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Abstract: Salmonella pullorum strain W was serially passaged on the brain heart infusion agar

containing acrdine orange(AQ) as a concentration of 100 mcg/ml, S. pullorum AO60 and S. pullorum

AQ150, which were subcultured 60 and 150 passages on AO media, were examined for permeability

barrier function of the cell wall. AO60 and AO150 were appeared to be decreased in susceptibility

against hydrophobic substances such as crystal violet,

chloramphenicol and rifamycin, which might

be resulted from the changes of permeability barrier function of the cell wall. In sodium dodecyl

sulfate-polyacrylamide gel electrophoresis of bacterial protein, the protein profiles of AO60 and AO
150 didn’t differ significantly from W, but increased amount of the band of MW 140, 000-145, 000
was confirmed, And (G+C) contents of DNA in AO60 and AO150 were decreased than that of W,
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acridine orange (AO)& AlZ W9 ¥4 A3ty
Ygg weea® YRAisz @ol o]FHz glon,
S8 Bold AL frameshift mutageno 2% A1-435
3. glth. Watanabe$} Fukasawa?”y= acridined] A4
7t FAEA AT R factorg AAsE AF}
oitts st vk, eyt acridined] FA S FEr1AH
st ofd HulslA W AR ggken olF EA
o] ZAE A9 G Aol AYFo=H EdH
2 zHsEe Ao A Qv A E. colie
A acridined] ko] g AgAE AAHE acrA §
AAE Ax A8 F4 AT A e,
acrA frAAe] HolE Alxete] JEHsle] JAd F

Ao fzlz de|ghol acridined] Ma R 444 &
Ao A AF4E FUMALH.'® Lamberts} Le
Pecg& 45 FEYE FEANEZA DNAS ZA§HHe]
=& ethidium bromide®] E. coli A EW F5AFd
A ATFAZY ethidium bromide F4 AEE Ax9
T34 Yolx Yoz AFAAE AHe] Y& A
o=}z &ttt .

 AYoAE B v R Awz, o9, H, F
A R e okl ERFol WH4e]l slen”, A4
ZAZEE 3L 5 FALG R L S. pullorum
be Auleksty FA o] Al frameshift mutageng] AO
2H A&H AHE st AOd A& S, pullorums]
Edde] ARE 2AE FHoE A H8G4
E3d g 4, ATA A gAYy ¥4 9

Abbreviations: AQ; acridine orange, BHIA; brain heart infusion agar, W; Salmonella pullorum W, AQ60;
S. pullorum AO60, AO150; S. pullorum AO150, SDS-PAGE; sodium dodecyl sulfate-polyacrylamide gel

electrophoresis,
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S. pullorum?®| acridine orange 2| : S. pullorum
WOHE A TE2RE £ 22 W strain)& 100
mecg/mle] EFx & AOE Arlg BHIA(Difco) 3ol
4] single colonyE #3dte 60 2 150002 Al chuiek
St ol F AlFe] Wi 37°Col 4] 24~48A7F A
Astgqel. o)er e W oz AO A3t S. pullorum
A060 2 S, pullorum AO1505+ A &3] ke W A
TFE Ames 09 ATF 2yl =gt —70°Cef
PERAEA A A&t @) wqAE
Hell At A AQolA ez AL S, pullorum
B502 S, pullorum WE AOZ Hs}slA] 942 BHIA
ol A 50%H Awhul<F Hgict,

A FMER 9 ASHEAH O il Haed AlE:
A0 WA o A Alwhelokat AO60 B AOI509] &7t~
TG AEd] A BedE AO Ay A W
9} v watg et IS A EAF A crystal violet, me-
thylene blue,
blue 52 M4,

oxycholate %-¢] A= & A A, chloramphenicol, tetracy-

methyl green, pyronin Y, toluidine

sodium dodecyl sulfate, sodium de-
cline, erythromycin, neomycin, rifamycin, nalidixic
acid 59 F4EAE HAse] SEHE WY 34
4 A% WAE PG MAE A2WAZ o] AF
stgleh, ol 254AA WAldl W, AGG % AOL50
ATE FFsm 37°Col A 7247k il F $EoA
E49 F{Fsd e AT AFY JY {FF-EH
AHE A 4 F29 HLPFAAFEE T
At

Sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis: AO A2 M7 iy WL SDS-
PAGEZ w|x zAslgch. & W, AO60 ¥ AO1509
A FozRE Osborn 59 Wyoz AF Axeg
2@ F e AE ALY g AFHE A8E o
Fhol L3 A FHct o]e o] AL AW AgF
discontinuaous gel system'®-& o]-83F 10% polyacryla-
mide slab gelS AMAA AR o] £3}od 30mAR 44
74 A5Gk, A7l FE gel2 coomassie bri-
1liant blue Rz A3l Fon] 7z cduiagol Exjgke
phosphorylase b (MW 94, 000), bovine serum albumin
(MW 67,000), ovalbumin (MW 43, 000),
anhydrase (MW 30, 000) 2 soybean trypsin inhibitor
(MW 20,000)7F £%% marker protein(Pharmacia
Fine Chemical)- & EAd] A7l 9EF3ld v 23¢lc}.

carbonic

(GHC)R}e] HUFEN S, pullorume] AO A Z Q)
g Eddo] oRE zAES] #dtd W, AOGD ¥
AO0150.0 2 5.5 Sato$} Miura®e] ¥ o £35ke] DNA
2 :.2)3ls: Skidmores} Duggan®®9l whgd o (G
+C1%e A As g & 7 AFF2EH FEE
DNAZE- 7% perchloric acid2 r}gdA gl £ 190~350
nmd| 4 scanningdF9ltH(UV-VIS Perkin-Elmer Spec-
trophotometer). (G+C)ak& 2z} DNA2Q &35 F4
225 [A+TJ:1.064><[(A9,,’1A—A?§é")//A g’;gﬂ]
g F4 ol 4ol At

g4 o

YRS fE zZed MBI A0 A3 S
pullorums) LEAAEA i FHAAe #HE =
Apetr] Qshe] FAEA, AVEAA F Az AT
A5 Hslel o) FRY 244 A5G vl
o}, AO Aelskx] ¢ Wel AC A=) AlFd = 54
o Hg A& HEARFEL Table 1048 et &
444 Ax7t & crystal violet, chloramphenicol 2
rifamycin o} W& A4HL AC HAA TN 2
g ek £44 Axyt X erythromycin, sodium
deoxycholate, sodium dodecyl sulfate ¥ crystal violet
L A A TFdE A9 Wt g ol
o} 2 Az AOHIAATL 274 44 o
@ F44go) 45D e ¢ & A9

3 ctufFl ol sodium dodecyl sulfate-polyaeryla-
mide gel electrophoresistl] 2|&F £2|4: AO A=
Qg Al 2R HEE 28l st A2
2 whole cell lysates®} w¥2-& SDS-PAGE3}gct.
SDS-PAGE A3} AA A<l ey & Hsirt ¢l

©1}(Fig. 1), whole cell lysates®] 7% MW140, 000
~145, 000Q] band(F-A4E a)olE Fels} Yk AO
Ag AFAAE o] bandd] FH Frh7h AAHL L
v AO150614] o} 2 @Aito] o FAsct. wY
o] whilmle] BAlake AO wiAofjAel A} g
o 22 pasgont Azt dRAddqaE Fasha
okgkrt, & MW 33, 000~36, 0001 band(34E b)
= A}F¢) lipopolysaccharide 24 7 0 A3 &A1 9l
= A0 24 whole cell lysatess]s o} Ax}
Ao A e xfo]E Reln] AO A A FolA] %
Aoz FrAstAr).

DNAQ| (G-4Cy&afd| : A0 H AT Eddo] o
Bz zasly] $3le) A0 A AFosHE DNAE
F2ile] W9 DNA(GHC) s} vasige. i 2
ol As} o] W2 (G+C)3Hak-L 54.2molegz gl o} AO
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Table 1. Alteration of Sensitivity of W, AO60 and AOQ150 Strains of S. pullorum to Inhibitory Substances

Minimal inhibitory conc. (meg/ml) Partition
W A0B0 AO150 coeffieient*
Decreased sensitivity
to:
Crystal violet 50 200 200 14.4
Chloramphenicol 3.12 6.25 6.25 12.4
Rifamycin 6.25 12,5 12.5 8.8
Nalidixic acid 3.12 6.25 6.25 3.16
Tetracycline 1.56 3.12 3.12 0.07
No change in sensitivity
to:
Erythromycin 25 25 25 0.79
Sodium deoxycholate >20, 000 =20, 000 >20, 000 1.09
Sodium dodecyl sulfate >20, 000 >20, 000 >20, 000 0.79
Methylene blue 200 200 200 0.02
Methyl green 200 200 200 0.02
Pyronin Y 200 200 200
Toluidine blue >800 >>800 >800

* Partition coefficients are from Coleman and Leive. ®

These authors designated a substance hydrophilic if its partition coefficient was less than 0. 02.

cell whole cell
lysates

membranes

Fig. 1. SDS-PAGE of cell membrane proteins and
whole cell lysates from AOQO-treated and parental
strains, Lane 1 and 4, W; lane 2 and 5, AO060;
lane 3 and 6, AO150. The lane marked MW
contained molecular weight standards,

608 (G+C) #eke 48.2mole%, =zjz AO150&
46.5mole% g th. 331 A060S AO150, BHIA]A 10

a4 ARG E olF AEY (G+C) FFL A
A @gkeh. ol Z& Askz Mol AOG0Z AOI50
& AOMAAA AdiFgos W7t Aol e
& % A9.o AOI500] AOG0S] ¥lahed (G-+C) ga
o) W& Bad Aoz ek,

Table 2. Alteration in (G+C) Content of DNA
from W, AQ60 and AO150 Strains of
S. pullorum

DNA (G+C) content, mole%

S. pullorum W 54.2

S. pullorum AO60 48.2

S. pullorum AQ150 46.5

a &

acridine orangeell 93l Weo] S. pullorume] E4 2
Z2418t7] 3t gelsbA] KL NE P
4 A8, T499de SDS-PAGE4 2 DNAS (G+
C) &Fe 2AEA. A0 A S. pullorume ur
A EAe] A5 44 A"A crystal violet, chlo-
ramphenicol, rifamycin %9 444 Az o B
Aol AT A5 BET WA 244 A g
erythromycin, sodium deoxycholate, sodium dodecyl
sulfate % Aze] g FE4L AN e,
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Nakamura'”= E, coli®] acrA - A= acriflavinz}
phenethyl alcoholef| ©h& A 842 = wdlictz 3¢
=, Colemans} Leive®3= ethyl methane sulfonate 3
2l 2 acrA% £ A7 & E. colit partition coefficient
0.02 ©]48 &4 Edd A3 FFAe] Frldidtn
&} git}. crystal violet, chloramphenicol, rifamycin%-
8] Ao & FAL ATFA 999] permeability
barrier’ 7]%5-& ZASHEH Wel ol &EHTE EFAEA,
ol B dg 4ol F7bd AT lipopolysa-
ccharide®] polysaccharide chain® Q¥ =i ZFHZ
2% ol For Bxwid vk, zet & 4
g A o] F &F4e] B B4 dgt A 3t
238 AL A0 A E <13}l lipopolysaccharides] po-
lysaccharide repeating unit, &7} 238 F71=E4g
7] W8 Aoz A},

Az g AFA DY} SDS-PAGES| A& AO
A AlF MW 14500091 =t@ld o] okdql #HIE
Adstae AT RS Feldd & 43t ggl

. Buxton $9& E. coli®] dye RolAlEel A Azt ...

WA g Felslo] SDS-PAGER Az A<l 2
A pelde kI ATFE 2 Holrt frkm sgon
oA AZe SR Wabsl sldepiged Fae
7] WEoletx ek, £ AP SDS-PAGE 2
T o8} Z2 o] F wWEd Bl FFdE &
ol7F A4 Aoz AAg .

AO A= 2 Q& S. pullorume] E9He] %% &
A7) 95t A0 AA T (G+C) FF& =43}
gk, A0 A AT (G+C) ek A0 AsiA ¢
2. Woll A 2e} AO60-2 6.0%, AOI50-% 7.7%7} 744
shgct. olgk 2 (GH+C) T 24 A0 Aalz
QA8 S. pullorume] SAH1E AAY 4 A}, ICR
3}3tE-, proflavin,
Az AFo| A frameshift mutatione Fx3tE= A
o2 4#A it} 11220 proflavine $2] acridiner]
A4 T4 bacteriophaged| A= 733§ mutageno 2
et uk odukm o2 AFo] ol Ar 4ol
B v Aoz gHA Qe mE v AT
A= acridined] A9 AT T34 FdA7]
W A dE Sl ETE Z/bdgoxn g
ook o] mutagend] FIH4E FAAINA gz AF
J FdWeE RESFE F9oe z AT T4
bt AFP AL AQAT = FAA4FY FEZ
A Fe] 12~154 0] 4 A ZEE S & F 3+ A
A7k Fok FAEAAE gt B AYAA S, pullo-
rum®] AO H&]d] A}43F AOQ] FXi= S. pullorumel

acridine yellow 59} acridineA)

WEt EXAMF FERA 0|8k B FEIIA =4
2= A7k AA ANFFez dojzl wlojA
TFE ol #E Add =gz & 4
acridined] M9 FAL71AL ofF = ¥s] uaA| A
%1 glovt ICR91S AF A4 4715 A
Y F7tge2d Sdols: fEdThy Az 5
3 [G:C) EIN A F2 FEjdn FH5PAc.P =
g AOE #4te] (A:U) 97148 (G:C) 74

o AFAel o L Aoz FA k. ® §s Ka-
_puscinski®} Darzynkiewicz®% <4o}a] 4 DNAd]

AO% £¢shdd DNAS] 413 (Tm)o] wobxo DNA
9 ARrRel HA=e] WG HYF. oo
Z¢ DNAY $449 S (G+0) Foe o

%[(;_1_0]:_’1_‘1“6__%2&_9] FAWe] wzn] DNAY (G

+C) %% AsE uldd. ez B AgdA
AO A AF DNAY (G+C) &3 AsE olsh 2&
ol %ol ¥ED Aoz Azt

4 B

S. pullorum AF2 AOo] g Alz¥e] #szl 9
e A F-E 2AE FAHE S pullorum WE
AO wjAleljA] Aleiokele] A AO60 F AO1500]
Aol LEAAEA Hek gA, ATA A 7
#3 g DNAY (G+C) &akg zA8tdch. AO60 F
AQ1502 &4 w894 EA<ql crystal violet, chlo-
ramphenicol, rifamycin, tetracycline 9 nalidixic acid
o Wit ztrAe]l TaF oA olF &4 #A9
FHAo] Wstetch. SDS-PAGEC]A AAH<l AlF
SRRy Wile A8 o+ et AC AH4A
T2 MW 140, 000~145,0009) =tid 9] 3ako] o}
stgen, o]F AF DNAY (G+C) &aFe 73l
At

F T |

1. Ames, B.N., McCann, ].

Methods for detecting carcinogens and mutagens

and Yamasaki, E.:

with salmonella/mammalian-microsome mutagene-
city test, Mut, Res. (1975) 31:347.

2. Ames, G.F.: Resolution of bacterial proteins
by polyacrylamide gel electrophoresis on slabs,
J. Biol. Chem. (1974) 249:634.

3. Bossi, L., Kohno, T. and Roth, J.R.: Genetic
characterization of the Suf] frameshift supp-
ressor in Salmonella typhimurium. Genetics(1983)

103:31.

— 152 —



10.

1.

12.

13.

14.

15.

. Buxton, R,S,, Drucy,

. De,D.N,

L.S. and Curtis, C,A,
M.: Dye sensitivity correlated with envelope
protein changes in dye (sfrA) mutants of Esche-

richia coli K12 defective in the expression on the

sex factor F, J. Gen. Microbiol. (1983) 129:
3363.
. Coleman, W.G. Jr. and Leive, L.:. Two mut-

ations which affect the barrier function of the
Escherichia coli K-12 outer membrane, J. Bacte-
riol. (1979) 139:899.

and Bhanja, F.:
photoenhancement of acridine orange-induced flu-
orescence, J. Histochem, Cytochem. (1976) 24:
674.

Gordon, R.F.: Salmonella pullorum disease, In

A phenomenon of

Poultry Disease, 1st ed., Balliere Tindall, Lon-
don, (1977) p.10.

Jefferies, C.D. and Holtman, D.F.: Growth res-
ponse of Salmonella pullorum in the chick em-
bryo. Am. ]J. Vet. Res. (1958) 19:736.
Kapuscinski, J. and Darzynkiewicz, Z.: Incre-
ased accessibility of bases in DNA upon binding

of acridine orange. Nucleic Acids Res. (1983)

11:7555.
Kapuscinski, J., Darzynkiewicz, Z. and Mela-
med, M.R.: Interactions of acridine orange

with nucleic acids. Biochem, Pharmacol. (1983)
32:3679.

Kohno, T., Bossi, L. and Roth, J.R.:. New
suppressors of frameshift mutations in Salmonella
typhimurium, Genetics (1983) 103:23.

Laemmli, U.K.: Cleavage of structural proteins
during the assembly of the head of bacteriophage
T4. Nature (1970) 227:680.

Lambert, B, and Le Pecq, J.: Effect of mut-
ation, electric membrane potential, and meta-
bolic inhibitors on the accessibility of nucleic
acids to ethidium bromide in Escherichia coli
cells. Biochemistry (1984) 23:166.

Lerman, L.S.: The structure of the DNA-acri-
dine complex, Proc. Natl. Acad. Sci, U.S.A.
(1963) 49:94.
Miller, I.].:
agen; ICR191. In Experiments in molecular ge-

Mutagenesis with frameshift mut-

netics, 1st ed., Cold Spring Harbor Laboratory,

— 153 —

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Cold Spring Harbor (1972) p.130.

Moore, J. A, Jr.. Determination of the molar
percentage of guanine4-cytosine in deoxyribonu-
E.I, & Lechvalier, H,
A, (Ed.), Handbook of Microbiology, 2nd Ed.,
Vol.3, CRC press Inc., Boca Raton (1981)
p.757.
Nakamura, H.:

cleic acids. Ju Laskin,

Genetic determination of resis-
tance to acriflavin, phenethy! alcohol, and sodium
dodecyl sulfate in Escherichia coli, ], Bacteriol,
(1968) 96:987,
Nakamura, H., Tojo, T.

Interaction of the expression of two membrane

and Greenberg, J.:

genes, acrA and plsA, in Escherichia coli K-12.
J. Bacteriol, (1975) 122:874.
Nikaido, H.:

typhimurium, Transmembrane diffusion of some

Outer membranes of Salmonella

hydrophobic substances, Biochim, Biophys, Acta.
(1976) 433:118.

Oeschger, N, S, and Hartman, P.E. ;: ICR-induced
frameshift mutations in the histidine operon of
Salmonella, J. Bacteriol. (1970) 101:490.

M.J., J.E., E. and

Carson, J.: Mechanism of assembly of the outer

Osborn, Gander, Parisi,

membrane of Salmonella typhimurium. Isolation
and characterization of cytoplasmic and outer
membrane, J. Biol, Chem. (1972) 247:3962.
Roth, J.R.: Frameshift mutations. Ann. Rev,
Genet, (1974) 8:319.

Sato, H, and Miura, K.I.: Preparation of trans-
forming deoxyribonucleic acid by phenol treat-
ment, Biochim, Biophys, Acta (1963) 72:619.
Silver,S, : Acridine sensitivity of bacteriophage
T2: A virus gene affecting cell permeability. J.
Mol. Biol. (1967) 29:191.

Skidmore, W.D, and Duggan, E.L: Base com-
In Methods in Micro-
biology, Norris, J.R. Ed,, Vo0l.5B, Academic
Press, New York (1971) p.631.

Stewart, C.R.: Mutagenesis by acridine yellow
int Bacillus subtilis, Genetics (1968) 59:23.
Watanabe, T. and Fukasawa, T.: Episome-me-

position of nucleic acids,

diated transfer of drug resistance in Ewntferobacte-
riaceae. . Elimination of resistance factor with

acridine dyes. J. Bacteriol. (1961) 81:679.



