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Abstract — 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). Increase in cell concentration by centrifuging, collecting cells grown in two
flasks, and resuspending in one flask, improved 10-KSA production to 6.5 g/L from 3.5 g/L in a usual flask culture.
Tween-80 addition to the culture did not greatly affect the production of 10-KSA and 10-HSA. When culture broth was
centrifuged after fermentation, it was observed that pellets were separated into two parts(yellow and white). Gas chro-
matography analysis showed that 10-KSA and 10-HSA were detected only in a white pellet, suggesting that the bio-
conversion products of strain DS5 are extracellularly produced and can be easily recovered from cells by a simple
centrifugation step.
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AREEICH1,2]. Pseudomononas sp., Rhodococcus rhodochrous, Nocardia
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cholesterolicum, Micrococcus leteus, Sarcina lutea, Corynebacterium
sp., Mycobacterium, Nocardia, Staphylococcus sp. 52 1] 1|4
=50] oleic acidZH-E 10-hydroxystearic acid(10-HSA) 2! 10-
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ketostearic acid(10-KSAYE AJAIsto] B = QITH3]. HZolli= Bacillus
megaterium ALA2E ©]-8-3}9] dihydroxy, trihydroxy, epoxy group
o 2 vReksh AlsHaars) AakEo] /3= Stk 1], 53] Hou
S[3-51°1 223t Flavobacterium sp. DS5% oleic acid=FE F3F
AYERE 10-HSA, HE A9EE 10-KSAE &84 0= Aslo]
RS} 3t strain DS5) hydratase= C-10 $1%] 5o|&o|w,
wh2hA] strain DS59 2]31 oleic, linoleic, a-linolenic, y-linolenic acid
FHE] APk A EARES B 10-hydroxy AHAlRlo] B
TH5]. 10-KSAS] &&2] AAks flste] Eekia uijokelx] 10-KSA
Akel] H Q1 wjFAIRE, &5, pH 50] AR CH 3], HA £
T 4 yeast extract 35, oleic acid 77 2 H/1E AGEH
STH6]. ol soybean oil, olive oil 5 #7129 AEA A=K
B A3 10-KSA ¥ 10-HSAE Biteb7] 18k A9 3= QlTH7).

B Aol M= Flavobacterium sp. DSSE ©]431 oleic acid®
HE] 10-KSASE 10-HSAS] 5824 Arks 28] AlEske S7PFAT
SRR kel vXE G, ATHEAIA Tween-809] 7} &7},
Hjekele] YARE)E Sl APES 1] ek W 52 ¥
4 ATE T

2-1. @

B A3 of|M ARESE 5= Flavobacterium sp. strain DSS(NRRL
B-14859)°1%3L, o] ¥ v]= -5 (United States Department
of Agriculture, Peoria, Illinois) ARS Culture Collection® Z5-E] A|
FE et

2-2. HiX| 2! HYQSF

472 BES 913 tryptone 0.8%, glucose 0.1%, yeast extract
0.4%, agar 1.5% Z’4°] TGY agar WA & ARESIICH A5 +
9] M2 glucose 10 g/L, yeast extract 15 g/, K,HPO, 5 g/L,
FeSO,7H,0 0.5 g/L, ZnS0, 0.014 g/L, MnSO,H,0 0.008 /L, nicotinic
acid 0.01 g/L 223 2] wix]| S ARE319TE. vi=| 2] pH= 314 phosphoric
acid(1:3 viv)Z o], 7.00% ZHs1t)

Flavobacterium sp. strain DS58] 2k~ vllokS $13l TGY agar
plateol] 2k @ FAIE 50 mle] WiA7F £ &= 250 ml
gpige] HFEAR 5 30 °ColA 200 ipm S E S FQF E H)
A7) ar, thAl 50 m1e] BiAOll 2%(viv)Q] TR HESISIt). 18
AIZE 3 0.3 ml2] oleic acidE Bl 718l0] 4847 B AY
AN ZIT

AESI7} A A v G5 dokny] S8 18
AREF ] Bekes wjpels SRelsiel XS B F

st 79] Zepasel AldEste] MEEEE STHAHTE o1 7]
oleic acid 1 miE F7kato] 48A1F F<k A ZATH

AHEIA Tween-802] H7Fa¥E dolr 7] $J3t A3loA+=
18417+ 5= wfjokel 50 mlel oleic acid 0.3 mkS FU3F7] A Tween-
802 0.05~1%%1 == H718I3i).

23. 24 H Al
A 4472 UV-Visible spectrophotometer(Shimadzu, UV-1650PC)
£ o] 83101 600 nmellA] optical densityE 73T

AR AR A58 FA RS the ) 2rHe). vdE 3
o] 2tk wljekdel] 6N HCI 1 miE F7k8te] pH 27H4] 2 gA17]
11, internal standard(IS)Z 0.1 g margaric acid/ml ethyl acetate &4
100 s H71st H, viekd] 50 ml & 150 mlQ] ethyl acetate -2
£ kst A = 3, S8 S5 ekt e S
AA AEE AT

AAE AlZE 50% dichloromethane/50%(95% ethyl acetate/5%
methanol) 27| = 521 ¢ 1 mi& 25517 diazomethane© = methylation
A7 5 GC(Agilent, 6890N)ZE. =4S AT

AEe] methylations 913t diazomethane diazald(Sigma)T 5]
A z=5te] ARSI Al 57T 5019 vialell 22 diazomethane
< 9 5 oF 5E7 A2olx fAlekE Hhgo] $hRET NLE 7
Z % 1 ml®] £ (methylene chloride : methanol=95:5)°l] =<1 %
LulE Geeoll Y433tk GC #45 913 HP-5 B]=73 column
(diphenyl-dimethylpolysiloxane capillary column, 30 m length, 0.32

mm inner diameter, 0.25 um thickness)yS AM-5}3111, carrier gast
N, 3ml/minZ 353t 1, HE7]% flame-ionization detector
(FID)E ARE3IATE. Column %7] 2% 160 °COlA 3 min -F-4]
% 8°C/min®E 250 °C7HA] “5A1 7 TH(total time=19.25 min).
Ao} AEF-9) 25 717} 2707 280 °CATE. ZH2ES) retention
time IS AM-¥ margaric acid®] 7-9- 8.95 min, oleic acid®] 7-¢-
9.8 min, stearic acid®] 7%~ 10.1 min®] 2™, AA¥ 10-KSAE
12.0 min, 10-HSAE= 122 minellA A& 0Hs6,7].
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3-1. Flavobacterium sp. strain DS32| 4%} 3 AMSIK[HRA WAL S

Flavobacterium sp. strain DS5% ]2} 7}2] Ak AFSIAI7 =
E730] glom, 7} A AAtel] digk DS5 2] &4 RS
oleic > ai-linolenic > y-linolenic > linoleic acid3ITH7]. 53] oleic acid
R FYAER 10-HSA, HF AHER 10-KSAS Arta)
v o]l #efdh= A Fig. 19 20] oleic acid25-E] 10-HSAR
2] RESollA= hydrataseoll 213l Z18Y=] 12, 10-HSAZHE] 10-KSA A3
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Fig. 1. Microbial conversion scheme and related enzymes for 10-
KSA formation via 10-HSA from oleic acid by Flavobacte-
rium sp. strain DSS.
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Fig. 2. Time course of the concentrations of 10-KSA, 10-HSA, and
unconsumed oleic acid in batch flask culture of DSS5.

J HF-&-of| 4= secondary alcohol dehydrogenase®l] 2J3l ZISJHTH3].
T3} strain DS52] hydrataset= C-10 912 Eo]Alo] B = QITH5].
Strain DS52] #H 2 A% 9 pHe 7217 30 °Ce) 7.52 HAES)
TH3]. 10-KSA ARS8t wi#] gl kA 243} A3}, strain
DS5= A8 918l yeast extractZ} HFEA] Q3 02 vpERton,
A glucose &%, yeast extract F=, oleic acid H7MA 3T, 7
I):= Z47F 20 g/L ©J3}, 5 gL o), HE ¥ 18 h, 0.3 ml/50 ml©]
ATHe].

Fig. 2= 919 &4 Z74 oleic acid 37} 3 A7kl W& 10-
KSA 2 10-HSAS] Ak 55 2 o] oleic acid?] &% ¥3}E 1
ERATE Oleic acid 2270 w2l WA 10-HSAS] 557) S71skSlch
7} ZF28PaA 10-KSAS] w57t AH S71EE & 4 Qi ol
Fig. 19] WA 29) 7o) oleic acid2HE] F 71 &47} <214
o7 Agalo] WA FHEAER! 10-HSAZ} A I 10-HSA7F
10-KSAZ tjAlE= ¥kgo] ol oueitt. o)l 10-KSA 2
10-HSA AR5 247 35 9 034 g/Lo]9lm, oleic acid®i-

[e)

T 1
E] 10-KSA2] AA=5-2 oF 65%% AAFE ST,

32, NIEZESEIL MSIX|EA MM O[X|= FE

AEFE] Z717F 10-KSA W 10-HSA A4kl v)x)= da-8 <&
o}r 7] Llsto] 181X T 7 8] ek wiekels el
AEZE B 5 3 9] Zefaze)] AdEst] AEsss
v} Z7MAZEE 93719 oleic acid 1 mIE F7Fsko] 48117k &
AN A3E Fig. 30 eI vlA8HE oleic acid®] 5+
7.8 g/L, /3% 10-KSA E 10-HSAS] s+ 2H7) 6.58} 0.71 g/L
Atk o)i= 3 o] FEtAARFE HolF 3.5 /1.2 10-KSAS}
0.34 g/L9] 10-HSART} & 3 Aaam, Mgt Tl u
2} oleic acid Zgtel] Tofsl= AAES] BT vl sl F7Tsld
10-KSAS} 10-HSAS] Ate] S7ksl8la= SJnsict. 35 714
HjE 22 dEE AlEmaer ks o]gsto] AR AL
< u% 7RI F s Fe= oE.
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Fig. 3. Concentrations of 10-KSA, 10-HSA, and unconsumed oleic acid
obtained by increasing cell concentration. Cells in two flasks
were centrifuged, collected, and resuspended to one flask. 1 ml
of oleic acid was added to S0 ml culture broth at 18 h.

ugEel ogk 87 o8- SV F Qlrk whebA 2 At
A= ABIA 5 Tween-802] 717t ARSI ABAke] v]X|&= &
= ZAFSIATE. Tween-80-> polyethylene glycol sorbitan monooleate
Z 4R nlo)l 2 AHSAR ET1F 24 AlAEIA E 71
A A ES] S PIAT7IE S0 glae] HaESIrH8 9]
Candida rugosa®ll ©|3t lipase "JAtelA] Tween-80-> lipase Y3
I AEFIHEE FTHIA AL 5RO 29| #H)E FXIAFo]
E|ATHS]. H=3F Tween-80-2 8- “JollA] soybean oil®] w4hE
S7MAA H3o]el 23t eicosapentaenoic acid®} arachidonic acid®]
ke S7HRE BaE Q9]

Fig. 4= 1827+ & wjjokel 50 mio] oleic acid 0.3 mF £ %1
Tween-80- 0.05~1%%| =% 37F510] 48413 F<t ARdSAX] A=
LFERATE, Tween-80-S 37FFA] %2 7d-%-(control).h Tween-80=
0.1 B 1%% 5% 3718 29 10-KSA 9 10-HSA Akl glof
o] S eIl oW IR St BHEE A sk
01 Bacillus megaterium ALA2S ©]-83197 linoleic acidZ5-E] 12,
13,17-trihydroxy-9(Z)-octadecenoic acid A4 Tween-802 1% 3
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Fig. 4. Effect of Tween-80 addition on the production of 10-KSA
and 10-HSA by DSS.
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Fig. 5. Photographs of the culture broth after centrifugation.

7Fsto] controlt.th 21 O AFSHAEAT AARS: S7IARL 2101
+ U A3 2 A, Flavobacterium sp. strain DS52] 73-¢- 4=2-o 2
of| A Aat 714 o] U3 Buf) = A EEIE ) 7P} 10-KSA
4l 10-HSA AAite]] glo] A|$kIA7} ohd-& vpepditt,

3-4. MMEO| 715t 3l HiH

4877t 53F oleic acidE AATAIZ] 5 A wljoklS A4l
St A7 Fig. 59k o] Al A2 Fiio] wmghas) o) 5 R
O prolR|E Zlo] EE QI Z42te] S ethyl acetate™ 5=
Zoto] GC w4 A} gt oM At 937 AEEA] &
grol} 3 RRoxE= 10-KSASH 10-HSA7} 5% A=) Fig.
6ol LFERH nle} 7o) 3 F-2 89%2] 10-KSA, 7%2] 10-HSA,
1%2] oleic acid W 7|} A|HARS: E3IeE AJE O 7 o]FolA QA
o} o] kg Fat DSS Al s, & F22 DS A
AR ARSI RS v RS AR5 S Qv sitt. o2 gk A DSS
of &) AARE ABA AR A A9 = HlEE Y, wjok 3 4
] 15 3 B8l AlE oA B AFS o =N E 10-KSA 2
10-HSAES 313t AbslA|aks: 1hds] 358t 4= 98-8 LiEhdith
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Fig. 6. Product analysis of white pellet after centrifugation.
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