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and | dentification of Metabolic Genes
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Abstract: Biodegradation of pollutants using microbes hasome an emerging
technology in cleaning contaminated environmemtghis work, a molecular characterisation
of the orfB from thenitrophenol degradationfpd) gene cluster was achieved. The gene was
cloned as the His tag fusion protein and expressgd coli. Theoretical pl / Mw predictions
for the protein sequence were 5.47 / 42536.23 D&-BAGE analysis showed the size of the
purified fusion protein, which was calculated to4#5 kDa. The protein was purified by Ni-
NTA metal affinity chromatography.
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I ntroduction

Microbial biodegradation is the process used bpndiorganisms to break
down organic substances. Picric acid has been ftaubd degraded by a number of
organisms. Microbial attack on picric acid wastfreported by Erikson in 1941. He
conducted studies on some lake-mud strainsMafromonaspora Thereafter,
Gundersen and Jensen (1956) illustrated the metabaobf picric acid by
Corynebacterium simplekat was isolated from soil as a 4,6-dinitro-2+mggthenol-
degrading bacterium. The formation of nitrite senas an indicator of picric acid
bioconversion. Tabakt al. (1964)reported a change of colour from yellow (2,4,6-
TNP) to orange-red in enrichment cultures with ipiacid. Detailed analysis of
bacterial growth and degradation pathway was lgckticramic acid was identified
by Wyman et al(1979) as the only metabolite of picric acid. 92 Lenke and
Knackmuss reported th&hodococcus erythropolldL 24-2, initially isolated as a
2,4-DNP degrading organism, could also utilizeipiacid as a nitrogen source after
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spontaneous mutation. This mutant, designated a8M#l, can induce the enzymes
of 2,4-DNP catabolism in the presence of picricdatiater Heisset al. (2002)
proposed reclassification of the mutanRimdococcus opacudl. PM-1 after fatty
acid and mycolic acid analysis indicating a chaimgth of 48-54 carbon atoms. In
addition, the complete 16S rDNA sequence of stidin PM-1 showed 99%
sequence identity to the 16S rRNA gen&obpacustrain 1CP an®. opacustrain
GM-29. The first 500 base pairs (bp) revealed 98%uence identity t®. opacus
RB1 and the type straiR. opacusDSM 43205 (Blascet al., 1999; Heisst al.,
2002; Klatteet al.,1994).

Rajanet al. (1996) reported isolation of the four bacteriaghisis that use
picric acid as their sole carbon and energy sourbese four biodegraders were
identified as close relatives Wbcardioides simpleRTCC 6946 based on their small
ribosomal subunit (16S rRNA) gene sequences.Ndeardioidesstrains described
by Rajan and his coworkers were able to grow onicpicid without dead-end
product formation. They also observed a transiemtndtion of 2,4-DNP and
stoichiometric release of three moles of nitrite paole of picric acid. More
examples of picric acid biodegraders includecardioidessp. strain CB 22-2
(Behrend and Heesche-Wagner 199®)cardioides simple¥J2-1A (Ebertet al.,
1999). The strain CB 22-2 was the first isolatiod aharacterisation of a bacterium
that completely mineralizes picric acid with intediate formation of the hydride-
Meisenheimer complexes of TNP and DNP. It was désnonstrated experimentally
with crude extracts that the hydride-Meisenheimanmmex of DNP is a physio-
logically relevant step in picric acid metabolisBelirend and Heesche-Wagner
1999).

Walterset al. (2001) showed that mMRNA differential display isieportant
tool for the identification of metabolic genes ikaryotes. In their investigation a
long polycistronic mMRNA was sampled repeatedly dasing the density of the
MRNA population. Researchers had to modify thetiegigorotocols for bacterial
differential display. They used a large numberrahprs allowing for a high-density
sampling of the mMRNA population and the identifimatof many differentially
amplified DNA fragments. Furthermore, overlappirfighese short sequences results
in the assembly of a long contiguous sequence @mgedveral genes. They chose
the strainRhodococcus opacii$l. PM-1 because the degradation pathway of picric
acid and 2,4-DNP is inducible in contrasiNocardioides simplekJ2-1A, where the
pathway is constitutive. This was important becaimsell differential display
experiments, the RNA extraction was performed friva cultures where the
induction had been thoroughly defined. Finally,emeay cluster of 12 open reading
frames (ORFs) and about 12.5 kb was identifiedssogienced. The sequence of the
catabolic gene cluster was deposited in GENBANKeurttie accession number
AF323606 (Ruset al, 2000; Walterst al., 2001). Later, these genes were named
npd for nitrophenol degradation (Heisst al., 2002). This paper illustrates cloning,
expression and purification of tbefB contained in thepdgene cluster.
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Materials and Methods

Bacterial strains, culture growth conditions and plasmids. Recombinant
E. coli strains were grown with agitation at 37°C in LtBertani (LB) medium [10
g/L tryptone, 5 g/L yeast extract, 5 g/L NacCl] slgppented with ampicillin (100
pug/ml) and kanamycin (30g/ml) for the maintenance of plasmids. All auxotrep
required 4Qug/ml of the appropriate amino acid for growth omimial medium. For
gene expression, freshly transformed overnightusdt of E. coli Rosetta
2(DE3)pLysS(pARS3 / pARS4 / pARSS) were inoculatdol LB (1/10 v/v inoculum)
and further incubated for 1.5-3 h (till @pPreached 0.6-1.0) at 37°C. Thereafter, the
cultures were induced with 1 mM IPTG (isopropyb-thiogalactopyranoside)
following incubation for 4-5 h at 30°C.

Table 1.Escherichia colstrains used for DNA manipulations, overexpresaiuh

transformations
Bacterial strains Relevant characteristics Source
DH50™ F ¢80AlacZAM15 A(lacZYA-argF) U169recAl  Invitrogen
endAl hsdR17 (k mk") phoA sugE44-thi-1

gyrA96 relAl

Used for general cloning withcomplementation,
blue/white selection and plasmid DNA preparations.
Maintained on 5@g/ml Nal plates.

F ompT hsdgr, m,") gal dcm(DE?3)
Rosetta pLysSRARE2 (Caf¥) Novagef?,
2(DE3)pLysS Used for heterologous overexpression. Enhanceserck
expression of proteins having codons rarely useddimosciences
E. coli supplies tRNAs for seven rare codons:
AUA, AGG, AGA, CUA, CCC, GGA, and CGG.
Maintained on 34ig/ml Cam plates.

Table 2. Plasmids constructed in this work

Plasmids Relevant features Source
pARS3  orfBcloned intoNdd andXhd sites of pET-11a* This work

pARS4  orfB cloned intoNdd andXhd sites of pET-22b(+), This work
lack a stop codon withiarfB insert

pARS5  orfB cloned intoNdd andXhd sites of pET-28a(+) This work
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Cloning, expression and purification of Histag fusion protein. OrfB was
amplified from R. opacusHL PM-1 genomic DNA with specific primers. The
resulting PCR product was ligated into the pET atesctand expressed B. coli
Rosetta 2(DE3)pLysS. His-tag fusion proteins weutgifipd by Ni-NTA metal
affinity chromatography (QIAGEN) as instructed by tsupplier. Purified fractions
were desalted by utilizing pD10 Desalting Columiisiérsham Pharmacia Biotech)
and thereafter concentrated with a Vivaspin 2 nmiceatrator (Vivascience AG,
Hanover, Germany).

Molecular techniques. Standard protocols were used for manipulation of
DNA according to Ausubadt al. (2001), and Sambroait al. (1989). Plasmid DNA
was isolated using the FlexiPrep™ Kit (AmershamriPhaia Biotech) or GFX™
Micro Plasmid Prep Kit (Amersham Pharmacia Biotech)ashlized using Pellet
Painf Co-Precipitant (Novag&n Merck Biosciences)E. coli was transformed
according to Inouet al. (1990). DNA fragments were purified from an agargsls
using QIAquick Gel Extraction Kit or QIAquick PCR Purification Kit (QIAGEN).
DNA sequencing was performed by GATC Biotech AGr{tanz).

Results and Disscusion

Heter ologous over expression of orfB in E. coli

The gene encoding OrfB protein was cloned into pEdtors [pET-11a*,
PET-22b(+), pET-28a(+)] usindNdd and Xhd restriction sites. The resulting
recombinant plasmids were designated pARS3, pAR84ARSS5 respectively and
verified by a double digestion (Fig. 1.) and DNAysencing. In cultures d&. coli
Rosetta 2(DE3)pLysS (pARS3 / pARS4 / pARSb5), indueéth 1 mM IPTG,
heterologous gene expression was evident. AfteBa8-PAGE gel comparison,
more than half of the protein resided in the cadisnclusion bodies (Fig. 2.). In non-
induced cultures, no protein band of the expedsvgas detected. OrfB-His, with
the His tag at the either end (pPARS4 and pARSS, pugified from cellular extracts
of Rosetta 2(DE3)pLysS. Furthermore, SDS-PAGE amsahowed the size of the
purified fusion protein, which was calculated tod2es kDa.

Figure 1. 0.8% agarose gel electrophoresis (1x hfter, 100 V)
results showingNdd andXhd digestions of vectors and their
respective recombinant plasmids. Lane 2: pARS2,4apARS4,
lane 6: pARSS5, lane 7: GeneRuler™ DNA Ladder Mirg

8: uncut control.
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Characterisation of OrfB protein

After analysis oforfB (1203 bp, accession no. AAK38096) using bioinfo-
rmatics, BLAST and ExXPASYy tools, it was found ttiet OrfB protein, composed of
400 amino acids, showed a 52% sequence similarity34% identity to L-carnitine
dehydratase Archaeoglobus fulgidQs Theoretical pl / Mw predictions for the
protein sequence were 5.47 / 42536.23 Da. Thiscoaasistent with calculated size
from SDS-PAGE taking fusion of the vector-encodeds-tlg into account
(approximately 42.5 kDa). The protein was purified Ni-NTA metal affinity
chromatography using 250 mM imidazole during thei@h step.

Figure 2. 12% SDS-PAGE (1x SDS running
buffer, 100 V) presenting solubilizexfB
proteins from inclusion bodies using urea.
Lane 1: P = pellet sample; lanes 2-9: 0.5 —
4.0 M urea concentrations; lane 10:
Precision Plus Protein™ standards.

Cloning a gene is only the first of many steps edetb produce a
recombinant protein. Various expression systeme l@en developed to produce
recombinant polypeptides. In the present studyB®kE recombinant protein also
aggregated into inclusion bodies (Fig. 2.). Althowgpurification procedure using
Ni-NTA metal affinity chromatography was successiuither enzyme kinetics study
was not possible. Neither biological nor chemiaatbstrate for the protein was
available and therefore enzyme-substrate interactivere not tested. Previous
attempts to clone and overexpred® have failed (G. Heisst al, unpublished data).
A different protein expression system (the pETesygtfrom Novagen was used in
this work and the possibility that OrfB had a togftect on the heterologos coli
host can be certainly excluded.

Conclusion

Following the analysis of the data presented irs tl@search, some
conclusions could be drawn related to the functborfB contained within the
npd gene cluster. An explicit function tfB cannot be assigned due to lack of
the enzyme substrate. This result was conclusiter dketection of metabolites
using HPLC and upper pathway intermediates. Themsains the possibility of
involvement of the gene product in the lower TNBdeigradation steps or even
some other cellular function. In addition, it wagygested byRuss et al(2000)
that the protein encoded loyfB may be involved in the enzymatic hydrolysis of
2,4-dinitrocyclohexanone (DNCH) if the non-enzyrmateaction is too slow
under physiological conditions. Future work shouidlude chemical synthesis
of the 2,4-DNCH and enzyme-substrate studies.
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BIODEGRADACIJA 2,4,6-TRINITROFENOLA (PIKRINSKE
KISELINE) | IDENTIFIKACIJA METABOLICKIH GENA

- originalni nagni rad -

Ana Rebié
Witwatersrand Univerzitet, Johanesburg, JuZzna Afrik

Rezime

Biodegradacija zagavaca kori€enjem mikroba postala je vadetehno-
logija u pre&is¢avanju kontaminiranih sredina. U ovom radu, ostvare moleku-
larna karakterizacijeorfB iz nitrofenol degradacijskenfd grupe gena. Gen je
kloniran kao His tag spojen rekombinantni prote@kspresovan E. coli. Teorijsko
pl / Mw predvidanje za sekvencu proteina bilo je 5.47 / 42536.233DS-PAGE
analiza prikazala je dimenziftistog spojenog proteina, koja je kwaata i dostigla
42.5 kDa. Protein je pt&cen primenjujdi Ni-NTA hromatografiju.



