KOR. JOUR. MICROBIOL. December, 1985 p. 241-247 . Vol. 23, No. 4

Pseudomonas fluorescens 0| 2|3t Furfural 9]
TSHCHA} =X 830l -5}od

OIEE - REM - OIHIZE - 31AH
MBCHetm Tieinheichat oM@t

Purification and Characterization of the Regulatory Substance of
Furfural Biodegradation in Pseudomonas fluorescens
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The objectives of this study were to isolate and identify ninhydrin pusitive substance(s) produced in
the culture broth of Pseudomonas Sluorescens. It was found that the NPS could stimulate bioconversion
of furfural into furoic acid. In order to isolate the NPS from the culture broth, cell free filtrate was sub-
jected to ion-exchange chromatography, gel-permeation and finally to cellulose column
chromatography. The purified NPS was white amorphous powder and very soluble in water, slightly
soluble in methanol and very insoluble in organic solvents. UV, and IR absorption spectra. 1H and
13C-NMR were measured in order to identify the chemical structure of the NPS.
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Fig. 1. Dowex-50W ion exchange chromatography of
crude NFS.
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Fig. 2. Sephadex G-10 gel permeation chromatography
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6.0
g 4.0t
2
[ig]
=)
=
U
(5
=
[x)
e
5 20}
(2}
el
e
0 1 1

10 20 30 40 30
Fraction No.
Fig. 3. Bio-Gel P-2 gel permeation chromatography of

crude NPS.
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Fig. 4. Cellulose column chromatography of crude NPS.
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Table 1. 7LC and paper chromatography of NPS.
Rf value
Whatman cellulose silica gel
No. 1 plate plate
solvent A 0.20 0.25 n a.
solvent B 0.43 0.41 0.50
solvent C 0.39 0.25 n. d.

n. a. ; not available

n. d. ; not determined

solvent A ; n-butanol . acetic acid . water
=63:27 .10

solvent B ; n-butanol : pyridine | water=1:1:1

solvent C ; pyridine | isoamylalcohol . water
=35:30:30
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Fig. 5. Effect of NPS on furfural bioconversion into
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Fig. 6. /R spectrum of isolated NPS.

Furtural Biodegradation in Pseudomonas fluoressens 245

M

HDO UMSQ

5 5.0 25 T
o (ppm)

Fig. 7. "H-NMR spectrum of isolated NPS i OMSO-ds

AR BEE 24 4+ 9k NPSe IR spe-
ctrum  Fig. 6 %t} o] IR spectrum
7t band 7} oll2]sHA] He)sjx) = okobala)

238 band ¥ 2ol 7}%5-3 functional group<-
Fgetod wmd ek} 2ol 3395cem e band
; O-H, 1633 cm™'2] band ; conjugated C= Cor
amine ¢/ N-H, 1401 cm "9} band; alky! group
©] C-H, 1000 cm~'2} 1200 cm ™" A}o| ¢] band ;
alcohol ©| C-0 ®+ amine® C-Noj &jg} 7
ole} F=5lck NPS+ ninhydrin 8ol k4o
L2 amino N-H band% O-H band 2} v]<:3}
Aol e} 2 N-H band = broad band
ol O-H band <roll ¥&ts]o] vpejyl sow =
A8 4 2k o] IR spectrumofl 4]

ringoll 2J8F band+ vlER}z] 9Ll o @ ES

aromatic

A=}
NPS ¢ 'H-NMR spectrum< Fig. 7.8}
Zrh DMSO-d65  fole  Af&afo] ofo

Fig. 72| spectrumol4{3= DMSO-d6ol] & %]
H, 00l 2J3t 3. 43ppm 2| <= peak 2|o 8. 09, 7. 78,
7.46 712]31 6.82 ppme] 4 7} 2] peak7} viEpyk
ot el spectrum S 912 A ol D,0% 7}sjo]

N E - spectrum2 1o 8,09, 7.78.7.46 L

HDO

7.5 0.0 2.5 0
g {ppm)
Fig. 8. "H-NMR spectrun of solated NPS w1 0,0



246 Lee, Yu, Lee and Hah

130.0

150.0 110.0 90.080.070.060.050.040.0

o (ppm)
Fig. 9. *C-NMR spectrum of isolated NPS
Me: deuterated methanol (d4)

2] 2. 6.82ppm2| 4 peak ¥ 27]7} who| 74 s
oich o] A2=E ®ol o|F 4 peak¥ hetero-
atomol 71 &3 exchangeable proton3d-& % 4
2Aglct, o] E peakF 8.09, 7.46 LBl 6.82
ppm & 3 M9 sharp peak+= O-Holl 2I3} pe-
ak 2, 7.78ppm& broad peakt N-Hel &3t
peak & 2 Hch D05 S Agafe] o

Pseudomonas fluorescensoll &3] A Z 2o

KOR. JOUR. MICROBIOL

2 Fig. 82 spectrumol4 4.69ppm ¢ =
peak = H,0¢l 2|3} peako|i, 3.72ppm2] pe-
akt -CH,-OH 2] el 2]=}oll 785 protonol
218}t peak e} A=k, NPS ¢ decoupled “C
~-NMR spectrum< Fig. 98 72}
rumoll= 128 ppm3} 60 ppm 22l 37 reference
2 7}38F methanol peak 7} el 9let 60 ppm
o] peak+= sp® orbital & 7}% El4F 128 ppm

o] spect-

sp? orbital & 7}#l I

-C-0-R"*
FA =) 60ppm 2l peak
A= Fig. 8oll41 3.72ppm<]
peak & YE}lH+ protono| ZAdtE B4 ¢zte}
AzkElc) o]abel UV, IR 28| 12 NMR spec -
trumS £%slo] ¥, NPS+

% o]

o] peak+=

TaE 2

aE
% dehie wladl

aromatic ring

-NH, b §
—C—O R’

OH group< Z+& F715%H=2

2 7FA] 5L) 4]
-j-al:ll _CHZ_
245

2}o] A&l 2lol mass spectrometry &} ele-
mental analysis S 3&le] o R ARE odo

m NPSe| 122 o3 #o& £ g 7|}

(@]
=

AALEl furfural 2] furoic acid2 ol AE&3 HsS E2A]7]4& ni-

nhydrin 2F-3-ol] k43l tHALE (Ninhydrin positive Substance=NPS) £ ion exchange chromatography$} gel pe-

rmeation chromatography 1211 cellulose columm chromatographyell ¢jslod H2i

hotometry2} 'H-NMR spectrometry 22| 1 “*C-NMR spectrometryel 2]sf o] NPS+=

2|7 —CH,- OH group & Z+E #7842 FHHL

At At
'H-NMR 2 #]-&-tfsta gokodf-4of4], “C

“NMR & @3 ahebelel < asioiet £ aiF
% ool A4S TelS AFel FA okl
7 of el 5ol Al R e 7HALE =3 =3
B odTE ALl FA Fmy BARA 7
AERlY AEAE Be 2L HFA A
gasn A% 2A4E 23

REFERENCES

1. Byun, K.H., 1981. Bioconversion of furfural
into 2-furoic acid by Zoogloea sp.. M.S.

A A sty el IR spectrop-

-NH, % _&_o_Rr =

Thesis, S.N.U., Seoul, Korea.

2. Dean, F.M., 1963. Naturally occurring ox-
ygen ring compounds, p 1-135. Butterworth
and Co., London.

3. Han, H.E., 1982. Microbial interactions in
degradation of furfural and its derivatives.
Ph.D. Thesis, S.N.U., Seoul, Korea.

4. Han, H.E., SW. Hong, and Y.C. Hah, 1979.
Symbiotic biodegradation of furfural by soil
bacteria. Kor. J. Microbiol., 17(4), 198-202

5. Hong, S.W., H.E. Han, and K.S. Chae, 1981.
Detection of furfural and 2-furoic acid in
bacterial cultures by HPLC. J Liguid



Vol

23, 1985

Chromatography, 4(2), 285-295

. Hong, SSW., Y.C. Hah, H.E. Han, and B.U.

Lee, 1983. Purification and characterization
of stimulating substance which participates in
furfural biodegradation. Kor. Biochem. J.,
16(4), 327-335

. Kakinuma, A., and S. Yamatodani, 1964.

L-Glutamic acid formation from 2-froic acid
by soil bacteria. Nature, 201, 420-421

. Moore, S., and W.H. Stein, 1954. A modified

ninhydrin reagent for the photometric deter-

Furtural Biodegradation in Pseudomonas fluoressens

10.

247

mination of amino acids and related com-
pounds. J. Biol. Chem. 211, 909-913

. Morimoto, E., T. Hirashima, and M. Ohashi,

1968. Studies on fermentation products from
aldehyde by microorganisms. J. Ferment.
Technol., 46(4), 276-287

Trudgill, P.W., 1969. The metabolism of
2-furoic acid by Pseudomonas F2. Biochem. J.,
113, 577-587

(Received August 20, 1985)



