KOR. JOUR. MICROBIOL September, 1989, p. 201-209

Salmonella ty{himuriumOlIkI Mu dJ(Km lac) Operon Fusion2
O|Z¢t 4k, 4L R RMX|O| BEE A
AEBM* - 2ol - 9t E 5+ - ZAHAH* - o[l .
*  Shettigtn Oj3CH st ME 3t}
** Dt o|niCy st A E skt

sga

A Study of Aerobic and Anaerobic Inducible Genes Using
Mu dJ(Km /ac) Operon Fusion in Salmonella typhimurium

Kim Jong-Sun*, Young-Dae Woo*, Jong-Hee Park*,
Young-Kwon Kim* In-Soo Lee* and Yong-Keun Park**

* Department of Biology, Hannam University, Daejeon, Korea
** Department of Biology, Korea University, Seoul, Korea

ABSTRACT : Using Mu dJ(Km /ac) operon fusion, several oxygen-regulated genetic loci were identified
in Salmonella })’phimurium. Nine aerobically inducible(oxi) and thirteen anaerobically inducible(ani) operon
fusions were newly identified. Based on the control by oxrA regulatory locus, the ani-lacZ fusions were
grouped into two classes : class I loci were regulated by oxrA regulatory locus ; class [l genes were not
affected by this locus. Some of the ani-lacZ fusions had required growth in CAA and LB before they exhibited
the inducible phenotype. Most of all ani-lacZ fusions were repressed by nitrate and fumarate. Three of
the ani loci were mapped into 591 0.14 map unit(YK114), 6440.2 map unit(YK120), and 93+0.29 map
unit(YK112) by testing the cotransduction frequency, respectively.
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Table 1. Strains used isolated in this study.
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£ ggio}
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Strain(source strain) Genotype Source
JF1101 aniF1068 : : Mu dI-8 supD10 J. W. Foster
JF1102 aniF1069 :: Mu dI-8 supD10 -
JF1103 aniF1070 : : Mu d1-8 supD10 “
JF1104 aniF1071 :: Mu dI-8 supD10 -
JF1105 aniF1072 . : Mu dI-8 supD10 ~
JF1106 aniF1073 :: Mu di-8 supD10 .
JF1107 amE(phs) : : Mu dI-8 supD10 -
JF556 ani-2 :: Mu dI-8 supD10 -
JF895 aniD1047 : : Mu dI-8 supD10 -
JF900 aniC1052 : : Mu dI-8 supD10 “
JF926 aniB1054 : : Mu dI-8 supD10 -
JF927 aniA1055:: Mu dI-8 supD10 ”
SF261 hisD9953 :: Mu dJ Roth via

his-9941 :: Mu dI Maloy

YKI112 ani2004 : : Mu dJ Our Lab.
YKI130 ani2009 : : Mu dJ -
YK114 ani2007 : : Mu dJ ”
YKI19 ani2010 :: Mu d) -
YK109 ani2001 :: Mu dJ -
YK204 0xi3004 : : Mu dJ -
YKO11 0xi3004 : : Mu dJ -
YK219 0xi3019:: Mu dJ ”
YK215 oxi3015:: Mu dJ -
YK218 oxi3018 :: Mj dJ -
YK221 0xi3021 :: Mu dJ ”
LT-2 Wild type J. W. Foster
YK 124 ani2002 : : Mu dJ Our Lab.
YKI125 ani2003 :: Mu dJ ”
YKI126 ani2005 : : Mu dJ -
YK 127 ani2006 ; : Mu dJ Our Lab.
YK128 ani2008 : : Mu d) -
YK120 ani2011 :: Mu dJ ”
YK131 ani2012 :: Mu dJ »
YK132 ani2013 :: Mu dJ ”
SF36 recAlrpsLsrl-202 :: Tnl0 J. W. Foster
SF143 putA8t0:: Tnl0 -
SF201 zec-2:: Tnl0 .
SF202 proAB47pur9639proP678 zid-27:: Tnl0 ”
SF240 metC870 :: Tnl0 ”
SF165 leu-485pepT7 :: Mu dl -

oxrAlzda-888 : . Tnl0
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Table 2. 3-Galactosidase activities of anaerobically and aerobically inducible gene fusions.

B-Galactosidase activity®

Strain Fusion

Aerobic Anaerobic Fold
YKI112 ani2004 : : Mu dJ 8 210 26
YK130 ani2009 : : Mu dJ 11 83 8
YK114 ani2007 :: Mu dJ 25 189 8
YKI119 ani2010 :: Mu dJ 21 92 4
YKI109 ani2001 :: Mu dJ 10 54 5
YK124 ani2002 : : Mu dJ 1 9 9
YKI125 ani2003 :: Mu dJ 4 24 6
YK 126 ani2005 :: Mu dJ 7 264 38
YK127 ani2006 : : Mu dJ 6 463 77
YKI128 ani2008 : : Mu dJ 10 214 21
YKI120 ani2011 :: Mu dJ 81 200 2.4
YKI3]P ani2012 :: Mu d) 124 1910 154
YKI132b ani2013 :: Mu dJ 7 45 6.4
YK211® 0xi3011 :: Mu dJ 151 76 2
YK219> 0xi3019 :: Mu dJ 52 21 2.5
YK215® oxi3015:: Mu d} 118 29 4
YK218P 0xi3018 :: Mu dJ 116 61 2
YK221b oxi3021:: Mu dJ 241 127 2

BActivity is in Miller units.
PRegulation was only observed in complex media(LB)

AaFMol| £ s-galactosidase £4

YK 112 (ani 2004:Mu d)) F55 Al4, BAbs
Aelstel A AT} ol WE ani §HIAF
HRAE AR A= Fig. 164 B ule) 3
o] ani FF7} aerobic A}ef el 4] anaerobic AVe 2
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Fig. 1. Kinetics of ani-facZ and oxi-lucZ induction.
Circles represent growth, squares represent S-
galactosidase activities, open symbols represent
anaerobic conditions, and closed symbols represent
acrobic conditions. Optical Density at 600nm O.D.
600. The arrow indicates the point at which the
culture was split.
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Table 3. Effect of nitrate and fumarate on ani-lac expression.

-Galactosidase activity

Anaerobic?
No With With
Strain Genotype Aerobic additional
nutrients fumarate nitrat
YKI112 ani2004 : : Mu dJ 6 119 4 5
YK130 ani2009 : : Mu dJ 13 86 11 49
YKI114 ani2007 : : Mu dJ 29 200 21 11
YK109 ani2001 : : Mu dJ 12 50 2 71
YK124 ani2002 : : Mu dJ 1 9 3 1
YK125 ani2003 1 : Mu dJ 4 24 17 1
YK126 ani2005 :: Mu dJ 7 264 12 15
YK127 ani2006 :: Mu dJ 6 463 97 212
YK128 ani2008 : : Mu dJ 10 214 18 49
YK119 ani2010 : : Mu dJ 44 100 34 32
YK 120 ani2011 :: Mu dJ 81 200 167 1
aNitrate was added to 20mM ; fumarate was added to 20mM.
Table 4. Effect of nitrate and CAA on [-galactosidase activity.
Effect of O, on the fellowing media with the indicated additions ;
Strain Minimal LB
None NO,? CAA NO,+CAA None NO,
+0. —O. +0, =0 +0, =0, +0, —O. 40, —0, +0, =0
YK132 8 12 10 9 5 67 6 56 7 45 15 104
YKI131 21 34 186 217 108 608 20 145 127 1910 94 1159

&Nitrate was added at 20mM : CAA(vitamin-free CAA) was added at 1%
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Fig. 2. Linkage map of oxygen regulated loci in S.
tvphimurium. the relationship of loci marked with
an asterisk to adjacent markers is not known.
Map locations of loci in parentheses are appr-
oximate.

1984) Mini-Mu<¢]l Mu dJ(11.3Kb)& o] &-3to] w}
2% Ao 2 otelx 9Jri(Beartriz et al., 1984).
2 Aol P29} Mu d)(Km lac)S o] 45}
& Foster 5(1986)] 8}3l 187} 2] oxygen-regulated
gene o]9jof] A Ake] T} B 9ol )3} A)
2.& oxygen-regulated gene(ani, 13 ; oxi, 6) 1974 &

Table 5. Effect of oxrAl on the expression of ani-lac Z fusions.

B-Galactosidase activity®

Strain Genotype Yo, o, Fold induction
YKI130 ani2009 : : Mu d) It 82 8
YK 140 ani2009 : : Mu dJ oxrAlTnl0 33 9s 1.7
YK 109 ani2001 : : Mu dJ 10 54 5
YK 141 ani2001 : : Mu dJ oxrAlTnl10 30 110 3.6
YK120 ani2011 :: Mu dJ 81 200 2.4
YK142 ani2011 :: Mu dJ oxrAlTnl0 35 114 3
YKI119 ani2010 :: Mu dJ 21 92 4
YK143 ani2010 :: Mu dJ oxrAlTnl0 50 144 3
YKI114 ani2007 :: Mu dJ 25 189 8
YK 144 ani2007 :: Mu dJ oxrAlTnl0 16 45 3

BActivity is in Miller units.
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Fig. 3. Transcriptional control of YK132(uni2013 :: Mu
dJ) by external pH.
Cells were grown to equivalent densities under
acrobic (open symbols) or anacrobic (closed sym-
bols) conditions in LBbuffered to the pH indicated.
Samples were washed and suspended in assay
buffer to avoid pH cffects on the enzymatic act-
ivity. B-Galactosidase activities arc in Miller units.

Table 6. Induction of ani strains in various external pH.
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7re] BAE7HE epd b fumarateo| A= 3}
AE Wk Ek YKI25 % YK 120 75+ nitrate
o oa) o] JAEKA fumarateo] A= 72
a7t gladet olelgh A3 Foster 5 (1986)9]
e dFE9 A A} i el E Hol
= Zieluth

CAA (LB) % nitrate7} MSGHR =] of|A] 7 2] &
AFEn S Holx] b= ol vl AFE
23t Az} Table 4o A9} o] CAAS} LB} o]
5 g5 AT =gk Hloez ey,
nitrateel] 2]3] 1 o] Frlsla| @ AR
u]2o] 2 o Jamieson¥} Higgins(1984) 2 Strauch
E(1985)0] Bargt A1Akel FUR-F] 3R
Ag = Ao, ol E #AAES B4 FEY
E Hol7] #l3] CAAE He R 3% ©7] &

N

o 2 b

pH

. 5 5.4 5.8 6 6.4 6.8 7 7.4 7.8 8 8.3  Condition
Strain

2 3 14 23 30 29 256 40 22 27 109 15 A
YK125 68 88 852 802 475 429 969 601 238 475 83 AN
YK127 16 348 340 330 202 333 430 730 893 608 298 A
50 370 1598 548 1880 771 556 99 1042 1272 1243 AN

YK 130 13 91 224 113 224 162 305 283 158 440 18 A
i 12 92 626 265 333 189 425 423 187 502 27 AN

YK 124 1 4 9 54 69 30 85 18 123 164 137 A
88 62 818 1061 166 317 986 839 178 173 130 AN

YK114 4 6 40 1 4 45 39 73 28 61 32 A
113 257 286 761 356 108 621 284 40 74 45 AN

64 48 243 274 252 9 96 23 18 23 30 A
YKi31 78 263 405 1199 5781 596 560 181 52 64 96 AN
YK132 9 1 1 1 1 1 1 60 5 29 16 A
47 375 802 190 1305 430 288 126 20 36 38 AN

YK112 26 25 40 75 55 26 192 66 43 90 33 A
269 347 1086 1246 3381 414 1644 222 98 419 224 AN

Thick —lined squares represent highest inducti

Assay was done with the same procedures as Fig. 3.
A and AN mean aerobic, anaerobic growth condition respectively.

m frequency.
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