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ABSTRACT

Attempts were made to elucidate the process of biodegradation of furfural.

Zoogloea sp. isolated from soil could convert furfural into 2-furoic acid by a certain enzyme

(s) and also accumulated it extracellularly. This substance was extracted with diethyl ether

and identified with U.V. spectrophotometry, high pressure liquid chromatography (HPLC)

and IR spectrophotometry.

INTRODUCTION

Furfural is a solvent widely used in petrole-
um and chemical industries, and also present
as a toxicant in waste water of the sugar-
using industries in large quantities.

Furfural becomes dark brown in air expos-
ure and is reported to be Dbacterial mutagen
and carcinogen(Zdzienicka, ef al., 1978).

It has been assumed that furfural was not
easily bioconverted or biodegraded by microo-
rganism for its toxicity.

On the other hand, Trudgill(1969) demonst-

rated the metabolic pathway of furoic acid

into glutamate by Psendomonas F2 which can
not metabolize furfural as a carbon source.

Furfural can, however, be converted into
mainly furfuryl alcohol and a bit {of furoic
acid by Saccharomyces cevevisizae in the med-
ium containing molasses and Koji extract(Mo-
rimoto, et al., 1968).

Problems arise from the direct decomposit-
ion of furfural in ecosystem, or aldehyde g-
roup of furfural may be converted into either
hydroxyl group or carboxyl group which can
be easily attacked by microorganism.

Therefore, biodegration of furfural probably
of microbes

necessiates mixed populations

(Han, ef al., 1980).
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In this paper we describe the isolation of
microorganisms capable of oxidizing aldehyde
greup of furfural and identification of oxidized

substance from furfural in culture medium.

MATERIALS AND METHODS

1. Isolation and cultures of microorganism

Microorganism was isolated from soil of the
University Campus. Isolation medium contains
per liter: KH,PO,, 1.0g; K;HPO,, 2. 0g;CaCl,,
0.02g; MgSO,7H.0, 0.2¢; KNO,, 1.0g; furf-
ural, 500mg; yeast extract, 0.3g; agar, 15g.

For liquid culture isolated strain was cultu-
red in the isolation medium without addition
of agar and with addition of proline instead
of yeast extract.

Liquid cultures were carried out with New
Brunswick fermenter Bioflo Model C30 (New
Brunswick Scientific, New Brunswick, N.]J.,U.
S.A.). Culture conditions were: agitation, 250
rpm; temperature, 35°C; pH, 7.0; aeration,
0.3 liter per minute; working volume, 35¢m/.

Identificat'on of isolated microorganism was
followed by Bergey’s Manual of Determinative
Bacteiology (1974).

2. Estimation of Biomass

Biomass was estimated as turbidity at 610
nm using CE 272 Linear Readout Ultraviolet
spectrophotometer (Cecil Instruments, Cambri-
dge, England).

3. Detection of furfural and 2-furoic acid in

the culture filtrate

In order to estimate furfural and its produ-
cts furfural and 2-furoic acid were scanned
and detected by Perkin-Elmer Model 139 U.V.-
visible spectrophotometer (Hitachi, Ltd., Tokyo,
Japan) and high pressure liquid chromatogra-
phy(HPLC., Waters Associates Inc., Milford,
Massachusetts, U.S.A.) under the conditions:
column, p-Bondapak C18; solvent, methanol/
water(10/90); flow rate, 1.0m!/min; U.V. d-
etector, Model 440, 254nm.
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Each change of furfural and 2-furoic acid
during the culture development was estimated
as measurement of absorbance at 277nm and
245nm using CE 272 Linear Readout Ultravio-
let spectrophotometer (Cecil Intruments, Cam-
bridge, England).

Purified product in culture filtrate was ide-
ntified with authentic 2-furoic acid by IR s-
pectrophotometry (Beckman, IR-20A).

4. Purification of 2-furoic acid in

filtrate

Cell-free filtrate was prepared by centrifu-
ging for 15 min at 5000rpm (Hitachi Automatic
Refrigerated Centrifuge, Hitachi, 20PR-5) and
millipore filtration (0. 45 /an, Millipore Corp.,
Bedford, Mass.). Thereafter cell-free filtrate
was treated with cation exchanger (Amberite

culture

IR-120) followed by anion exchanger (Ambe-
rite IR-400) equilibrated with pH *".0 SO as
to remove the mineral salts.

The effluent was extracted with diethyl et-
her, and nonaqueous phase of diethyl ether
was decanted and then evaporated completely
at 35°C to obtain yellow powder, which dis-
solved in distilled water adding a small amo-
unt of active carhon and again filtered by M-
illipore filter.

This filirate was acidified with 2N HCl(ca,
pH 3.0) followed by extraction with diethyl
ether and evaporation to dryness at 35°C. The
obtained white powder was identified by IR

spectrophotometry.
RESULTS AND DISCUSSION

1. Characteristics of isolated Zoogloea sp.

The characteristics of isolated microorganism
were Gram negative; cell
0.6x0.9um (=) O, x2. 4um; motile by polar
flagellum; catalase positive; oxidase negative;

shape, rod; size,

nitrate not reduced to nitrite or to gaseous
nitrogen,

In shake cultures starlike flocs were formed
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in arginine medium(arignine HCl; 0.05%,
MgS0,-7P,0; 0. 07%, K-HPO,; 0.2%, KH:PO,;
0.1%, FeS0;-5H.0 trace; vitaminBiz; 2ng/ml,
distilled water). Thus genus of isolated micr-
oorganism was classified as Zoogloea sp. and
identification of species is under the further
study. Zoogloea sp. which was isolated from
undefined cultures of soil could grow in the

medium containing yeast extract, but not do
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Fig. 1. UV scanning spectra of Ejs and
in the culture filtrate of Zoogloea A,
1. furfural 3. Eas

furfural

in the medium without yeast extract. Growth
of Zoogloea A, was also observed in each m-
edium supplemented with 0.1g of each amino
acid.

In stead of vyeast extract (.1g of proline
was substituted in order to simplify the cul-
iure medium. It was, however, ambiguous w-
hether furfural was assimilated by Zoogloea
Ay or not, when Zoogloea A; propagated in
the medium with proline plus furfural.

Thus its culture filtrate was scanned within

UV range of 2i0nm to 330nm wavelength,

2. Detection and identification of extracellu-

lar product formed by Zoogloea sp
As shown in Fig. 1, two maximum peaks

appeared in the culture filtrate. One peak at

277nm was that of furtural and the other at
245nm was unknown.

This unknown substance (E:;s) might be p-
roduced from furfural by Zoogioea A; and still
remained after even complete exhaustion of
furfural.

The culture filtrate was positive with Ant-
hrone reagent indicating the presence of furan
derivative.

E.s substance was adsorved at pH 7.0 by
anion exchanger(Amberite IR-400). So it was
considered to be anionic at this pH. This su-
bstance can be assumed to be 2-furoic acid s-
ince in general aldehyde is oxidized to carbo-
xyl group.

Then E.,; substance was purified as descri-
bed in method. It was confirmed that the pu-
rified E,; had the same peak and retention
time as those in culture filtrate by means of
UV scanning and HPLC (Fig. 2).

IR spectra indicated that an unknown subs-
tance was 2-furoic acid comparing with auth-
entic 2-furoic acid(Fig. 3).

Quantitative changes of furfural and 2-fur-
oic acid during the culture development were
expressed as measurement of absorbancy at
277nm and 245nm by UV
respectively.

spectrophotometer,

As shown in Fig. 4, while furfural decrea-
sed, acid and biomass increased. Therefore {-
urfural was certainly transformed to 2-furoic
acid extracellularly by Zoogloea A,

2_Furoic acid was not assimilated furtherm-
ore and-accumulated in culture medium.

Such bioconversion of furfural into 2-furoic
acid seems to be enzymatic catalysis reaction
by enzyme(s), for extracellular protein(s)
increased gradually while furfural was conve-
rted to 2-furoic acid. We investigate about p-
urification and kinetics in detail.

Trudgill(1969) and Han, et «al,(1980) report-
ed that 2-furoic acid could be oxidized by P-

seudomonas sp.
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Fig. 2. a) UV scanning spectra of purified E,;5(1), furoic acid(2), and furfural(3)
b) The liquid chromatographic analysis of purified E,;; and furoic acid
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Fig. 3. IR spectra of purified E,;s substance and
2-furoic acid
After accomplishing microbial transformation
to 2-furcic acid from furfural, furfural can
be assimilated via 2-furoic acid to glutamate or

other metabolite(s)by several microorganisms.
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Fig. 4. Bioconversion of furfural into Ezs in the
culture development of Zoogloea Ag
1. Biomass 2. Furfural 3. E.;
Thus we take account of that this study
may be significant not only in the metabolism

of toxicant but in waste water treatment.
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