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FHAR] cadCot 5734 ZAJAR] cadRol] 23 2Ho] o]F
o A5l pHAIZE cadCol 95l 2leldl-AEE cadCS cadR
o ef3f wiZiEIic. 5 ofit ZHRIA ) oS W Ed o]
9 E cadBA 29 Z¢ L A pHolA] FHH|EA] o5
+3A o2 AL
Xz W

o % HiX|

£ Aol AN T, ol ® ] =E Table 191 ™
AlBksart.

w2 AR A E AR 508 FF - MgSO,-
TH,0 10 g; Citric acidlH,0 100 g; K,HPO, * 3H,0 655 g; Na-
NH,HPO, * 4H,0; D.W 1000 ml-2 84] A}-&)el] glucose (0.4%)
5 F7I8te ARSI A I(SG), FENAEA LB viAE AR
I, lacZ frAx}te] W Bz MacConkey H1A1$} LB 2 E |
= WiRel 0.3 ml/100 ml X-gal(20 ughmD™ 40 ugiml PTGE
H71g v AE AREStE o, glelR] 4 Agee w5 AA
gt v A (Green Indicator plaie)Z ARE8METH LB HlA9) pH
HAL 93 AFAEE Sloncrewski S(199] =] whet
MES[2-(N-morpholino)ethanesulfonic acid] (pH 5.5)%F MOPS[3-
(N-morpholino)proanesulfonic acid] (pH 8.0)8 ZZ} 100 mM &
=2 AR A Mudd #9018 A8 Km 50« g/ml,
Tn10 A B9 98] Tets 20 pg/mie A8, plasmid
27 AL FNY v= ApE 60 ugmle AHEEIHoH el
A9 ZA] FAMAS) $-(B-Aminoethyl)-L-cystein(thiosine)2 100
ugiml ‘F=2 AMESIG

Tn10 pooli O| &8t =& [FXto] H44
cad 2HES B FAsle RERFAAE 27 95

Table 1. Characteristics of bacteria and plasmid in this study
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Tn10(dT) pools: ©-833 . Tnl0 pool 50 wWE TEAEN
JF2238¢) BA ©UAA 2 pH 279) X-galo] A7FE LB WA
delA EEE Aoyt vgue FFE AEE F 4
galactosidase B/9E 23] pH 27 W F=RIS A1
At 10 A4y EAWe7F Z2EE R 2T H(cis-
acting)?lA] &2 EHH HR|eA LS A (rrans-acting)2]A]
£ e fstd, 23 17 298 TPS= transducing
particleS P222 AZF & miS(JF2238)0) FAZYNA T2
T2E 93 A5 gl

E0HO| R

A FEHolE cadAlucZ TFELS 3 mi9 E WX (pH
700004 12417 R wieket 3, 5 ko] PBSE 3H A|H3E}
o AHAT F Y SL90F 02% FELAE TS NCE
HIZ] (508 F&-KH,PO, 197 g KHPO, * 3H,0 323 g NaNHH-
PO, - 4H,0 175 g D.W 1000 mi-3]4 A8l =dsle] 2.3U7)
37°CoN A WS & Lac g JERlE T8 132 Ads)
Hov], 224& X-ealo] TFE 2 pH ZUE, Folal 24 7%
o W2 g A« EiFel gYe] thE FANAE
AEFIAL Bgalactosidase B3-S 8 G B3 cadA-lacZ T
Fo e L A 2H FAAE L5 30
Methanesulfonic acid ethyl ester(EMS)E o]l o 2 o]&3}
& Neely §(14)°] ¥ oz} 29018 fFEAHeH, Z X
A< B eA FEHY A0S Yele dHe] 58 A
st

Bgalactosidase 24 £H

calactosidase B2 Miller(13)8] WIH o2 S8yt 2
THE pH 708 SGEIFAAA F7] 714 Auf o
Z pH ZE(pH 5.8, pH 7.8y ol A8 Lys(+);10 mM,

Strains & plasmid Genotype and/or relevant characteristic Source/reference
Salmonella typhimurium
L2 wild type J. W. Foster
JF2238 cadA10:Mud] This study
TF2643 cadAl10:Mud] cadC1::Tnl10 This study
JE2644 cadCl:Tnl10 This study
JF2744 cadA10:Mud] cadR1::Tnl0 This study
JF2818 JE2743/pLYSP This study
YK3127 cadA10:Mudl cadC4 This study
YK3129 cadAl0::Mudl cadC4 cadCl:Tnl0 This study
YK3135 cadAl10:Mudl cadC6 This study
YK3136 cadA 10:Mud] cadR3 This study
YK3138 cadAl0:Mudl cadC6 cadCl::Tnl10 This study
YK3139 cadAl0:Mud] cadR3 cadCl:Tnl0 This study
Plasmid

pLYSP

pUC19-based plasmid expressing lysP, Apr

Steffes er al. (20)
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LysOJ® 2A4F sG] A IF7F AESHY 0Dy
04712 AANZ] B Bgalactosidase BAS S744353ch a8]ar
FH R FFE Fsle Adqeld Folale] H7HE pH 5.8
SGHlj kel ZMHEAE FEHE Hr7 e HIBIA &2 wjd
Aol A Bl okt T BAE g3t

S. typhimurium cadBA 2L¥E] WHIS EAHC|H 261

wstark. o, 223 EAHClA]  thiosine A& FAVSHE
1 IF26432 thiosine 74(TF), B8 cadR S 0]E thiosine
WA (TS VERLT. cadR Bl WE S, typhimuriume]
golil BHEA B2 A AL F olAT E colie] bsP 2
2 AV YE pLYSPRO)Z cadR EUHOI0F2743)] B4 A
171 FA ADAIF2818)0 A cadBA BT} Tyl gt B4

z =} o] o|FAE ALE HH | cadRe o)A FHEAS T8}
3 91E Ro® AAST Avh(Table 2). Mud PQ system(1y& ©]
ZHE FEAL cadR L8t cadR:Tn108] S HAZ FASHEY cadR-S-

S. typhimurium A 8101 Ao Wek cadBA 2322 vy
o YIS F= A4S FEEL] 5t 122384 Tn10 poolE-
HATUSAV o EMSE AHE38le EGWOIE FEATl
2ol aleo] Z® §G-58-X-gal HH WA A HA ks FA
3l ol H)gEg SRS AHE T Tnl0 4 B9
ol A (IF2743)9 EMSe] g BAH )X (YK3136)S o that
B-galactosidase B4S FAFSE A, M4 pHe|x go]ale] gl
Z7)4 JF22388 1) =& FEHE YERT 1SiTHTable 2).
Tn10 AU (cadR:Tnl10YE S. nyphimurium LT-20] A=A
7 2SN gme} 1e] 45 HATY A=Y} %2 SAH
ol4l-nejEA B9 WOl cadBAYE HE FHEo] 30A oF
£ trans-acting A /KA o] defyke, ol Zo A
cadBA HAE AA5}7] &) 2494 2 f-20A4 Tnlo 4+
d EE o7 IS RIS o] FHAE cadRB;

Table 2. Effect of pH and lysine on cadA-lacZ expression in cadR mutants
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pH-H[2[EY, 2lo[dl-o[EY
O[Al-H|2[EY E1HO|
Fd EA2U0F lactoseS H71gE NCE iAol 4] APz £
EAWH|E FaEtA glo]ali X-galo] H
7+ SGHIHIA) (pH 7.8)00 A4 4 EE g5k EHw o)A
EAolHe]  B-galactosidase BA1S
o cadA-lacZ HH TS GAF A7 gelal £A) Al 444
pHeF E714 pH 2FAA cadA-lacZ 'TE| FEHE YK3127
7} pHH[ &0l 3 gholal-ule)@&Adel A
YK31357F AEE U chTable 3). ©]# 3 S99 o|A(YK3127,
YK3135)59] wansducing particles 1T-20] @& £33 2+ £

Bolsh EMSe] 9%

S92, 7

55 min$d 57 min. Ale]oll EAEET 2, E coli®) cadR X7t
46.5 min. EA5= Afe 2olE e 9ok

=YHolet pHH[2[EY, B

275}
|

= (=]
54

SIS

B-Galactosidase activiy *
Strain genotype pH5.8 pH 7.8
Lys(-) Lys(+) Lys(-) Lys(+)
JF2238 cadA10:MudJ 3.6 850.0 75 9.1
JF2743 cadA10::Mud) cadR1::Tnl0 760.2 770.2 11.2 10.0
YK3136 cadAl0:Mud) cadR3 1060.8 1143.5 6.7 44
JF2818 JF2743/pLYSP 20.0 682.0 6.2 3.1
*Expressed as pmol min"l(OD600 unit) !, according to Miller (1992).
Table 3. Effect of pH and lysine on cadA-lacZ expression in cadC and cadR variants
B-Galactosidase activity*
Strain genotype pH5.8 pH78
Lys(=) Lys(+) Lys(=) Lys(+)

JF2238 cadA10:MudJ 34 9264 10.9 7.0
TF2643 cadA10:Mud) cadCl::Tnl0 17.6 15.6 17.0 18.1
YK3127 cadA10:Muud) cadC4 21.2 1260.8 10.0 3757
YK3129 cadA10:Mud) cadC4 cadC1::Tnl0 10.2 9.3 7.2 6.9
YK3135 cadA10:Mud] cadC6 565.0 560.9 535.3 5292
YK3138 cadA10:Mud] cadC6 cadCl::Tn10 20.2 292 30.1 32.0
YK3136 cadA10:Mudl cadR3 1035.5 1141.6 7.3 4.4
YK3139 cadA10:Mud) cadR3 cadC1:Tnl0 139 17.0 7.6 10.1

*Expressed as umol min~' (OD,,, unit)™, according to Miller (1992).
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dAdlo] ZRH ] gAEY] 22} 46%9} 56%2] =R Loyt
7] W&ol 2¢ido] ROE cadAst FAE0] E43= Ae=
golgld.om, cadC NF Tri10e] U] TF9 TF26442)
1oAY 915 YK3127(cadC4)® YK3135(cadCo)ll ¥4 =
detEs o SR 47t Olfarﬂ’ﬁﬂ ol o] E9re]
= cadCLHTC’ﬂH EdRiol7t fdE Aoz RIS THTable
3). cadCje] EA¥o|7} pH-HIfEA 0| glo]l-ol&Y EE
pH-B1&]=4 ]31 glol Ay °]=‘~vﬂ°1 cadA- Zac7 ad RS B
Cq—r'—i- ME' 713. g E

AAE %= 2l 971 e o= IARI=HAL

B9, S lyphzmurmnﬁ]"ﬂ CadC®} CadR¥}e] G742 =AV5}
71 A3 cadR3 EEHC] FFYK3136)0] cadC:Tnl0F-E &
F =Ysle] gL FF(YK3139Y cadAlacZTE FEE B
galactosidase FA.0.2 =735 THTable 3). YK31399] cadA-
lacZ&E ) JF2643 PETIAR of|l 2T $EER] 2%
7] wjiol] o]l 2z tis| FHEele CadRe] AHE-E CadC
o o3 AT E AR FA=HITL

Fol=glol o5 A5k

ALY A calbh L 23 e 7,=i 37 918 4%
#l 79 pHE pH5.8E $EA7I5L Tkt B2 gho)alwt F1u
HAL #)Ao] Br1g F R3S HE 1@1 cadA-lacZ, "EE
HAEZZE Boalactosidase HAS 2431e] ZARIEY. Fig. 19 1}
AAY Fhe B 2olil = Haf 107107 F=e
@E FRAAE cadAlac? TEHE dA ST 28 pH, 2
A Alzel diF] OE F2E S HolE cadC cadRe]
oIl o] 7o) sl A= cadaverineol| 213 oA BT EA)S}
Ack. Table 42] ZAzlelA] s wvle} Zo] 2238 (cadCh),
TE2743 (cadC* cadR1:Tn10), YK3136 (cadC* cadR3)y 3 T2

L
rL

L,
>

cadCtl FFNAE AN E 0] cadA-lacZ TS 0421]6']-%1212'}
YK3127(cadCd), YK3135(cadCs)ys8] T4 FHBEH &7
A= =L Bealactosidase FAJ-ES Heof pH-H]&]EA0] ]

B dEg BRIk cadA-lacZ THE UrE}LH‘:’iEP ] 9]
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Fig. 1. Effects of the concentration of lysine and cadaverine on cadA-
lacZ expression in JF2238.
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Table 4. Effect of cadaverine on cadA-lacZ expression in cadC and
cadR mutants

[B-Galactosidase activity*

Strains genotypes - -
cadaverine(—) cadaverine(+)**
JF2238 cadA10:Mud) 8305 18.1
Jrozay  CodnlOMudl 6983 302
YK3136 cadA10:Mudl cadR3 8582 15.2
YK3127 cadA10:Mud] cadC4 804.1 8167
YK3135 cadA10:Mud) cadC6 460.6 421.6

*Expressed as (imol min™ (ODy,, unit)”, according to Miller(1972),
##Cadeverine; 1500 uM.
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HolE F3fsled tlekgk BEF L Uehils SdHclAE
BBt cadCi:Tnl0 EARICIAE oH 2R dedo]
U= 2] 92911, cadC HF-2] EAH)AR FH1H cadcd 2

o)AE pH-u]e]EAJol 1 Zro]4l-2l &S] cadA-lacZ WH
BIHo P, cadCh SR AE pH-RIYEA 0|2 lyschﬂ]J
A cadA-lacZ THFFS VERNA=d), olgt Ze A=
CadCe cadA-lacZe] 'TEE FEA71E 8% s %b“]i
AR, CadC W= pH AT lysine AEE ¢1235E=
Bt g 445tk B cotitlAe) A7 2] w=
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Lo
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o R ode xR

—x~ r}}l
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&Zﬂﬁ'],._‘r_ ek ghaal ]u:] CadC olu|= =e] ofm|i=a} 4]
go] ROI F7 &3 AAFRA24(17)52] DNA-ZE 79
W HeERbE ofpli=gt AMET} =& AT AY7] HE
CadC2] opu|= Zet 7} Peaddl] &85t cad SHE 0] &
& FLA7IM(12.21), CadCE] FFEEA TG Rgle] S0

7} pH-¢]EAJe) 1L Flojal | e)E&g B pH-B|SEA 0| 2le]
A-H&)EAE] cadA-lacz THFE Jepll A LA =, A
L 214 pH A5 ¢} goldl AEE CadCe] FE ATA 3
KoM AAgh A= ATH3,14). 2, CadC XA 9] HH
< pHYl| Fag ¥R a1 FFAoE LEF IRET] wEo
CadCE 44 pHOM 727 WS dody, ojzd 723
W37} CadCe] opp|=gte] Pead B FHALS FEHA]7= o
w Q4] ZgFl cod 2FEES 4] pHolA o] frdE
TE e 292 AAETh15,22). 01388 cud LH B 2
A0l CadCe] T332 W3le] 93 o]FoiAtke Rd-2 CadCe]
SAHCIA S| pHet BHeld 2 E7} glE A FEE 7] 7
2ol CadCe] Edolel] 28] Ag=e T 727} 44

M i rfh
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pHollA 7223 W37} dold CadCd] FF(active form)e} 74~
FAHE RAelge 7bsde BAFa H@). & 479 S
typhimuriume] E4He] 279} 229 cloningdld F7IAEE
RIS S. typhimurium®] cadCS] B71AE B FHE opn|=AT
Age] E. coli cadC® 55%2] 5448 b3, E coli cadC
A T8 JEE BT = F71 HA) AL YAET 7
CadCe] 24 o] FAKEk oz Hgh dxe) wet g,
pphimurium® CadColl 9%t 2HE E colig)} FAFL Aoz A
o)

go]4l 2lsel &gt cad QHE2] LA 2HE TR 98]
Tnl0 43} EMS %Odt&O]i 38t cadR::Tnl0, cadRd E
Ao &S AFStHrE. o|E-2 25 pH-2E/d0]x #o]4l-H]
&% cadA-lacZ THREE L']ﬂ"fy\ﬂ fEo) CadR2 Elo]2l
o] gl& o &A47 =EAE R cadA-lacZ HHL 9)F
golal 4135 A4S & 5 AU 2T YK3139(cadR3
cadC3:Tn10)9] EHHC] cadC:Tnl0 EAHC]A S} FYUT 3o
2 Ho} CadR9) 93 cadA-lacz BRZHE CadCdl) &5 w7
= Aog 2280 AW B colid A cadR/lysP A= cad
Q#)Ee] dHEAT U dejol A TEo] s, EFW
o] A7l 9al CadRLysP7} 2eldl AEE °]’“3}‘— REZ
deiFh o]H g AHE Q8] LysPe} CadColl ARE cadA-
lacz HH =l g F 7B 2ol AAH glvh. AAE,
AE hee] golal F5EE Lysoll s 2= x o]edh A

2le] gfo]al FEol 9F) CadCe] EAdo] ZFHFT= Aol
A, glolale LysPe] B¢ =83k LysP A7} CadC]
A48 2H8oe 20)th14,18). S. typhimurium®} E. coliol A
2H cadR:Tnl0 EAH1H 7} Tolal ¥ LS4 cadA-lacZ
FHE JellE AML o] F mdd] =7 Zfo] Frt T2
5. typhimurium, E. colilX o] T Rd-& Ag3] Hdus}r)
AN cadR AA 2] FH 23 712 FHF CadCo] Zel4l
o met viehbs AEEkE SAEA, Y84 Ae)E)rt A
B = ofof gt

Lysine decarboxylase®] 2H-8-2+2¢] 7l 0ol o3k L3 zxd
& AU 23} mBY BAEH AIAAE 280 ST o4
go] vhten, SR dol &3 dalE oJUA B
A1 2R1sl7] f8) 2 28 302 B9 Eddelrt fLE
EAdolA e TR AR 2AEE 2 cadce]
=Ydele AR gt 94 230 VehA] ¢ty wE
o AP A CadCS B3 ABHE AL L 2 AT

PAZEA £ A7ellr ZAR ATEHRL E coli®] cad 2.5
£ B3 A7 2 =W T IF BEFNA cad 25HES]
2 28 CadCE THLE o]FoJAT Ye AoZ FRly]
R CadRe o]l 4lgdl e 247158 LFsia quC
CadRo| Qo= ¥FS-ALEC] Fle|H o] cad 2H2 2] L3 P
o2 & = QAT E colit} S nphimuriumAN X cad QJ']]%
o] Lo TrEE] 7] SeiME 4 pHSE Bteldle] &7t B
Aotk AMI3Z2] 24 pH} lysine AF7F oJEA IAET cad
L& BES 2ok ¥he-2 JERA STl digh A

It
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ABSTRACT: Characterization of cadC and cadR Mutants in Mediating the Expression of the Salmonella

typhimurium cadBA. Operon

Seong Ho Bang and Yong Keun Park' (Department of Biology, Hanseo University, Seosan
356-706, 'Graduate School of Biotechnology, Korea University, Seoul 136-701, Korea)

It has been well known that the expression of S. typhimurium cadBA operon requires at least two extracellular
signals: low pH and high concentration of lysine. To better understand the nature of pH-dependent and lysine-
dependent signal transduction, mutants were isolated in JF2238(cadA-lacZ) by Trh10 insertion, spontaneous
mutagenesis, and EMS treatment. Two mutants were isolated from JF2238, expressed as a cadA-lacZ operon
fusion in various growth conditions, and analyzed to have mutations in cadC, a gene encoding a function nec-
essary for transcriptional activation of cadBA. One isolate (cadC6) conferred pH-independent and lysine-inde-
pendent cadBA expression and the other(cadC4) showed pH-independent and lysine-dependent cadBA
expression. cadR::Tn10 and cadR4 mutants were expressed in the absence of exogenously added lysine. They
were also resistant to thiosine and complemented by lysP clone from E. coli. Thus, in the absence of exogenous
lysine, cadR is a negative regulator of cadBA expression. Cadaverine, the product of lysine decarboxylation,
was shown to inhibit expression of cadA-lacZ fusion in cadC’ cell.



