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Identification and Characterization of Stationary-phase Specific Cytosolic Protein in Salmonella
typhimurium. Ah Young Yoo, Young Hee Kim, Jong Earn Yu, Sam Woong Kim, Hyung Suk Baik and
Ho Young Kang. Division of Biological Sciences, Pusan National University, Busan 609-735, Koren —
Salmonella is facultative intracellular pathogen that can survive and replicate in macrophages even
though these cells are equipped with a plethora of anti-microbial mechanisms. To survive in this hos-
tile intracellular. enyironment, Salmonella has evolved numerous defense mechanisms. An approx-
imately 20 kDa protein was detected as a stationary-phase specific protein band in cytosolic fraction.
It was identified as a DNA binding protein in stationary phase (Dps) by analysis of MALDI-TOF
assay. It has been known that Dps, the protein produced in the stationary phase of bacteria, allows
DNA to form chromatin by binding to DNA nonspecifically and protects DNA from reactive oxidative . .
species (ROS). For further study, Dps specific polyclonal antibodies were generated by injection of pu-
rified Dps protein into rabbit. To examine the Finfluence of several regulatory proteins in the ex-
pression dps gene, Dps protein level in various S. fyphimurium mutants defecting regulatory proteins
were investigated by Westernblot using Dps specific polyclonal antibodies.
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3 JF 245 Rajsty] f18te] NADPH Astatd 9
3] BAAAZE (reactive oxygen species, ROS)S A48} 1,
MAE GAAALZL Salmonellad] A& 7HA HE EZL 7
&t} Salmonellae <7 AE W9 33 SN dold
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Zo BEHo 2EH A7 L5 ARV Sadmonellad)
A BolAog W s gl FEIHoT, o] g
S A8, @8 d Fo|AQ FAE AR o] ol &3}
o fRAe B BAE 2942 Fad S0
AE ¥

Mg 2F, E8tA0IE U AL HiX], ZF Y =A
P e S
AstHct.  Salmonells typhimurium 9} Escherichia  colie
Luria-Bertani (LB) A A8ix] &= 1.5% agargE & 2748 1A
HME— AH&3te] 37°CoA mieFst AT A= 288

$ Z7te) W% 270 O 2 SET Az
amplcﬂhn, 100 pg/ml; streptomycin, 50 pg/ml.

Qidkmo| DNA X&t

E GTaA o]Fo]d tiE 9 DNA Z3He Sambrook
59 98 7198 Wy 239 3314 tH25]. Rubidium
chloride §<fo ¢ H ZﬂZ:‘_ E. coli competent AELEL
heat-shock Wl o8 AR A|ZAT §AR F2Y A}



Table 1. Bacterial strains and plasmids used in this study
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Relevant characteristics

Reference or Source

Strains

Escherichia coli

E. coli DH5a Transformation host for clonmg vector, F, ®80dlacZAM15 A(lacZYA-argF) promega
' U169 recAl endAl hsdR17(r, ,mk) phoA supEA4 T thi™ gyrA96 relAl

E. coli BL21 (DE3) Host for overexpression, F ompT hsdSs(rsms) gal dem (DE3) promega

Salmonella

S. typhimurium ¥3339 SL1344 hisG, Str, wild-type 12

S. typhimurium x4659 %3339 derivative, hisG fur:Tnl0, Tet Lab -collection
S. typhimurium CK24 %3339 derivative, hisG Adps Lab collection
S. typhimurium CK27 x3339 derivative, kisG AsitA Lab collection
S. typhimurium CK30 ¥3339 derivative, hisG AompR Lab collection
S. typhimurium CK31 X3339 derivative, hisG AcpxR Lab collection
S. typhimurium CK32 %3339 derivative, hisG ArpoS Lab collection
S. typhimurium CK38 X3339 derivative, kisG Alon Lab collection
S. typhimurium CK56 Xx3339 derivative, hisG AbaeR Lab collection
S. ‘typhimurium CK59 X4659 derivative, hisG fur=Tn10 ArpoS, Tet Km' Lab collection
S. typhimurium Acrp %3339 derivative, hisG Acrp Lab collection
S. typhimurium AphoP X3339 derivative, hisG AphoP Lab collection
Plasmids

pGEM-T vector Cloning vector for PCR product, ColElori, Ap' Promega
pProEX"™HTb Overexpression vector Lac 1%, ColElori, Ap Invitrogen
pBP128 0.5 kb dps DNA in pGEM-T vector, Ap’ This study
pBP131 0.5 kb dps BamHI-HindIll product from pBP128 in pProEX™HTb, Ap This study

43171 9]¢ DNA @& 37] 9434 PCR FE71HE A}
AL, ole MG EAHE AU HE A
=

Salmonella M|Z ME2°| 24

A5 dA L ZAZN A v AT S, typhimurium A TES
17,000 xgol| + 5&7+ A4 R edted FA}AG. A4S AxX
£% 10 mM Tris-HCl buffer (pH 8.0)¢] &3 % French
_ Pressure (Thermo Electron Cooperation)& A}-£3}e] 18,000
psiol Al TSt H T FHE AETEAE 27,000 x g A g
A7 Be) QAR DAL TS L4 FEa
A2 envelop o] AFeE g N BEo B

A

SDS-PAGE

9i#g AR5 2x digestion buffer [20% (v/v) glycerol,
4% (w/v) SDS, 0.2% (w/v) bromophenol blue, 200 mM B
-mercaptoethanol, 100 mM Tris-HCI buffer, pH 6.8]¢] &3}
SHATH4]. §3)E DA A EES BTN 58 T 71d
g %, A& H sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)9 93] #gjagth. 28 &
B AL & Coomassie brilliant blue G-250 (Sigma)2 £3 &

43 2 A7 5o A HAE B WESA GlsE

Matrix-assisted laser desorption ionization time-
of-flight (MALDI-TOF) assay ¥ G[O[E{H|0|A 24
SDS-PAGESH G4, g4 34 & 5o 54 did s &
g3 a1 guds 2457 Y 22 gdulgdo] xaH
polyacrylamide gel ¥#& Zzhjlo] MALDI-TOF assay
system (The Applied Biosystems, Voyager-DESTR, USA)-&-
T EHEAT (B3NS ¥F L5 H). MALDLTOF as-
say°ﬂ/\1 Aojz 7z} Helol=Eo] #E ARELS MSFIT =
a3 B8] 2o NCBI Salmonella rﬂ o] E] W) o]*iTai

Dps EHFo] JUBS 9ist NZE BaANSY 75

67 ] histidine (Hise) 7|52 E A Ho]7 Dps &2
He Q3] feiM AT 843 A9 gud ¥
FE AAE ol &5ttt 9l ‘*?ﬂ% 5 g
AAE S. typhimurium x3339 224 DN 5o
DN(BamHI)} WC(HindlIl) primer %2 A}%a;f} PCR
05 kbe] DNAE %3 %, 1 DNAE pGEM-T vector
(Promega)o]] 24 3}o] pBP128 A 2§ ZgAn=g 725
3%t pBP1282H-E A& 05 kb BamHI-HindIll DNA ©&
N0e gl Ao Byo] ALLEHE $E vectorg] pProEXHTb
(Invitrogen)d] A3t AZF E&2nE pBPI31S 7&
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stgith. pBP131& 7}AX%& E. coli BL21 (DE3)& 1 mM2]
IPIG7} o3l W% 2AAAM wWdstde 2y, #2FY
Dps ¢t A o] B85 E AL SDSPAGES 53 &8¢t
[23,25].

Immunoblotting

SDS-PAGEE %3] @92 A8E g8 %, transfer 3
A (BioRad)$} Towbin's Buffer (TB) [25 mM tris, 192 mM
glycine, 20% (v/v) methanol, pH 83]& A}&4-3t4 poly-
acryamide gel W] YR AEL nitrocellulose membrane
(Schleicher & Schuell)©.2 o] FEA| At} Towbin So 2|3
719 Bk} o] 5% skim milkE 83} Towbin's
Saline Buffer (TBS) [0.9% NaCl, 10 mM Tris, pH 7.4]elA]
3 A]Zt ¢t membraned blockingA7l ¥, 100u) 2] 4g
Dps 50]3Ql tg&4 13 A9 &4 2 AT AR
TH27]. TBSZ < 3] A3 & membraned] 23} FA A
radish peroxidase-conjugated donkey anti-rabbit Ig
(Amersham)& 5% skim milk/TBSe]l 1:10009] ¥l &= 34
3t} 2 AZF Bt wHEAIA T TBSE 4+ 3] AlF g mem-
brane?] Dps ©¥d #=& HO, (Sigma)s} 4-chloro-
1-naphthol (Sigma)o] T3 E Lo 2FMe] HAEo|

horse-

AR ALE FUsQTh gL dFY FRS: AHE
58 ZANA
d 3

HXI7| Salmonelladl ME ME 223} MZE DHiEol
ZAM

RAAANG Salmonellar GgEo] =y A3 A ~EH
29 Hol 2EHAE XFY AR 2EH LY =8
Ho, ol 873 24 Wgde] 222 E BHE5] 43
A ARE FAR AES 2EFT20] B SA9 d+F
A7) L BA7)9 Salmonellad] A 247t ¥ = L ES
BA238}7] 85k} wild-typeQ! S. typhimurium X3339& Luria-
Bertani (LB) A uj A o)A WFatgich. A5 A9 S
A7) D AR 7 7A ) k3 Salmonellad) A HEHP AA
A=< SDS-PAGES £3) 31590} (Fig. 14). t$24]7
9} B2 719 S. typhimuriumol A L dA Je S v
nE E3 AA A BolFoz BPL: GNFES 3
A 9QeH, 1 z;—o] A 20 kDa} 25 kDa P,—-‘HO)] EA

J_z} F AN (Flg. 1A). r&al,:g4
AT W B0 g2 nAg 2AL 98 A4S gAY %
7V A W& S. typhimurium N E AES AE A3 A—]]EE‘}
REog E¥3 ¥ SDS-PAGEE 53 7t o duds
< A9t (Fig. 1B). $RS 59 AT gydso
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Fig. 1. Detection of proteins expressed in Salmonella typhimu-
rium grown to stationary phase. S. typhimurium cells
were cultured in LB broth to the stationary phase. Cell
lysates were subjected to SDS-PAGE analysis on 12%
polyacrylamide gel. Proteins were visualized by
Coomassie staining. (A) Proteins expressed in the 5. fy-
phimurium %3339 strain grown to log- or sta-
tionary-phase. Arrows indicate the proteins expressed
specifically in stationary-phase 5. typhimurium. (B)
Analyses of proteins located in different subcellular
fractions. Subcellular fractions were prepared from sta-
tionary-phase S. typhimurium %3339 cells by the proce-
dures described in Material and Methods. Lanes: T, to-
tal cell lysates; C, cytoplasm; E, total envelope; O, out-
er membrane, Arrows indicate the position of cytosolic
proteins expressed specifically in stationary-phase S.
typhimruium.

AL ddA FA7Y S typhimurium| A Eo]H
o2 BRHYH ok 20 kDa] IV E /A& AOZ o4y

T did g Axd B EAste s 9T 5 9
At (Fig. 1B). 25 kDa2] @ d L2 AT E4¢] YA &
ol o] Wty & olF ] o]d] fF AFE JPsr|2
atal B Ao A wjAH s, 20 kDa 1RE AT A0 &
o]Ho R AR P& o] AAE o83t £ A7E 4
A8kt

20 kDaQl Salmonella MIZEX ciujzlo] 2| o EH:

Dps
SDSPAGES 53] 2919 20 kDad] 24 g g $3
87] 98 B34 99do] ¥4 polyacryamide gel RS

Aol 1 &o 39 @ @& MALDI-TOF assay sys-
tem$ F3] EAstAth oA £AE Heol=EY A4
% FRE SalmonellaS T3 13 &4 AT dlolE W o]
2o g, v w3ttt Trypsind] 93] 227 Fepol= F

qX A5 EAFE e Jeo=e £ 4S040
(data not shown). 457] | JJElo]= Foll A 147]9] HEto]=



% QAFE oplest HEL THAE BHLE S, typhimu-
rium LT2 DNA binding protein in stationary phase (Dps)
g go|gon, 31%9) ¥& YNEE RolE Dps B3
< AR stgd 2 Ed Aol dSS A (Fig. 2).
Dpse 167 7§9] ofrjiloz o|foj glom, EAFLS
18,717 Dalton 2. 2 polyacryamide gel Aol A &e1gh =79}
o) FALst g T Dpsell thgh A Salmonellag X33t
27 AT B ohel 28 T 3 S8 FA0AM
AE}E TEA Aol TAZANME 823 APHu
48 Fo EASHE Dps BHjde ojnl:=
A ML fAEE B35 A, E coli, Shigella, Yesinia%}
9 Dps A ojr|iedt MEde

2 Al a% AT
95% oj4e] =& YXEE Kt (data not shown).

Kolter 5o 28] E. colidl] A B#7] Ftel ME ol &
A 511 DNAd HEol o2 Addsie Dps E}tﬂ]lz\:_]o] Az
2 g H 2] E colid] Dps B AL in vitroo] A} FAH
DNAsH §7 AA9 Y 72E §431[31], o] AL Dps &

14000

o
2

Intensity

800 miz 2000

miz MH Deita Database

Submitted Matched ppm Start End Sequence

915.5304 915.5264 44 28 35 {K) ATVELLAR (Q)
925.3990 925.4103 -12 49 55 {K)} QAHWNMR (G)
937.5121 937.5107 1.5 1 18 (K) ASNLLYTR (N)
842.4334 942.4368 3.6 49 55 (K) QAHWNMR (G)
958.4595 958.4317 29 a8 55 {K) QAHWNNMR (G)

1006.5519 1006.5322 20 125 133 (R) YAVVANDVR (K)

1043.6196 1043.6213 -1.6 27 35 (K) KATVELLNR (Q)

1411.6135 1411.6341 -15 141 153 (K) DEDTADIFTAASR (D}

14/45 matches (31%).

Acc. #: 16419337

Species: SALMONELLA TYPHIMURIUM T2

Name: Dps, stress response DNA-binding protein; starvation induced resistance
to H,0,

Index: 346005

MW: 18717 Da

pl: 5.7

Fig. 2. Identification of the 20 kDa cytosolic protein expressed
In S. typhimurium. Profiles obtained from MALDI-TOF
analysis were presented. Mass information of peptide
fragments digested by trypsin were used for data min-
ing (shown in the middle panel) from S. typhimurium
database (NC003197). Database-searching result was
presented in the boxed panel.
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wdo] Agd AEHAE FFE 4F JEHLEZRY
DNAE Agstd gegldor vide 7l5e 7HAe 2
oju g}, HZ o Dpse] 2R 727} 4 o]& ARste
G AQ ferritin®} fASITHE Ao) WHATH833]. £3
Zhao F& Dps @i Zo] 2822 DNA B35 7|58
Uzt Fe(I)#e] 238 53 84 42T g4¢ I
& 7HATI A ATB3]. S. entericas] HAAZ A oiA
Dps9] Q&L o} ¢ajd Ao] B Fout dps 149
@ o] macrophaged] 93 4 # o]F o fFrEe AL &
HA gou29], dps FHA 2E EAWo|F9] macrophage
Yol Xe &gl Astede A28 Hol HAAdE 7%
€ T Aozt AAA T YeH19].

o4
bt

X

Dps CHYEC] aigrs, MM I Dps 50150 CIEEY &
Hlof Mk

1 Dps ©i g i Astg e, A Dps g S

FASIGATH E7ZRE d& gdozry d4&
I immunoblottingg 3] Dps S A tj3 &
A7 AR AEAE AT FA Yag 9
67)¢] histidine (Hise) #7152 XA o)A Dps ©
F AN fEA AT 84 d98A &
Fe AAE ol &3t di A ¢dL 93 A4AG
dps R AAE 7HA & dps HEE Zefv|= pBPIS1S 75
819t} (Fig. 3A). pBP131& 7}A% E. coli BL21 (DE3)S 1
mM9] IPTG7} €9%e Mg 2404 sty 43¢ 4
A S 5%ET; B2 %L AR5 Hise-Dps @2
o] == A& SDS-PAGES %3 Falstgdth (Fig. 3B).
g At 348 S84 #3¥ 442 Hise-Dps &
Wdo] NEF F&o 4P &A1, £ Dps gl d
& B89 inclusion bodyE #A)8l1 o] 50] HA 7}lelek
T A€ & & A (data not shown). 8 M ureaZ E3)
2849 DpsE 7143481510, HiseDps @l d e Nit-
sepharoseE ©|-§3 384 A ARZvfEIYHE | A
AstAdct. SDS-PAGEE 53 &893 27 ZAF A 5=
Dps 43 o]9fe] 439 b2 w¥go] EgH o] gige
B2 o|5& AAY Dps &9 AE 843}y 93] Dps g
o] X8 polyacrylamide gel #2-& Zzlujo] electro-
eluion} 02 Dps G4 S £&3l9t) £29 gy &
ol £3td SDSE AASLY A3 4 39 T4 AP
ot AAG @¥A9 £T+ SDS-polyacrylamide gel 4} <]
oY gilAd deg 398 & 9o, bovine serum al-
bumin (BSA, Sigma)g XF T AZ st} HF3 B o]
FEE 2 pg/ul Fok (Fig. 3B).
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(A)
P, ~—~ dag gaa cag acc atg tcg tac tac cat cat cat cat cat cat
RBS wmet ser tyr tyr bis his his his his his
His,,

gat tac gat atc cca acy acc gaa aac ctg tat ttt cag gge gce atg
asp tyr asp ile pro thr thr glu asn leu tyr phe gln gly ala met

spacer region

+TEV protease cleavage site

i x|

BamHi dps ORF

T
Apal, B 1° Higgy-dps,

pBP131

(B) (kDa)

Fig. 3. Overexpression of the dps gene. (A) Physical map of
the recombinant plastnid pBP131. The map of the
pBP131 plasmid carrying a dps gene is presented.
Regions for the Trc promoter and the Hissx-tagged
in-frame fusion of dps in pBP131 are enlarged. (B)
SDS-PAGE analysis of overexpressed Dps. The
Hisg-tagged Dps expression in E. coli BL21 (DE3) har-
boring pBP131 was induced by addition of 1 mM
IPTG into LB cultures media. The protein was purified
through Ni“-sepharose affinity chromatography. The
purified proteins were sub]ected for SDS-PAGE. Lanes:
1, E. coli BL21 (DE3)/pProEX ™HTb vector control; 2,
E. coli BL21 (DE3)/pBP131; 3, 5 yl of protein sample
purified through Ni’-sepharose affinity chromatog-
raphy; 4 and 5, 5 and 10 g of electroeluted protein,
respectively.

Dps 50]#2Q &84 FAY 4= New Zealand
White (NZW) 712 o] g3t} 13} 2+ 29¢ 37 4
o] E722E 9L Agon o|AL o|F A YETE
AL&-3HQTH (data not shown). oF 500 ugell #Fste A
Dps ¥ dS E& (viv)9 complete Freund’s adjuvant
(Sigma)st 2 E@sta AHdte 13} Ao FAoE AME
gtk 28 9o NZW E7] 29 247 g 290

3~4312 ol g3} FARRSATE 1A WY F 3% Ad
To| BE7l A9 AHMoZRE A& Jon, T 174

.&OL ro,

e mo} 2o o YL incomplete Freund’s adjuvant
(Sigma)s} EFste 2 oz 93} FA8h BE7E
BE de g2 2000 rpmo] A} 5 B Bt QAR ¥

T 8-S AAS} D, Dps oA GA7) T Y= 4
FAQ A S EEstA g EA4 e A A4S g

371 $18 immunoblotting® 13 FAE AEFHAUT
Immunoblotting 23, 3 W9 Dps @R FYuo g o
+ B 4 FAZ AEEHASE }%0“1 o] Dps
deldo] vl & FUAE AL Yde Ae st
(data not shown). FEF ¥4} FA7} BAHAL S &9
—3‘— E7NE g Rate ‘4%91 da-& BE 3 Dps ol
A g vx& ¢V YA 44 o E nge
A 12 A (Eﬁli-‘? 8 e HF gdogry £y
st BH)E 22 49 Dps duige] 22 27408 Xy
immunoblotting 33 27, A& 1

A3 A AEol7bed HG @48 HAUE A &
A & YA} (Fig. 4).

¢

DpsQ| 2h8io] A0JA CIYSH ZHXIEQ| A&t st g7
AZ% Dps So) 3 24 IAE o] &3t Dps &
WAoo By - FAEse 2ELE 1A SR dps
FARY] FdzAdE o2 1A 2-AT}L sk AL
2 o4 x] ATk A 719 S, typhimurium A EE RNA $§

F49 3 2R sigma factor2A] ¢° B4l ¢° (sigma S,
RpoS)E 7]—1 =1, RpoS7} dps $AA 10 998 A4}
o AANE F=stA @916l =8 S. typhimuriume) dps

AR iiEEi el & L2 HF 2¢ 9Y90] A3}

3, IHFe] Zgtel o3 f1A9 2de] 2dHe AR ¢
A4 At} F8 E. coli] dps T2RE JdoE OxyR 28
993} CRP 289 o] EAFH3,13]. E. coliS} S. typhimu-
rium) dps +AZ AA S} F4 T2REH FH9 AVIMNEE
CLUSTAL W (v.1.83) Multiple Sequence Alignments X2

Fig. 4. The confirmation of produced polyclonal antibody. To
confirm the production of Dps-specific antibody, 5 1g
of purified Dps was subjected to immunoblot analysis
as described in Material and Methods with rabbit sera
(obtained from the 2™immunization of Dps) diluted to
the different ratio. Lanes: 1, diluted to 1:100 (v:v); 2
1:200 (viv); 3, 1:500 (v:v); 4, 1:1000-(v:v). -



%3338 CK24 14669 CK32 CKS9 Acrp  AphoP CK38 CK31 CK30 CK58 CK27

Fig. 5. Immunoblot analyses for the detection of Dps in vari-
ous regulatory mutant strains of Salmonella. Salmonella
strains were cultured in LB broth to stationary phase.
Cellected cells were subjected to immunoblot analyses
with Dps specific antibody. S. typhimurium Strains: X
3339, wild-type; CK24, dps deletion mutant, x4659, fur
mutant; CK32, rpoS deletion mutant; CK59, fur and A
rpoS double mutant; Acrp, crp deletion mutant; AphoP,
phoP deletion mutan; CK38, lon deletion mutant; CK31,
cpxR deletion mutant; CK30, ompR deletion mutant;
CK56, baeR deletion mutant; CK27, sitA deletion
mutant.

2

%% 23 vlug 49 7
Z Yehgt} (data not shown). oA &
o Dps il A o] Wdo] J&& v A
7] fste A& ?_}74]91 AAZNNA e gt hge
. typhimurium EJRHO|FE A 2 EE= Dps g
< Hlzstgnh (Flg 5). dps A A& EAW|F

FMEL w2 €4

-

Hu ol i
Mo 2
BN

ofl mal

&
CK24d A Dps ©¥d Mg Q1Y & giglon o &
8}] ENZEY A8 A7} S typhimruiume} Dps Eo]

1 A S AT 4 AUSITh Dps Gl Ao} FFL o]n]
A A 2AAQ oS GAAT} AEH FF (CK32)
&lxis] Je AR E ngon, @ 24 #A5E fur
3} 1 xohe TF (x4659)00A 7 e

AT & siglen, od gt Fet
Az YnHos 4% B
ASE 297 CRP B9do] Aoy
FFoNE wude Bl o 2713
3499 4 55154, I 5 typhimuriumo) 3 23 <l
A 280 JPL IAE CRP G 242 9
A9 9 Aol BBE T 5 08, AAF B4

o] F oA o} T 740]1:} L3k ATP-9]Z 7 9] protease A
Fo] gAo A dl Ao BHS 2HsE AoE A ¢
gl do] ALy FFo|A Dps Gl 9 oko] of
Zioi 2ol Lon ©@¥ld A Dps gl e
g FE Ug Aojgte e & 5 ey
o] o]FojAo} gt}

o oo
2 o

(
-

ot W 2
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=]

fo o 9t
4z o e
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g

2 %

Salmoenellae W) %2 Q] intracellular pathogen®. 2 %52
@ Al Z <] macrophage W oA Aolgo} o]EE HAZ &
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7 F %ﬁl% ojFs 7tEA A ZEE 4o 2
= AE Y79 oA 51“‘} & 3537 9
A Fd ‘%01 71%E€ 7Hd. £ dTeMe EREY
AEH AT} F43le AAY) Salmonellaoﬂfﬂ Eojzo= g
e iAo FESATE FA7] A9 Salmonellac) A
o 20 kDa9] @i do] Eoldog go] HAHLH, AX
4 2EE B3l o] BAo] AEF FE EATE ¢ F
2131t MALDI-TOF £4-& %3] o] ¢ do] DNA bind-
ing protein in stationary phase (Dps) Tl 292 &<13}1%

o} Dps @ A& 2EF 27} FolA ’S*l%‘ﬂl/‘i DNAd} v &
o]x o2 ZAgsted DNAZL 43 Jejg FA3}IEF 54
~EH2ZRE GHAE BIde ‘—’—"%%} e Ao ¢

#7 ATk 0% ATE Aaje] T
92¢ E7o] Z418k Dps 5ol#3
dps AE FIE v A G
&3t S. typhimrium & QH|FE
ZALSEA T

st} GAE Dps &
Ec} l‘“‘ Az 33
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