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Abstract Vegetable oils are desirable inexpensive feedstocks for various bioproducts. The content of unsaturated fatty
acids such as oleic and linoleic acids are 22% and 55% for soybean oil, 26% and 60% for corn oil, and 61%
and 21% for canola oil, respectively. Keto and hydroxy fatty acids are useful industrial chemicals, used in
plasticizer, surfactant, lubricant and detergent formulations because of their special chemical properties such
as higher viscosity and reactivity compared with other fatty acids. In this study, a microbial isolate,
Flavobacterium sp. strain DS5 (NRRL B-14859), was used to convert oleic acid to 10-ketostearic acid (10-KSA)
via 10-hydroxystearic acid (10-HSA). Two bioconversion products, 10-KSA and 10-HSA, were quant1itatively
%nd qualitatively analyzed using gas chromatography, gas chromatography-mass spectrometry, and 'H- and

C-nuclear magnetic resonance. The maximum production of 10-KSA and 10-HSA in flask cultures were 3.4
g/L and 0.5 g/L, respectively. The optimum concentrations of glucose and yeast extract, addition time and

volume of oleic acid for 10-KSA production were less than 20 g/L, more than 5 g/L, 18 h and 0.3 ml/50 ml,
respectively.

Keywords: oxygenated unsaturated fatty acid, Flavobacterium sp. strain DS5, 10-ketostearic acid, 10-hydroxystearic
acid, oleic acid
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hydroxy'} keto group@} Z-2 functional group 5 =
stod AlsHERs Aiko g WA A7yt L
FEH BuEo] ¢t} HydroxyY keto groupO 2 X|3hg
EX3} ApREE O Al b3 52 A=) whe-
4 T 538 35 54 wio] 1, YAE, I,
EokEE PAAA, SE, 8, 84 T Fhe Bo}
o AHE-ETH2). Wallen 5(3)2 Pseudomononas sp.=
°o-83) oleic acidZHE] 10-hydroxystearic acid (10-HSA)
£ 14%9 &2 HIAHES Hud 1, Schroepfe &
(4-6) o] W&ol uhg- wAUE, 71d Sol4, YAz}st
o] W3l B3tk 1 3 Rhodococcus rhodochrous(7),
Nocardia cholesterolicum(8), Micrococcus leteus(9), Sarcina
lutea(10) 59 VAWESE ©]83}A oleic acidZHE F
AWAEE 10-HSA, F AWHEZ 10-ketostearic acid (10-KSA)
7} Astdol BRSO, Corynebacterium sp.(11),
Mycobacterium 2 Nocardia strains(12), Staphylococcus
sp.(13) 52 o183} oleic acid2HE] FHHEZ 10-KSA7}
Ao Bty #2ol= Bacillus megaterium ALA2
£ ©o|83l] dihydroxy, trihydroxy, epoxy group 5 ZH=
T ABERES) Ao AgEE Ao Bausitl).

E dToM= Hou 5(14-16)°] ¥&3} Flavobacterium
sp. DS5E- 0] 83} oleic acidEHE] 10-KSAS} 10-HSA
E E850E AN A% 71 ATE S8
AR 23RS AgAl8led gas chromatography (GC), gas
chromatography-mass spectrometry (GC-MS), 'H-nuclear
magnetic resonance (NMR), "C-NMR 5¢] A= 2 A4
28 A3l 10-KSASH 10-HSAS F4< ER1Isy
W, Flavobacterium sp. DS59] T2 WS E3)
HjA] F9] HZ ¥ H yeast extract F %, oleic acid
A7 2 A7FES AASI

%
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2 AENA X8-S dF= Flavobacterium sp. strain
DS5 (NRRL B-14859)01%17, ©] ¥ vl %% National
Center for Agricultural Utilization Research (NCAUR)
EFE AFHA

BHX] 3¢ eHeS

w59 BES 93] tryptone 0.8%, glucose 0.1%,
yeast extract 0.4%, agar 1.5-3% 9] TGY agar WiXZ
AR HE8 752 wlk glucose 10 g/L, yeast
extract 5 g/, K;HPO, 5 g/L, FeSO, - 7TH,O 0.5 g/L,
ZnSO; 0.014 g/L, MnSOs - H;O 0.008 g/L, Nicotinic
acid 0.01 g/L 249 SMD #jX(14)2 A3tk

Flavobacterium sp. strain DS52] Zgk23 vj-S- SMD
i x]o A glucose$} yeast extract FEE 712} 3-50 g/L
7HA] HSIA7IHA AEEIETE TGY agar plateollA] =gt
@ ZAE SMD HiA] 50 mlo] 9 = 250 ml Z&}
230 HEAF H 30TAA 200 rpmeE 3F F<¢H
& sjFAIZTE Al SMD BiA] 50 mlo|lA glucose}
yeast extract FEF WSAIZ] 250 ml EFEF 2%
(viv)e FEE FE AR H AEIATh

24 2 34

A 38 2 27 adREEE 7o) 98l UV-Visible
spectrophotometer (Shimadzu, UV-1650PC)E ©]-8-3}
600 nmol| X optical density (OD)E =73}tk

AR AP Alme] A e thest 2ok vE g
o] £ uiokloll 6N HCl 1 miE 37151 pH 274%) AW
8}A)7131, internal standard (IS)E 0.1 g palmitic acid/ml
ethyl acetate -8 100 ulE 7%t H, wiFed 50 ml F
150 ml®] ethyl acetate Sv1E H7lsld it & F
i8] & Eelkle &g FEAA AEE AASIGH

ArkE Zpake] 2 BAE 98] AAE AE 2 mg
< 1 ml¢ CDCLY =91 % 'He} PC NMR (Bruker,
Avance 500 MHz) #4-& A5, 10 m1®] 50%
dichloromethane/50% (95% ethyl acetate/5% methanol) -8}
2 590 3 1 mlE AF5)] diazomethane ©Z methylation
A1 # GC (Agilent, 6890N)2} GC-MS (Agilent, 6890N-
MSD)Z 3% B J4EAE A,

AFake] methylationsS 13+ diazomethane Aldrich A}
A Axsht BE 7IRo] Fal ¥k, IEAe] wihe-
=0t vl WellAet Auliz} 53 Sl 9lo] X9 F5
o]7] Wil Aldrich AF] diazald ZHE] Azl A3
t(17). A=7} E0l3dE vialoll #2<] diazomethaneS F-2
3 ok 5L AdRoX FABHE Bhgo] AEHI N,E 7=
2 1 ml®] 8 (methylene chloride : methanol = 95 : 5)°]]
=2 F 1 uE GCAl /3 GC £AE 913l HP-5
H]FA column (diphenyl-dimethylpoly-siloxane capillary
column, 30 m length, 0.32 mm inner diameter, 0.25 pm
thickness)= AF831593, carrier gast NyE 3 ml/minZ 3
3131, ZZE7]= flame-ionization detector (FID)E A3
o} Columne %7] 2% 160°ColA 3 min f* ¥ 8C/min
22 250 C7HA] <A1 FtHtotal time = 19.25 min). Y
Fol AERe] 25 Z7F 270T 9} 280 C Ak

da # o
10-KSA H 10-HSA 24

GC$ GC-MS9] #4 A] ISZ AME-¥ palmitic acid2]
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74-% 8.95 minollA peak7} éE]Qi_L, oleic acid®] 73-¢-
11.02 min, stearic acid®] 73-%- 11.29 minol|A A&t
(Fig. 1). 23739 10-KSAE 13.24 min, 10-HSAE 13.41 min
A AEEJF, AFRF oleic acide] £E7F ¢F 90%0)
71 “ﬂ—v“)ﬂ YUE noise peak”} AZHATE GC-MS] A%
13.24 min® peak= m/z 1999} 1419] large fragment
ionsE R0, 13.41 min® peak= m/z 2017} 1439)
large fragment ions& ETHFig. 2). |24 13.24 min
3} 13.41 minoll Veh}e =27} 2b2} 10-KSAS} 10-HSA
= FRIF & YUtk
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Fig. 1. GC analysis of fatty acids.
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Fig. 2. GC-MS analysis of bioconversion products.
(a) 10-KSA, (b) 10-HSA.

A Aake] 'HYE PC NMR B41S AAE4ach
10-KSAS] 107 gh4of] )= ketone groupl E <13}
'H NMROIAE 2.33-2.39 ppm¢] peak”’} AZEHT, BC
NMReAM= ¢F 212 ppmoll A peak7t HEHIATE 2} peak
o thgt 449 E*i«l AAE Fig. 391 VERIIEE NMR
AHRZHE FE YAFE0] 10-KSA 9L IE 4 Uk
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Fig. 3. NMR analysis of 10-KSA.
(a) '"H NMR, (b) °C NMR
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Flavobacterium sp. strain DSSE oy 7FA AWAke
A8HA )= Bl o, 71 BolEE oleic acidE
100%=. H3kS- W linoleic acid 35%, a-linolenic acid 34%,
y-linolenic acid 31%, palmitoleic acid 55%, myristoleic
acid 16% S5 BuHATK14). 53] oleic acidZHH
Z7MAAEZ 10-HSA, 3E AAEE 10-KSAE Ak
Uy o]d] #Hsh= A4TE Fig. 49 29| oleic acidZ2F
B 10-HSA 29| ¥hg-ol A+ hydrataseol 23] Z3Y= 1,
10-HSAEHE] 10-KSA A4 ¥-gollM= secondary alcohol
dehydrogenasedll ]3] Y ETH(14). F3F Strain DS59Y
hydratase= C-10 $1X] Eoj& o] B31ESItk16). Strain
DS59] HH A7 &% % pHE 72 30T 9 752 49
A 3ATH(14).

10-KSA 9] A2RS 948ted SMD, TGY, YM, screening
HjRjol N Zt7} FaEte] HE AE 10-KSAS] S
Aoz vlwsle] 2 Z3 SMD, TGY, YM, screening
HjA] o2 FHF APEC] AAHETRE Zlo| WEAt(14).
el o]F9 AFoMEe SMD HiAE 722 AFE&
A&sldct SMD iAol B3RSl yeast extract”}
710l JoiA EhlAS] AR wjd Aloj gold
< 183ty EhIAE AIAE HAY F ASAE
ol 7] A3l yeast extractE AAFH SMD BiX|2} A



HOEM yeast extract WA (NH),S0,Z 713 vix|o)
ek 74 A4S 24319t Fig. 5+ SMD 1A, SMD
Hj || A] yeast extractZ A AEF A, yeast extract THA!
ALY F (NHL,S04E 5 g/LE F713F uljRlol) ] Aj7lel)
W2 OD 3] WH3E A3 dajelr). 4845} SMD
iR = <F 4AZE F e 70l 0171 16417100
AA7S) =gt oy UnA wixelMe ARE A
20tk =, Strain DS5E A4S 913l yeast extract”} BE=
Al B8 Re= JEeRThH

Oleic acid

Fig. 4. Microbial conversion scheme and related enzymes
for 10-KSA formation via 10-HSA from oleic acid.
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Fig. 5. Effect of nitrogen source on growth of Flavobacterium
sp. DSS5 in flask culture.
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SMD HjXJellA yeast extract & glucose FEZE 3-50 g/L
2 ASAIIEA AT 2 A ALke SR
A3 A} yeast extractd] F57) EE4E HE OD 3
7Vt 50 gLo] A9l= HE OD #ho) 74313

on, yeast extract =0 WE 7] ¥MIAT £ET yeast
extract7} 15 g/LY 7%l 71 & g& VeI Fig. 6).
HiX] F yeast extract7} 15 g/LY Wizt 7F¢ & 27] B4
FEeE JERJJA OB Z yeast extractE 15 g/LE I
& H glucoseE 3-50 g/L7kA HSMA7IH OD @& 5%
319t} Fig. 72 glucose FEo| WE 27 HIAAEEE
YeRIT) 10 gL ) wET ol Huider); 3-50 gL
7HAe 2 Wit Itk webA Strain DS5E) A% A
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Fig. 6. Effect of yeast extract concentration on specific growth
rate of Flavobacterium sp. DS5.
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Fig. 7. Effect of glucose concentration on specific growth
rate of Flavobacterium sp. DS5.
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o] Ze}2=9) 0.3 ml9 oleic acid® 7K} 10-KSA
2 10-HSA Y] & 43k Fig. 8% 9o el A
A 5 /L9 yeast extract & glucose FENA 10-KSA
o] A FETt /R ko), AvkEoz 5 g/l o))
yeast extract®} 20 g/L ©|3k] glucoseollA] HIS=gH 10-KSA
FTEE K TS oleic acide] 7 A 7h} ZH7)Eke)
WE FES A8l 1 23E Fig. 103} 119 Vg
Aok 18A17F AF 5 oleic acidE F7FEH9S W 714
F< 10-KSA A% A7 JehlIgla, vl 50 ml 3
0.3 ml9) oleic acidE H7ElgL AL /18 & Ad
& EYT} Oleic acid F71eo] /1842 wijA] & 1)
A#E oleic acid7} 9 g/L7HA] Z7FIeh o)) A
+ 3% 10-KSA9Q] AAIHQ APaks 213 71x HolHE
284 F I& Aotk
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Fig. 8. Effect of yeast extract concentration on production of
10-KSA and 10-HSA.
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Fig. 9. Effect of glucose concentration on production of 10-KSA
and 10-HSA.
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Fig. 10. Effect of oleic acid addition time on production of
10-KSA and 10-HSA.
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Fig. 11. Effect of oleic acid addition volume per 50 ml culture
on production of 10-KSA and 10-HSA.
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22%} 55%, T8 AT 26%S} 60%, 7152
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S toll = Flavobacterium sp. strain DS5 (NRRL B-14859)
£ oleic acid2HE F7HAAAEZA 10-hydroxystearic acid
(10-HSA)Z 71# 10-ketostearic acid (10-KSA)Z2] %
o o] &ttt T /e HELE BAHEQ 10-KSAS
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10-HSA+= GC, GC-MS, 'H-NMR, “C-NMR-& ©]&-3}o]
BEF 2 APEAS FEIATh ek wigollx 10-KSA
S} 10-HSA S} FHoj| Aakare 242 3.4 gL9)k 0.5 g/l oA
T} 10KSA A4S 913 2H glucose %, yeast extract
&5, oleic acid H7MAIZY H7REEE Zb2 20 gL ©)3),
5 g/L o), H%E % 18 h, 0.3 ml/50 ml o]tk
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