to] H3) oF 1.3v] A= FU}
319 th Beumer 592 L. monocylogenes®t 22 1A
AT 7S proline 10mM B BEEAA Wit
E4A4E 7HAed viE 2d3Ad ATy A$ 1mM
Ar Az E WiFEY a3 7Hva Bt
B, B Ao AR Y. enterocoliticar TREA AT
o 243 Beumer £%0] ®Higk nle}l Zo] 1~5mM9]
AF% AdXE WiESH 235 Jehgfich

ALEOL AEFAE YW Y. enterocolitica®l AZEo]|
o|xl= glycine betaine XX, carnitine, choline2
=

Glycine betaine®] demethyl =< dimethylgly-
cine#} monomethylglycineo] 2%¢t 2EH2E We ¥
enterocolitica®) /373l oW JES VR =THE ZASH)
Al 25%9 NaCle] 7€ MMAu] A dimethylgyl-
cine#?} monomethylglycines 0~100mM Fx=& 47}
H7rete 445 EE wwskyth Dimethylglycineo] 5
mM9] =2 H7IEAL A9 V. enterocolitica ©] A
ALET= 02207182 279 AFEE 0072 h 1o B3]
3.19) =718l t(Table 4). o)== dimethylglycineo] Y. en-
terocolitica®) osmolyteZ2 Zg3tt+= ZAS v, os-
molyte £X) 8] ¥7}= glycine betaine (1mM H7}A] A
A& 026 h HE T 27 FojH k. Monomethylgly-
cine2 01~100mMe] Fx2 H7IEAe0 AES &
EYAE WS V. enferocoliticadl A oW HIFx
u] X %] ¢k glycine betaine, dimethylglycine ~12] 11
monomethylglycine®] H|42§F F-Z0|HA] osmolyte £ 4]
9] #Ago] A Y2vs AL FTREE dolth o=
Ae)del 2] pHol A o]& A 813}E9] e} Aol= gk
A et =47 AE F3o @A ahole] A
3l Aolz 1% AT AlsETh dWHA o R AT

Table 4. Effect of exogenous dimethylglycine, monomethyliglycine, carnitine and choline on the growth rate of osmotically stressed
Y. enterocolitica ATCC 9610 grown in MMA medium with 2.5% NaCl at 27C.

Conc. of osmolyte

Growth rate (h™) (mean+ SD) at indicated exogenous osmolyte

(mM) GB DMG MMG Carnitine Choline
0 0.072+ 0.002 0.072+ 0.00 0.072+ 0.002 0.072+ 0.002 0.072+ 0.002
1 0.26 +0.012 020 +0.015 0.073+ 0.010 0.12 +0.008 0.071+ 0.004
2 0.25 +0.006 021 +0.017 0.071+ 0.008 0.14 +0011 0.070+ 0.008
5 024 +0012 022 +0.020 0.074+ 0011 0.17 +0.020 0.069+ 0.005
10 024 +0017 022 +0015 0,073+ 0.009 0.16 +0015

3GB, glycine betaine; DMG, dimethylglycine; MMG, monomethylglycine.

0.068+ 0.007
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2] osmolyte® ¢&# 3 carnitine 18] cholined] A5+
2EHAE WL Y enterocolitica FAEEY vlX= o
&S 23T (Table 4). Carnitineo] A% AEd)
25 vre Y enterocolitica® AAET O U e 9L
25%2] NaCle] ¥3+¥ MMAH]A] o] 5mM<] carnitine©)
FA7E e AAEEE 017h7 '8 carnitineo] H7}s
2l 2ol AFEE 0072h71) H)F 248 F7)s}
9} Carnitine Fig. 2014 Y. enterocolitica®) osmo-
yte2 HEHA gt ¥vid IPo 2 YehiXe &
RARE MMA®| Z|e] carnitine§ #7138t C NMR&
53 ZAMe A3, carnitine® 506.5 nmol/mg protein
TEE HAEHAY. ©l= camitineo] AXWje] A3A
Adl g3 BA=E Ho] ol AETHE 53 £4
Aol o3 wiXZ RE AEZUHZ olEHo] WiEy
EF9E 7HA= A Z, Fig 2904 camnitineo] ZAZE X
%2 A& BHI A9l carnitineo] EA)35}A] A, gly-
cine betained] ]3| carnitineo] A H Ho 2 FoH)
Choline®] WAHEQF &3 293 Zue Table 49
yebd bl cholinee AF9 ZEHAE e Y. entero-
colitica®} 737l 23 FHFS v XA E3loh whatA
choline2 Y. enterocolitica®) osmolyte® Z}-23}2 e
Ao g Alg

Al At
B A7 19939 % 319 Post-Doc. 4= Yol o]F
o2 Aske] Qxoln olo] A=Yt
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Effects of Glycine Betaine and Related Osmolytes on Growth of Osmotically Stressed Yersinia
enterocolitica

Shin Park (Department of Agricultural Chemistry, Taegu University, Kyungbook, 713-714, Korea)

Abstract : Osmolytes accumulated in the osmotically stressed Yersinia enterocolitica ATCC 9610 were investigated using
natural abundance ®C NMR spectroscopy. Glycine betaine, one of the more common and most effective osmolytes
found in nature, was the dominant osmolyte in osmotically stressed Y. enterocolitica cells. Glycine betaine concentration
was 418 times higher (8019 nmol/mg protein) in stressed cells than in unstressed cells (19.2 nmol/mg protein).
Proline was the minor osmolyte, and its concentration was 284.8 nmol/mg protein. The effects of glycine betaine
and related osmolytes on growth rate of osmotically stressed Y. enterocolitica were investigated to identify their ability
as osmolytes for Y. enterocolitica. When glycine betaine and proline were added in MMA medium containing 2.5%
NaCl, the growth rate with glycine betaine (1 mM) was 3.6 times higher than in control (no addition of osmolyte),
and that with proline was 1.3 times’higher. Dimethylglycine (6 mM) also increased the growth rate 3.1 folds. On
the other hand, monomethylglycine had no effect on growth of osmotically stressed and unstressed Y. enmierocolitica.
When camnitine was added in MMA medium containing 2.5% NaCl, carnitine (5 mM) increased the growth rate
24 folds, but choline had no effect on growth of osmotically stressed Y. emferocolitica. The above results indicate
that glycine betaine is the dominant osmolyte in osmotically stressed Y. enmferocolitica, and proline, dimethylglycine
and carnitine also act as minor osmolytes.
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