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ABSTRACT

A bacterial strain named A216, with feruloyl esterase producing capability, was isolated from forest soil after
enrichment. The strain was identified at the species level by morphology, physiological-biochemical tests and 16S
rRNA gene sequencing assay. The results revealed that strain A216 was accurately identified as Burkholderia
fungorum, and the ITS sequence of the species was submitted to the NCBI for the first time. The enzyme activity in
different medium was preliminarily analyzed by spectrophotometric assay. After incubation 5 days, it gave the
maximal activity of feruloyl esterase 14.24 U/L when cultivated in fermentation medium. However, no feruloyl
esterase activity was detected in LB medium under the same condition. To our best knowledge, this is the first
observation of feruloyl esterase activity in the species Burkholderia fungorum.
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INTRODUCTION

Feruloyl esterase(FAEs, E.C. 3.1.1.73), a subctdssarboxylesterases (E.C.3.1.1.1), are classified four
types(A, B, C, and D) based on their primary amaietd sequence identity and substrate specificityfgruloyl
esterase in combination with other different atyivenzymes degrade plant cell wall polymers conay§2,3],
releasing ferulic acid and other cinnamic acid@pntrast with chemical treatment, the use of fefduésterase to
solubilize ester-linked phenolic compounds fronmgadcellulose biomass would be more environmentaigndly.
To this issue, there is a growing interest in feyllesterases as promising biocatalysts in the ymti@h of high
value compounds from plant waste materials[5,6],w&s$l as in the processing of hemicelluloses andp pu
beaching[7,8]. In the future, feruloyl esteraselwiik needed in many biotechnological processes s@asgh
bio-refining, pharmaceutical and food industried (911].

Feruloyl esterase were first identified Bireptomyces viridosporus in 1987 [12]. To date, they have been
characterized mainly in fungi[13] likAspergillus niger[14] and Aspergillus flavipeg[15], which were generally
concerned by the researchers. Fewer studies havepgseformed on bacterial feruloyl esterases, witbw enzyme
described irBacillus sp.[16] or Butyrivibrio sp.[17]. In recent years new discoveries of ferulostieease producing
strains includeBurkholderia multivorang[18], Aspergillus nidulang[19], Fusarium oxysporum[20], Aspergillus
oryzae[21] andDickeya dadantii[22]. Although more and more feruloyl esterase pgiidlg microorganisms were
detected, the yield of feruloyl esterase by theserahial fermentation is not meet the industriadizeroduction
requirements. It is necessary to screen new ferektgrase producing microorganisms.

In this paper we report the isolation, screening afentification of aBurkholderia fungorum isolate possessing

feruloyl esterase activity using ethyl ferulateaamodel substrate and the subsequent determirfatidloyl esterase
activity change by spectrophotometric method[23}ing on the measurement of 4-nitrophenol (4-NRgased
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from 4-nitrophenyl ferulate (4-NPF) upon enzymeaa@ttThe study aims at enlarging a possible stresources for
production of feruloyl esterase.

EXPERIMENTAL SECTION

Collection of Sample

The soil sample was collected from the forest soilinan, Shandong Province, China. It was coltketihin 10
min at ambient temperatures, kept on ice duringspart and the enrichment was carried out immelgliatiéer the
sample arrived at the laboratory.

Bacterial Enrichment and I solation

For the sample, approximately 3 g soil was addeiDtml sterile water, concussion made into soipeusion. Then
0.2 ml of the suspension was added to an Erlenmitag (100 ml) containing 20 ml enrichment mediwmnd
incubated on a 200 rpm rotary shaker at3@or 2 hours. The enrichment medium had the foll@Mtomposition
(per liter): (NH,),SO, 1.3g, KHPO, 0.37g, MgSQ@7H,0 0.25¢g, CaGI2H,O 0.07g, FeGl0.03g, yeast extract 1.0g,
fungicidine 50000 U, with pH 6.5. After that, the-1 dilution was made by diluting 1 ml of the cuéiwithin 9 ml
of physiological saline. Further tenfold serialudiibn, ranging from 10-5 to 10-9 , were prepared agseptically
spread onto isolation medium plates which contgir(imer liter) NaCl 0.3g, (NE,SO, 1.3g, MgSQ7H,0O 0.3g,
agar 15g and ethyl ferulate 15 ml ¢2th dimethylformamide) as a single carbon sourceenTthe plates ware
incubated aerobically at 30 for 3 days to obtain the feruloyl esterase prodgctrain. The selected colony was
purified by repeated streaking on the isolation ioned Single colony of isolate was picked and steshkn fresh
LB plate, for further study.

16SrRNA Geneand I TS Gene Sequence I dentification

Total genomic DNA was extracted from 3 ml of ovehicultures at 3@ by the CTAB method. The 16S rRNA
gene was amplified by PCR using the universal p$m8F (5'-AGAGTTTGATCCTGGCTCAG-3’) and 1492R
(5-GGTTACCTTGTTACGACTT-3"). The ITS gene were arnf@dd using the following primers
(5-TGTACACACCGCCCGT-3) and (5-CCTTTCCCTCACGGTAGQGT). They were amplified in automatic
thermal cycler. Each sample contained 1xPCR buffés, MM MgC}, 0.2 uM of each dNTP, 10pmol of each
primer,10 ng template bacterial DNA and 1.0 U TagADpolymerase. In the negative control, the DNAurok
was substituted by ultrapure water. The reactiorditmns were 94 for 5 min, 94C for 30s, 54C for 30s, 72C
for 90s, 30 cycles, and then Z2for 10 min. The amplified products were resolvgddbiectrophoresis in 1%
agarose gels with stain agent Genegreen (Tiangetedi Co., Ltd, Beijing, China) and bands visualizgth an
UV imaging system. The PCR product of interest isafated from agarose gel using a SanPrep ColumA BH
Extraction Kit (Sangon Co., Ltd, Shanghai, ChirBl)e purified PCR products were then sequenced Ing@a
Co.,Ltd.

Sequence Analysisand 16SrRNA Gene Phylogenetic Tree

The sequencing result were analyzed and determingd basic local alignment search tool
(http://www.ncbi.nlm.nih.gov/BLAST) and were subteil to the National Center for Biotechnology Infatian.
Species identification was based on maximum sddentify and coverage values. Consensus sequenees w
imported into MEGADS.0 software (http://www.megasadte.net/mega.php) to generate the phylogenetcuseg
the neighbor-joining statistical method.

Morphology and Physiological-biochemical Tests

Conventional identification was performed by usihg following morphology and physiological-biocheati tests:
light microscope observation; morphology in LB plagram staining; spore staining; MR test; VP tastol
production test; starch hydrolysis test; nitratduction test; gelatin liquefaction test; citratdization test; HS
production test; catalase production test.

The assay of Enzyme Activity

Enzyme activity experiment was conducts accordimghe method of Mastihuba et al. 4-NPF was prepared
according to the chemoenzymatic procedure deschigddastihubova et al[24]. Dissolved in DMSO anepared

the standard solution with different concentratiothe standard curve of 4NP and 4NPF were drawhyfir§he
slope of the standard curve represent the extimatmefficients of 4NP and 4NPF, respectively. Tlegzyme
activity was determined by measuring the productbdNP from 4NPF. The substrate solution was pmeghéy
mixing 8 vol of 0.1 M potassium phosphate buffeluson, pH 6.5, containing 2% Triton X-100 with 1 vol of 10
mM 4NPF in DMSO followed by immediate vortexing. élheaction mixture comprised 0.1 ml enzyme andnfl.9
substrate solution. The absorbance around 0, 514 @pinutes were read at 410 nm in 10 mm path feqgartz
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cuvettes. In a control sample, the enzyme was ceglay the potassium phosphate buffer. Calibratiowe were
drew and the slope (k) of the regressing equatieans the change of absorbance per minute. Foliqadatasons
the reaction temperature was set up to ambientasahgre (2@C). One unit of enzyme activity is defined as the
amount of enzyme releasing 1 u mol of 4NP from 4N#PE min under the assay condition. We can getected
values for activity of per liter enzyme solutiorcacding to the equation:

Enzyme activity (U/L) =rr AA410+ 106/ [, -€5) = € = 1], Q)

where AA410 /t = k, n is the dilution factor of the omgil enzyme solution when added to the reactioresystt
is the path lengthg, is the extinction coefficient of the product 4NRs is the extinction coefficient of the
substrate 4NPF, and t represent the reaction time.

Bacterial strain was prepared by cultivation with08m shaking in LB medium at X7 for 12 h. The starter
culture (24) was added to fermentation medium and LB mediumprémuce feruloyl esterase, and then cultivated
on a 200rpm rotary shaker at’87 The fermentation medium had the following composi(per liter): (NH),SO,
1.3g, KHPO, 0.37g, MgSQ@ 7H,0 0.25g, CaGI2H,0 0.07g, FeGl0.03g, yeast extract 1g, wheat btan 20g with pH
6.5. Every 24 h the flasks of each sample werentéadecollect supernatants by centrifugation andsuaeaenzyme
activity according to the above method. All expesits were carried out in triplicates and the priegkresults are
average values of three independent experiments.r&$ults were analyzed statistically and representith a
standard error.

RESULTSAND DISCUSSION

Isolation and Screening of the Feruloyl Esterase Producing Strain

A bacterial strain was isolated from the soil saaripy the method mentioned above. The feruloyl astenctivity
was confirmed by the transparent zone. The isotisignated as A216, was found to possess théyabilproduce
feruloyl esterase, so it was chosen for furthedstu

I dentification of the Feruloyl Esterase Producing Strain

To confirm the species, the nucleotide sequentkeni6S rRNA gene and ITS gene of the strain weatyaed and
determined by BLAST program at NCBI. The obtain€&® XRNA sequence and ITS sequence were deposited in
GeneBank and assigned the following accession niani&]026454 and KJ130021. Strain A216 was closely
related toBurkholderia fungorum as it showed 99.78homology toB.fungorum DBT1. Phylogenetic tree analysis
was performed to show the relationship of 16S rRi¢Ae sequence between the isolate and relatedssbyaiusing
MEGA software (Fig. 1). While the ITS gene sequeshewed a similarity of 96to Burkholderia phytofirmans
PsJN. The reason is possibly that in NCBI datalthsee were not the ITS sequence information ofghecies
B.fongorum before.

Light microscopy showed strain A216 was gram-negathonsporeforming and rod shaped, 0.4-0.5<@®-1.5
um. The colony morphology in LB plate are smaltcglar, smooth, regular edge, opaque and milky. kioation
between colony and medium is not closely. The pmhygical and biochemical characteristics listedTable 1.
Coenye et al. had a detail descriptionBoffungorum. Our results of indol production, nitrate reduntigelatin
liquefaction, citrate utilization are the commonatdcteristics ofB.fungorum. Catalase production is strain
dependent and it is same with the type strain LM&ZBd. MR test, VR test and,H production test are not
mentioned in that study.

Table 1 Physiological and biochemical propertiesof strain A216

physiological-biochemical characteristics  result
MR test -

VP test +
Indol production test -
Starch hydrolysis test

Nitrate reduction test +

Gelatin liquefaction test

Citrate utilization test +

H,S production test -

Catalase production test +

Characteristics are scored as: +, the strain tested gave a positive reaction; -, the strain tested gave a negative reaction.
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Fig. 1 Phylogenetic tree based on 16SrRNA gene sequences of strain A216 and related species. (The tree was evaluated by the
neighbor -joining method based on 1000 replications. The scale bar represents 0.02 substitutions per nucleotide position, using
Paenibacillus polymyxa (AM 062684) as an outgr oup)

Standard Curvefor 4-NP and 4-NPF and Calculation of Enzyme Activity

Under reaction conditions solutions of 4NP resuitelihear standard curves exhibiting correlatiantérs of 0.9996
and extinction coefficients of 2.09%10° dnPmol’cmi’. The value of 4NPF were 0.9987 and 0.3869°
dm’molcm®, respectively(Fig. 2,3). The absorbance of feratiid was minimal and was neglected in the activity
calculations (Mastihuba et al., 2002).
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Fig. 2 The standar d curve of absorbance at 410 nm and 4-nitrophenol with different concentration
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Fig. 3 The standard curve of absor bance at 410 nm and 4-nitrophenol fer ulate with different concentration

Production of feruloyl esterase activity froBfungorum grown on two different medium are shown in Fig. 4.
Growth of B.fungorum on fermentation medium resulted in the productérieruloyl esterase activity which was
characterized by culture supernatants. Esterageitpabn 4-NPF was first detected 2 days after ulation,
increased evenly over days 2-5, obtained the maxactivity of 14.24 U/L at day 5, and then decrehgeadually.
We were not able to detect feruloyl esterase dgtimicultures grown on LB medium.
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Fig. 4 Production of feruloyl eaterase activity from B.fungorum grown on either fermentation medium or L B medium.(Enzyme activity
was measur ed in culture super nants after growth on fermentation medium (m) or L B medium (e) using the spectrophotometric method
with 4-NPF as substrate. The presented results ar e aver age values of three independent experiments)

DISCUSSION

It was reported that feruloyl esterase could ach@nonly natural substrates, such as xylan, pestieat bran, and
sugar beet, but also artificial substrates likeyletbrulate and 4-nitrophenyl ferulate. When etfgiulate used as
only carbon resource in the medium, the strainschvare able to produce feruloyl esterase, caizetit and show
a transparent area. By the size of transparent ame@and the colony, ferulyol esterase activity reliminary
determined. Using this method, feruloyl esterasmpeing strain A216 was isolated from the forest swough
enrichment, screening and purification.

Based on 16S rRNA gene sequence analysis and ppénatharacteristics, the isolate A216 was acciyate
assigned to the speci@fungorum. Coenye et al.[25] initially proposed the spedifsingorum for a group of 9
B.cepacia-like strains, which were isolated from the envirent, animal and human clinical samples. In thad\st

4 strains were recovered from mouse and humarcalisiamples. There is no doubt tiafungorum belongs to
pathogenic microorganism. Another major source Biffungorum are the white-rot fungudhanerochaete
chrysosporium, and it has been suggested there is a symbiofitiamship between them [26]. In the nature,
P.chrysosporium can strongly degrade lignin and other wood comptmby releasing a series of enzymes, result in
the wood rotted. So it is understandable tftingorum can produce feruloyl esterase which play a rol¢ha
degradation of plant cell wall.

NowadaysB.fungorum has been identified in a range of samples, hile i§ known about the species. To our best
knowledge, this is the first observation of ferdl@sterase activity in the speci@&fungorum. And we first
submitted the ITS sequence of the species. Rettiavéhe NCBI, a variety species Bfirkholderia genus have
feruloyl esterase gene, but few research and reype focus on this. In addition to Rashamuse Kal.aibtained a
novel recombinant feruloyl eaterase fr@&multivorans genomic library.

Further tests were carried out to determine thgranzactivity change of strain A216. Most reporteetimods for
measuring feruloyl esterase activity are based &L techniques, using enzymatic hydrolysis of dpeci
substrates such as hydroxycinnamic esters[27]} plalysaccharides[28] and so on. However, the disathges of
these HPLC methods are expensive equipment-negdedconsuming, and not suitable for rapid analg$itarge
numbers of sample. Here we used a spectrophotanasisay for the quantitative determination of feyLiesterase.
Based on the differences in spectral propertie&P and its natural esters 4-NPF, it is accurafgid and easy to
perform.

Two types of medium were prepared to determinestimyme activity change. In fermentation medium, wheat
bran is a slowly available carbon source. Contnast that, the nutrients of LB medium are easy $e.urhe result
indicated that production of feruloyl esteraseeigulated and inducible. The level of feruloyl easer expression is
tightly controlled by the available carbon sour@[ZT'he gene is not expressed in the presenceadilyeutilizable
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carbon source such as yeast extract or peptons.iJlhe reason why no feruloyl esterase activias wetected
when cultivated in LB medium. While incubated imrfeentation medium, the gene is expressed in thelsteat

bran after yeast extract is exhausted. It has lsbemvn the presumed regulation mechanism, carbabalite

repression, is involved in the regulation of a edrof genes[30].

For achieving its industrial applications, the ateto improve feruloyl esterase yield will depemdtioe successful
discovery of novel microorganism which have higlzyene activity. This is the first report aboBfungorum had

the ability to produce feruloyl esterase by utiliziinexpensive raw materials like wheat bran. #idated that
bacteria belonging to geneBaurkholderia sp. may be a strain resource of feruloyl esterase ymtish. This may
broaden the current limited feruloyl esterase appilbins in the further.
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