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Isolation of a Microbe Converting 5-Hydroxymethylfurfural
into 5-Hydroxymethyl-2-furancarboxylic Acid

Naoko TERASAWA

Abstract

A microbe, S4-17, which was isolated
from soil, converted 5-hydroxymethylfurfur-
al into 5-hydroxymethyl-2-furancarboxylic
acid. The-strain was a Gram-negative, aero-
bic rod, and identified as Pseudomonas sp.
S4-17. The chemical structure of the convert-
ed product was identified on the basis of its
mass spectra, 'H-NMR, and ®*C-NMR. The
vield of 5-hydroxymethyl-2-furancarboxylic
acid was 99%. This strain decomposed fur-
fural (46%) , furfuryl alcohol (34%), but did
not decolorize caramel pigment.
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1. BEOTEE

Pridham#5 o) R FEIR 2 25 2 72 6 FEIE OO L3
(Table 1) OF4AfEmL 72,

Table 1 Composition of Media
Pridham Medium

C source 0.2% C source

(NH,),S0, 0.2 (@ Ascorbic acid

CaCOs 0.2 @ Xylose-glycine melanoidin

K,HPO, 0.1 @ Glucose-lysine melanoidin

MgSO, - 7H,0 0.1 @ HMF

NaCl 0.1 ® 5-Hydroxy-2-hydroxymethyl-4-pyron
Agar 1.2 ® 3-Hydroxy-2-methyl-4-pyron

pH 7.0

FORENAART D SERIRL 72 +48 0.12 258
K10mliz #&&F L, EE B A T HIFIR
EgLBLIESCREL, H® 0.2m]l % L&
EREICEAFL2TCT2 ~T7 AFBEREL
720

2, Ry j—=vo

- BEW R i, Davisszit (M 5 K, HPO,
0.7%, KH,P0,0.2%, MgSO, - 7TH,0
0.01%, (NH,),S0, 0.1%, Sodium citrate
0.05%, Glucose 0.2%) 3mlT#EEE (27°C,
1~2HM) L, 2 0.2ml # DavistZ#s (7
Na—Z2% K<) 3mlictE Mg, 2o
Davissgirhic, 2BEszH (Table 1) H T 2 2
NE B, Xyl-Gly A7 /4 2 >®, Gle-Lys #
7/4v»89 HMF, 5—tFuxi—2—-t
Fexi 2F)—4—-—Fruor, 3-kFux
=2 X FN—4-Yur OREREIEER
B 2ENFTOUEREE 0.1%iIc b L5128
L7z, £72T7 22N EBRNERTEL R
AR LT, TRaLErBORbHY)
I2Gle-Lys A Z /4 P #EBRICEMUSEEL
72

INE2TC T 3 HERESERE (120118 /45,
5cmif, LPUTREER) L7zfg, &0 (35000
&, 100 Ic & & EBEOBRLEO,,
®,500nm, @,280nm, &,268nm, ®,320nm)
ZHIEL, PEEIZIIHHEELRD:,

F I REEDTE R, BE /et 7
74— (TLC) 2k )V DBERME 72135
WYDFEZERL 72, FFZLUTOEBY T
Hhb,

BE7L—}

Merck #:#{, DC-Alufolien Kieserger
60F 2, Art. 5554, JE& 0.2mm
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3. BEMOHE

BEMES (4 ) > ¢z, VANOX model AHB
~LB)iz & ) M, Eut s B\E L 2, 72
77 LG, BERAEETTOEE, O—F7X
b EITo 7,

4, FLEEHOEEZS

Davisksith 3 mlCcHEREEE (27C, 1~ 2 HEHE)
FITVv, Z4gE%d Davistii (Fra—2%
B <)100mlzin 2 72 E@RE L 72HMF % &
MBE 0.1%Ic e s ko icimL, ®RO7 72
2 (500ml%) T27C CIRESEE L /2, 6B
CICHEEW 3mlEERELL, WHEE 600nm (i
), #L B EEORLE 280nm, 250nm
ZHEL 72,

5. HMF Y0 D & EERE

4 XERRICIO7 7 A2 C2 B EMEYE 5
L2, HEEE 100mlh 53008 (35000
B, 1040 itk VEEREREL, Z0LES
BiEL, Amberlite IR-120 [H*] 4 > &5#as
7 2 ($13X150mm) 1221F, FERBEAKTEL
Lz Bon - ERYOETZEBMEL,
Sephadex G-10 (48X 120mm) 2T THELL
721%, WIEEEL 72,

"FoHNiet 7N ENMR EMS o ffric it L
720 FHFRUTOEBN THS,
NMR&#7

B > JEOL LNM-GSX 270
FT NMR spectrometer

(LS COEX

FE#e 'H-NMR =K (4.65ppm)
BC-NMR 14— H x4
(66 .5ppm)
MEES . 'H-NMR 16H
BC-NMR 20,000f
M S 44y
AV SR TR S A TR TR BT 78 28 1 KR
L7z,
E1

i Hitachi M80
GCMS
s JEOL AutoMass JMS
-AM 150

X7 ) =724 TC-1(0.25
mm X 15m)

B © 80°C (1 min)#*%30C/min
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S S EYE R Table 2 2R, »X7
T ) THYO3%E, BURE 28R S 2, ©,
@, ODEIEMTEBEL Dhd - 12,

Table 2 Number of Isolated Soil Microbes

Medium O @ @ @ & ® Total

25 10 21 11 3 23 93
Actinomycetes 12 5 11 0 0 0 28

Bacteria
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Q@ ttudr & 7 BE L 2 BkD b3 A T
JACYRAREETLLOREBLN 2
7Y, @Oy 508 L 22Kk S it
SWEVRLLLEDET 2 L DD FNEFN LI,
18, 8HELAT,
INLNHEOEEERICOWTTL CTEEL
PAER, Bl ARy PR LN DIZ@REH
Db DGBERE S4-17 OEBEN A TH - 72
(Fig. 2). '
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Fig. 2 Thin Layer Chromatography of HMF
and Strain S4-17-treated HMF
Sample A, HMF; sample B, fermented
broth by strain S4-17

3. WEHODE
BmakiR% Table 3 2R ¥, AWITZ 77

Table 3 Characteristics of Strain S4-17

«Cell shape rod
Gram staining negative
Growth under air +
Motility in liquid media +
O-F test 0

LEMDFRMEREE T, EEHEL), O—F7
2 MIBRLEITH » 72, ZORERD L S4-1TH
1% Pseudomonas J& L% 2 b1, Pseudomonas
sp. S4-17 & L7z,

4. S4-17 ¥kiZ L 2 HM F a0 EZB
BERZRBES Fig. 31277, HMF i3 280
nm, B ERKIT 250nm TRIEL 72, HM

Foo4#i2izi3 1 BTHKH D, 2L HME
DFNAE - CHRINT % 2%, HARE (600nm T
BIBMZIZE A EHZ o7z, BEiopHIZ L
Kbz a bk, T-HMEF D4
ROBEKFELZFANI LA, HMFRIIE
HRBE0.1%F Tt 1 H DB T#H99% D4
BEERL2DS 0.2% TIEH13%IC T A -2
(F=FI3RLTwicwn),
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Fig. 3 Time Course for the Decomposition of
HMF by Pseudomonas sp. S4-17
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Fig. 4 'H-NMR Spectrum of HMF
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Fig. 5 “C-NMR Spectrum of the Purified Microbial-treated HMF (SS4-17) (a) and HMF (b)
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5. HMF EEYODER & IBERE
#3850 100ml (HMF 100mg %) &0 40 Ll
mg NHMFZH4 (BT SS4-17 & 2) 7 : é:l
BERE LTRb A, AURIZA0% Th > 72, ms-ot«iléfc Hs
I TLCETY7 Y ARy P TH-72 (R ‘ T 188 ]
N 286

0.56 ),

SS4-17 'H—NMR#FiZ, v 417
F Su(ppm) 7.10(1H, d; 3.66Hz), 6.38
(IH, d, 3.36Hz), 4.45(2H, s) ppm T &
D, HMF®»'H—NMR z~¢7 |} )\ (Fig. 4)
A LN5 9.28 ppm (1H, s) obE— 7354
LLTnwi, ZOC—2ZHMFOT7ILTE F
EoMEBEOHICMEET %, 72, SS4-17 @
BC—NMROERE, 730027 &
(ppm) 162.1 (s, C-1), 158.3 (s, C-2),
143.9 (s, C-3), 120.0 (s, C-4), 110.3 (s,
C-5), 55.8 (s, C-6) (Fig. 5(a)) THYH, H
MFE»nz~27 + v (Fig. 5(b)) & HET 5 &
1, 3, 4ne—=7iEHEMcy 7 LT
5, INbDT Db, SS4-17 IFHMF D7 v
Tbe FEFANKRVBRICE L5 —k FeX
VAFN—2 =TT AINRIEBEHEL I,

a7

Hlﬁ l
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Fig. 6 EI MS Spectrum of the Purified
Microbial-treated HMF (SS4-17)
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INEHELO LD, SS4-17 #MS o
L7e#ER, -t FaxiAFn—2—-75>
AWK VERICHET 5 m/Z 142 D E—7
L, COOH RNt Bbd m/Z 97 D
v — 7 A8l E 7z (Fig. 6). 2 510 TMS AL
LGC/MS TatrL2#5% (Fig. 7), m/Z
286 BN TEY, Z#EE#EEROTTE
142+TMSX2 b—3 L 72, 272, K777 2>
P A E—7%R %L m/Z 197 12-OTMS
I nzdb o, m/Z 169 i3 -COOTMS #¢
BTN LDEEZ 5ND, D EOERLD,
SS4-17 B5 -k FuXxiAFN—2—-75
KRB (Fig. 5(a)) &l 72,

6. 77 VREFT 3LEYDODEREAE
TNT T —NIF46%, TNT7 )T a—)u
UGN GHEHRL IR L I2H, £ Ofoba&io
DRI ANE o7 (Table 4), $72717
F—NETATYNT A LIEE#RTLC
LleHire e ARy PEELR, wInbL 7T
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Table 4 Decomposition Rate of Fran Ring
Compounds by Pseudomonas sp. S4-17

Fran ring Maximal Decomposition
compounds absorbance (nm) rate (%)
Furfural 277 45.8
Furfuryl alcohol 216 34.4
2-Furancarboxylic acid 245 —-7.5
2-Acetylfran 275 9.5
2-Acetyl-5-methylfuran 290 1.4

HMFOTNLTE FEZEBLL THANLKR B
(5—bFaXxs tFL—2~7F>h K>
BE) T A mEwE LER LN A,
Pseudomonas sp. S4-17 £ L1z, 2Dk H 7%
BeE B 2T MEDOREIZS T Tt LWy,

GRET—=ZIRRI Lo lehy, KEIEH T A
W (7 ANFREDFERIZ7 VT 7 —VEEDH
5) 2hifET, HoFhlLl, ZnkEs T
A NVHOEIEE 280nm (HMF DB AR 13
BAL, 250nm(5 — k& FoXi 2F,L—2—7
T ANKRBOBRIRI 3¥mLie, 2o
BT ANDERIL, 7T IR EBEEDES
FbAOHEME 2 D ROEHEICERT 2 £ &2
Lk, —HFHMF &ERE7 5 3% L 2bé
Wz DWTRBRICARIC & 5518 % /78
B, TNT75—=NETNT7 VAT AI—NDEH
WEISTHBE N, TLC Ricgzaz®y b
R, Zns0fkEmb2—-75 a0
ROBOBELZ L OWEICELL2eEz2 6N
5,

HMF i3 @& G DORERERp D U & DT,
VEDGHERT I ) ANRZIVEIGIC &) £
L, BREATICEBET 5, Wihoigsdd, 7
A, 74 AX—, T L% EDEE, BHERT,
WL S nERPIcERL, —RICEFRER
EXEWIZERENL T 7L ——%honielE &
Lbh, AL PRETIR, 7V77—NVEED
55ug/L LI EICZ B A7 7L —"—D8BH
WHRE & v A D B9, —F Haas 519,
Wahhab!'Y, B kL ¢ Stadtman'?}Z, 50~57Ciz
e 7287 > XhicHMF &8N T7 07

S—VEERBEL 7z, E5ICMEES L, BEL
BV —ZARERIC2ET HAREBRLREL
R ESNL, 4mg%BOHMF 28 H L
7219, FFEBICEGOREEROWE T, BE T
TNT I NDRENRBEETITLNTW
W, KEIZ 7107 72— NErRENICE{LT
LrEZoNL2H, ARTHMFOMELE
BICHWAZ ENTE S ETFHIND,

i
AREERATHI%0 ), $2 WA, =
BEZIY & L BROKLTRFARIE—#
%, NEEEHHE, MLUEATS AR
ML EFET, 2 RMSAH SR TEw
% U 7B AR S AR T SRR 22 2 0
PR ¢ AL L B 2 T,
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