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ABSTRACT

We cloned, expressed  and purified the Escherichia coli yhbO gene product, which is homolog to the

Bacillus subtilis general stress protein 18 (the yfkM gene product), the Pyrococcus furiosus

intracellular protease PfpI, and the human Parkinson disease protein DJ-1. The gene coding for

YhbO was generated by amplifying the yhbO gene from E. coli by polymerase chain reaction. It was

inserted in the expression plasmid pET-21a, under the transcriptional control of the bacteriophage

T7 promoter and lac operator. A BL21(DE3) E. coli strain transformed with the YhbO-expression

vector pET-21a-yhbO, accumulates large amounts of a soluble protein of 20 kDa in SDS-PAGE that

matches the expected YhbO molecular weight. YhbO was purified to homogeneity by HPLC DEAE

ion exchange chromatography and hydroxylapatite chromatography and its identity was confirmed

by N-terminal sequencing and mass spectrometry analysis. The native protein exists in monomeric,

trimeric and hexameric forms.
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INTRODUCTION

Escherichia coli YhbO is a member of the DJ-1/ThiJ/Pfp1 superfamily, which includes proteins with

diverse functions, chaperones (E. coli Hsp31) (1-4), proteases (Pfp1 from Pyrococcus furiosus (5)

and PHP1 from Pyrococcus horikoshii (6)), catalases, the Parkinson disease protein DJ-1 (7), and

the ThiJ kinase involved in thiamine biosynthesis (8). The closest YhbO homologs are  ThiJ in E.

coli, YfkM and YraA in B. subtilis (involved in protection against environnemental stresses (9, 10)),

the Pyrococcus furiosus protease 1 (5), and the Parkinson disease protein DJ-1 (for which different

functions have been proposed, i.e. chaperone, peptidase, oxidative stress sensor) (7, 11, 13). The

crystal structure of several members of the ThiJ superfamily has been solved. All members of the

superfamily contain a similar domain with a nucleophilic elbow displaying an important cysteine,

which is part, in Php1 and Hsp31, of a Cys, His, Glu/Asp catalytic triad responsible for their

peptidase activity (3, 6). YhbO also possesses such a putative catalytic triade whereas DJ-1 contains

instead a Cys, Glu diad (7).

Several members of this superfamily have been biochemically characterized. Hsp31 was

characterized as a chaperone (3, 4) and a peptidase (14), and Pfp1 as a protease / peptidase active

against gelatin and the fluorescent substrate AAF-amc (5). The biochemical characterization of DJ-1

led to contradictory results concerning putative chaperone, peptidase or redox activities (11, 13).

The exact function of ThiJ in thiamine biosynthesis is not yet known.

Most of the members of the ThiJ superfamily function in cellular protection against environnemental

stresses. The chaperone/peptidase Hsp31 is involved in thermal stress protection (2), YfkM and

YraA  in Bacillus subtilis protection against multiple stresses (9, 10), and DJ-1 in cellular protection

against oxidative stress (13). E. coli YhbO is several fold overexpressed in stationary phase, during

hyperosmotic stress or acid stress (15), and an yhbO-deficient strain is more sensitive than the

parental strain to thermal, oxidative, hyperosmotic, pH, and UV stresses (manuscript in preparation),

suggesting that YhbO is a general stress protein. In the present work, we report the cloning,

expression and purification of Escherichia coli YhbO.
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MATERIALS AND METHODS

Bacterial strains, plasmids, and growth conditons.

The E. coli BL21 (DE3) strain (Novagen, USA) was used for the transformation of the synthetized

DNA and the expression of YhbO. The gene coding for YhbO was generated by amplifying the

yhbO gene from E. coli  DNA by PCR using  the forward primers

(5 GGTGGTTGCTCTTCACATATGAGTAAGAAAATTGCC-3 ) containing a Nde1 site and the

reverse primer (5 GGTGGTCTGGGATCCTCATCAGGCAACAGACAGGCG-3 ) containing a

BamH1 site. The resulting product was digested with Nde1 and BamH1, ligated to the pET-21a

(Novagen, USA) Nde1 and BamH1 backbone fragment, and transformed into strain BL21 (DE3).

Bacterial extracts preparation.

The YhbO overproducing strain (BL21 (DE3) pET-21a-yhbO was grown at 37¡C in 1 liter of Luria-

Bertani medium (16) supplemented with ampicillin (50  g/ml) to an OD 600= 0.5. YhbO

overexpression was induced with 1 mM IPTG and growth was continued until OD600= 3. Cells were

harvested by centrifugation at 4¡C. The cell pellet was resuspended in 10 ml of  30 mM Tris pH 8.0,

20 mM NaCl, 1 mM DTT, 0.5 mM EDTA, and bacteria were disrupted at 0¡C using a Branson

sonicator (microtip, level 5, 5  x 30 seconds). This extract was centrifuged for 1 hour at 200,000 x g,

and the supernatant was immediately loaded onto a HPLC DEAE column.

HPLC DEAE ion exchange chromatography.

YhbO was loaded on a  TSK-DEAE-5PW (Tosohaas, Germany) equilibrated in 30 mM Tris pH 8.0,

20 mM NaCl, 1 mM DTT, 0.5 mM EDTA at 20¡C, and it was eluted (around 200 mM NaCl) with a

linear gradient of  0.03 — 1 M NaCl in the same buffer. Fractions were analyzed by SDS-

polyacrylamide gel electrophoresis and quantified by the Bradford assay.

Hydroxyapatite chromatography.

Purified fractions from the DEAE column were loaded on a 15 ml hydroxyapatite column (Bio-Gel

HTP from BioRad), equilibrated in 20 mM Tris pH 7.5, 50 mM KCl,  1 mM DTT  and eluted with a

linear gradient of  0 - 100 mM sodium phosphate pH 7.5 in the same buffer. YhbO was dialyzed

against 20 mM Tris pH 7.4, 50 mM KCL, 0.5 mM dithiothreitol and stored at —20¡C in buffer

supplemented with 30% glycerol.



5

Native molecular weight determination.

The molecular weight of native YhbO was determined by filtration of the protein on a TSK-G4000-

SW HPLC gel permeation column (Tosohaas, Germany). The column was equilibrated in 20 mM

Tris pH 7.5, 100 mM NaCl, 1 mM DTT at 20¡C, loaded with 20  l of purified YhbO (2 mg/ml) and

eluted at a flow rate of 0.5 ml/min. YhbO was detected by its absorbance at 280 nm. Alcohol

dehydrogenase (molecular weight, 150,000), bovine serum albumin (molecular weight, 66,000),

carbonic anhydrase (molecular weight, 29,000) and E. coli thioredoxin 1 (molecular weight, 12,000)

were used as molecular weight standards, and were obtained from Sigma.

Sodium dodecylsulfate-polyacrylamide gel electrophoresis.

We perfored electrophoresis according to Laemmli, using 8-16% polyacrylamide gradient gels (Bio-

Rad) with Coomassie blue staining. Broad range molecular weight markers were form Bio-Rad.

Protein sequencing.

N-terminal sequencing was performed by automated Edman degradation at the Laboratoire de

Microsequen age des Prot ines, Pasteur Institute, Paris, with an Applied Biosystems 470 gas phase

sequencer and an Applied Biosystems 1000S detector.

Mass spectrometric identification of YhbO.

Excised YhbO gel band was in-gel digested with mass spectrometry grade trypsin (Roche). Mass

spectra were recorded in positive ion reflection mode of a matrix assisted laser desorption

ionization-time of flight (MALDI-ToF) Voyager DE PRO (Applied Biosystems). Petide mass

obtained were searched against E. coli database using the Mascot engine available online

(www.matrixscience.com).

Protease, peptidase and chaperone assays.

Endopeptidase and aminopeptidase activities were assayed by monitoring the production of 7-amino-

4-methylcoumarin (amc) from the fluoregenic aminoacids peptides Suc-LLVY-amc, Boc-LAR-amc,

Ac-YVAD-amc, AAF-amc, ALK-amc, L-Ala-amc, L-Arg-amc, L-Asp-amc, L-Asn-amc, L-Gly-amc,

L-Leu-amc, L-Lys-amc, L-Met-amc, L-Phe-amc, L-Pro-amc, L-Thr-amc, L-Tyr-amc, L-Val-amc, L-

Ser-amc, L-Cys-amc, L-Glu-amc, L-His-amc as described in (14, 17). Carboxypeptidase activity was

assayed by measuring the hydrolysis of Hippuryl-Phe or  Hippuryl-Arg as described in (14): Gelatin-

PAGE and casein-PAGE in-gel proteolysis were performed as described in (1, 5). Renaturation of

urea-unfolded citrate synthase and  protection of citrate synthase against aggregation at 43¡C were

performed as described in (18).
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Reagents.

The Klenow DNA polymerase was from Roche (Mannheim Germany), restriction enzymes were

from Invitrogen, and the plasmid extraction kits was from Quiagen. Fluorogenic peptide substrates

were from Bachem or Sigma, and all other chemicals were from Sigma and were reagent grade.
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RESULTS AND DISCUSSION

Construction of the YhbO-expression vector pET21a-yhbO.

The yhbO gene from E. coli was amplified by PCR, with a Nde1 and a BamH1 site at the 5  and 3 

end, respectively. The amplified product was about 550 bp (not shown), which is in accordance with

the theoretical length of the yhbO gene (519 bp). It was cut wih Nde1 and BamH1, ligated to the

pET21a Nde1 and BamH1  backbone fragment and transformed into strain BL21 (DE3) by

electroporation. The constructed plasmid was verified by DNA sequencing (not shown).

Expression of YhbO

The BL21 (DE3) strain, transformed with the recombinant expression vector pET-21a-yhbO, and

induced with 1 mM IPTG accumulates high amounts of a soluble protein migrating in SDS-PAGE

with an apparent molecular weight of 20 kDa (Figure 1, lane 2). The overexpressed protein is not

detected in an uninduced extract (Figure 1, lane 1), and represents 28% in mass of the total proteins

of the induced extract. This 20 kDa molecular weight matches the expected YhbO molecular weight

of 19 kDa. Thus, YhbO migrates exclusively as a monomer in SDS polyacrylamide gels, in contrast

with its Pyrococcus furiosus PfpI and Pyrococcus Horikoshii PhpI homolog which both display

multmeric forms in SDS polyacrylamide gels (5, 6). YhbO was found in the soluble bacterial extract

(200,000 x g supernatant), but not in the 200.000 x g pellet (not shown), suggesting that it neither

forms inclusion bodies during overexpression nor does it colocalize with membrane fractions. The

cytoplasmic localization of YhbO is in accordance its primary structure which does not contain any

signal or membrane spanning sequence.

YhbO purification

YhbO was purified to homogeneity by two chromatographic steps on a HPLC DEAE ion exchange

column and on a hydroxyapatite column (Figure 1, lane 3 and 4, respectively). Although YhbO

appears pure after the  first column, we performed a second chromatographic step in order to avoid a

single-step purification procedure based on ion exchange chromatography. Since the protein was

massively overexpressed under the T7 promoter (around 30% of total protein), overall purification

was 3.5 fold, and yield was 77% (Table 1). The identity of YhbO was confirmed by N-terminal

sequencing and mass spectrometry. The N-terminal sequence found was SKKIAVLI, which is

identical to the YhbO N-terminal sequence without its N-terminal methionine (processing of the N-

terminal methionine frequently occurs in bacteria). This sequence is not found in any of the other E.

coli proteins. Mass spectrometry analysis identified unambiguously the purified protein as YhbO

(Figure 2A and 2B).
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Quarternary structure

The purified protein was analyzed by size exclusion chromatograhy on a SW G-4000 HPLC column

equilibrated in 30 mM Tris pH 7.5, 100 mM NaCl, 1 mM DTT at 20¡C, as described in Materials

and Methods. YhbO (20  l, 2 mg/ml) was loaded onto the column at a flow rate of 0.5 ml/min. It

elutes under several peaks at 7.77 (expected molecular weight, 118 kDa), 8.88 (expected molecular

weight, 58 kDa) and 10.23 min  (expected molecular weight, 20 kDa) (Figure 3A). These peaks

likely represent hexameric, trimeric and monomeric forms of YhbO, respectively (Figure 3B).

Multimeric forms of PfpI-like proteases are commonly found (5, 6), and the crystal structure of PhpI

shows a hexameric barrel-like oligomeric structure with the active sites  sequestered inside the barrel

(6).

Absence of  proteolytic, peptidolytic or chaperone activity in vitro

 We could not detect any proteolytic activity of YhbO, using an SDS/PAGE in-gel assay (used for

the detection of the proteolytic activity of PfpI (5)) with gelatin or casein as substrate, or using the

highly sensitive BODIPY-casein fluorescent test (11) (not shown). YhbO did not hydrolyze any of

the 18 aminoacyl-amc substrates tested, in contrast with PepN (17) or Hsp31 (14). It did not

hydrolyze either AlaAlaPhe-amc (the best substrate of Pyrococcus furiosus protease I (5)), the

endopeptidase substrates acetyl-Ala-amc and Suc-AlaAlaAla-amc, and the carboxypeptidase

substrates Hippuryl-Phe or  Hippuryl-Arg (not shown).

Since YhbO presents some analogy with the Hsp31 chaperone/peptidase, we checked whether it

displays chaperone properties. In contrast with Hsp31 (1), 20  M YhbO was unable to stimulate the

renaturation of 0.2  M citrate synthase after denaturation in 8M urea (not shown), or to prevent

citrate synthase aggregation upon thermal shock at 43¡C (not shown).

Implications

We cloned, overexpressed and purified to homogeneity E. coli YhbO. The overexpressed protein is

found in the cytoplasm in a highly soluble form. We identified the purified protein by N-terminal

sequencing and MALDI-ToF mass spectrometry. The expression and purification procedures in this

study have provided a simple and efficient method to obtain pure E. coli YhbO in large quantities.

The YhbO protein obtained will be used for further studies of its structure and function. YhbO exist

as a monomer, trimer and hexamer like several archeae proteases (Pyrococcus furiosus proteaseI and

Pyrococcus horikoshii proteaseI) However, we could not yet detect any proteolytic activity of YhbO

using several protein or peptidic synthetic substrates, nor could we detect any chaperone activity, in

contrast with Hsp31 which was recently characterized by us and others as a chaperone (1, 2) and a

peptidase (14). Several members of the ThiJ domain superfamily still lack a precise biochemical

characterization, like the Parkinson disease protein DJ-1, for which contradictory results have been
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reported concerning possible chaperone, peptidase and redox activities (7, 8, 11, 13). Thus, the

physiological and biochemical characterization of the ThiJ superfamily stress proteins will still

require intensive investigations.
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LEGENDS TO FIGURES

Figure 1. Purification of YhbO. Protein samples were separated by sodium dodecylsulfate

polyacrylamide gels (8-16% gradient), and stained with Coomassie brillant blue. Lane 1, crude

extract from BL21(DE3), pET-21a-yhbO uninduced; lane 2, crude extract from BL21(DE3), pET-

21a-yhbO induced with IPTG; lane 3, YhbO pool (8 µg) from the HPLC DEAE column, lane 3,

YhbO pool (30 µg) from the hydroxyapatite column. The positions of the molecular weight markers

(kDa) are indicated on the left.

Figure 2.  MALDI-ToF mass spectrum of the tryptic digest of E. coli YhbO. A) MALDI-ToF

spectrum. B) Matched peptides of YhbO.

Figure 3. Native molecular weight determination.  Purified YhbO (20  l, 2 mg/ml) was loaded

onto a TSK-G4000-SW HPLC gel permeation column as described under  Experimental

Procedures , and eluted at a rate of  0.5 ml/min. A) Chromatogram of the eluted fractions. Peaks

represent the absorbance of  YhbO at 280 nm. B) Elution time of the molecular weight markers as a

function of the logarithm of their molecular weight: Alcohol dehydrogenase (150,000 Da), bovine

serum albumin (66,000 Da), carbonic anhydrase (29,000 Da) and E. coli thioredoxin 1 (12,000 Da).

The elution volume of the three YhbO peaks displayed in Figure 3A (at 7.77 min, 8.88 min and

10.23 min)  are indicated by crosses marqued respectively H, T and M, corresponding to putative

hexameric (around 12O kDa), trimeric (around 60 kDa) and monomeric (around 20 kDa) forms of

YhbO.







MSKKIAVLITDEFEDSEFTSPADEFRKAGHEVITIEKQAGKTVKGKKGEASVTIDKSIDE 60

VTPAEFDALLLPGGHSPDYLRGDNRFVTFTRDFVNSGKPVFAICHGPQLLISADVIRGRK 120

LTAVKPIIIDVKNAGAEFYDQEVVVDKDQLVTSRTPDDLPAFNREALRLLGA  172

Figure 2B. Matched peptide fragments in YhbO.The matched portions are shown

in bold and underlined.







Purification step Total protein

(mg)

Total YhbO

(mg)

Yield (%) Overall purification

(fold)

200.000 x g

supernatant

220 62

DEAE pool 54 52 84 3.4

Hydroxyapatite

pool

48 48 77 3.5

Table 1 : Purification of YhbO from Escherichia coli


