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(Development of various bioflavors from
agricultural-originated oils by bioconversion)
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1. B4R 2 8H lipase Aol 2%+ x4k A4k
=23%) AL s 90%0]d
AA) XA 848 96% (Candida rugosa lipase A-&)
2. A4t o = 5E hydratase A 2]l &g hydroxy A|®4F A4k
53) HITEE: 48 g/l o], A4 10 g/l-h o), 481 96% (W/w)
AR HEFEE: 49 gL, A 12.3 g/lL-h, & 98% (wiw)
(Stenotrophomonas maltophilia 2 A|%4F hydratase AZ2F dF FAHAEZ ALE
10-hydroxystearic acid 2§ 4H
3. X4t o = HE lipoxygenase # 2o €3 hydroxy A4+ A4k
53%) HITEFE: 38 g/l o], A4 3 g/L-h o], 48 96% (w/w)ol’d
AA) HAFFE: 384 g/L, AAHA: 384 g/L-h, 8 96% (w/w)
(Nostoc sp. lipoxygenase A& 9R-hydroperoxy-10£,127,157-octadecatrienoic acid A§4h)
4. £350] o3 hydroxy Ao 2RE & A4t
#) HFEFE 45 g/l o], A4HA: 1.5 g/L-h o], & 75% (wiw) ©|%
AA) HETE5E: 45.7 g/L, A 1.52 g/L-h, & 76% (W/w)
(Waltomyces lipofers A}+-83} 10-hydroxystearic acidZ+%¥ y -dodecalactone A§4H
5. Hydroxy fatty acid ¥ &9 £ AA
=23%) AA 7& 60% ©|d
41 A) Hydroxy fatty acid A & 70%, &= BA & 63%
6. Htol =" 6714 o] ANAF A=z R FFES
21A) y-Butyrolactone, 7 -decelactone, 7 -dodecalactone, 7y -dodecelactone, &&]E. -l
Ay -dodecalactone, &-3}follA 7 -dodecelactone AlA|F Y4t

U A8 44

1. ©h¥d hydroxy A*H4E A4k

(1) Hydrataseol ¢]$F hydroxy X ®4F A4k 10-hydroxystearic acid, 10-hydroxy-12(2)
-octadecadienoic acid, 10-hydroxy-12,15(Z 2)-octadecadienoic acid,
10,12-dihydroxystearic acid, 13-hydroxy-9(2)-octadecadienoic acid,
13-hydroxy-12,15(Z, Z)-octadecadienoic acid

(2) Lipoxygenase®l 2] g+ hydroxy ] ®-4F A4k 13-hydroxy-9,11(Z £)-octadecadienoic acid,
9R-hydroxy-10£,127~octadecadienoic acid, 9R-hydroxy-10,12,15(£, 7, Z)-octadecatrienoic



acid

(3) Diol synthaseol] €] g+ hydroxy A ®4F A4+ 8 R-hydroperoxy-9,12(Z,Z)-octadecadienoic
acid, 5,8-dihydroxy-9,12(Z, 2)-octadecadienoic acid,
5,8-dihydroxy-9,12,15(Z, Z 2)-octadecatrienoic acid, 5,8-dihydroxy-9(2)-octadecanoic acid,
7,8-dihydroxy-9,12(Z,2)-octadecadienoic acid,
7,8-dihydroxy-9,12,15(Z, Z, 2)-octadecatrienoic acid, 7,8-dihydroxy-9(2)-octadecanoic acid

. A ZHRE lipase Aol &3 A4k A4k
CRI(Candida rugosa lipase) ~1®, CRL(Candida rugosa lipase) +AA7} AHd=
Aspergillus nigerg Ar-&, Lipaseol] &3t w4HFA 7F&al =1 g4, Lipaseo| 9% o
¥k FA Tkl

. Hydroxy A@sto 22y SHER A4t
Hydroxy  A|®H4FS 2 RH y -dodecalactone,  y -decalactone,  y -butyrolactone, 7y
-dodecelactone, ¢ -decalactone, japonilure Aj4k

. Hydroxy A4t & SER &8 AA
Hydroxy AWk AL B AHAH =+ silicic acid open column chromatographyE Ab
43}y AA|, Lactoned oil bathE Alg3sle] SFIYGSFHOZ AA

. Hydroxy A4t 2 FEF A4 2 ZAE 7€ oA
Hydroxy A|®4F A4k, &8 AW 7€ oA, &R/ A4 2 £ BAY 71« oA

. FAZEE npo] ¥ A4 A AL
Candida rugosa lipase (CRL) lipase®ll ¢t F4HFA] 7Fi3l], A4kl hydratase A €
o ©]3 hydroxy A®WAF A4F Hydroxy A|WFAellA & ® 9] g-oxidationo] ¢]3%+ lactone
AR &8lB9) lipase 7FyEs] AHEEZRE R 10-hydroxystearic acido2RE y
-dodecalactone AYAE, Z3}59] lipase  7}E-s) AHEZ R 31 3}
10-hydroxy-12(Z)-octadecenoic acid©.Z%E 1y -dodecelactones A4k, E7]8 7}4E3)
E 2R E 9R-hydroxy-10,12,15(E,.Z 2-octadecatrienoic acid A4+, 334E Y852 AL A
AEAS o Z AYakd lactonee AA7F T2 QS

7. NAZFAL 2 AAAL 4

y -Butyrolactone, y -decelactone, y-dodecalactone, 7y -dodecelactone, =@ E oA »

-dodecalactone, &3}foll4 y-dodecelactone AJA|F A4k, FFAZEH HE E3F

Ak, BAE 24 dRAEY 24 2 AFT] B4 5 AL E4

AT UE 2 B

I 54 X 22E g3 hydroxy A4 g4k 24 A

A2 HE lipase Azl 93 A4 A4k

frAl A2l & lipase 7|, lipase 54 A 2 -3 HAH3), A4 15s A4 w4
 AZFE A4 A4
W40 2 2 hydratase Aol ©]& hydroxy X4t A4t

2~ ¥WH-§ H A3}, Hydroxy A|WH4F 115 = A4E oleic acid, linoleic acid, alpha-liolenic
acidZ3-E] theFst hydroxy ¥4k AJ4k Hydroxy fatty acide] 2] A A
3. Ag4to 2 HE lipoxygenase Aol 9§+ hydroxy |4k Y4t

B
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9-, 10-, 13-lipoxygenase FA O &2 3 x| E0)2 a4 FHAA W a4 FH, 84 EAX
ZAF 9 g4 ¥-g HAS, Hydroxy A4 5% A4E Oleic acid, linoleic acid,
alpha-liolenic acid2 %€ t}heFsh hydroxy AWt A4k Hydroxy fatty acide] &2 A A

Ur. &3 hydroxy Ao 2R bt FEFO A4
19] beta-oxidation &4 HA3: &%, pH, rpm, HiA 5, R ¥r&A HhE (cell
permeablhza‘aon): F718m 2 detergent A2l =74 FHAZ}, aro w3 x4 HA3 V)
Aes, #ATE, BBSAT 5 AL, SER 155 AL, oheke hydroxy AE4tERH
thFe SERF A4t

o} HlolQ FFo| AUF AT

1 FARAZEE nlol s FEFY AL A FH HAs)
Lipase®} hydrataseES A}83F A4HFA 25 E hydroxy A|WHAke] Akl 22 3}, Lipase<t
lipoxygenaseE AF&3 HAFGAZRE hydroxy AHHaRe] Aake] HAs, @R
lactonaseE AF&3+ hydroxy AWALERE FEFO A4ty HAsL w4k
oleFgs FEFY AN A FAHY AR, SYBEF, T3, E7F 9
FEFO ALl HAERo 23 vlolo s FEF A

2. ol T FEFY AAFTA scale-up
daxE o8 AEAS, FEF B A4 34 A3

3. 34F 948 AYAH &4

7N3A, BA 9D A AF, AT FE
2 AAF A= € ZAAL 4
Hhol e g7 o] 67HA] o) F AAl AAlF Hr-2ER 3F o, LE-FHEF 3T o),
AFA(EY BA, S8, E719EFE gE ERF AR AlF 5 AR 8% ol «

Az, AAE 4 dFEA =Y QU}—%}L% 15 $/kg ols}, DeF-=t=7 30 $/kg ol st

- off

o}, 71e4dA 2 A4Es
1. 4 A9 7|&=4A:

Hydrataseo] ©]& 7ul-2t=F AJ4bd, Lipoxygenaseol| o8t HEel-HERF A4y, =E
F 28 AHAW, Hydroxy fatty acid £ HAH

2. &3} 44
FrAZ5H hydrataseol] o3 eh-stER EFF, FAZFH hydrataseol] o3 Zep-=
EF AAFE, HAEHE lipoxygenaseol| < dHEl-FEF EIF, FAZHH

lipoxygenaseol 2]t AE}-SHEF HAF



V. d7082 3%

7}. Hydroxy A4+ A34¢

1. Hydratasedl 2] hydroxy %4+ AJ4k

(1) Lysinibacillus fusiformis 2 AZY AW4F hydratasee] b S
g/l oleic acid®} #2 w=7F &8 JleEs SUEFEREH A7 3AF E 643
o 40 g/L 10-hydroxystearic acidZ A AHg}.

(2) Stenotrophomonas maltophilia 2] A4+ hydratase AZF TF AAE 74 2 A4k
HA3} AAME g2 AS HAHFsE 50 g/l oleic acidE 712 E sho] 447 FoF v

& A 49 g/L 10-hydroxystearic acidE A4},

(3) A4t hydratase & wild-type Stenotrophomonas nitritireducens M X Zuf 7wk 2
A HAA-sE AAE vbe2AS HAFstd 20 g/l linoleic acidg 71E=E sted 3AIZE
5ok Wkg-A] 15 g/l 10-hydroxy-127-octadecenoic acid A§4+gt.

(4) L. fusiformis oleate hydratase®] ®H-g-Z7S FHZ st HEg 3A1ZF Fof 135 g/l
10,12-dihydroxystearic acidS A4+t

(5) A4t hydratase $Hf wild-type S nitritireducens A Zo) 2]k o -linolenic acidol] A
10-hydroxy-12,15(Z 2)- octadecadienoic acid A§4F: permeabilized cell-& AF-&3ted 243
3<% 225 g/lL e-linolenic acidol| 4] 16.4 g/l 10-hydroxy-12,15(Z 2)- octadecadienoic acid
5 A4

(6) Lactobacillus acidophilus linoleate 13-hydratase®] Wr3-%7A-S& H3Z 3 sl 100 g/L
linoleic acid2+-E] 3A1F &<+ 79 g/L 13-hydroxy-9.7-octadecenoic acidS A 4+g},

(7) L. acidophilus linoleate 13-hydratase®] wWHg-Z7-S A 38}sle] 15 g/l « -linolenic acid
ZRE 6AIZF B2 7.5 g/l 13-hydroxy-12,15 (Z Z)-octadecadienoic acidE A4Fst.

2. Diol synthaseol] 2]3F hydroxy A|W4F A4k

(1) Aspergillus nidulans2) diol synthase S A3 AAMEo] 23 linoleic acidoll A
5,8-dihydroxy-9,12(Z 2)-octadecadienoic acid A4+ =g HAAE 23 g/LE AF&3tS 5.0
g/LL linoleic acidell A 150% w83t 5.0 g/Le] 5,8-dihydroxy-9,12(Z2)-octadecadienoic
acidg 4=

(2) A nidulanst-® diol synthase S+ A X3 HAE| 23 ¢ -linolenic acidoll A
5,8-dihydroxy-9,12,15(Z 7 Z)-octadecatrienoic acid 4k A2 AAME 40 g/LE A}&3}
o] 12 g/L a -linolenic acidell A 100+ Hh-3-3} o 9.1 g/Le]
5,8-dihydroxy-9,12,15(~,.Z 2-octadecatrienoic acid® %S

(3 A nidulanst® diol synthase ¥ AZF HAFE]  2Jgk oleic acido A
5,8-dihydroxy-9(2)-octadecanoic acid A4F Az HAAME 35 g/LE AF&3std 12 g/L
oleic acidoll A 60+ WF-g-3}ed 5.2 g/Le] 5,8-dihydroxy-9(A)-octadecanoic acidE L A-2-.

(4 A nidulanst®)  diol synthase®] peroxygenase HETHS &8s AYH
8 R-hydroperoxy-9,12(Z,Z)-octadecadienoic acid A4} Diol synthase®] variant ¥ 2| =
g HAAE 20 g/lLE AFE3Fe] o] & 6 g/L linoleic acidZ2HE 1A1ZF HES-ste] 1.8 g/L
8 R-hydroperoxy-9,12(Z,Z)-octadecadienoic acidE A§ 43},

(5) Glomerella cingulatesr@) diol synthase ¥ A2 HA 3 2] linoleic acidell Al
7,8-dihydroxy-9,12(Z 2)-octadecadienoic acid A4t A =g AAE 46 g/LE AHE3He] 14

32
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g/L linoleic acidollA 120% ®WkH-&-3tod 6.4 g/Le] 7,8-dihydroxy-9,12(Z.2)-octadecadienoic
acidg 4=

6) G cingulatesr®] diol synthase ¥ AZFE HAEo| <2 o -linolenic acidol A
7,8-dihydroxy-9,12,15(Z Z 2)-octadecatrienoic acid A4k A =xg HAAE 46 g/LES A3}
o] 14 g/L a -linolenic acidell A 180+ Hh-3-3} o 6.3 g/Le]
7,8-dihydroxy-9,12,15(Z,.Z 2-octadecatrienoic acidE A2

() G cingulates-2) diol synthase S+ AR AAMEo]l 23+ oleic acidoll A
7,8-dihydroxy-9()-octadecanoic acid A4F: 23 HAMEZ 46 g/LS A&3st] 14 g/L
oleic acidoll A 1504 ¥F-g-3le] 6.4 g/Le] 7,8-dihydroxy-9(2)-octadecanoic acidE A<

3. Lipoxygenase®l] ¢]% hydroxy X34+ A4k

() ANostoc  sp. stereo-selective  lipoxygenase oJgk  linoleic  acidel A
9R-hydroxy-10£,12Z-octadecadienoic acid A4+ A} =% lipoxygenase 3 A EZHEZ S
2 40 g/L linoleic acidZ %-¢ 1A1ZE Hh-g-3} o 37.6 g/L
9R-hydroxy-10£,127~octadecadienoic acid =X

(2) Nostoc sp. =ZHE stereo-selective lipoxygenase 2%+ ¢ -linolenic acidell A
9R-hydroperoxy-10£,12.7157-octadecatrienoic acid A4F A =3} lipoxygenase i Z Al
¥ukgo2 40 g/l o-linolenic acidZHE  1AZF  WkgEte]d 384 g/l
9R-hydroxy-10,12,15(%,Z 2)-octadecatrienoic acid <}x..

(3) Burkholderia thailandensis lipoxygenase®l <2]3+ linoleic acidell4 13-hydroxy-9,11(ZE)-
octadecadienoic acid A4k &4 2.5 g/lLE AF8-3td 20 g/L linoleic acidelA] 1.5A1%F HE
S3hed 21 g/Le] 13-hydroxy-9,11(Z B)-octadecadiencic acidE 4=

. gE A4

1. % BE34E Z7A7 &8 Waltomyces lipofers ©)€3le] 10-hydroxystearic acidZ %€
y -dodecalactone®] A4k RO WS HAs ety GEAAL S F7HAA 30 gL ++
AE AE3te] 60 g/l 10-hydroxystearic acidZ-E 30417+ Fo] 457 g/l vy
-dodecalactoneg A4tste] MA Hare w=9f AL 71E3

2. AYAHE o] 837 AR W, Lpoferd] WEN-4HE f-=o] 9% hydroxy AEACZRE y
-FEFY A4k oleic acid2 HWER-ARSE fFEA1A  10-hydroxystearic acid=FEH  y
-dodecalactone®] &2 22%, AL 1.3d) FFAIZ. 30AIEEQE 60 g/Le
12-hydroxystearic acidg 7|&=Z Ar&stA<= ™, 28 g/Le 7 -decalactone< AJ4+sHH AL
30A17F52F 60 g/Le 10-hydroxydecanoic acidE 712 & AH&3IRS o= 12 g/Le) v
-butyrolactones AAH8IA-S. 7 -decalactoned] 7A-$¢ @A7FA BuE ARTE 228 &
S BYen, HEES 13% A4Ee 528 & AR Yy, vy
-butyrolactone®] 7Z-¢-ol= AHEXSH 23 3 R,

3. 10-Hydroxy-12(2)-octadecenoic acid2% ¥ y -dodecelactone X4t &% Candida boidinii
o] Wel-23 = 9&l 5 g/l 10-hydroxy-12(Z)-octadecenoic acid=%-E] 6417t wF$
&to12.2 g/Le] y-dodecelactones A4t (B5E 64%)3H A AAHAES 350 mg L' h'=
e

4. B8R VYarrowilia IipolyticaE ©)83l 13-hydroxy-9-octadecenoic acidZ2HE §

_6_



-decalactone®] A4k BERO WAL HAZSY AA HxE 75 gL
13-hydroxy-9-octadecenoic acid2 5B 24A|7F ¥H-8-3Fod 1 g/L ¢ -decalactoneS A4k

5. &% (Candida palmiolephilag ©]-83} 8-hydroxy-9-octadecenoic acid2%-E| Japanese
beetlee] pheromoneo & Z L&A ZE japonilure A 3213t

o. FARAZEY 2E ANFTAH FH
1. Candida rugosa lipase (CRL) lipasecll &3} &4HfA] 7}+£3)
5L scaleoll Al 1xpdo] Adr® CRL lipase &49F 7t =4
oleic acid &&©°] 80% ©]’ == crude oleic acidg €& <
2. Oleic acid2%-H oleate hydratase *&]o] &t 10-hydroxy stearic acid Aj4+
Azl A Fulgt oleic acidel oA F4F 521U =1

o

tfo
i)

oleic acidE 7)1 @& AF83te] 10-hydroxy stearic acid A3+ 23S *’Fﬁg sfal Oéoixl =4
& NMRZ 10-hydroxy stearic acidy-& &<213ta, GC ¥4 ZA3} ASE wF 78% HEo]
1 7128 £ gE HEEd = Aole A e AS FAT

3. B -Oxidation (Waltomyces Iipofer KCTC 17657) €)%+ vy -dodecalactone A4+
A AL 10-hydroxy stearic acid= S -Oxidation®] 2]k »-dodecalactone AJ4kel o]
L5937 GC B4 Ay, AFoA Frjdt oleic acidZ2HFE] o]z 10-hydroxy stearic
acidZ2 ¥ vy -dodecalactone Z¥&2 78%°]l1 ST EFE 7FFRso] A& crude oleic
acidZ2 -] «ojx 10-hydroxy stearic acidZ%E] y-dodecalactone 71% A= H3E S
gl gk

4. EYH{F lipase 7Zi5w3] AEEFEH FHEF hydroxy APLIOERERE gy
-dodecalactone& A4t Olive+E Candida rugosa lipase (CRL)E ©]-&3to] 71<FE3)3 &
S. maltophilia oleate hydrataseE ®b-§ AlA oleic acidE 10-hydroxystearic acid= 7%
AN 713 W. lpofer whole cells& 3 7}38le] y -dodecalactoneS A4t 40 g/L2] olivef+Z 5
Bl 25 g/L9] y-dodecelactoneS A AH3H,

5. 3179 lipase 783 AEZRE B3 hydroxy A4S 2 RE Jactone AJ4F
23}-f+& Candida rugosa lipase (CRL)E ©|&3t 7hdllst &8 nitritireducense RH-§
AlA linoleic acidE  10-hydroxy-12(2)-octadecenoic acid s2] hydroxy A|W4ko 2 H-E
y -lactoneF= AAHgH 75 g/Lo] 32 HE 1.88 g/Le] y-dodecelactoneS A 4ksh
9‘;1 gL 235 mg L' h'& Jehg.

71&9] lipase 7}E38] AEZ5E hydroxy AW+ A4k

718& C rugosa lipase (CRL)E ©o]&3to] 7F=E31% & Mostoc sp.  lipoxygenaseS

S AA 50 g/Le] E7]8(40 g/La-linolenic acid g)olA 34 g/L

R-hydroperoxy-10£,12.7157-octadecatrienoic acid 2§43t

7. AE A8 E AL A AEHF o2 AR lactonee AAVF 2 g

A%

il

i m{n

=

©

N8 AE A3tE lactoned 33 A H lactoned} xpEA o] o) HA o Yol A Ad
AA LA e HE A3 lactoned 318t A H lactoned zpEA o] L.



gt Hlol L F¥EQ 4HE dF
1. Hydroxy A|%4F 2 SER/F &2 BA
(1) Hydroxy A|WHake]l B&] AHA|: hydroxy fatty acidse fF7]&7 AL ¥ AHAY ==
silicic acid open column chromatography& A}R&3te] A5l % . Methanol FA|HO =
83.9 g9 10-hydroxystearic acidg& 70% €= 98% ©]’de] &= -
(2) y-Lactones A 2 E& FA:y-lactonesS oil bathS Alg3ste] FFYLEFHS
Tl & e HFES 63% FEE 9% =% o] o2 AA S GC/MSE FA 3
2. Hol FE AAF A4
(1) y -Dodecalactone(51% <), y -decalactone(30% ©]% L), y -dodecelactone(20% ©|
4 Z23%8), y-butyrolactone(25% ©]4 L), o -decalactone(20% ] HA3H8) AAF
iR
(2) 10 L &8 =: 10-Hydroxy-12(2)-octadecenoic acidZ+-¥ y -dodecelactone 24k 30% ©]
d Ags
(3) €Y BHFEZHE y-dodecalactone E3HEF A4k 50% o] A3k
(4) &3} 2 HE y-dodecelactone &= A4k

bt
f
e

o

3. BAAR 4
(1) Waltomyces lipofersl ]38 y -dodecelactone A4+ YEAZH = kg T 20,4699 0.2 A
AHE.
(2) Y. Ipolytica®) 2]+ vy -lactone kg F A4+ dHEAQEH:  y-decalactone= 82,260 »
-decelactone 84,2609 y -dodecalactone= 174,075 y -dodecelactone 374,075¢ 0.2
A 4.
(3) Y. lpolyticaol 2]¥+ y-lactone kg@d AArE7E: y -decalactone=611,545¢ y
-dodecalactone= 703,360€ 0.2 FA 3.
(4) 3}s+stAsE Syt Zol-2ER7E 30-40 $/kgol AW HAFY (B EEZHE A
F2) AFe AF 7140 950 $/kg AHZolm=E AHAAHo] Q5.
V. 94748 9 AL A48
7t A&3-4E4 3 A E
1. Fo 7ol AR AA=E 98 &9
AA2HGA Tlsolds & B Vs
Hol| Hste] FAHo] lorm=z HA
2. y-decalactone> @A AFFErt dRGARZ FIUP7EA7E A2 ¥ dodecalactonee Al
o] PFAH Aol Zol AARIYel FET Ho=E Ag4EHT I 9 B HAA A

2 3
GERESL /Mol Mg YRR ARe FECR B A Y F RS AFO
AR AYHE & AN HEo| o 3

$9. 53 £ APxlel BAY 5AAE 2
23} 71%0] olvl AA Hu FelmE e
Fsg.

3. N Hlo| ¥R

?:5‘_]_-

e

N

o
)
o
@
Q
=
o
o
Q
o
S5
D
Lo

O]

rlr
ot
o)
s
2
oo
o
Ho
ol
£
H
=
=
N
2
X
i
o
2
s
2
o
r o
=
il
4
Ogl:,"



g Ao, AHE HERoE JUE AFIE T Il AR AAQ16E Aol &
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SUMMARY

1. Title
Development of various bioflavors from agricultural-originated oils by bioconversion
II. Comparison of Objectives and Results
1) Quantitative comparison of objectives and results
1. Production of fatty acid from agricultural oil by lipase treatment
Objective) Recovery of fatty acid: Above 90%
Result) Recovery of fatty acid: 96% (Use of Candida rugosa lipase)
2. Production of hydroxy fatty acid from fatty acid by fatty acid hydratase
Objective) Concentration: Above 48 g/L, Productivity: Above 10 g/L-h, Yield: 96% (w/w)
Result) Concentration: 49 g/L, Productivity: 12.3 g/L-h, Yield: 98% (w/w)
(Production of 10-hydroxystearic acid by whole cells of Stenotrophomonas maltophilia
expressing fatty acid hydratase)
3. Production of hydroxy fatty acid from fatty acid by lipoxygenase
Objective) Concentration: Above 38 g/L, Productivity: Above 3 g/L-h, Yield: 96% (w/w)
Result) Concentration: 38.4 g/L, Productivity: 38.4 g/L-h, Yield: 96% (w/w)
(Production of 9R-hydroperoxy-10£,127,157-octadecatrienoic acid by Nostoc sp.
lipoxygenase)
4. Production of lactone from hydroxy fatty acid by yeast
Objective) Concentration: Above 45 g/L, Productivity: Above 1.5 g/L-h, Yield: 75% (w/w)
Result) Concentration: 47.5 g/L, Productivity: 1.52 g/L-h, Yield: 76% (w/w)
(Production of 7y -dodecalactone from 10-hydroxystearic acid by Waltomyces lipofer)
5. Recovery of hydroxy fatty acid and lactone
Objective) Recovery yield: Above 60%
Result) Recovery yield of hydroxy fatty acid: 70%, Recovery yield of lactone: 63%
6. Preparation of latone samples
y -Decalactone, y -decelactone, vy -dodecalactone, vy -dodecelactone, y -dodecalactone
from olive oil, &38}f|4 7 -dodecelactone from safflower oil

2) Qualitative results

1. Production of various hydroxy fatty acids

(1) Production of hydroxy fatty acid by hydratase: 10-hydroxystearic acid, 10-hydroxy-12(2)
-octadecadienoic acid, 10-hydroxy-12,15(Z,2)-octadecadienoic acid, 10,12-dihydroxystearic
acid, 13-hydroxy-9(2)-octadecadienoic acid, 13-hydroxy-12,15(Z Z)-octadecadienoic acid

(2) Production of hydroxy fatty acid by lipoxygenase: 13-hydroxy-9,11(Z E)-octadecadienoic
acid, 9R-hydroxy-10£,122~-octadecadienoic acid,
9R-hydroxy-10,12,15(£, Z,2)-octadecatrienoic acid

(3) Production of hydroxy fatty acid by diol synthase:
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8 R-hydroperoxy-9,12(Z,Z)-octadecadienoic acid, 5,8-dihydroxy-9,12(Z,2)-octadecadienoic
acid, 5,8-dihydroxy-9,12,15(Z, 7, Z)-octadecatrienoic acid, 5,8-dihydroxy-9(2)-octadecanoic
acid, 7,8-dihydroxy-9,12(Z,2)-octadecadienoic acid,
7,8-dihydroxy-9,12,15(Z, 7, Z)-octadecatrienoic acid, 7,8-dihydroxy-9(2)-octadecanoic acid
2. Production of fatty acid from oil by lipase
Selction of CRL(Candida rugosa lipase), Use of Aspergillus niger expressing CRL(Candida
rugosa lipase), Establishment of hydrolysis conditions, hydrolysis of agricultural oils by
lipase
3. Production of lactone from hydroxy fatty acid by yeast
Production of 7 -dodecalactone, vy -decalactone, vy -butyrolactone, 7 -dodecelactone, &
-decalactone, japonilure
4. Recovery of hydroxy fatty acid and lactone
Recovery of hydroxy fatty acid by low temperature fractional method or silicic acid
open column chromatography, Recovery of lactone using oil bath by circulating and
cooling evaporation method.
5. Transfer of recovery method of hydroxy fatty acid and lactone
6. Development for production process of lactone from agricultural oil
Establishment of hydrolysis conditions by Aspergillus niger expressing CRL, Production of
hydroxy fatty acid by hydratase, Production of lactone from hydroxy fatty acid by yeast,
7. Production of test product and analysis of economic feasibility
Production of test product and analysis of economic feasibility for vy -decalactone, y
-decelactone, y -dodecalactone, and vy -dodecelactone.

IMl. Contents and Scopes

1. Production of various hydroxy fatty acids from oils

(1) Production of fatty acid from agricultural oil by lipase treatment
Selection of lipase for oil hydrolysis, determination of properties and optimization of
reaction conditions of lipase, Production of fatty acid from agricultural oil at high
concentration.

(2) Production of hydroxy fatty acid from fatty acid by hydratase
Optimization of enzymatic reaction conditions, Production of hydroxy fatty acid at high
concentration, Production of various hydroxy fatty acids from oleic acid, linoleic acid,
alpha-liolenic acid, Recovery of hydroxy fatty acid.

(3) Production of hydroxy fatty acid from fatty acid by lipoxygenase
Achievement of 9-, 10-, 13-lipoxygenase, Investigation of enzyme properties,
Optimization of enzymatic reaction conditions, Production of hydroxy fatty acid at high
concentration, Production of various hydroxy fatty acids from oleic acid, linoleic acid,
alpha-liolenic acid, Recovery of hydroxy fatty acid.

2. Production of lactone from hydroxy fatty acid by yeast
Maximization of A -oxidation activity (Temperature, pH, rpm, medium etc), Maximization
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of activity by cell permeabilization of yeast, Optimization of reaction conditions (solvent,
detergent, substrate concentration, cell concentration, reaction time), Production of
lactone at high concentration, Production of lactones from hydroxy fatty acids

3. Industrialization study of bioflavor

(1) Optimization for production process of lactone from oil

(2) Scale-up for production process of lactone

(3) Suitability analysis for cosmetic ingredient

4. Production of test product and analysis of economic feasibility

Test products of 6 types of lactones (y-lactones 3 types, ¢ -lactones 3 types),
Production of lactone mixtures from agricultural oils (olive oil, safflower oil, perilla oil),
Investigation of product purity

5. Implementation and Industrialization

(1) Implementation: 6 cases

Production of y -lactones by hydratase from fatty acid and oil, Production of v -lactone
by lipoxygenasefrom fatty acid and oil, Production of ¢ -lactone by hydratase, Recovery
of hydroxy fatty acid and lactone

(2) Industrialization: 6 cases

Production of 7y -lactones by hydratasefrom fatty acid and oil, Production of 7y -lactone
by lipoxygenase from fatty acid and oil, Production of ¢ -lactone by hydratase,
Recovery of hydroxy fatty acid and lactone

IV. Results
1) Production of hydroxy fatty acid

1. Production of hydroxy fatty acid by hydratase

(1) Lysinibacillus fusiformis hydratase produced 40 g/L. 10-hydroxystearic acid from 40 g/L
oleic acid after 3 h.

(2) Recombinant cells expressing Stenotrophomonas maltophilia hydratase produced 49 g/L
10-hydroxystearic acid from 50 g/L oleic acid after 4 h.

(3)  Stenotrophomonas  nitritireducens — containing  hydratase  produced 15  g/L
10-hydroxy-122-octadecenoic acid 10-hydroxystearic acid from 20 g/L.  linoleic acid
after 3 h.

(4) L. fusiformis oleate hydratase produced 13.5 g/L 10,12-dihydroxystearic acid from 15
g/LL ricioleic acid after 3 h,

(5)  Stenotrophomonas  nitritireducens — containing  hydratase  produced 16.4  g/L
10-hydroxy-12,15(Z 2)- octadecadienoic acid from 22.5 g/L. «-linolenic acid after 2 h.

©) Lactobacillus acidophilus  linoleate 13-hydratase produced 79 g/L
13-hydroxy-92-octadecenoic acid from 100 g/L linoleic acid after 3 h.

(7 L. acidophilus linoleate  13-hydratase produced 7.5 g/ 13-hydroxy-12,15
(Z,Z)-octadecadienoic acid from 15 g/L. « -linolenic acid after 6 h.
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2. Production of hydroxy fatty acid by diol synthase

(1) Recombinant cells expressing Aspergilius nidulans diol synthase produced 5.0 g/L
5,8-dihydroxy-9,12(Z,2)-octadecadienoic acid from 5.0 g/L linoleic acid after 150 min.

(2) Recombinant cells expressing A. nidulans diol synthase produced 9.1 g/L
5,8-dihydroxy-9,12,15(Z, Z 2)-octadecatrienoic acid from 12 g/L « -linolenic acid after
100 min.

(3) Recombinant cells expressing A. nidulans diol synthase produced 5.2 g/L
5,8-dihydroxy-9(2)-octadecanoic acid from 12 g/L oleic acid after 60 min.

(4) Recombinant cells expressing A. nidulans diol synthase variant produced 1.8 g/L
8 R-hydroperoxy-9,12(Z,Z)-octadecadienoic acid from 6 g/L linoleic acid after 60 min.

(5) Recombinant cells expressing Glomerella cingulate diol synthase produced 6.4 g/L
7,8-dihydroxy-9,12(Z,2)-octadecadienoic acid from 14 g/L. linoleic acid after 120 min.
(6) Recombinant cells expressing G cingulate diol synthase produced 6.3 g/L
7,8-dihydroxy-9,12,15(Z, 7, 2)-octadecatrienoic acid from 14 g/L. « -linolenic acid after

180 min.

(7) Recombinant cells expressing G. cngulate diol synthase produced 6.4 g/L
7,8-dihydroxy-9(2)-octadecanoic acid from 14 g/L oleic acid after 150 min.

3. Production of hydroxy fatty acid by lipoxygenase

(1) Recombinant cells expressing ANostoc sp. lipoxygenase produced 37.6 g/L
9R-hydroxy-10£;127-octadecadienoic acid from 40 g/L linoleic acid after 60 min.

(2) Recombinant cells expressing ANosfoc sp. lipoxygenase produced 38.4 g/L
9R-hydroperoxy-10£;122157-octadecatrienoic acid from 40 g/L. e« -linolenic acid after
60 min.

(3) Burkholderia thailandensis lipoxygenase produced 21 g/ 13-hydroxy-9,11(ZE)-
octadecadienoic acid after 90 min.

2) Production of lactone

1. Waltomyces lipofer produced 45.7 g/l y-dodecalactone from 60 g/L. 10-hydroxystearic
acid after 30 h.

2. [ -Oxidation induction of W. lpofer by oleic acid: 22% increase in the yield of v
-dodecalactone from 10-hydroxystearic acid and 1.3-fold in the productivity. W. /lpofer
produced 28 g/L. y -decalactone from 60 g/L. 12-hydroxystearic acid after 30 h. W.
lipofer produced 12 g/L. y -butyrolactone from 60 g/L. 10-hydroxydecanoic acid after 30
h.

3. Candida  boidinii produced 2.2 g/l y-dodecelactone from 5 @ g/L
10-hydroxy-12(Z)-octadecenoic acid after 6 h.
4. Yarrowilia  lipolytica produced 1 g/L 0 -decalactonefrom 7.5  g/L

13-hydroxy-9-octadecenoic acid after 24 h.
5. Candida palmiolephila produced japonilure as Japanese beetle pheromone from
8-hydroxy-9-octadecenoic acid.
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3) Development for production process of lactone from agricultural oil

1. Production of 25 g/l y-dodecalactone from 40 g/L olive oil hydrolyzate with lipase
treatment: Hydrolysis of olive oil by Aspergilius niger expressing CRL, Production of
10-hydroxy stearic acid from oleic acid by S. maltophilia oleate hydratase, Production
of y -dodecalactone by A -oxidation of W. lpofer whole cells.

2. Production of 1.88 g/l y -dodecelactone from 7.5 g/l safflower oil hydrolyzate with
lipase treatment: Hydrolysis of safflower oil by CRL, Production of
10-hydroxy-12(2)-octadecenoic acid from linoleic acid by . mitritireducens containing
hydratase, Production of y -dodecelactone by A -oxidation of C. boidinii whole cells.

3. Production of 34 g/l 9R-hydroperoxy-10E,12Z15Z-octadecatriencic acid from 50 g/L
perilla oil hydrolyzate containing 40 g/L e -linolenic acid with lipase treatment:
Hydrolysis of perilla oil by CRL, Production of 10-hydroxy-12(Z2)-octadecenoic acid from
linoleic acid by ANostoc sp.  lipoxygenase.

4, Recovery of biotransformed lactones were not needed for the use of cosmetic
ingredient because biotransformed lactones were considered as natural lactone
distinguished from chemically synthesized lactones.

4) Industrialization study of lactone

1. Recovery of hydroxy fatty acid and lactone

() Recovery of hydroxy fatty acid: Recovery of hydroxy fatty acid by low temperature
fractional method or silicic acid open column chromatography. 10-Hydroxystearic acid
was recovered with 98% purity and 70% yield by methanol method.

(2) Recovery of lactone: 7y -Lactones was recovered with 99% purity and 63% yield using
oil bath by circulating and cooling evaporation method.

2. Manufacture of test lactone samples

() Manufacture of y -dodecalactone (51% yield), y -decalactone (above 30% vyield), y
-dodecelactone (above 20% vyield), y -butyrolactone (above 25% yield), ¢ -decalactone
(above 20% yield)

(2) Production of 7y -dodecelactone from 10-Hydroxy-12(Z)-octadecenoic acid in a 10 L
fermentor: above 30% yield

(3) Production of y -dodecalactone mixture from olive oil: above 50% yield

3. Analysis of economic feasibility

(1) Raw material cost of 7y -dodecelactone produced by W. lpofer. Estimation of 20,469
W/kg

(2) Raw material cost of 7y -lactones produced by Y. Zpolytica. Estimation of 82,260 W/kg
for y -decalactone, 84,260 ¥W/kg for y -decelactone, 174,075 ¥W/kg for y -dodecalactone,
and 374,075 ¥/kg for y -dodecelactone.

(3) Production cost of v -lactones produced by Y. Zpolytica: Estimation of 611,545 ¥#/kg
y —decalactone and 703,360 ¥/kg for y -dodecalactone.
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(4) Selling price of chemically synthesized 7y -lactones: 30-40 $/kg, Selling price of natural
y -lactones: 950 $/kg. Thus, biotransformed lactones exhibit cost competitiveness
because they are near to natural y -lactones.

V. Achievement and Its Practical Use

1. Achievement

(1) Paper: 15 papers publication of international SCI journal including Biotechnology
Advances (IF=9.599) and Advanced Synthesis and Catalysis as corresponding author
(IF=5.663, SCI field rank 2.8%, VIP paper, cover picture)

(2) Patent: 8 patents, including 3 patents registrated and 5 patents applied in the Korean
Intellectual Property Office.

(3) Technology Transfer: Initial Fee 1,000,000 % + 1% of Total sales

2. Practical Use
We have a plan for the industrialization of lactone production by transferring skill.
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Global Market For Flavors, 2006 (US$ (Million)

Middle East & Africa
6.9%

$439.6

W Europe
23.2%
Asia-Pacific - 514816

27.0%

$1,7386

E Europe
6.2%
$394.3

§ America
5.8%

$369.5 N America

30.6%
$19861.7

Source: AL Consuttants, 16 April 2007, Press release
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Global Market for Flavors & Fragrances
by Value, 2006 (US$ Million)

$6,224 $6,375

Source’ AL Consultants, 16 April 2007, Press release

a3 . g9 RorH AA = (AL consultant, 2007)
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O AWAko 2 B hydratase =]l 2] hydroxy A ®42F A4k
- v A=A 3}
- Hydroxy A|W4F 115 = A4k
- Oleic acid, linoleic acid, alpha-liolenic acid=X-E] t}F3$t hydroxy X|wWH4F A4k
- Hydroxy fatty acid®] & A

O AgAte 2 HE lipoxygenase gl ¢3¢ hydroxy A4k A§4k
- 9-, 10-, 13-lipoxygenase A o2 3 QX E0]2 &4 FHAA L T4 TR
-84 B =AY 84 HHe HAS)
- Hydroxy AW 5% Y2t
- Oleic acid, linoleic acid, alpha-liolenic acidZ24-E t}F3F hydroxy A2k YAk
- Hydroxy fatty acide] & &

oL o
F>r?~r

ol
ﬂ

¢

2. Th&F3F hydroxy A 4te 2R Tk SEFo A4k
O Hydroxy A|Wito 2 HE ZFEF A4
- @19 beta-oxidation &4 FHZA3}l: &%, pH, rpm, WA &

- gawol v-gA Hh3} (cell permeabilization): 718w 2 detergent A&l =7 & A3}
- 88 Hkg =1 HAS: V|HAFE, dAFE, ALt 5 HA3)

- SER Les A

- %3 hydroxy AAFERE 43 =7 A4t

3. whole Fme] B AT
O sAFAZREH vo]l &8 HEF A A 349 HA 3
- Lipase®} hydrataseE AF&3+ T4 Z5-E hydroxy A|W4ke] A4kl & A 38}
Lipase$} lipoxygenaseE AF&3F FA4H-f-% ZHE] hydroxy A WAk Aako] 2 3}
g w9} lactonaseE AHE-3F hydroxy A|¥HAF2RE SFEF ALY A3
SAFAZTE Aol ¥&s HEFY AN A Ao HHE
- S A, T3, S/l o7 HloleFF R HEF A4t
O vpolo s FEF2| A1b3A scale-up

_14_



4. AAE Az 2L AAY B

- ol 9RO 5% AF HUH-FER 4 o), JBH-FEFR 15 )
- BARA(SE A, B3 B718)1A hydroxy AWA B FE A

AF =% AR 8% o) &F Ax
- AAAR BA ARAEN Y. lpolyticad) ©]3+ y-lactone kg F A4 JRAFM:
decalactone= 82,260 y -decelactonex= 84,260 y -dodecalactone= 174,075
dodecelactones= 374,075¢4 o2 A4

5. 714N 9 4F3
O 71244 5 A
Hydrataseo] 3t Zul-=2tEF Ay 24
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¢l A pAakel oleic acid¢}t linoleic acid2H-E A H = SEFES 18 19 JeEUS

o
- 0@\/\/\/
Hyd ratase " Biotransformation

| Gamma-decalactone |

I 10-Hydroxy-stearic acid I

Oleic acid Beta-Oxidation
Lactonization
o] 0,
Lipoxygenase L Z Biotransformation
Linoleic acid | 10-Hydroxy-octadecenoic acid | | Delta-decalactone I

Fig 1. &4 (hydratase/lipoxygenase) 2 & X 9] beta-oxidation¥} lactonizationol] 2|3+ & A4
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A 2 A AAro 2 XE hydroxy A H4F YA

FAMTAZRE vlol o ER] FES AL HAAe WA AR 2EE A HbE
hydroxy A|@4te 2 AZS A|ACk 3. FAHFAZEH lipase A#E T3l A4S 42 =
gt 45 AHEste hydroxy AH4AHSE AT ¢ S diZHoZ 27 o] oFAF
Ales 7= BESIAAEC Z HE] hydroxy AH4bs AAStE lipoxygenase, olE 23 A&
< 7M=& BEXsA Lo 2 HE dihydroxy A4S AAdSkE diol synthase, E32 3] ¥F4He]
o|FATE #EoJFHA -OH7|E EAF+ hydratase’} 912, lipoxygenase2} hydratase= Z}
Z} linoleic acide} oleic acidE 7122 AFE3FRS W] 7MH =& FAS HoleE Aow IdHA

91, hydroxy Aate SES ATAZ e BdE $E BAS UsEd 2 guE A
. Bk ohJe} hydroxy AMALS SPEE, GJoFE % MIE, BelaEpe Ao Uss) 5
of 4YHoEE 2 uE AUL o] FEL BT U

1. Fatty acid hydratase

7}. Oleic acidel| 4] 10-hydroxystearic acid 34t
(1) A4t hydratase 5 Stenotrophomonas nitritireducens A A X9 2]3F 10-hydroxystearic
acid A4t
A B

S
a

o

=]
T

/

'l
+

1004

~
a
T

Relative conversion rate (%)
o

(=]

T

> o ® @ P &
P
@ o & o o

Relative conversion rate (%)

n
a
T

Il

a 1
0.00 002 004 006 008 010 012 0.14 0.16

Detergent Tween 80 (%, wiv)

Fig. 1. Effect of detergent on the conversion of oleic acid to 10-hydroxystearic acid
production by whole cells of S. nitritireducens. a Effect of detergent kind. b Effect of Tween
80 concentration.
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Fig. 2. a Effect of the cell concentration on the conversion of oleic acid to 10-hydroxystearic
acid by whole cells of S nitritireducens. b Time-courses for the conversion of oleic acid into
10-hydroxystearic acid by whole cells of S. nitritireducens under the optimum conditions in
anaerobic and aerobic atmospheres. Oleic acid (filled circle) and (filled square)
10-hydroxystearic acid in anaerobic atmosphere and oleic acid (open circle) 10-hydroxystearic
acid (open square) in aerobic atmosphere.
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Table 1. Microbial conversion of

oleic acid to 10-hydroxystearic acid from.

Strain Oleic acid 10—Hydroxystearic acid Yield Productivity
(g 1™ (g 1) (ggh (gI'nh)
Enterococcus faecalis 0.9 0.63 0.70 0.01
Flavobacterium sp. DSH 5.4 0.34 0.06 0.01
Nocardia paraffinae 18.0 8.00 0.44 1.33
Nocardia cholesterolicum 17.8 16.02 0.90 2.67
Selenomonas ruminantium 0.9 0.80 0.89 0.01
Stenotrophomonas nitritireducens 30.0 31.50 1.05 7.88

P oFAHFQ S nitritireducensE 71 o.E® AMEZ ZujE 83 hydroxy A A

TR B4

(W) S nitritireducens®] hydroxy A|®¥H4F AAF HASE &1 S nitritireducensZ5-E] hydroxy

Agatel EEZQ S 98 Y=, pHE 238t AMEAEA (Fig. 1.

ZHZ,

2 80), ME v% (Fig. 2. &=, 20 g/lL AlZ %) 59 28 =718 HA 33

(th S nitritireducensE: ©]-&3F hydroxy A|Wb A4 AAE SFu] daEE= F718QA 249
Ao BaAQ .

(2D Table 13} o] S nitritireducens= hydroxy A4k A2l A MA Hael wxo A4k

4 715 30 g/L oleic acidg 7|E=E 3l 4AxF < HEA 315 g/LE AAHE 20 gL
linooleic acidE 7]1&=Z &l 3413 &<t ¥wEg-A] 15 g/ 10-hydroxy-127-octadecenoic acid AY

o

(2) Macrococcus caseolyticus 'R Lysinibacillus  fusiformis A ¥4+  hydrataseo] <)%
10-hydroxystearic acid 34+
A B
100 100
4
E o - g 40t
20} \ * »l
%o 515 GIO 6‘5 7.0 7] 5 80 0 1‘5 2‘:' 2‘5 "ﬁ 3‘4
PH Temperature (°C)
Fig. 3. Effects of (a) pH, (b) temperature on the activity of oleate hydratase from
caseolyticus.
A 2 20 B 251
< 151 - -+ - —5—— Z:§ w0 3 e = 5%
‘H " ‘ij .§ E 50 ﬁg I(I
“l LI E Y
;‘; 50 g \‘\(j
0.0 R

s L s
e 0.0 0.2 04 08
FAD (mM)

L
08 1.0

L e — o

400 600 800 1000

Time (min)

0.05% E

Fig. 4. a Effects of FAD concentrations on the
caseolyticus. b Time-course reaction.

activity of oleate hydratase from M.
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Table 2. Specific activity and kinetic parameters of the putative fatty acid hydratase from. M.
caseolyticus for fatty acids as substrates.

Specific activity Ka Keat Keat/ R
Substrate Product(s) (unit/mg) CaM) (min~Y @M~ min~Y
Myristoleic acid ~ 10-Hydroxytetradecanoic acid 18+0.2 3007 2+0.1 8§+0.2
Palmitoleic acid  10-Hydroxyhexadecanoic acid 1,680£5.1 570+9  230+4.0 390+6.3
Oleic acid 10-Hydroxyoctadecanoic acid 3,300+£9.1 340+2  470+1.3 1,360+5.1
Linoleic acid 10—Hydrpxy—IZ(Z—octadece_noic Aacid 58+0.9 390+1 8+0.2 20+04
10,13-Dihydroxyoctadecanoic acid 5+0.8 340+2 1+0.1 3+0.6
¢ -Linolenic acid 10-Hydroxy-12(2),15(2)-octadecadienoic acid 59+2.9 320+2 8+0.2 25+0.6
10,13-Dihydroxy-15(2)-octadecenoic acid 17£0.9 3304 2+0.6 8+0.2
., “Linolenic acid 10-Hydroxy-6(2),12(2)-octadecadienoic acid 1,120+1.2 590+2 160+1.1 270+0.1
10,13-Dihydroxy-6(2)-octadecenoic acid 90+0.9 600+4  12+0.2 21+0.5
b AAZ SujollA AL F4kskRkgo] #osts B4 XA F2Y 2 ek T

d g

() A4F hydratasee] A 3}stz EA 749 M caseolyticus &) A A FAMEE A= pH
6.5¢} 25ColA HZA AL Hed (Fig 3 #FXF), F48 84+ BXE §4 flavin adenosine
dinucleotide (FAD)7} A2EH=E WF2oA AA Zuj&Ao] A= HoF Ve FAD HX g4
EHYE FAstF e 0.2 mMolA HAYE &2, 2 mM oleic acidE hydroxystearic acid=
A gst= ‘%%01]/‘1 14417 & At 99%9 X4:¢Lg—% el (Fig. 4b #=).

(th M. caseolyticus &l AAr F4kst a4 0] 71 Bol4d &4 (Table 2 =) A WAk
Asta 4 e oY ZIAHAE 9 EdlAy ExstA Ak tis] &Aoo YEhA e
Eolz o2 14~187) w4 9 2 99, 12W A2y S Zhe EXSA Y4t A4S YEY, ®
3t oleic acid > palmitoleic acid > 7y -linolenic acid > e -linolenic acid > linoleic acid >
myristoleic acid <= © 2 specific activity®} catalytic efficiencyS Yl 713 & A4S
YEh & oleic acid7t F 712 Y-S 213
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Fig. 5. Effect of the concentrations of substrate and enzyme on 10-hydroxystearic acid
production from oleic acid by oleate hydratase from L. fusiformis. a Effect of enzyme
concentration. b Effect of substrate concentration. Conversion vyield (filled square) and
10-hydroxystearic acid production (filled circle).
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Fig. 6. Time-course reactions of 10-hydroxystearic acid production from reagent grade oleic

_18_



acid and olive oil hydrolyzate by oleate hydratase of L. fusiformis under optimal conditions. a
Reagent grade oleic acid. Oleic acid (empty circle) and 10-hydroxystearic acid (filled circle). b
Olive oil hydrolyzate. Oleic acid (empty circle), palmitic acid (empty square), and
10-hydroxystearic acid (filled circle).

Oh FA Ztrddee o8 A FAtstas B B4 A R EERE Al
Wb s E A s o] &% AT Y.

() L. fusiformis s A gat 8l E4E o] &3k A MRS L fusiformis 3 oleate
hydratase== 25,000 U/ml (8.4 mg/mD) &4 FXoA Ho A4HES B (Fig. 5A. F=x), 712
5+ 40 g/Le] oleic acidell A 10- hydroxystearlc acide Hoj A4hE B 40 g/L o] FFH
© AT sl HaEo] 40 g/lL7t HA Y= yERd (Fig 5B =)

(th 1% oleic acidel 7F3-3l QE]H e o]&3gk A4 Hla: Fig. 6AS} Zo] 1%
o oleic acid® AH&ste 4% 8 g L' h'9 *ﬂ’:}*é = Holu Fig. 6Be} o] ks
3t Y EFE AFET FA$ E£¥H palmitoleic acidZ <13 10-hydroxystearic acid A4+ o] 4
g Lt nlz 2w 2&, 715Es LdBfE 3EE oeic acidel wms] o]
10 hydroxystearlc acid® AAFEL7] 9138 AIZEe 28] A X A Q %Y 6417 o]F 100%0 7}7k-3-

(3) AWt  hydratase &  Stenotrophomonas maltophilia AZFE AT &
10-hydroxystearic acid A4+

Oleic acid

Time (h)

Fig. 7. Time-course reactions for 10-hydroxystearic acid production from oleic acid by whole
cells of recombinant E£. coli and wild-type S. maltophilia under the optimal conditions.
10-Hydroxystearic acid production (filled circle) from oleic acid (filled square) by whole cells
of recombinant E£. coli, and 10-hydroxystearic acid production (empty circle) from oleic acid
(empty square) by whole cells of wild-type S. maltophilia.

Table 3. Microbial conversion of oleic acid to 10-hydroxystearic acid.

Volumetric Specific
Strain Sgt;)sltg?te 1?20(111110; (;hgl_dl) produ{:tlvqg proguctwllty Reference
(g g—cells D

Enterococcus faecalis 0.9 0.80 0.89 0.011 NR Hudson et al. (1995)
Enterococcus gallinarum 2.0 1.9 0.97 0.027 NR Morvan and Joblin (1999)
Flavobacterium sp. DS5 18.0 0.71 0.04 0.015 NR Heo and Kim (2009)
Lactobacillus sp. 2.0 1.5 0.76 0.011 NR Morvan and Joblin (1999)
Nocardia cholesterolicum 17.8 16.0 0.90 2.7 0.03 Bagby and Calson (1989)
Nocardia paraffinae 18.0 8.0 0.44 1.6 0.46 Latrasse et al. (1997)
Pediococcus acidilactici 2.0 1.9 0.93 0.013 NR Morvan and Joblin (1999)
Selenomonas ruminantium 0.9 0.63 0.70 0.009 NR Hudson et al. (1995)
Sphingobacterium thalpophilum 18.0 7.1 0.39 0.074 NR Kuo and Levinson (2006)
Stenotrophmonas nitritireducens 30.0 31.5 1.05 7.9 0.39 Kim et al. (2011)
Stenotrophmonas maltophilia 50.0 40.0 0.80 5.0 0.50 This study

E. coli containing oleate hydratase
50.0 49.0 0.98 12.6 1.23 This study
from S. maltophilia

O At kst aa Qs F59h oplTEFol e Aakd 4 ool His) A
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bAoAk —’Fiﬁ‘ri/\ ZHZ%‘ :ﬂL 9‘r 0?*3&?—% o]-&3F M4 vl Fig. 33 #Zo] A
ANz #FE ALSAS A9 121 gl It 19,] AL Eo]ur M HFE A}
£ 45 31}3]66g1’hi183 ZHa, AAF GakslE A A 23 FFFE o FF
Hlel] i el =5 Hol gloj &34
(th <% hydroxy A4t A4k A 23 #5 Table 39} Zo] ok E #FEH Hluste
1.23g gcells’ h'e] H& Sold AAHL 7|28

}. Linoleic acidolA] 10-hydroxy-12(2)-octadecenoic acid A4k

10-HAqLOXA-y 5-(S)-0ctIgeceuolc sciq (8\)
T

0 30 eo0 80 150 120 180

1we (unu)

Fig. 8. Time-courses for the production of 10-hydroxy-12(2)-octadecenoic acid in a bioreactor
by washed cells of S mnitritireducens under the optimized conditions. : Linoleiec acid (O),
10-hydroxy-12(2)-octadecenoic acid (@).

Table 4. Hydroxy fatty acid productions from unsaturated fatty acid by various
microorganisms with high productions

. Substrate  Product Product Plfo_duct
Strain Substrate Product . ity
conc. (g/l) conc. (g/1) yield (g/g) )
(g/l-d)
Enterococcus faecalis Linoleic acid Zlig;Hydroxy—H(Z)—0ctadecen01c 1.00 0.22 0.22 0.09
Flavobacterium. sp. Linoleic acid éligi;Hydroxy—w(Z)—octadecen01c 5.40 2.97 0.55 1.98
La;tobaql/us Linoleic acid 10‘—Hydroxy—12(Z)—octadecen01c 5.00 145 0.29 0.72
acidophilus acid
Lactobaq//us Linoleic acid 10_—Hydroxy—12(Z)—octadecen01c 2,00 182 091 0.26
paracasel acid
Pseudomonas sp. Oleic acid 10_—Hydroxy—8(E)—octadecen01c 200 558 0.28 558
42A2 acid
Pseudomonas sp. PR3 Oleic acid Zi,cloa;i]?ilhydroxy—S(E)—octadecen 11.7 7.35 0.63 3.67
Stenotrophomnas Linoleic acid 10—Hydroxy—12(2)—octadecenoic 2.00 1.92 0.96 92 This
nitritireducens acid 20.0 14.9 0.75 177 study

b HA zANA 15 g/19] 10-hydroxy-12(2)-octadecenoic acid’} 2A17F o A=A S
™ (Fig. 8) o]A& A4 177 g/l-d (=7.5 g/l-h)el sidE 2343,

(WP o8] mAAEEe] Ex3) AWato 2 HE 315 % hydroxy fatty acids A 4HS Table 40l
[9F3, A F7HA] 7 =2 559 hydroxy fatty acids A+ Pseudomonas sp. PR3ol 2|3+
11.7 g/19] oleic acid& AF&3Fe] 48A17+e 7.35 gf19] 7,10-dihydroxy-8(£)-octadecenoic acid&
AMArSE 7499, S mitritireducens®]  10-hydroxy-12(2)-octadecenoic acid A4 FEE
Pseudomonas sp. PR3¢] 7,10-dihydroxy-8(£)-octadecenoic acid A4t =Rt} 28] =k AJ4F
Ax 328 =32 AF7A 7P =8 $28-2]110-hydroxy-12(2)-octadecenoic acid A4S 2 g/l
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linoleic acid2 4-H Lactobaci]]us pafacasej 91% FE&S HYAT Z2xz7qA S
nitritireducens + 96% 2] +&& JERAS.

t}. Ricinoleic acidell A4 10,12-dihydroxystearic acid A4+
AA7A Y olF4ks) Aabe Ao oy @A) HA o] e FHAY AW AES FE T
Absh AlokE AMESAS W FAE. HIZdE oY dHES Bty sl vAE S

o]l palmitoleic acid, oleic acid, eicosenoic acid, e« -linolenic acid, ricinoleic acid °.Z%H
7,10-dihydroxy-8(£)-hexadecenoic acid, 7,10-dihydroxy-8(£)-hexadecenoic acid,
7,10-dihydroxy-8(£)-octadecenoic acid, 9,10-dihydroxy-10(£)-eicosenoic acid,

13,16-dihydroxy-12,15-epoxy-9(2)-octadecenoic acid, 10,12-dihydroxy-8(£)-octadecenoic acid,
7,10,12-trihydroxy-8(£)-octadecenoic acide] Z+zt AJ4iko] H U 53] EZIA|YLEQI o]44tks)
2Hol2 42 Dol Alof Ff{y, Caviceps € ZTollA 9,10 A9 fX|of] F4Hs7&
7FA& 9,10-dihydroxystearic acid = AJ4bstSl=. PIAE s o] &3 A=WHS dHSAIZE
o] Am Hgrgo] Fe FAZ o] E4E o] &3 AW #AE JHAA HAS

(1) Ricinoleic acid %] 10,12-dihydroxystearic acid A4H2 & oleate hydratase ¢ %3
=% ¢} ricinoleic acid ¢ 713 =9 3 &3

455 W3A 7)Y 10,12-dihydroxystearic acid 2] AAHS FASE Ad §4AFE 9
mg/mL 7hAE= Z7bsld o 10,12-dihydroxystearic acid ¢ A4ro] 1 o]Ate] FEoAE IA
s

39S (Fig. 8A). 1822 9 mg/mLE 10,12-dihydroxystearic acid o] A4te] HZH 4=
AA3+9 . Ricinoleic acidZ 5 g/L-20 g/LE W3S Fo] z+zt wsS Ay 3 A3 714 15
glL7AA = 712 0] =obgel we} productFol £il, F&°] wou 1 o] 7AFrodX=
&3 producte] ol F3] Fadel wek 71 15 gllalA HAYS &AL = AM=E Fig
8B).

cid (g/1)
acid (g7)

ystearic
3 2
onversion rate (%)

10,12-Dihydroxystearic a

10,12-Dihydrox;
Ci

Fig. 8. (A) Effect of enzyme concentration on the production and conversion yield of
10,12-dihydroxystearic acid by L. fusiformis oleate hydratase. (B) Effect of substrate

concentration on production () and conversion yield (@) of 10,12-dihydroxystearic acid by L.
fusiformis oleate hydratase.

(2) L. fusiformis oleate hydratase & ©]-&3} 10,12-dihydroxystearic acid €] 234t

L. fusiformis oleate hydratase & ©]&3}o] 10,12-dihydroxystearic acid ¢] 1&5 % A4S 9
sk, 849 A pH 6.5 ¥ &40 Aito=a Zoj&E AZHE 18T 2% (30T)A 15
g/L ricinoleic acidZ%-E] 10,12-dihydroxystearic acid ¢ A|7HE AHir#ES =Asho], w8 3A7F
%o 13.5 g/Lo 10,12—dihydroxystearic acid 7} AAak=o] A7t 4.5 g/Le] AR 90% A g
TFE&< YeAS (Fig. 9.
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acid (g/ly

oleic

id, Ricin

‘oxystearic aci
@

10,12-Dihydry

Fig. 9. Time course of e 10,12-dihydroxystearic  acid (@)
from 15 g/L ricinoleic acid (O) by L. fusiformis oleate hydratase.

2}. #-Linolenic acidell 4] 10-hydroxy-12,15(Z,2)-octadecadienoic acid Aj4+

Hydroxy A|W4ke o2 AWAEEA w8 =2 AE9 HeA4S 7IAe 54 d&o
ARTAGA, &2, dFF & ZFHLS EopolA AL&H]H. o]# 3 hydroxy fatty acidE
W=7 98 Sternotrophpmonas maltophiliaZ =¥ {-2}¥ oleate hydrataseE ol-&3sted A WAk
Zo]| 3¢l ¢ -linolenic acid®] 10¥ ©A$x¢ o]FA%LS &1 I X -OH7 =
Eozo 24 10-hydroxy-12,15(Z,72)-octadecadienoic acid & wWHEo] Fxua 3. =3+ cell
membrane®l| permeabilization X2 S sjEFo 2R 71&H} cell ¢ko] enzymed] o]FE FAHAA
producte] %<& F7FAIFL.

(1) 10-Hydroxy-12,15(Z 2)-octadecadienoic acid®] A4+& F71A17]17] 98] NaClz} EDTAC
2] gk recombinant E.coli cell®] permeabilization.

Producte] A4S S71A17171 913l solvents(ethanol, 2-propanol, acetone, toluene, hexane)<}
detergents(Tween 20, Tween 40, Tween 80, Span 20, Span 802 o]&3}a] cellS
permeabilization *2]3}t. permeabilized cell®] 7% *2lst#] &2 cell2t} relative activity”}
120%°]38F9 a1, 0.125 M NaCl or 2 mM EDTAE A& Al 150% o]’ o]tk (Fig. 10A and
10B). NaCl#} EDTAE A58 o= A A 174%= F7+ (Fig 100).
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Fig. 10. Effects of NaCl and/or EDTA treatments on the permeabilization of E£. coli expressing
the oleate hydratase gene of S maltophilia for the conversion of «-linolenic acid to
10-hydroxy-12,15(Z 2)-octadecadienoic acid. (A) Effect of NaCl treatment. (B) Effect of EDTA
treatment. (C) Effects of NaCl and/or EDTA treatments. The concentrations of NaCl and
EDTA were 0.125 M and 2 mM, respectively.
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(2) 10-hydroxy-12,15(Z,Z)-octadecadienoic acid HHAAHE 3 detergent FHF 2 Fx9
23

oS Ado A= 50 mM Tris-HCl buffer, 35° C, pH 7.0014 <=33tath 712 2] solubility S
+3] 10-hydroxy-12,15(Z,Z)-octadecadiencic acide] AJ4Fs F7FA171== detergents (Span 20,
Span 80, Tween 20, Tween 40, Tween 80)d @& a3k A7} Tween 400] 7} HAJS &
AR, FEEE AFLS AP 0.1%14 7HF BAe) L (Fig 1D.

A B

180 00

o
=

1004

Relative activity (%]
Relative activity (%)

h
=

cﬁ““iﬂpﬂ“'ﬂq‘;@‘m.‘;m“ﬁ g.c-w“'l“ ,—,oﬁ‘@ b0 om 010 e om0
Twaen 40 [, viv]

Fig. 11. Effect of detergent on the conversion of e-linolenic  acid to

10-hydroxy-12,15(Z, 2)-octadecadienoic acid by whole cells of £. coli expressing the oleate

hydratase gene of S maltophilia. (A) Effect of detergent type. 0.05% (filled bar) or 0.1%

(empty bar) (v/v) detergent. (B) Effect of detergent concentration.

(3) 10-Hydroxy-12,15(Z,2)-octadecadienoic acid HthA4tS 213t cell %, 712 5= A3

10-Hydroxy-12,15(Z 2)-octadecadienoic acid Zt] 24ke 93l cell =4, 714 v 43
S 23y 714 175 g/LE Y1 permabilized cell =5 20 g/L-60g/L2 th2A st 24zt
24X F WS & & A, cell 50 g/l HAYS YeEMRA L (Fig. 12A), cell 50g/L
< ¥ 712< 5 g/L-20 g/lLE W3tE Fo] 74 v 3 A3 714 175 g/L7kA = 7]
Zo] Folgol wet productFel =i, FE&o] FOU I o9 JHERAANE FEX
product®] o] w43 TZasgtd wet 7]do] 175 g/l o o HAYS &3 (Fig. 12B).

= = a0 10
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Fig. 12. Effects of the concentrations of substrate and permeabilized cells on
10-hydroxy-12,15(Z 2)-octadecadienoic acid production from e -linolenic acid by whole cells of
S. maltophilia. (A) Effect of cell concentration. (B) Effect of cell concentration.
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(4) Time-course (permeabilized cell / non-treated cell Bl a)

e AFA Lol HAzHA productd] Htl A4S 9l permeabilized cell#
non-permeabilized cell& °©]&3te] ¥ &3] AZPEZ samplingste] o A4S e
= AZE golHRwA T cell& HlwE. Non-permeabilized celle 24A17F5<F 11.3 g/Le]
10-hydroxy-12,15(Z 2)-octadecadienoic acids AJ4Fstdal, permeabilized cell®] 74-%- 18A1XH&
ok 14.3 g/LE A34F3}. Non-treated cell® T} permeabilized celle] conversion yield¥} volumetric,
specific productivity 7} 22+ 18%, 1.7#, 1.7v] <& AL g & = UdS (Fig. 13).

@ Linolenic aicd [g17")

A0-hydrosey- 12 15[ 2, 2} ot adecadienoic acid [g I"]

Time (h]
Fig. 13. Time-course reactions for the production of 10-hydroxy-12,15(Z 2)-octadecadienoic
acid from e« -linolenic acid by permeabilized cells and nonpermeabilized cells of S. maltophilia
under the optimum conditions. The production of 10-hydroxy-12,15(Z,2)-octadecadienoic acid
() from e-linolenic acid (@) by permeabilized cells and the production of
10-hydroxy-12,15(Z 2)-octadecadienoic ~ acid ([J) from  e-linolenic acid (O) by
nonpermeabilized.

o}, Linoleic acid®2 ¥ 13-hydroxy-9(2)-octadecadienoic acid A4+

71&9] oleate ¥ linoleate hydratasev= 3%4CS & cis-9,10 #1%/9] o|TAH Ales 43}t
A A2 APqE st 4AZ A4 linoleic acidg 712 Z2 cis-12,139 X9l 4E8kA1 7] =
linoleic acid 13-hydrataseE HRSHI o] &E4E 3FF 13-hydroxy-97-octadecenoic acid
(13-HOD)A kel o] &3} (Fig. 14).

o]

N
= on = OH

Linoleic acid 13-Hydratase OH 13-hydroxy-94-octadecenoic acid

Fig. 14. Scheme of enzymatic conversion of 13-hydroxy-9.Z-octadecenoic acid from linoleic
acid by linoleated 13-hydratase.

D A AHEY <

Lactobacillus acidophilus KCTC 3164¢] genomic DNAZRE PCRS %3l 313
cloninggt % expression vactorql pET-15bellAl & Al7]az  IMAC affinity column-<
A3k hydratase E4E Ao, AA 49 A4S FRI31r] 93l linoleic acidE 713
St A3 GCAAA AAAES U & A, GC-MS B4 & Fal 2% 37139 1798 F
Ciz Aol F4s7E dogss & 4 Ao WAPELS  13-hydroxy-9Z-octadecenoic  aci
(13-HOD)= &<1% (Fig. 15A, B).
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Fig. 15. (A) SDS-PAGE analysis of expressed and purified 13-hydratase. Gas chromatogram (B)
and GC-MS of 13-HOD.

(2) 13-Hydroxy-9(Z)-octadecenoic acid A4r &424 A3}

Lactobacillus acidophilus 2] A4k 4ksl a4 (hydratase)e] “g#)|. His-taq affinity 7 =7}
7} pET-15b, pACYC, pTrc99a, 1#]al pSTV28 vectorE o] &3t A3 AL AA 2
I 3y HA oA pACYC7F ©+E pET-15b, pTrc99a 1@ pSTV28 vectorell ®Isle] ©f ¢
+8t9S (Fig. 16).

Molecular marker

13-LH-pACYC pellet
13-LH-pET15b pellet
13-LH-pTrc99a pellet
13-LH-pSTV28 pellet
13-LH-pACYC crude
13-LH-pET15b crude
13-LH-pTrc99a crude
. 13-LH-pSTV28 crude

O©PRN O N

Fig. 16. SDS-PAGE analysis of recombinant E. coli cells expressing L. acidophilus linoleate
13-hydratase from originating from different plasmids.

L. acidophilus hydratase® Z3}}= recombinant celle] &S ol7] 3 vl wj= &3},

l
SOC (super optimal broth with catabolite repression)s] =4l wjFstH S w 2w A SR
=& specific activity9} total activityS R (Fig. 17).

_25_



cell weez2 (A |4)

30

SR

S0

Tso

=5}

@

©

a

Il
10¢9] scgAA (@ (i)

2becic scpayA (@ a-cejje-i p-1)
© P

2

oo

00

o
o

1B 20C rs wa WK CI

Fig. 17. Effect of culture media on the cell mass, specific activity, and total activity by

whole recombinant cells expressing linoleate 13-hydratase from L. acidophilus.

(3) 13-Hydroxy-9(Z)-octadecenoic acid A4F =74 23}

L. acidophilus hydrataseE 33}s}l+= recombinant cell conversionel] ¢]3F 135-HOD A4F = A
512 3% A3} pH 6.0 (Ctirate/phosphate, 50mM), 45 ColA H# B4 S B IS (Fig. 18A,
B). A4k 4kslaaol o8] AAdE 13-HOD A4 HASLE 9 detergent& & Ay 2 4
7 0.25% Tweend0ol Al iz the] 120 A4HE S &< (Fig. 19A, B). ol& 712 2 4+
B9 &8= ¥4 2 mixing effect7} Fobxl o2 Fehg.

13-HOD A4k2 93k HzZ ol A4t Akg a4 cell w59 7|25 =S A3 E A3} linoleic
acid 100 g/L ¥u Aukak Aksld@ 4 25 g/l celldlA HAS By ow (Fig. 20A, B), 100 g/L
linoleic acid®l| 4] conversion 79 % yield FX3taL, 1 o] FXoll A conversion yield7} "o 3.

A wpak AbELE 4o 93 13-HOD A4+ (Fig. 21). 25 g/L cell, 100 g/L linoleic acidE 7|2 &
pH 6.0, 40°C, 0.25 %(v/v) Tween 40 Z 713+ AFefol Al 3AIZF HE-§ A 79 g/Le] 13-HOD7} 3
%o} 79% conversiond} YA F&E& BYPow 263 g/L/he] AAAHS YERY.
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Fig. 18. Optimal pH, temperature and cell stability

13-hydratase in E. coli

_26_

30 3R 10 1 20 22 eo eR

rethararma (©A)

of recombinant L. acidophilus linoleate



{10 110
130 1 _ 150
- M =

00| M I <
100

80 80 r

eo Q0 r

10 [

so [ =
S0

0 O ) =) = I ) K 1 1 1 1 1
SEEEN NN ) 2 »\\_\0\3 0
00 0s o¢ oe 08 {10 N

1aeAl an AALI~Ar

mearciAnnre

irnanan f\ad aval

Fig. 19. Effect of detergent and optimal concentrations of Tween 40 on the activity of

recombinant L. acidophilus linoleate 13-hydratase in E. coli

100 {20 100
80 [ 10 [ Teo_
%
=
- — )
0 30 00
2
S,
©
- 4 =
10 €0 w08
: 3
! o
(3]
sof ol 1
j 1 1 1 I I I 1 1 1 I I |
0 0 0
0 10 S0 30 10 20 Qo \0 0 20 100 120 300 320 300 320

Aen aanrcunanan (A )

Fig. 20. Effects of cell concentration and substrate concentr
recombinant L. acidophilus linoleate 13-hydratase in E. coli
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Fig. 21. Production of 13S-HOD from 100g/L of linoleic acid by
linoleate 13-hydratase in E. coli
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u}. o -Linolenic acidacide|A] 13-hydroxy-12,15(Z,Z)-octadecadienoic acid A4}

D 4HE <2l

L. acidophilus hydrataseol] <¢]3gF 13-hydroxy-12,15(Z Z)-octadecadienocic acid®] AJAHS «
-linolenic acid (0.5 mM)E 71&d=Z 60 &3 ¥-& A 7149 60% 74 2 13-hydroxy-12,15
(Z,Z)-octadecadienoic acid 8= A& + A+ (Fig. 22). GC-MS 45 T3 A= &<
(Fig. 23). AA &40l 93 HAE2N 13-hydroxy-12,15(Z 2)-octadecadienoic acidell 3 Jsl=
A 296.49] EAE &<l &

13-hydroxy-9,15(Z,2)
-octadecadienoicacid

o-Linolenicacid
Internal standard

Tests o

Tme (mnutes) 6.66667 10 133333 16.6667
2 550 750

Fig. 22. GC analysis of 13-hydroxy-12,15(Z Z)-octadecadienoic acid formation from « -linolenic
acid by L. acidophilus linoleate 13-hydratase.

171 ﬁ

— — C\

OSi(CH3)s
OSi(CH3)3
1000
> = 129 -~ «
45 B 7| 4 11 371
AALII“-L_.1 'l.gll 2{7 I 2§1 I 3{1 I L I
50 100 150 200 250 300 350 400

Fig. 23. GC mass analysis of 13-hydroxy-12,15(Z Z)-octadecadienoic acid from e« -linolenic acid
by L. acidophilus linoleate 13-hydratase.

(2) A S ¢ cell permeabilization

L. acidophilus hydrataseE 33}3}+= permeabilization recombinant cell conversionel| <£]3%+
13-hydroxy-12,15(Z Z)-octadecadienoic acid 234t HZAH3E 38E (Fig. 24). Detergent (Fig.
24A), solvent (Fig. 240« oz tiv] & F3Fo] gla<s &< & W, salt, chemical (Fig.
24B)oll Al NaClo] thz ti®] <F 1.28) 27} & 7oz <l Hol, NaCl x=¥ 2 39l 549
< uj NaCl 0.2 MellA] ¢F 148) 271 & A& &< 3 (Fig. 24D).
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Fig. 24. Effects of detergent, salt, chemical and solvent treatifiéfifs By permeabilized cells of
E. coli expressing linoleate 13-hydratase from L. acidophilus

(3 pH, 2% ¥ solvent #3&3}

L. acidophilus hydrataseE 3 3}sti= recombinant cell conversion®] ¢]J$+ 13-hydroxy-12,15
(Z Z)-octadecadienoic acid A4+ell thd+ pH, €% 2 solvente] #H A3+ <338t (Fig. 25). pH 6.0
(ctirate/phosphate, 50mM), 40 ColA HZ A4S H P (Fig. 25A, B). A4 HA L 5=+= 40C
2 8olsk Wk hydrataseol] o8] AA® 13-hydroxy-12,15 (7 .2)-octadecadienoic acid 4§ 4k
HAsE 93 solvent EHS A A3 (Fig 26A), solvent = 7.5 % methanol oA thzT
e 124 AJAHd SO g13 (Fig 26B). o= 714 9 4HE9] &3 3 9 mixing effect
7F Zold Aow FId .

A B
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Fig. 25. Optimal pH,hutemperature and cell stability by permeabilized cells of recombinant L.
acldophilus linoleate 13-hydratase in £ coli
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Fig. 26. Effect of detergent, solvent and optimal concentrat1ons of Methanol by
permeabilized cells of recombinant L. acidophilus linoleate 13-hydratase in E.coli

@) ABA=z71 HH3

13-Hydroxy-12,15 (Z Z)-octadecadienoic acid A4+S 913+ H 2o A4k4k hydratase 3 cell
T=9 7dE = HAHFE +3F. Cell =+ co-linolenic acid 10 g/l & w x4k 4kst s
2 60 g/L celleld HZS ®Yx (Fig. 27A), 712 %= 15 g/ «-linolenic acidol A]
conversion 45% yield ¢} 13-hydroxy-12,15(Z Z)-octadecadienoic acid 6.6 g/LE Lo 1 ©]
4 F%old conversion yield th¥®] product ¥e] Hl&o] 714 15 g/Le} Aol7t glom=z 7|3
5= 15 g/LE2 HA3 AAS (Fig. 27B). A 4F hydrataseo] 23+ 13-hydroxy-12,15
(Z,Z)-octadecadienoic acid A4H& 433 60 g/L cell, 15 g/l « -linolenic acidE 71& = pH
6.0, 40 C, 7.5 %(v/v) methanol 7}t el 641 w8 Al 7.5 g/Le] 13-hydroxy-12,15
(Z,Z)-octadecadienoic acid’7} A&=o] 50 % conversion ¥ A4F &S RH oW 1.25 g/L/he
A2 S YeRd. T3, permeabilized cells¥}  non-permeabilizaed cellsS Blnl 315 S o
permeabilized cellsell 4] 13-hydroxy-12,15(Z Z)-octadecadienoic acid®] A4ko] <F 1.6 =2 A
&S B4l (Fig. 29).
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Fig. 27. Effects of cell concentration and substrate concentraion by permeabilized cells of
recombinant L. acidophilus linoleate 13-hydratase in E. coli
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Fig. 28. Production of 1%—hydr5xy—12,,iﬁ,(Z,Z)Eoctadegcadienoic acid by nonpermeabilized and
permeabilized cells of recombinant £. coli under optimized conditions.

2. Fatty acid Diol synthase

. Linoleic acid2+%-¥] 5,8-dihydroxy-9.712Z-octadecadienoic acid A4+

Fungal #21¢] linoleate diol synthaseQl PpoAES ANzg E  collAd ZAAA poly
unsaturated fatty acid® X-E dihydro-fatty acid (diHFA)E A4Fsh WA diHFAE A4HE &=
A= FARYOZ  linoleate diol synthaseE &3tz dHom™  linoleic acidE 5
5,8-Dihydroxy-97127-octadecadienoic acid (5,8-diHODE)  AyAJ3} (Fig. 1.

0 OH 0

/WWOH — — =N 5 H
OH
Fig. 1. Scheme of 5,8-dihydroxy-92,127-octadecadienoic acid production from linoleic acid.

(1) 5,8-Dihydroxy-9712Z-octadecadiencic acid A4 &<l

AAg diol synthaseol] ]3] linoleic acid2+%E 44 ¥+ E2-& HPLC chromatogram (Fig.
20) Aol FelslHal o]E F% ¥ semi-prep. HPLCE Ea AAsdct AAT EHS
LC-ESI-M/SE &3  AZFEA & AR mz 3119& Rl o=
5,8-dihydroxy-octadecadienoic acid (5,8-diHODE)®] Ezt=#y Hd3S <l (Fig. 2B).
LC-MS/MSE &3l 295 peak®] full scano| A hydroxy <+ fragment®] EX}&F 1739 &A1&
gk 3 173 peake] full scane F3 F712 < peake] =#] &<l (Fig. 2C). °]E peak
8-hydroxy % 5-hydroxy ¢1x] Fwol A 2] alpha-carbon clevageE %3l 59+115 % 1799 A4
7} carboxyl group o] 2 71 2 129 peake] A o= FAtE o] HF 58-diHODEY S &
A3 (Fig. 2D, E).

A B

EN_WS? -5 RT: 451684 AV:16 NLLBES
5,8-DIHODE o7 ESIFuling 50 00-2000.00]
00

TR
BT BT
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Fig. 2. HPLC chromatogram (A), LC-ESI-M/S (B), LC-ESI-MS/MS (C, D), and structure of
purified 5,8-dihydroxy octadecadienoic acid (5,8-diHODE) from linoleic acid by diol synthase.

(2) 58-dHODE 44 HH8E 9% 57 2 ad &3

5,8-DIHODEZ th & 4+3l7] 5 7] (aeration) ¥ W+ (agitation) &3= Q). 1 A3} wwkak
Aol B7IAZ A By a3yt ko 200-250 rpm ]”Oﬂ/\it H] =%k Eiﬂr% gl (Fig.
3A, B). o= &1 H7IEFe} A 71AF 240 HE Y 9 mixing effect7} TF4E Ao
= ¥dd

A B

-ocgsqeceuolc gciq (a |-1)

0
0 {0 Ny 30 w0 20 €0 A0 0 20 100 120 S00 520 300

& (unu)

Fig. 3. Effect of (A) aeration and agitation (B) optimal agitation speed for the production of
5,8-diHODE from linoleic acid by 5,8-diol synthase from A. nidulans.

(3) 3 =7l 58-dHODE A4k

5,8-diHODE A4k& 918k HZA =3 (cell 25 g/L, linoleic acid 5 g/L, pH 7.5, 35C, 20%
DMSO, ¥k&E% 250 rpm)ell Al 2A417F 30% ®H3- Al #HF product?] 5,8-DIHODEE 4,98 g/L&
gR3F o 99%° &S HYP 2.5 g/L/he] yaAdS yeRd (Fig 4).

riojsic sciq (@ |)

0 20 100 120 S00 S0

Fig. 4. Time-course reactions for the production of 5,8-diHODE from linoleic acid by 5,8-diol
synthase from A. nidulans.
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}. ¢« -Linolenic acid2+%-¥] 5,8-dihydroxyoctadecatrienoic acid (5,8-diHOTrE) A4k
A. nidulans e8¢ 5,8-diol synthaseE =E3HsH tiAd+ HAAME (whole cel) ¥H-&& ©] &3}
a -linolenic acidZ %-¥] 5,8-dihydroxy-octadecatrienoic acid& A4+ (Fig. b5).

OH o]
]

. . . “ 5 H
H

Fig. 5. Scheme of 5,8-dihydroxy-octadecatienoic acid production from e« -linolenic acid.

(1) LC-MS/MS& o] &% 5,8-dihydroxy-97,127,157-octadecatrienoic acid (5,8-diHOTrE)e] +x
o -Linolenic acidZ2%H A% 58-dHOTrES] +x& #¥staAl LC-MSE &3l &< s 2
a

A

|
I F EAEFQl 309 peakES o]&3Fe] LC-MS/MSE &<l 3 A3} 173, 1159] peakES S3i
-linolenic acid®] o -carbon®. ZX-E Cs % Cgoll hydroxylation ®-& 3¢l (Fig. 6A, B)).

A B

130
100
80

eo

o OH 173.2

1333
o[
J\/\/Lf <
. | o /_\/_v_v
ulz'} | H
11 1 1 Al OH
120 500 520

209°S
| 1153
300

0
100

Fig. 6. LC-MS/MS spectrum (A) and structure (B) of
5,8-dihydroxy-92,127,157-octadecatrienoic acid (5,8-diHOTrE) from « -linolenic acid.

(2) o -Linolenic acid2%-¥ 5,8-DiHOTrE A4+

A AFsEe AHRES vy o= 40 C, pH 7.0, recombinant whole cell 40 g/L, «
-linolenic acid 12 g/L, 5% DMSO, 250 rpmell4] 100 min%s <t time-course A & ZA3} 100
min &< °F 9.1 g/Le 58-dHOTrEE AAdste As &AL 75 %S| conversion yielde}
5.5 g/L/he] productivitys YEINE ZS &9 (Fig. 7). =3, 100 minst oF 14 g/l F
HEA el §8-HPOTrES] A4HE A% 82l81%S.

-OC{gqg6cyfLI6uoIC ICIq
8-HAqLObELOXA-3' {5 1R(X'Y'S)
-0Cf9gecyfLI6uoIC ICiq
O—pwojeuic sciq (@ |-1)

N 3

1 1 1 1

0 S0 0 eo 80 100

tune funn)

Fig. 7. Time course reactions for the production of 5,8-diHOTrE from « -linolenic acid by
5,8-diol synthase from A. nidulans.
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t}. Oleic acidZ+-¥ 5,8-dihydroxyoctadecenoic acid (5,8-diHOME) 34}
A. nidulans diol synthase &4 E ©| &3} oleic acid2%-¥ 5,8-diHOMEE Aj4tstarzl sk
o 71 schemee 1383 g (Fig. 9).

OH o

\/\N\/=\/\AA.)'I\UH — — 5 H

OH
Fig. 8. Scheme of 5,8-dihydroxy-octadecenoic acid production from oleic acid.

(1) LC-MS/MSE- ©]-£%t oleic acid2%-H 5,8-dihydroxy-octadecenoic acid] —TL7~ <l

Oleic acid=2%¥ A% 58- dlhydroxy octadecenoic acid (5,8-diHOME)9] +=% ﬁ“jé St Ak
LC-MSE &3l &<l 3 23y F EA2l 313 peakE o] &3Fe] LC-MS/MSE 5‘” s A3
173, 1159] peakES &3 Cs ¥ Cgoll hydroxylation & 32131 (Fig. 9A, B).

A B

150

100 [

- b o OH 1733
<0
sof” [ ‘ 0 \/\( /_\/\/\/\/
| ! | ‘ 1153

100 120 S00 S20 300

Fig. 9. LC-MS/MS spectrumm;nd structure of 5,8-dihydroxyoctadecenoic acid (5,8-diHOME)
from oleic acid.

(2) Oleic acid2%-€ 5,8-DiIHOME 34k

MYAFES vtgoz it o]44aksl g0 93 58-dHOMES] 40 C, pH 7.5, 10 %
DMSO, 250 rpm, 35 g/L recombinant cell, 12 g/L oleic acidE ©]-&3ta] A4kstach 1 AIE 6
S2A3} 5.2 g/l 58-diHOMEE A4+st 3l 47 %] conversion yield®} 5.2 g/L/he] productivity &
Hol= A& #lstd (Fig. 10).

-ocfggecsuoic sciq (a |-1)
oleic sciq (@ |-)
©
T
2'g-DIFAqLOXA-3(S)
-ocfsqgecsuoic sciq (a |)

N

1 1 1

0
0 S0 10 €0 80

Fig. 10. Time course reactions for the production of 5,8-diHOME from oleic acid by 5,8-diol
synthase from A. nidulans.
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5. Linoleic acid2+-¥| 8-hydroxy octadecaienoic acid A4k

1D 54 AR 8¢ 2L &

Aspergillus nidulans®] cDNA ZX-E] linoleate diol synthaseE X 3lal o] & C-terminal®]
P450 A AE Cysl004 2 H1006 Z+71E Z+Z; serined} alanine® & site-directed mutagenesis
(SDM)Z %3l N-terminal®] heme-oxygenase2] Aol olsf ©Y FARSIA|WFAlo] A E =
st (Fig. 11). Sequencings 3 SDM A& FE 1g A3} SDMo] o] Fox A &
°15t9S (Fig. 12). Cloning® A= Gibbson assembly W o E pET-2la(+) vectorel
cloningdt & ool LHARE 8213 A solubledt DA JE R FFFHo=2
AA = o]F (Fig. 13).

N-term C-term
[ Heme oxygenase/peroxidase domain ]—[ P450 i omain ]
o]
o} 1 0
] 1 —_— —
—— o D OH
Linoleic acid 8- Peroxygenase OH

8-hydroxy-97,12Z-o¢tadecenoic acid

Fig. 11. Scheme of conversion linoleic acid to 8-hydroxy-10Z,12Z-octadecadienoic acid.

ACTTTGGCTITGGGCCCCACAAGTGTTTGGGCTTAGA
SDM  ACTTTIGGCTITGGGCCCGCCAAGAGTTIGGGCTT.

FRRERERR AR AR R RRRR RARRR

AGTTGARGRAGCTTTCTGGACCTGGCGGGATCGCTAAGTATATGAATGAGGATCAAAGCG
AGTIGARGAAGCTITCIGGACCIGGCGGGATCGCTAAGTATATGAATGAGGATCARAGCG
MAR R R R AR AR R R R R R R AR R AR R R R

. Pellet (variant enzyme)
Crude (variant enzyme)

. Purified (variant enzyme)
Pellet (wild enzyme)
Crude (wild enzyme)
purified (wild enzyme)

DO N

Fig. 13. Expression of linoleate diol synthase variant to produce
8-hydroxy-10Z,12Z-octadecadienoic acid.

(2) 8-HODE 89l

A. nidulans FGSC A4 2] PpoA(linoleate diol synthase) -+Z A= cloningsle] site-directed
mutagenesisE &3 H1004A, C1006S2 *]¥-¥ double-site variant (H100A, C1006S)E A| =3}l
Escherichia coliol Xl @A Z). A diol synthase variant o] 2]3] linoleic acidZ2F & A4 =
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&2 & HPLC chromatogram(Fig. 13A) AellA &1t o] & F= (ethyl acetate, 23]) 3+
silicic acid column chromatographyE %3l chloroform/MeOHZ £Z3lo] AAS AA =

< LC-ESI-M/SE  Es  HIFEAM % AY mz 2%9E FASFIAT olE
8-hydroxy-92,12-octadecadienoic acid8-HODE®] E-A}&#3} FL3S 13t LC-MS/MSE
53l 295 peake] full scanoll 4] hydroxy <+ fragmente] B} 1579 &A1& sk 3 157
peak? full scang S8 HEFZ o= 8-HODEY S &Astdr 1 +x= vekd (Fig. 13 B, O).

=
=
=
=

X ot r[r

A

8 —HODE Linoleic acid

200 1 i

p o
o z\m
H
OH
w00 157

Fig. 13. Identification of the 8-hydroxy-92,127-octadecadienoic acid(8-HODE). A. HPLC
chromatogram of purified 8-HODE from linoleic acid. B. LC-ESI-MS/MS of purified 8-hydroxy
octadecadienoic acid (8-HODE). C. Structure of 8-HODE.

©)] AN LA 714 &4 2L A3 7|d S|4 4

TS AYS f3 diol synthase double-site variante] A = 4
recombinant £ coli®l A A ZE (recombinant whole celD¥F3-< %3] 223 (Table 1). ¥4 <
167191 B3 214kl palmitoleic acidel 4 4 187120 EBXFAMAE F o|FZAT 471
shuol A Al 7 &A)8k= oleic acid, linoleic acid, alpha-linoleic acidell s &4-S YehyH
o]ZZA3%to] Q= stearic acid, F4+871E &} 7FR ricinoleic acid, ¥4 4 227121 erucic
acidoll thsiA+= Aol 9. A (specific activity)2 linololeic acid > palmitoleic acid > «
-linolenic acid > oleic acid £ 2 Yety 71 =& IS YeR = linoleic acid’t & 71&
AS FgRAste] &5 AY4ko A linoleic acidE F2 A&

gria 1A Eolge
3}

=l
=
=

Table. 1. Specific activity of double-site variant (H100A, C1006S) of diol synthase from A.
nidulans for fatty acids as substrates.

Specific  activity

Substrate Product (mmol g cells ! min~")

Palmitoleic acid (16 :1, A") 8—Hydroxy—9(Z)—hexadecenoic acid 333 £ 30

Stearic acid (18:0) NA NA

Oleic acid (18:1, A™) 8—Hydroxy—9(2)—octadecenoic  acid 103 = 0.2

Ricinoleic acid (18:1—0H, A%) NA NA

Linoleic acid (18:2, AY'%%) 8—Hydroxy—9,12(7,2) —octadecadienoic  acid 855 + 14.4
a—Linolenic acid (18:3, A"'212y g _Hydroxy—9,12,15(7,7,2) —octadecadienoic  acid 215 + 3.0

Erucic acid (C22:1, A'™) NA NA
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@

odel Az =

A M ZEr2-| 4 8-HODE A Ak
Aslol A 8-HODE AJAHS AAjstar AIZIE=ZE AYAF

s
g/L (21.4 mM)2] linoleic acidE 71& =& pH 8.0, 35T, 25% DMSO, mL Rk
[e]

"2 Al 30% conversion® A4 8-S BPom 1.8 g/L/he RS

A

B

C

o

=
s
-

2

Ak 1 A3 6

00 rpmell Al 1A%t

e (Fig. 14 A-O).

N

N

5 - L
——= 0e 0

0 00 00
0 10 S0 30 10 20 eo A0 0 10 S0 30 10 20 eo A0 0 {0 S0 30 <0 20 eo A0

Fig. 14. Production of 8-HODE using double-site variant (H100A, C1006S) of diol synthase
from A. nidulans. 6 g/L (21.4 mM) linoleic acid was supplemented. A: Production of 8-HOD
plus 8-HPOD from linoleic acid, B: Production of 8-HOD from linoleic acid, C: Production of
8-HPOD from linoleic acid

2}. 7,8-Dihydroxy-octadecadienoic acid (7,8-diHODE)A 4k

(D Cloning, expression, purification of 7,8-diol synthase

At AR o] FAks) A4bE A R 7]E] &<l 9 5,8-diol synthase$} 8,11-diol synthase&
ALlsta X A4k o] =akE 2 9J3te] 7,8-diol synthaseE &4 317 95t w23 Ay}
Glomerella cingulate 2] AW o]=4k3}E cloningdte] protein expressionA]# SDS-PAGEZ
o] &3la] 3ol Az}t 127 kDa H-Zoll A expression® = AL &1t} 7,8-diol synthaseo
molecular massE <13 A3} tetrameryd-S 21892 (Fig. 15).

A B

1000
800 |

170
130
100

€— 127 kDa

eoo [
75

$00 [
55

40 L
S00

35

00|
25 20

 — m— ”
80 100

0 1350

130 110 {20 {€0

Fig. 15. SDS-PAGE analysis and molecular mass determination of the 7.8-diol synthase from
Glomerella cingulate. (A) SDS-PAGE analysis of purified enzyme from each purification
step. Lanel, molecular mass markers; /ane2, Pellet; /ane3, Crude enzyme; /ane4, His-Trap
column product (purified enzyme). (B) Molecular mass of the 7,8-diol synthase from G
cingulate using gel filtration with reference proteins.
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(2) G cingulate 28] A% o]FAstE A 7| A B FQl

G cingulate 3 A 4F o] ARt E A0 A H AhE J)E EolAd B3 (Table 2): G
cingulate 2 A WAF o|FAkstE A= B4 4 16, 18, 2071%0 EXSIA|WALE F ol AY T
7} kol &=A)8l= palmitoleic acid, oleic acid, linoleic acid, alpha-linoleic acid, arachidonic
acidell oisf A4S JUele 84 AEE 47} linololeic acid > e -linolenic acid > oleic
acid > palmitoleic acid > arachidonic acid=o.Z Yelwton 714 &2 4S8 Y=
linoleic acid7} & 71322 glst.

Table. 2 Specific activity of 7,8-diol synthase from G. cingulate for polyunsaturated fatty
acids as substrates.

N-terminal domain Whole enzyme
Substrate Major product g fi it / i ivity f
pecific activity Ko Keat Freat/ K Specific activity K Fcat Feat/ Km
(umol min~! mg™) (uM) (sH (s7! uM) (umol min~! mg) (uM) s (s7! uM™)

Palmitoleic acid 8-HPMME, 7.8-DiHMME 192 305 212 0.69 0.39 48.0 486 0.10
Oleic acid 8-HPOME, 7.8-DiHOME 229 293 247 0.84 0.48 333 562 017
Linoleic acid 8-HPODE, 7.8-DiHODE 3.89 163 35.0 1.8z 0.87 223 6.58 0.37
Conjugated linoleic acid NA NA NA NA NA NA NA NA NA
o-Linolenic acid 8-HPOTIE, 7.8-DiHOTIE 281 264 251 0.95 0.75 371 105 0.34
Eicosenoic acid 8-HPEME 139 324 22.0 0.68 NA NA NA NA
Eicosadienoicacid 8-HPEDE 1.20 319 17.7 0.56 NA NA NA NA
Dihomo-y-linolenic acid 8-HPETTE 1.18 368 172 0.47 NA NA NA NA
Arachidonic acid 8-HPETE 1.17 358 182 051 NA NA NA NA
Docosapentaenoic acid NA NA NA NA NA NA NA NA NA
Docosahexaenoic acid NA NA NA NA NA NA NA NA NA

NANo Activity

(3) G cingulate w3 AW °|4t8l& A product &<l

G. cingulate +21¢] 7,8-diol synthaseE ©|&3te ExX3} ZikS o] &3k AibEo| gk
HPLC A¥E #EAstds Fig 160 &4 5 1671 palmitoleic acidE o] &3de o
7,8-dihydroxyhexadenoic acid (7,8-diHHME)7} A== AL &2l ar, &4 4 18712 oleic
acid, linoleic acid, e -linolenic acidE ©|&3t%l< w 22+ 7,8-dihydroxyoctadenoic acid
(7,8-diHOME), 7,8-dihydroxyoctadecadienoic acid (7,8-diHODE), 7,8-dihydroxyoctadecatrienoic
acid (7,8-diHOTIE)Z A3x= AL Folstygon BA 4= 20719 arachidonic acidE o] &34
< W= 8-hydroxyeicosatetraenoic acid (8-HETE)7} A== AL &A=

G cingulate &2 7,8-diol synthaseo]-&3te] A A E productsel] thdl identificationg I3t
o] LC-MS/MSE z183F 23} palmitoleic acid, oleic acid, linoleic acid, « -linolenic acidE o] &
RS W AAEE YAEE A C7, C8H 929 hydroxylation H& AS el on
(Fig. 17A, B, C, D), arachidonic acide] 73- C8¥H <] x|oqt hydroxylatlonﬂ%f A< FsA

= .

1000 \ 7.,8-DIHOTrE
| 7.8-DiHHME 750 | 1
750 | =
2 . : 2 so0 [
E S00-| [ |
250 | ' 2504
o | o
e s 10 1s 20 T2s 3o 35 min o s 1 15 F 25 “30 35 min
bl : 7.8-DIHOME 1000
750
= - 8-HETE
=2 750
=3 500 = 1
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o 250
L L R R T zs o 35 min L]
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Fig. 16. HPLC chromatogram of the products obtained from fatty acids by 7,8-diol synthase

from G. cingulate.
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Fig. 17. LC-MS/MS spectrum of the reaction products obtained from the conversion of fatty
acids by 7,8-diol synthase from G. cingulate.
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(4) 7,8-Dihydroxy fatty acids (7,8-diHFA)A 4+

(7]_) 7,8-DiHFA A ALS- ,?,]6‘} ga;]x-l =z §:1—O]

G. cingluate f-212] 7,8-diol synthaseZ ©]-&3}e] 7,8-diHFAS A 4+3}7]
Q37 95t 71AEo|Ao] 7hg = linoleic acidE o] &35te AL
S 93 HAEA A& response surface methodology (RSM)< 0]%0}04 37}A] factore] A+
FHAE A3 A3} pH 7.0, 20C, 5% DMSO7}F HZA =AU S &1 (Fig. 18).

Jﬁ&‘

AR HH=z=d e
glet o, g4t

7 ,B8-DIMODE {(g/L)
7,8-DIHODE (g/L)
7.8-DIHODE (g'L)

Temparatura ['C)

Fig. 18. Effects of temperature, pH, and DMSO concentration for the production of
7,8-dihydroxy-9,12(Z,2)-octadecadienoic acid from linoleic acid by 7,8-diol synthase from G.
cingluate.

(\}) 7,8-DIHFA A4+S 938 H A cell, 712 2 agitation speed 274 &<l

G. cingluate 2] 7,8-diol synthaseZ 014‘10}04 7,8-diHFAE AJ4tstr] 9 cell, 714 €
agitation speed ZZol w3l FAAAE RSMES F3dle] Q13 23 HA cells =+ 46 g/L,
714 14 g/L, 233 rpmol A HAL-S &A= (Fig. 19).
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Fig. 19. Effects of cells and linoleic acid concentrations, and agitation speed for the
production of 7,8-dihydroxy-9,12(Z 2)-octadecadienoic acid from linoleic acid by 7,8-diol
synthase from G. cingluate.

(v} 7,8-DiHFA 2§ 4k

7,8-Diol synthaseE& ©]-&3} linoleic acidg ©]-&3td 7,8-dihydroxy-9,12(Z 2)-octadecadienoic
acid (7,8-diHODE)A4Fe] H Az cell 46 g/L, 714 14 g/L, 233 rpmol|lA linoleic acid<}
oleic acid, o -linolenic acidZ A= 3} time-course & X35k
7,8-dihydroxy-9(2)-octadecenoic acid (7,8-diHOME) 2}
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7,8-dihydroxy-9,12,15(Z,Z,Z)-octadecatrienoic acid (7,8-diHOTrE)E A4+t 23} linoleic acidE
71A 2 3PS wol= total 68%2] conversion yielde} 9.6 g/Le] total product A4FstR I 1
% 6.4 g/Le] 7,8-diHODEE A 4ksle] 4.3 g/L/he] productivitye} 46%<2] conversion yieldE X.0]
= AL #Fstyg e (Fig. 20A), oleic acidEs 7122 3RS wo+= total 53%2] conversion
yielde} 7.4 g/Le] total product A4+stR 1 1 F 6.3 g/Le] 7,8-dHODEE A4tste] 3.2 g/L/h
9] productivity®} 45%2] conversion yieldE Hol= HAES &3 (Fig. 20B), « -linolenic
acids 7|22 39S W= total 53%2] conversion yield®} 9.6 g/Le] total product AJ4+s}R L
1 % 6.4 g/Le] 7,8-dHODEE Ay4tste] 4.3 g/L/he] productivitye} 46%<2] conversion yieldE
Hole A& gUstAds (Fig. 200).

e
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Fig. 20. Time course reactions for the production of 7,8-dihydroxy fatty acids. "EK)WI\Droduction
of 7,8-diHODE from linoleic acid by 7,8-diol synthase from G. cingiuate. (B) Production of
7,8-diHOME from oleic acid by 7,8-diol synthase from G. cingluate. (C) Production of
7,8-diHOTTE from « -linolebic acid by 7,8-diol synthase from G. cingluate.

3. Lipoxygenase

7}. Linoleic acidoll 4] 9R-hydroxy-10,12(£,2)-octadecadienoic acid A4t

Blue green algae®] 9= ANostoc sp. £ lipoxygenaseZ ©]-&3t] linoleic acid=X-E 23
¥+ 9-hydroperoxy-10,12(£ 2-octadecadienoic acide= 9 4o -OH71E 7IR|H, F 719 9]
ZZ23%o] o], o -dodecalactonee] M A2 o]&=" 4 UL (Fig. D.

OH 0

) i ) AT ~~
— — OH oLi " " ¢ OH
3 . -L 10 enase
Linolcic acid poxya OR-hydroxy-10E, 12Z-octadecadienoic acid

Fig. 1. Scheme of conversion of linoleic acid to 9R-hydroperoxy-10,12(£,2)-octadecadienoic
acid by linoleic acid 9-lipoxygenase

D 524 FAAY 229 ¢ &3

Nostoc sp. SAG 25.82 (culture collection of algae, SAG, Goettingen, Germany)e] genomic
DNAo A forward primer (Nde) 5 -ACCATATGCAGTATTTGTATGGAAGTAAGGAT-3~ <}
reverse primer (XAo) 5 -CACTCGAGTAAATGTTGATACTCATCATGAG-3 & AF&stod Ndel,
Xhol- linker2 expreesion vectorql pET-15bell cloningd}$i<-. Cloning §+ pET-15b + Nostoc
lox plasmidE E.coli ER2566°] =43 ¥ IPTGE %3 inductionS 3+ A3 ddd AL &<
g 4 AR o]AL IMAC affinity columng %3] AHAsta] lipoxygenase 45 A2 (Fig.
2A). Nostoc loxe] €4S lipoxygenase’} A sl= conjugate diene (cis-trans or trans-cis)<
o] &3la]  Zt3}A] spectrophotometer (235nm)oll A AAEo] V1S &ld 4= AP A}
3 HAHE F4S UeErd A (Fig. 2B).
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1. Control pET 15b pellet
2. Control pET 15h crude
3. NS-pET 15b pellet

4. NS-pET 15b crude

5. NS-pET 15b purification

Fig. 2. Expression of lipoxygenase from ANostoc sp. (A) and its activity (B).

(2) Nostoc sp. @ 9R-lipoxygenaseE ©]83% 9R-hydroxy-10E,12Z-octadecadienoic acid
(OR-HODE) A4 2l ® #4

Linolate 9-lipoxygenase?] A& AHA G4} AXFT HAZE v A3 A A EHHSo]
SRR AMAERS-S o] 83} linoleic acidZXH 9R-hydroxy-10,12(£,2)-octadecadienoic
acid (OR-HODE)E A4k A AlZ dbg & w359 AAHAFE HPLCE &1s Z3 hydroxy
A4k hydroperoxy-AM4te] §H4) A E™ o] A3 SAAE &HT 7% hydroxy A
kgl A E = AL 9R-HODE ZFF3 ti 27 UFgola)ES o] 8 vluste <2l (Fig. 3A).
LC-MS/MSE %3l 9R-HODEYS &A% (Fig. 3B).

h Before reduction
I
J’\/ |
/ |
/ \ F: -¢ ESIFullms2 295.00@cid40.00 [80.00-350.00]
17124

Ao . —_— .. ——— 1005
953
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853
— - - 803
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5!2,5§§§§§§E>
ws]

103 29531
o EE| 19515 25156
; 994 12522 14125 L] % A 34076
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- 8 100 120 140 160 180 200 220 240 260 280 300 320 340
g _— I _ s . P — mz

Fig. 3. Analysis of 9R-hydroxy octadecadienoic acid formation formation from linoleic acid by
Nostoc lipoxygenase. (A) Regioselectivity and chirality of 9R-hydroxy octadecadienoic acid (B)
LC-MS/MS chromatogram and structure of 9R-HODE.

(2) Nostoc sp. 2l 9R-lipoxygenase AA| &4 9 Hod &4

Nostoc lipoxygenase &40 iz 714 Hold 43135 (Table 1. &4 4 187 2 20
Mol BXIANAE F o]FAT 7 F 7 ol &A= linoleic acid, alpha-linoleic acid,
gamma-linoleic acid, arachidonic acid &l thsl &4E YellH GAs a49 AT cell
I linololeic acid > « -linolenic acid > arachidonic acid > gamma-linoleic acid<=<d.
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Table 1. Relative activity of purified enzyme and recombinant cell of ANostoc 9R-lipoxygenase.

Relative activity Relative activity
714 Product (%/mg enzyme/h)  (%/mg cell/h)
Linoleic acid 9R-hydroxy octadecadienoic acid 100 100
a -linolenic acid 9R-hydroxy octatrienoic acid 61.1 78.8
y -linolenic acid 9R-hydroxy octatrienoic acid 15,2 36.0
Arachidonic 11R-hydroxy eicosadecadienic acid 21.0 48.1

ot

(3) Linolate 9-lipoxygenased] HAAME ¥+$-& 9
9-Lipoxygenasegs X33t A=} HMEE
acid A4S 93] pHet == 3lgh A
75004 7Hg =& A4S JIXE ez
A HAESE BYPgoH, 35 C o] &xREHE=
Aol tisfA 3 Aoz B (Fig 4B).
b2 & AFEI A3 25 TX20 C =42 JehtS (Fig. 4C) pH 3 2=4dgolA dojxd H
4 Z7ol|lA 9-HODE<®] A4td& FTUAIZ17] fske] solvente] T/E HE3 F=5 AF3t
o} Solvente] &= 7]& 3 biocatalyste] HEFES FAsIA WSS StAZI= &34F 7]
e & e FHEE /\] fﬂ?‘ﬂ A3 methanolol| A 71 =& A4S XY ow 1-2% (vol/vol)

oA 2 ztol7t Qo] FF 1%E H &3t AY4tsldS (Fig. 5.

pH, 2%, solvent &3}

9R-hydroxy-10,12(£,2)-octadecadienoic
i—.’f% 3 A3z 50 mM Tris-HCI buffer pH
(Fig 4A). €= A¥E& & Ax= 25 C 9
SHA| A o] TrasteE ZoE Hol o] &
AAE FolHoE 7} LEoA 4ATHE
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Fig. 4. Effects of (A) pH and (B) temperature.
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Fig. 5. Effects of solvents (A) and optimal concentration (B).
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(4) Aeration "] 23 9R-HODE AAFS $3 a3}

A4k Abstd Aol o)a) AAdE 9R-HODE A4k HA3st = flfﬂ aeration "'
AbeE A 39R-lipoxygenase= oxygen T3} agitationo] air FYHETF Aakso
6A). 5 F /MR 2AE WYg Abi+agitationo] 7Y =L AYARA
air+agitation® A F& UERH (Fig. 6B). welA], agitation©] *ﬁq‘}*é%
R agitation HZH 2SS FAMSH 23 250rpmo] 7H

YER Ao
7,3_233}1:— [A=E
Ao &2 e (Fig. 60).
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Fig. 6. Effects of aeration methods for 9X-HODE production. (A) Comparative aeration effect
of oxygen, air, and agitations.

Optimal agitation speed for 9R-HODE production by £E. coli whole cell harboring Nostoc

9R-lipoxygenase.

Air/O; FgHk2
AN moll A 7HE
agitation®] &= A]
< (Table 2).

2 o

=0
2L -
o,

2
o

WE AR

T
9-
o
| .

9] chirality #42%4& A4HKHH
-hydroxy-10,12(E,2)-octadecadienoic acid ¥4k
zToA = 1359 F2& o] 12%71A]

(B) Separated and mixed effect of aeration methods.

©

229§ agitationS 713

UEFH A airtk

EAT YA E F=X] Sk

Table 2. Effect to chirality of 9-hydroxy-10,12(£ 2-octadecadienoic acid by air/O2 supplying

methods
Air source 9R-HODE (%) 13S- HODE %) 9R/13S ratio
Oxygen (Ivvm) 95.4 20.7
Air (1vvm) 91.3 8 7 10.5
Oxygen (1lvvm) with agitation (250 rpm) 96.2 3.8 25.3
Air (1vvm) with agitation (250 rpm) 93.7 6.3 14.9
Agitation (250rpm) 93.8 6.2 15.1
No air or agitation 87.3 12.7 6.3
(5) 9-Hydroxy-10,12(E,2)-octadecadienoic acid Ay 4F= & s}t
BAAQ A4S 93l 9-loxE *3F3F recombinant cell®] & X,—jf& & Qs 1 2
7 40 g/lLs = (dry cell weightollAl 7Hd & &4 UEH IS (Flg 7A). A AHF 71H
(inoleic  acids=& &<Jg A3 15g/L &% linoleic acidolA 12 g/Lg]
9-hydroxy-10,12( £ 2-octadecadienoic acid A4Fe JERAAS (Fig. 7B).
A B
80 [ 80 [ ] 45!—2
eo | eo| 9
r <0 [ ] JO?:E

0
0 10

Fig. 7. Effects of Coil (A) and substrate concentration
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(6) &dA Az 3 IR-HODE A4t &=

A kst Absl g 4o ols] A E 9R-hydroperoxideE 9AR-hydroxideZ HUAZ WHES ZA
o SAE AR & FYAHS 93 A Fdol 1 mM cysteineo] thzw thHl 179 © A
abAdo] Fgkom Whg & o= NaBHoF 3.2v ©f £ A4AAHS 2 (Fig. 8).

320

300 |
se0 |
500 [
o[

100 [

Fig. 8. Effects of reducing agents and aeration methods on the activity of recombiant ANostoc
9R-lipoxygense.

(7) Recombinant whole cell WH$-o 4] 9R-HODE A4k

A A Aksl g Aof] o gk 9R-HODE A4ks 4w (Fig. 9). 40g/L cell, 15g/L linoleic acid&
7142 pH 7.5, 25C, 1% MeOH, 1 v/vim O, 250 rpmolA 1At ¥k-g A] 14.3g/L.¢] 9R-HODE
7} A&Eo] 95% conversiond A4 FE&E& HPow 143 g/L/he AMAEES UERITH
9R-hydroxy-10,12(£,2)-octadecadienoic acid®] chirality= 96% ©]7d #X%.

O e

0
0 NY {0 eo 80 100

Fig. 9. Production of 9#-HODE from linoleic ac1dby recombiant ANostoc 9R-lipoxygense.

Y. o -Linolenic acidell Al 9R-hydroxy-10£,12Z15Z-octadecatrienoic acid A4+
(1) 9R-hydroxy-10£,127,157-octadecatrienoic acid A4S $13 AA &4 35 L B4
9R-HOTE AJ2k& 948l Nostoc sp. # ALk 2kst&E 4 (lipoxygenase)e] Al 2 £A4.
His-taq affinity A7} 75+ pET-15b vectorg ©]-&3to] d&3 AL AAg A3 52 kDao
27]1E X9 al gel-filteration chromatographyE 3l trimerdg & < AR (Fig. 10).
A B

kDa 1 2 3 4
95 ; 1000 |-

55 -

. W — 52kDa
43
34 e ol

(kDa)

Molecular mass

100 |-

I L 1 1
60 80 00 120 140 160

Retention time (min)
Fig. 10. SDS-PAGE and gel-filteration chromatography analysis of purified enzyme of
9R-lipoxygenase from MNostoc sp. in E. coli. (A) SDS-PAGE of recombinant 9R-lipoxygenase
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from each purification steps. (B) Molecular mass based on the gel filteration chromatography
of native 9R-lipoxygenase.

(2 HAAEALE o] L3 o-linolenic acidZH-¥ 9R-hydroxy-10£,12Z,15Z-octadecatrienoic acid
(OR-HOTE) A4 &< 2 &4

Nostoc lipoxygenaseoll ¢]g+ 9R-HOTE<] A4 2 4= &4, Alpha-linolenic acid *H
9R-hydroperoxy-10£,12Z157-octadecatriencic ~ acide] A3 FLg=d IR-HOTE AL
RP-HPLC (235nm)Z #H<E (Fig. 11A). 713 A4 wE Eolxl 48 A4S RP-HPLC
202nm)Z A<E (Fig. 11B). LC-MS/MSE %3 9R-HOTEYS 4% (Fig. 11C). Chiral #4-&
53] 9R-formY S 9S-HOTE<S} vHlnE E3) & 4+ AAS (Fig. 11D).

=
oo

9R-HOTE —»> [| .- 9R-HPOTE —
{ = OR-LOX + ALA
== OR-HOTE 9R-HPOTE
Before reduction 1200 . 3
200 s I — ALA
= 1 / W\ A
200 \ I
A N ~ Y e~ U
e MY Vg . o \ I N ==
9R-HOTE —> || o Control [| A
, +e00 ( ALA only) |
oy After reduction 2200
7ea
L R = L
220 fi .
¢ ° © 25 min P | N .

mmmmmmm
OH_, M MOH] g - At

OH

ALILO] ™ - H
M0

291 280 m2 [
i | I -

L e e e SN N e 4 T T
100 120 140 160 180 20 20 240 260 280 30 320
n

Fig. 11. Identification and analysis of reaction product of 9R-LOX by HPLC and LC-MS/MS.

(A) Reversed-phase HPLC for 9R-HPOTE and reduced 9R-HOTE formation from ALA. (B)
Reversed-phase HPLC for 9R-HOTE formation and substrate (ALA) reduction. The control
reaction was carried out without the addition of 9R-LOX. (C) LC-MS/MS of converted product
by 9R-LOX. (D) Chiral-phase HPLC for 9R-HOTE.

(3) 9R-HOTE A4He s BAEALS] Aslsty E£4

Nostoc lipoxygense AA &4 2] Agstd EA. Nostoc A4 48t a4+ pH 8.5 (Tris-HCI,
50mM), 15 CollA HA EA& BY (Fig. 12A, B). 25 AL 30T 0}3101]/\%1— Ao Y
st 35 Coldol A Aastr] Al&ste] 45 ColdddAxe & 483 (Fig. 120).

A B C

120 120 120

100 + 100

80

60
40

L 20k
20

Relative activity (%)
Relative activity (%)
@

3
Residual activity (%)
2

. L s L L 1 L L
0 0 10 20 30 40 50 0 10 20 0 40 50
75 80 85 90 95 100
Temperature (OC) Temperature (0C)

Fig. 12. Optimal™ pH (A), temperature (B), and thermal stability (C) of purified
9R-lipoxygenase.
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(4) 9R-lipoxygenase A EAE o] &3 9R-HODE A4Ho| A 2] solvent} detergent H7} &34

9R-HOTE A4FS 23 solvent 2 detergent &3} 5 % acetoneo] thxw thu] 28j¢] A4k
A =7 g9 (Fig. 13A, B). Tween 80 (0.2 %)°] E} detergentoll B8] &7} E3kS. o=
714 9 A= &5 3 2 mixing effect7} Fobxl Ao E AT,

A 200 B 220
180 200 |-
160 |-
z z
= =
= =3
8 8
o
s 5
Q
12 | (4
80 -
1 1 1 1
N 20 a0 a0 a0 o
\e©' A ¥O' .
© ¢\c“\° Acetone concentration (%)
C 180 D

160

Relative activity (%)
Relative activity (%)

1 1

1 1 1 1
O e o“"le °L°3¢®*5@595$01° o0 (80 0 00 01 02 03 04 05 06 07

o
o™ ) e ef 0?0
o PN »‘:&oo SRR R 5 Tween 80 concentration (%)

Fig. 13. Effect of solvents and detergent for 9R-HOTE production (A) Effect of solvents and
(B) optimal concentrations of acetone on the activity of purified Nosfoc 9R-lipoxygenase. (C)
Effect of detergents and (D) optimal concentrations of acetone on the activity of purified
Nostoc 9R-lipoxygenase.

(5) 9R-lipoxygenase AA| &Aoo AhA &4 2 kinetic parameters

Nostoc lipoxygenase &40 Htha 71d Eol4d #4 (Table 3): B4 4 1870 € 207020 &
Z3AWAE F olFAE U F N ol EASk= linoleic acid, alpha-linoleic acid,
gamma-linoleic acid, arachidonic acid ol ois] A4S Yy AHAS &4 Kkinetic
parameter T3} inololeic acid > « -linolenic acid > gamma-linoleic acids=<%J. LAel H]3} ALAd]
gk Ao FAL Wol Bolu 27| W& E7F FARSEY ALA AAkel] &8st A7 ¢l

= A=Y

Table 3. Relative activity of purified enzyme and recombinant cell of ANostoc 9R-lipoxygenase.

Substrate Product Specific activity K. Feeat Feat! Ko

(U mg*l) (mM) (min %) ( mM " minh)
Linoleic acid 9R-HODE 184+1.1 0.404 = 0.03 2046=8 507+ 11
a-Linolenic acid 9R-HOTE (10E.12Z,157) 63+05 0.078£0.01 10.7+0.5 137+38
v-Linolenic acid 9R-HOTE (6Z,10E,127) 54+0.6 0.054+0.80 5.8+04 109+7
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9R-HOTE A4t HA3ts 93 &4 9 71ds% A+ (Fig. 14). pH 7.5 (Tris-HCl, 50mM), 1
5ColA 10 g/Le] ALAZ HH$ Al H3Z S4%%E Img/ml ©|SFig. 14). A ALA §=&
40 g/L=2 =AM (Fig. 14B).

A B

120 120 40

100 - 100 -
30

60 20

Relative activity (%)
@
3
Conversion yield (%)
9RHOTE (g 1)

o 0
o 10 20 30 40 50 60 70

| L 1 |
00 05 10 15 20 "

ALA conc. (g I'')
Enzyme concentration (g )

Fig. 14. Effects of the concentrations of enzyme and substrate on the production of
9R-HOTE from ALA by 9R-LOX. (A) Effect of enzyme concentration. The reactions were
performed in 50 mM Tris-HCI buffer (pH 8.5) containing 10 g/L. ALA, 5 % (v/v) acetone, and
0.2 % (w/v) Tween 80 at 15 ° C for 20 min by varying the enzyme concentration from 0.05
to 2 mg/ml. (BEffect of ALA concentration. The reactions were performed in 50 mM
Tris-HCl buffer (pH 8.5) containing 0.5 mg/ml enzyme, 5% (v/v) acetone, and 0.2 % (w/v)
Tween 80 at 15 ° C for 20 min by varying the ALA concentrations from 5 to 50 g/L.

(1) AA &0 % ALAS LAZ2E] 9R-HOTE % 9R-HODES] A4k

ALA 2 LAZEE 9R-HOTE 2 9R-HODE MAHstH<. HA 204 IR-LOXAA T AE 40
g/l ALAZRE 37.6 g/Le 9R-HOTEES AJ4rate] 94 % &3 A7g 37.6 g/Lo] AL
29l LAS ZA9ol% 40 g/L LAZ ¥ 384 g/Le] 9R-HODES A4k3led 96 %9 4&3} Azt
2 38.4 g/Lo] MAHES JER (Fig. 15A 2 B).

50 50
R = 404
g =]
kel -
Q ]
S g
g 0F o 30
° o2
Q 5]
= =
T 20t o 20
ui a
5 2
I 1 x 10
x o
@

[i]e; 0

i 2 40 60 80 100 0 20 40 60 80 100

Time (min) Time (min)

Fig. 15. Time-course reactions for the production of 9R-HOTE and 9R-HODE by recombinant
9R-LOX. The data represent the means of three separate experiments, and error bars
represent the standard deviation. (A) Production of 9R-HOTE (empty circle) from reagent
grade ALA (filled circle) by 9R-LOX. The reactions were performed in 50 mM Tris-HCI
buffer (pH 8.5) containing 40 g/L reagent-grade ALA, 1 g/L 9R-LOX, 5% (v/v) acetone, and
0.2% (w/v) Tween 80 at 15 ° C for 80 min. (B) Production of 9R-HODE (empty inverse
triangle) from reagent-grade LA (filled circle) by 9R-LOX. The reactions were performed in
the same manner as those of 9#-HOTE production, except for the substrate LA.
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t}. Linoleic acidZ ¥ ¥ 13-hydroxy-9Z11E-octadecadienoic acid A4+

7124 Soybean lipoxygenaseE tHAZ <+ A= = B9 lipoxygenaseE bacteria?l
Burkholderia thailandensis =Z=5E 2R3} o] G4E ©]&34 linoleic acidZ2F-H
13-hydroxy-9711E- octadecadienoic acid (13-HODE)Z A 4+&}$12 (Fig. 16).

o}
R 4 E— D H
H
Fig. 16. Shcheme of 13-hydroxy-9Z11E- octadecadienoic acid (13-HODE) production from
linolieic acid using 9-lipoxygenase.

D 24 FAAY] 229 2 T

Burkholderia  thailandensis ~ KACC 12027  gDNA9| A forward  primer  (Nhel
GCTAGCATGGTCAATCACA AAACCGGS} reverse primer (HindIID
AAGCTTTCAAATGTTCGTGCTTGCCG & AF&3ta] Nhel, Hindll-= linker2 expreesion vactor
2l pET 28a¢ll cloningdli= (Fig. 17A). Cloning 3+ pET28a + BTlox plasmidE £.coli ER25669]
T3 H IPTGE %S3¢ Inductions s A3} #PE djF#<2] BTlox7}t inclusion bodyell &
AL &0 & 4 AU o]A-L IMAC affinity columne 53| A A|3to] lipoxygenase E£4E5 o
1S (Fig. 17B).

A B
we M 1 2 3

180
135
100
75

. Bt lox Of| & Mw : 75kDa
ik 48

E 2088 bp 25

M : size ladder
. Lane 1 : pellet
- size: 2 kbp - vector: pET-28a w7 Lane 2 : Srude enzyme
- restriction enzyme: Nde I /HindIT 1 Lane 3 : purified enzyme

Fig. 17. Gene of lipoxygenase from B. thailandensis (A) and its expression (B).

(2) Burkholderia thailandensis +3) lipoxygenase2] A A& 32l

AA 7tx w|ABE F lipoxygenase:= Aol TA ¢k A S AgHolojA &Ado] =
< Ag& tiAl lipoxygenaseel tig ATUF o)A k. B AL Burkholderia
thailandensis ) lipoxygenaseE &R 3} -S. B thaliandensis lipoxygenase (©]3} Bt-Lox) %
49 A AHES F2str] 8 13-hydroxy-9Z11E- octadecadienoic acid (13-HODE) %
9-HODE % F#& AF83te] HPLCEZ &<l. Fig. 18A¢} o] A &=L 13-HODEZ YEltoH
S-configurationg 7}8 S (Fig. 18B).

A B
" . /| €= 13($)-HODE
. ﬂ q—:;:g.nj} = i (Standard)
. 13(R)-HODE | |
\ ) e (Stamdard) |I |
| € 9-HODE - 1
. } rh‘ (Standard) = "' |
. __JL,‘,.__A{__.‘ - N ':’ S
N ! - ) 2 2 [ w
| < Product || %€= Product
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Fig. 18. HPLC analysis of the product obtained from linoleic acid by the conversion of
recombinant E. coll expressing B. thailandensis 13-lipoxygenase for regioselectivity (A) and
chirality (B). The product was identified as 135-HODE based on the retention time of the
reaction product in HPLC.

(3) 13-HODE A4ke 93 &%, pH, metal ion 2 solvent 323}
PAER

th& A9 13-HODES| A4g 18| B thailandensis 2] lipoxygenaserl ¥& 4
zbSs 4 Qv 259 pHE <l pHE &<l 3 A buffer 50 mM HEPES pH 7.5 A&
= o] M w2 @84S VHAE AR UERS (Fig 194). 25 A4S & Axkes 25
ANx HH (Fig. 19B).
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Fig. 19. Effects of pH and temperature (A) pH (B) temperature. 50 mM HEPES buffer (filled
circles. pH 6.5-7.5), and 50mM Tris-HCI buffer (open circles: pH 7.0-8.5)

o] AdolA Aol HAH x4 13-HODE9 SHAIZ171 $13k  metal
dependentdt lipoxygenase2] A2 -& o] &3}a] metal 23S 233, ControlZ oFF A=
A e AAE ol&sYa, YA =1L EDTAS o] &3t Aarl 7HAa & metals
Zeol® A7l & 77he] metal iong 4Co|A 30% 3+ Helstdnh 1 A7 01 mM Cu*'E A
2|3t zxol A controldll Hlst ¢F 300% 3Fdd E4S BRIt 1o Hlste] duidow o4y
A Fe*oll o8 &de vvd Ao= Jebs (Fig 20).

A B

A e

320 320

300

20

cougol hss+ Es% csy guy Cos‘ Was' Wuy M!y Cns‘ 0 20 100 120 300 S20
Fig. 20. Effect of metal on the activity of B thailandensis lipoxygenase for linoleic acid. (A)
Effect of metal type. 0.1 mM (black bar) or 1.0mM (gray bar) solvent. (B) Effect of
Cu**concentration.
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|42 ALg-3}= linoleic acid®] insolubledt 42 wjFol 7| F=7F €A &% o]do] H
Hk-g-A o] buffere} 43o]=] @il aggregation® = #4171 WA3HH, micelleS Ao 2 HE
Jdo] 7ragt 197 w&Eo| 7139 solubilityE =o]oF 13-HODES] A4 F717) o] Fo 3
= Llpoxygenasei o] =2 Al AR /‘34011“ Yukz] © 2 organic solventE o] &3}a] 7]
2 9] solubilityE Fo|7] W&o & A% solventd] FT/FRE AFS Y3 9F2 solvent
of thst 2% <} 6%«1 TEE AYE AYsiRa, 1 AR methanolOH/H 7HE w8 Ak ol
‘/}EP“‘ oo wz} methanol | oEtg_ BE AP FU7IE Y R, 6% FEolA 7HF
=2 ol yeos AS glsA s (Fig 2D.

A B

v

{0

180
150 L
150
- pu &
100
= 100

g0 [ r
80
)
e [
10

10
N

S0

CX 0 0] <&
IR St . . . .

0
0 N Al e 8 10

PO D I L LI L N TPV PP RVAY

Fig. 21. Effect of solvent on the activity of B. thailandensis lipoxygenase for linoleic acid.
(A) Effect of solvent type. 2 % (black ban or 6 % (v/v) (gray ban solvent. (B) Effect of
methanol concentration.

(4) 13-HODE A4+ =2 3}

13-HODE Ht] A4S #8] &4 549, 71d w538 AdS 83 714 20 g/ILE Y
4 F5E 05 g/L-3.0g/lLE 24 st 77 908 &< ¥HgS ¥ 3 Ay §4 25 g/L
NA HAYS JeEPA L (Fig. 22A), &4 25 g/LS ¥ 714E 5 g/L-30 g/LE WIS
Z+Zy Hr-g-S 23k 7Ur, 714 20 g/L7H A= 714 o] =obdel wel producte] =i, #%Ol

zl
Eou I ol AFEoAE & producte] o] FH3| Aol wEk 7= 20 g/L
d o HHLS &< (Flg 22B).
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<
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Fig. 22. Effects of enzyme and substrate concentrations on the production of
13-Hydroperoxy-9,11(Z, £)-octadecadienoic acid from linoleic acid.

(A) Effect of enzyme concentration. 13-Hydroperoxy-9,11(Z E)-octadecadienoic acid (open
circle) and linoleic acid (filled circle). (B) Effect of substrate concentration. Conversion yield
(filled circle) and 13-hydroxy-9,11(Z £)-octadecadienoic acid production (filled square).

HA zZH1& v 2 linoleic ac1dg 712 3t AZtg) ¥ 13-HODE<] A4b#kS 3kl s}
Ark. 4 % 25 gL, 714 B 20 g/L, 25C, 200 rpm, 50 mM HEPES pH 752714 120
2 7tx =A% A} 104%(W/W)9] conversion rate®] M3S RF, oF 21 g/Le 13-HODEE

wo J

AdS F AAUS Fig. 23A, B). vHlu AFgorw e 53 WSIUES Wl B thaiandensis
lipoxygenase (Bt Lox)9] 7%~ soybean lipoxygenase (commercial enzyme) }.T} %“4 o] 31 =
kL 1208 Fo)|13-hydroxy-9,11(Z BF)-octadecadienoic acid A4FF= 158 =g, wehA,
Bt-Loxe= &% M2z AFYELE /Ao &8&F 7HX7F v¢ & AR J&“&%.

A B

S0

33w
“u [

oR —

o n
13-HAqLoxAocfegecsdisuoic stiq (A |-iY

00
0 30 eo a0 150 120 180 0 S0 <0 e0 80 100 150

1une (aen) e (unn)

Fig. 23. Time-course production of 13-hydroxy-9,11(Z E)-octadecadienoic acid from linoleic
acid by B thailandensis lipoxygenase and soybean lipoxygenase (commercial enzyme). (A)
Determination of activity by spectrometer. B thailandensis lipoxygenase (filled circle) and
soybean lipoxygenase (filled square) (B) Production of 13-hydroxy-9,11(ZE)-octadecadienoic
acid from linoleic acid Linoleic acid (filled square) and 13-hydroxy-9,11(Z E)-octadecadienoic
acid (filled circle) of B thailandensis lipoxygenase. Linoleic acid (empty square) and
13-hydroxy-9,11(Z, BE)-octadecadienoic acid (empty circle) of soybean lipoxygenase.
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3 A Hydroxy A|HMAFo 2 BE gE AJAE

=2 18y d2HEZEHN Fs éli dHA. AA7A o F gE2 35h4 o
o8 YAEAR gto, HAFE EH??} EI AR *OLFL ~7}°ﬂ 0 A yEAS

g gE ALk Ao ——7}0P°i Hydr Xy Xl‘ﬂ Aoz RE HgES YA yeast HF-

o] Al3E 47|13l peroxisomee] H|E}- *PE}E 53] o %, o] wlel-4Fs}= acyl-CoA oxidase,

& XEshe 57HA 9 &47) complex® 2 %:% sto] 7]Zfo] o] FojA W, X Hf4lef of

o] =2 F v dHF S

1. 10-Hydroxystearic acidZ%E v -dodecalactone A4k

7F. v -Dodecalactone Ht] A4He {3 &2 75 A

&5 Yol A hydroxy A|W4ke Al3Z47] <l perox1some°ﬂ/ﬂ HE-4HSLE T3 =2HEe A
E4do] ¥+ 4-hydroxy ABte g AgkET, 71547]9F -OH7|7F S3RE8< 2R
FAsHA Aot Buk olyzt wlEl Akstol A AA W acetic acide ©hA 19 AW AR
of o5 7179l hydroxy Ao R HeE 4 glow, ofE 53 GES Mol vkE &
A= (F1g 1) 10-Hydroxystearic acidS y -dodecalactone©. 2 A $+a}= w|el-4+3 ool G4 9]
gAMo] =2 B E MEsIE ld & (Cryptococcus curvatus, Rhodosporidium toruloides,
Rhodotorula  glutinis, Myxozyma Ilipomycoides, Rhodotorula aurantiaca, Candida oleophila,
Yarrowia lipolytica, Lipomyces spencermartinsiae, Candida palmioleophila, Waltomyces lipofer)
o} 71d& Hbgstd o ARl A4 A4S vus|E Ay, Waltomyces lipofer’ty 7V =
S AA S Bl y-dodecalactone AAF #FE AAHEAS (Fig. 2).

Oleic acid ¥
HO A A AN Fatty acid

1
I
|
o ! i
1 1| synthesis
(o] |
1
1
1

A4
OH
HO

O 10-Hydroxystearic acid
L g i
Acetic acid
OH

HO.
[e]

OW y-Dodecalactone
Fig. 1. Proposed metabolic pathway from 10-hydroxystearic acid to 7y -dodecalactone by yeast.

4-Hydroxydodecanoic acid
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Fig. 2. y-Dodecalactone production from 10-hydroxystearic acid by whole cells of oleaginous
yeast strains.
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Y. y-Dodecalactone®] A4Fe F71A1717] $13F cell permeabilization

Producte] A4S F71A1717] 918 solvents (ethanol, methanol, toluene)®} detergents (SDS,
Triton X-100, Tween 80)& ©]-&3}] cellS permeabilization 2] 3}%+ (Fig. 3A). Ethanol3}
triton X-100-2 * 23t S W relative acitivityZ} 22} 50%% F71sl= AL Rkod (Fig
3BO), &4l AgstAE Al, AestA] & cell®th oF 80% ol F7lste As s+

A B C

Si0 200 200
150 /[//‘\\
1004

! 1 1 1 I
100 00 02 04 06 08 10 12

a0 [
w0 [

40|

Relative activity (%)
Relative activity (%)

&\\9"“ ¢ “‘F“\ﬂ& &?}\) x\‘ N o ¥
o 9_" & ‘

o\
g\\
o

Ethanol concentration (%) Triton X-100 concentration (%)
Fig. 3. Effects of ethanol and/or triton X-100 treatments on the permeabilization of W./pofer
for the conversion of 10-hydroxystearic acid to 7y -dodecalactone. (A) Effect of solvents and
detergerts type. (B) Effect of ethanol concentration. (C) Effect of triton X-100 concentration.

t}. y-Dodecalactone AAF 3 wjk=z=A 23}

B W. lpofero] tigt H& pHe 6.5 ol (Fig. 4A), HZ =& 35 °Col3ls (Fig. 4B).
T3 HAol wHk £+ 200 rpmo 2 EFRIE AL (Fig. 4C). &5 W.ipofers o]-&3}o] whole
cell ¥F& 38} A], A9 (yeast nitrogen base, yeast extract, malt extract, beef extract,
peptone, polypeptone, casitone peptone, protease peptone,  soytone, tryptone, ammonium
chloride, ammonium sulfate, ammonium citrate, ammonium phosphate, calcium nitrate, tris,
MES, PIPES, urea) ®WH&HjA|e] FFo mE y—dodecalactoneA AsreF vlasE A3 trisE
/\}*‘10}},\2 o relative act1v1ty7} M =e AL elslga (Fig 5A), HAH9 tris A4 =

T+ 10 g/L Q1 Aoz FAFAS (Fig. 5B).

A B C

150 150 50

wol w00 00|
g0 80| 80|

e e e[

w/[ w0/ w|

sof so s

1 1 I I I I I | —
0 0 0

20 2 eo e 1o 1R 80 50 » 30 3R 0 ©® 20 0 100 120 500 320

A shean (thu

Fig. 4. Effects of pH and temperature and ag1tat1on speed on 7y dodecalactone production
from 10-hydroxystearic acid by permeabilized cells of W. Zpofer. (A) Effect of pH. (B) Effect
of temperature. (C) Effect of agitation speed.
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o Total nitrogen (g/L)
Fig. 5. Effect of nitrogen source on vy -dodecalactone production from 10-hydroxystearic acid
by permeabilized cells of W. lpofer. (A) Effect of nitrogen source type. (B) Effect of tris
concentration.
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Fig. 6. Effects of the concentrations of cells and substrates on y -dodecalactone production
from 10-hydroxystearic acid by permeabilized cells of W. /lpofer. (A) Effect of cell
concentration. (B) Effect of substrate concentration.

2}. y-Dodecalactone®] H 4L Y3 cell 5%, 7|12 ¥= A3 ¥ time-course

Product?] y -dodecalactonee] ZHthjA4ike Q3 cell =2, 712 =¥ AFS JA3ysh A
A 714 50 g/LE Ya permeabilized cell ¥=Z 0-50 g/l AtojollA z+zt 10/\]71}%0P &5
2183 Ay}, permeabilized cell®] HZs =7} 30 g/LY-S &g (Fig. 6A), cell 30
gILE 1ZA 713 7]d& 0-100 g/LE W& Fo 247 6AKtE<E vhe< Xy a3, 714
60 g/L= AHEERS W 718 AHYS &9 (Fig. 6B).

Qo] AdoA dojzl HAxHA Oﬂfﬂ y -dodecalactone2] Ht] AJ4HS $3 permeabilized cell
7} non-permeabilized cell& ©]&3F] W32 P3| A|ZPEZE samplingste] Ho] A4S yE}
e NS golRHEA F celle] A4ke vlwsh 1 A3}, permeabilized celle] 73-$ 304175
QF 60 g/Le] 10-hydroxystearic acidZ%-E 46 g/Le] 7 -dodecalactone& A§4HstH 1, A&
76%QoM, Aage 15 ¢ LT h'E yehd. 2ol w6, non-permeabilized cell-& 30/«171_}%9}
60 g/Le] 10-hydroxystearic acidZ%E 12 g/Le] y-dodecalactoneS A4t ow, HE-&
21%, AR 04 g L' h'2 Jebd. induced cello] AZEL 55%, AAHPL 381 &= A o
2 YErd (Fig. 7A). ¥t ofye}, wlek-4tsE T3l acetic acid7F A== AS A& = 9
Ao, XAk FAAES Ea) acetic acid’} oleic acid® 3= o] (Fig. 7B), thA] 7] &<l
10-hydroxystearic acid2 AA3He &< (Fig. 70). 60 g /L 10-hydroxystearic acidE y
-dodecalatone2 1 &sh= HE-Zol A Ho 30A1%F ¥, 45.7 g/l y -dodecalatoneo] A 4= SO
A2 —rgb 94% % i@,‘r T ble 17} 7o) 7]&o] B1H y-dodecalatone A4t ERE
7 sk S W, 1,523 mg h'e] =o AT SE YA AAPY F& 5%S 23
2y ko] *é%@.
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Fig. 7. Time-course reactions of for v -dodecalactone production from 10-hydroxystearic
acid, acetic acid, and oleic acid using permeabilized W. Zpofer cells under optimal conditions.
(A) Acetic acid, oleic acid and 7y -dodecalactone production from 10-hydroxystearic acid. 7y
-Dodecalactone production (@) from 10-hydroxystearic acid (A) by permeabilized cells with
the byproducts acetic acid ([J) and oleic acid (l); and 7 -dodecalactone production (O) from
10-hydroxystearic acid (A) by non-permeabilized cells. (B) Transformation reaction of acetic
acid to oleic acid. Acetic acid ((J) and oleic acid (HD. (O Transformation reaction of oleic
acid to 10-hydroxystearic acid. 10-Hydroxystearic acid (A) and oleic acid (HD.

Table 1. y -Dodecalatone production by yeast fermentation and permeabilized W. lipofer

Biocatalyst Source Substrate v -Dodecalato  Productivit Conversion
(gfliter) ne (g/L) y (mg/L/h) yield (%, gl/g)
Fermentation Yarrowia lipolytica 10-Hydroxystearic  acid 3.5 194 24.3
(14.4)
Mortierella isabellina Dodecanoic acid (19.2) ¢ 4.1 171 21.4
Sporobolomyces odorus Oleic acid (0.25) < 0.035 NR < 14.0
Sporidiobolus salmonicolor ~ Culture medium  (0) < 0.0006 NR NR
Whole cells Baker’s  yeast 10-Hydroxystearic acid NR NR 22.5
(0.5) and oleic acid
Permeabilized Waltomyces lipofer 10-Hydroxystearic  acid (60)  45.7 1,523 76.2
cell

ul, HEl-4k3F f=o 2]k y -dodecalactones] FHujA§4t

() E% W, lipoferd] wWet-43 4= 21 HH3}

BE W. lpofere] Wet-4ts} =& 95t thFs A W4t (caplic acid, lauric acid, myristic
acid, palmitic acid, stearic acid, arachidic acid, oleic acid, gondoic acid, erucic acid, linoleic
acid, « -linolenic acid, 10-hydroxystearic acid, ricinoleic acid)< HFE=Z=Z ALESIo »
-dodecalactone Aj4tel] HIX& FEFS Lot Ay, A4 FAAE oeic acidg FEELE
At W VM =2 A4S Hole AL AT F dRer (Fig. 8A), 5 g/Le] oleic
acide AF83t9<S o oF 30% Ay4tsFe] F7Hetd = (Fig. 8B).

B X Waltomyces lipofere] WlE-4t3l f=&5 93ted o vl Al wjAdd /8 B2 F
T FEAIZ 2 wER-AEsle] @45 vws] B A, gAY90 = glucose?t} oleic acidE
A AHESER S o HER-AESEe] ZAo] TH =9k, 12A13HE WS stS W &4l Tt
& =35 (Table 2).
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Fig. 8. Effect of inducer on the conversion of 10-hydroxystearic acid to y -dodecalactone by
permeabilized cells of W. /Zpofer. (A) Effect of inducer type. The cells of W. lipofer were
obtained after growing in YPGO medium containing 5 g/L inducer, and the obtained cells
were permeabilized. (B) Effect of oleic acid concentration. The cells of W. /lipofer were
obtained after growing in YPGO medium containing 0—10 g/L oleic acid, and the obtained
cells were permeabilized.

Table 2. Specific activity of g -oxidation of whole cells of W. Zlpofer grown in YPG, YPO,
and YPGO media during fermentation

Medium Induction time Cell mass Specific activity of g -oxidation
(carbon source) (h) glh (mg g-cell ' h™Y
YPG (glucose) 4 0.10 0.00£0.0
8 1.75 9.43+0.3
12 2.45 39.0£0.8
14 2.56 38.8+0.5
24 2.46 239+17
YPO (oleic acid) 4 0.28 12.1£0.8
8 1.94 30.1+0.3
12 2.59 58.8+0.3
14 3.05 54.7+1.8
24 4.19 29.8+1.1
YPGO 4 0.23 2.47+0.0
(glucose + oleic acid) 8 1.97 8.26+0.8
12 2.65 81.8+0.6
14 3.81 76.0+2.4
24 4.43 35.5+1.6
A B
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Fig. 9. Effects of the concentrations of cells and substrates on y -dodecalactone production
from 10-hydroxystearic acid by induced cells of W. /ipofer. The cells of W. /lpofer were
obtained after growing in YPGO medium containing 5 g/L oleic acid, and the obtained cells
were permeabilized. (A) Effect of cell concentration. (B) Effect of substrate concentration.
Conversion yield () and y -dodecalactone production (@).

(2) y -Dodecalactone®] HtjA4+E 23 cell 5%, 71 5= A3}
Product! 7y -dodecalactone®] ZHtjA4kS 913 cell =9, 7|d w5 A S APsHA 2.
HA 714 60 g/LE Y3l permeabilized cell 55 2.5-60 g/ AtolollAl Z+zt 64

1ZE5ek NS
< 233 A, celle] HAFE7F 20 g/LYS FdstAar (Fig. 9A), cell #=& 20 gL 1%
A A1 AE 5-100 gL WMEHE Fol ZHzk GAFES W WAF Az 712 60 glLE

AbgsEle W 7HE HAY S &dE o AM= (Fig. IB).

(3) Induced cell / non-induced cell y -dodecalactone®] A4+ Hlm

o] AgoA Ao HAxHA  y-dodecalactonee] Ho] A4S £ induced celld}
non-induced cell& ©]-&3le] ®E-§S g3 AIZPEE samplingste] Ho A4S Yetd= Azt
S dotrmA F ocelle] A4S WlwE. 1 A3} induced celle] -5 30A1ZHESH 60 g/Lo]
10-hydroxystearic acid2%€] 51 g/Le] 1y -dodecalactoneS AA+alAa, AL 85%H oW,
Arge 1.7 ghE yvekd. 2o dksl, non-induced cell&  30A1ZFEoF 60 g/Le
10-hydroxystearic acid2%-E 38 g/Le] 7y -dodecalactones Ay4tstH o™, HE-&L 63%, A4k
Ade 1.3 g//h& uyebd. induced celle] A3 22%, A HAFL 1.3 =2 Zo=Z Uehd
(Fig. 10).

Xhoqedsjscious ( -1)

=)

1 - = =
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0 {0 S0 30 0 20 Qo

1ime ()

Fig. 10. Time-course reactions for the production of vy -dodecalactone from
10-hydroxystearic acid by induced and non-induced whole cells of W. /ipofer under the
optimized conditions. y -Dodecalactone production (@) from 10-hydroxystearic acid (H) by
induced cells and 7y -dodecalactone production (O) from 10-hydroxystearic acid (CJ) by
non-induced cells.

2. Hydroxy A|®4lo 2 8E vy -decalactone % y -butyrolactone®] Aj4k

7b. 1A EFF) WE EF W Ipofere] 71AEoR ¥ AHIE H|w

ax W lpofere] 71AEo|AL dolrr] 93}4], induced cellZ2 theFgk hydroxy X4k
(10-hydroxystearic acid, 12-hydroxystearic acid, ricinoleic acid, ricinoleic acid methyl ester,
10-hydroxydecanoic acid, 12-hydroxydodecanoic acid, 16-hydroxyhexadecanoic acid)2 7|2 &
Abgsle] F 371A| 9] & y-2HE (y -dodecalactone, y -decalactone, y -butyrolactone)2 #
@shsl e, 10-hydorxystearic acidol Al 7€ 504 8 d&&o] 7 w2 AL & (Table
3).
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Table 3. Conversion yield and specific productivity of permeabilized whole cells of W. lpofer
for hydroxy fatty acid

Substrate * Product Product concentration  Conversion yield Specific  productivity
g/Lh (%) (mg g-cell ' h )
10-Hydroxystearic acid v -Dodecalactone 0.20 27.9+0.2 66.2+0.4
12-Hydroxystearic acid y -Decalactone 0.15 24.7+0.2 49.5+0.3
Ricinoleic acid v -Decalactone 0.14 23.5+0.2 47.8+0.6
Ricinoleic acid methyl ester v -Decalactone 0.09 16.7%+0.0 30.4%0.1
10-Hydroxydecanoic acid y -Butyrolactone 0.04 8.66+0.0 9.78+0.1
12-Hydroxydodecanoic acid y -Butyrolactone 0.03 6.47+0.1 8.58+0.1
16-Hydroxyhexadecanoic acid » -Butyrolactone 0.01 411+0.1 4.32+0.1

® The used concentration of substrate was 1 g/L.

. y-Decalactone ¥ y -butyrolactone2] AjAk

o] Aol dojxl HH=HlA y-decalactones} 7y -butyrolactone?] Hth A4S 9|3
induced cell& o83t W& s AIZPEE samplingste] Hol A4S UehllE AIRHS
dolE. I A} induced cell& ©]83te] 30A1ZEE<t 60 g/Le] 12-hydroxystearic acidgE 7]1d =
AH&et e o, 28 g/Le] y-decalactones AAFSIR AL, &S 47%HR 0w, AHAELS 09 g L
' h'2 uYerd (Fig. 11A). =3 induced cellS o] &3te] 30A17FEF 60 g/l
10-hydroxydecanoic acidg 71d =& A&3t5S wol= 12 g/Le] y -butyrolactones AJ4HeFH S
™, AL 20% S 04 g L h'® Vel (Fig. 11B). y -decalactone®] 7-$- |71
HuE ARG 228 =& AAFS Byon, AEL 13%, A4dLe 528 =& A=z
Elwtth 1 ¥uk olyEl, y-butyrolactone?] A¢-dle EEE o83 AEHIHA <3
hydroxy A|*4kol| Al AJ4ke ool A H Q).
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Fig. 11. Time-course reactions for the production of y -decalactone from 12-hydroxystearic
acid and the production of y -butyrolactone from 10-hydroxydecanoic acid by induced whole
cells of W. Ipofer under optimal conditions. (A) y-Decalactone production (@) from
12-hydroxystearic acid () by induced cells. (B) 7 -Butyrolactone production (A) from
10-hydroxydecanoic acid (A) by induced cells.

3. 10-Hyrdoxy-12(2)-octadecenoic acidZ+-¥| y -dodecelactone A4+

7}. 10-Hyrdoxy-12(Z)-octadecenoic acidell A y -dodecelactone A& &2l

8% Candida boidiniig ©]-83Fa] 10-hydroxyoctadecenoic acidZ%-E y -dodecelactone& Aj
Ak 7182 AFE-E+= 10-hydroxyoctadecenoic acid= Stenotrophomonas nitritireducens®l 2] 3
linoleic acidellAl  A&dA AL AEsiRen, ®E F GC 4% A¥, 71E
10-hydroxydotadecenoic acide= ZF4~3+%1al, y -dodecelactonee Z7}3H-2 standarde} H]w3}e]
gelstd o (Fig. 12A), GCIMSE %3 product”} y -dodecelactoned 2 593l < (Fig. 12B).
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Fig. 12. Analysis for the production of ¥ -dodecelactone from 10-hydroxyoctadecenoic acid by
whole cells of C boidinii (A) GC analysis for production of 7 -dodecelactone. Reaction
sample was compared with standard. (B) The product was identified as 7 -dodecelactone by

GC/MS analysis.
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. y-Dodecelactone®] lactonization #3| v X Mg Hg vn

axro] We-4tge o3 AAdE 4-hydroxy A4S A& B3 SECZE H3EHA =
o &% C boidiniiZ ©]-&3Fe] 10-hydroxyoctadecenoic acidZ* €] y -dodecelactoneg A4k
A HAH atA g 21E Gotry] 93ty 5-50%2 HCIS H71e Ax}, 20% HClE A 83k
< o relative activity7} =& Z& AT 4 AR (Fig. 13).

100 |
80|
0|
10 |

S0

0
20° HCI S04° HCI 200° HCI

Fig. 13. Effect of HCl concentration on the conversion of 10-hydroxyoctadecenoic acid to ¥
-dodecelactone by C. boidinii cells.

t}. y -Dodecelactone Hto) A4k& % &5 FF A

10-Hydroxy-12(2)-octadecenoic acid& y -dodecelactone o2 335t wlEl-4ks} ] &4
o] Ao E& awg A3y {8 §ld &% (Candida boidinii, Candida palmioleophila,
Candida tropicalis, Citeromyces matritensis, Cryprococcus curvatus, Saccharomyces cerevisiae,
Schizosaccharomyces pombe, Sporobolomyces odorus, Starmerella bombicola , Waltomyces
lipofer, Yarrowia Ilpolytica®t 71d-& w¥EgstRom Aoz A4 &84S vusE A,
Candida boidini} 7V =& A48 Hao] y-dodecelactone A4 532 AAsH S (Fig.
14).
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Fig. 14. y-Dodecalactone production from 10-hydroxy-12(Z)-octadecenoic acid by whole cells
of oleaginous yeast strains.

2t &% Candida boidinii®) wWE-4t3 = =7 323

EX C Dboidini® WEF-4HE FEE et ohdk AgAah 9 4k 2 rak(auric acid,
stearic acid, oleic acid, erucic acid, linoleic acid, 10-hydroxydecanoic acid, and
10-hydroxy-12(2)-octadecenoic acid acid)S FE=EZ=Z A3} y -dodecelactone AJ4+el] ©]X]
= Y& ol Ay, A4 FAAME oleic acidE FEEHZ AFESIAES W VP =2 &
Ae Holt AL FAY & YA (Fig. 154), 7 g/Lel oleic acid® AH&slA< ) oF 122%
Arreol ket w (Fig. 15B).

o
=

A% C boidiniie]l WE-4tst =25 st F wig Al WA E gAY TR FEA
o w2 WEl-4tste] &S vl B A3, glucose 5g/1 ¢} oleic acidE A AFESI S

w vE-akshel Bl Jbg et 15ARFES WS shAe W BAel A e (Fig
16).
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N‘“oilw‘“&o Oleic acid (g/L)
AY

Fig. 15. Effect of inducer on the conversion of 10-hydroxy-12(Z)-octadecenoic acid to
y -dodecelactone by induced cells of C. boidini. (A) Effect of inducer type. The cells of C
boidinii were obtained after growing in induction medium containing 7 g/L inducer. (B) Effect
of oleic acid concentration. The cells of C. boidinii were obtained after growing in induction
medium containing 0—15 g/L oleic acid.
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Fig. 16.  Effects of glucose concentration and induction time on the conversion of
10-hydroxy-12(Z)-octadecenoic acid acid to 7y -dodecelactone by induced cells of C. boidini.

(A) Effect of glucose concentration. (B) Effect induction time. The cells of C. boidinii were
obtained after growing in induction medium containing 7 g/L oleic acid.

ul, &% (Candida boidiniig ©]-£3+ y-dodecelactone A4+l 32 =713

B % Candida boidiniio| W3t H& 202 pHe 55 ZARRE A3 pHe 5.5 o|Aa (Fig.
170), HA =& 25 °CE 3213 (Fig. 17B).

Product?l 7 -dodecelactonee] HojA4Hs flsl cell 54, 714 w548 A4d& 3. WA
714 20 g/LE ¥ induced cell 55 0-40 g/L AlelollA Z+zb 3AZHE<F HH-8-S 23y3sk 2
3}, permeabilized cell®] HAF5=7} 30 g/LYS &3 (Fig. 18A), cell 35 30 g/L=
TG T 71E s 2.5-15 g/LE WSLE Fo] ZH7F 3AIZEESE e A% A9 714 5
& Agetds W 7 HAHAE &<l (Fig. 18B).

A B

120 120

100 - 100
< g0 80 -
2

o

Relative activity (%)
3

Relative activity (%)
3

I I I I I
10 15 20 2 30 35 40 40 45 50 55 6.0 6.5 70
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Fig. 17. Effects of pH and temperature on y-dodecelactone production from
10-hydroxy-12(Z)-octadecenoic acid by induced cells of C. boidini. (A) Effect of pH. (B)
Effect of temperature.
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Fig. 18. Effects of the concentrations of cells and substrates on vy -dodecelactone production
from 10-hydroxy-12(Z)-octadecenoic acid by induced cells of C boidinii (A) Effect of cell
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concentration. (B) Effect of substrate concentration. 10-Hydroxy-12(Z)-octadecenoic acid (@)
and conversion yield (())

v, HAzZAA vy -dodecelactone A4t
Qo] AgeA Lozl HH =7 y-dodecelactonee] Hol A4kE 913l induced cell& ©]
g3te] WS P AZPEE samplingdte]l Hh A4S B E AZES QolE. T A,
6’\] 7Hs<k 5 g/Le] 10-hydroxy-12(Z)-octadecenoic acid acid=Z3-E 2.2 g/Le] y -dodecelactone
BRI, BASFE] HAFEL 64%FoH, A 350 mg L h'E Jebd (Fig. 19).
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y—Dodecelactone (g/L)

0.5

10-Hydroxy-12(Z)-octadecenoic acid (g/L)

o

0.0

Time (h)
Fig. 19. Time-course production of 7y -dodecelactone (@) from 10-hydroxy-12(Z)-octadecenoic
acid (O).

4. 13-Hydroxy-9-octadecenoic acid2+H-¥ o -decalactone A4+
7V. &X  Yarrowia lipolyticaE ©]&3F 13-hydroxy-9(2-octadecencic acidZHH &
-decalactone A4+ <l

0
U = e /\/\/(l
o H o o Delta-decalactone

H Y. lipolitica
Fig. 20. Conversion of linoleic acid to ¢ -decalactone.

&% Yarrowia lipolyticas °]-&3lo] 13-hydroxy-9-octadecenoic acid2H-E] ¢ -decalactone&
A4F (Fig. 20). 71d =& AF8&%+= 13-hydroxy-9-octadecenoic acids= Lactobacillus acidophillus=
2E f#3 linoleate hydrataseZ cloningdt recombinant celloll ©J&l linoleic acidell A AZ-#
A& AHE3R A, B8 & GC &4 ZA3}, 71" 13-hydroxy-9-octadecenoic acide 743+
31, ¢ -decalactone2 Z7}gH2 standarde}l Wlawste] &<l (Fig. 21A). & productE GC/MSE &
3] product”} ¢ -decalactonedS &<13} (Fig. 21B).
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Relative absorbance
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EFVRTYON W0 DR P seesns: ostes: aaeseese-

Fig. 21. Analys1s for the productlon of ¢ decalactone from 13-hydroxy-9-octadecenoic acid
by whole cells of Y. /Zpolytica. (A) GC analysis for production of ¢ -decalactone. Reaction
sample was compared with standard. (B) The product was identified as ¢ -decalactone by
GC/MS analysis.
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Y. 8% Yarrowia lipolyticas ©)&3+ o -decalactone A4kl HZF =74 A3}

B X Yarrowia lipolyticaoll tH3t HZ# =xo 2 pHe 255 XA 23 pHe 7.0 oA
(Fig. 22A), 7 &x& 30 Col9S (Fig. 22B). Product?]l ¢ -decelactone®] HthA4HS 9 &)
cell ¥4, 714 w54 HA3d& APt WA 714 5 g/LE ¥ cell 55 0-40 g/L A+
ojoll Al Z}zt 15AIFE WS A% AH, HAFErF 25 g/lLde gl (Fig. 23A),
cell 52 25 g/L2 TAAI T 714 25-15 g/LE Wsts Fo] zt7t 15475 we-S 7
q3F A, 71" 75 glLE AHESRS o 7Y H A9 (Fig. 23B).
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Fig. 22. Effect of pH and temperature on ¢ -decalactone production from
13-hydroxy-9(2)-octadecenoic aicd by Y. lpolytica cells. (A) Effect of pH. (B) Effect of
temperature.
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Fig. 23. Effects of the concentrations of cells and substrates on ¢ -decelactone production
from 13-hydroxy-9(Z)-octadecenoic acid by Y. Zpolytica cells. (A) Effect of cell concentration.
(B) Effect of substrate concentration. 13-Hydroxy-9(Z)-octadecenoic acid (@) and conversion
yield (O).

t}. 13-Hydroxy-9(2)-octadecenoic acidZ+%E ¢ -decalactone Aj4+

FHH x4 §-decalactoned] Hdl MAHS 98| Y. lpolyitca cell& o]-&3to] WEE-
3 AZPEE samplingste] Hol A4S UEtle AZBES GolE A, 18AXHE’E 7.
13-hydroxy-9(Z)-octadecenoic acid=2+%¥ 1 g/Le] ¢§ -decalactoneS A4+, EA<-
382 235%Fom, AAAEL 556 mg L h'& JehytS (Fig. 24).

X3

g/Lel
o A

AN < o
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Fig. 24. Time-course production of ¢ -decelactone (@) from 13-hydroxy-9(Z)-octadecenoic
acid (O).

5. Candida palmiolephilaE ©]&3%+ 8-hydroxy-9-octadecenocic acidZ%-E] japonilure A
g <l
Japanese beetle®] pheromone® & 2 <& japonilure:= A 74A 38HHEeS A A H
oA o} 2313 Wl AEAIH O E japonilureE AYAHS A =3 (Fig. 25).
o

HOJI\/\/\/\/W

Oleic acid

llRecombinam E. Coli

(containing A. nidulansdiol synthase)

[0}

HO)M/W
OH
8-Hydorxy-9-octadecenoic acid

Yeast C. palmiolephila

0. W
Japonilure

Fig. 25. Scheme of conversion linoleic acid to Japonilure.

7}. Japonilure A4S 9% BEE #F A

8-Hydroxy-9-octadecenoic acidS japonilure 0.2 AZ3l= wle}-4+3} #Ao] 49 Ao =
S gns A3 & WG &R (Candida africana, Candida boidinii, Candida palmioleophila,
Candida oleophila, Candida trophicalis, Candida tanzawaensis, Candida ergastensis, Candida
silvicultrin®t 718 HbEEgom  AEdl A S4S vuslE Ad,  Candida
palmioleophila?} 7} =& A4S ®o japonilure B4 #FE AAsAS (Fig. 26).
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Fig. 26. Japonilure production from 8-Hydroxy-9-octadecenoic acid by whole cells of
oleaginous yeast strains.
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Y. Japonilureo] & T34

&% C palmiolephilas ©]-83l 8-hydroxy-9(2)-octadecenoic acidZ2FE] dox HHES &
Ast7] ¢s] HPLC % GCE o] &3 Helx7deS 23, semi-prep HPLCE o] &3] AHAH
productE GC/MSE &3l japoniluree = &lg (Fig. 27). =%, A=Y BFE FHLS 317
913t NMRE #2413+ (Fig. 28).

A

Japniolure

2000 ‘
1000
B M vd\hpk‘\" L
o -~ PO VY. P M - - s Ao P L
i B S B S T T taw T e T as

=6

Pﬁ | Japonilure 8-Hydroxy-9(Z-octadecencic acid
- 4 3
50 d ‘
A .
r [, r s F r [ F f [ s r F
10 16

§

20 2% i

pA
100-

50-

f 0 # 1 % i
Fig. 27. Product identification of japonilure from 8-hydroxy-9-octadecenoic acid by whole cells

of C palmiolephila. (A) HPLC analysis of japonilure, (B) GC analysis of japonilure, (C) GC-MS
analysis of purified japonilure.
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Xy |

TH NMR (CDCI; 600 MHz)
s 0,88 (t, / =6.36. 6.9 Hz., 3H)., 1.27(brs. 11H), 1.34-0.40 {m. 2H),
1.91-1.88 (m, 1H), 2.04-217 (m, 2H), 2.35-2.40 (m, 1H), 2.52-2.60
(m. 2H), 5.24 (g, »=7.92, 786, 7.38 Hz,1H), 5.45 {t. /=9.78. 9.48 Hz.
1H), B.BE (g, »= 10,14, 7.86, 7.68 Hz.1H)
|

T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.

13C NMR (CHCI5. 600 MHz)
51773, 1360, 127.3, 766, 320, 29.6, 29.5, 29.4, 9.2, 28,0, 228, 14.3

- = = S

t . : B
] 1 1 S

Fig. 28. NMR analysis of japonilure from 8-hydroxy-9-octadecenoic acid by whole cells of C.
palmiolephila. (A) 'H NMR analysis of japonilure, (B) 2D-COSY analysis of japonilure, (C) “C
NMR analysis of purified japonilure.

_67_



Al 44 FAZEE hydroxy A4 2 2= AYak oA

FAFAIZHE vlo] Rl HES A4S HOHHL A FAFAIE AWALSRE Tt
wafisfoF gk oo 1?4 S+ lab scaleol Al &AHFA 7hrEsiol A o2 F/9 lipaseE
MEsty g8 bR 293t 1 A3 CRL(Candida rugosa lipase) F+RAAES Aspergillus
niger o Akl Ay I_EJ CRL lipase &49] 7}FRs] a7 AY £ Ao 2 F2HgLS.

2% w4 A F oleic acid $&Fo] e Ao g NH S BAFE JIFESSI  crude
oleic acidE EAS. AlFolA Frg oleic acidel & B FE 7IE3ste crude oleic acidZ
FH 10-hydroxy stearic acid=Z H3A3d 2 p-Oxidationo] 23k y—dodecalactone A A
S AgYPste] Y B HFERE y-dodecalactoned AH4HEH S A FA F TIFERKEE JH
2313 crude linoleic acidZ%E] 10-hydroxy-12(Z)-octadecenoic acid2 #H&AH =L B
-Oxidation®ll ©¢]&t y -dodecelactone A4+ AHS FPste F3}F=FE y-dodecelactones
AT 71§22 28E  9R-hydroxy-10E£127157-octadecatrienoic acid (9R-HOTE) <}
9-Hydroxy-10,12(%, 2)-octadecadienoic acid (9R-HODE)ES AA+sl o} &% W30 2 Jactone
o] FHEAAA FUh+.

AN

1. CRL Lipasel| 9|3t F4FA 7lr&3

EAFFA ZHE nlo] 23Rl y -dodecalactoned] scale up AAHS EHo g 1xdx Y
g FARA VR 2o, AT PtECA Fulgk S B vl A3s A A
o] Ab-g&% CRL lipasex= CRL(Candida rugosa lipase) +ZAA7F A4®  Aspergillus nigers A}
AFY] AR dHTIEE dE F A4 EEste celles AAR dgE AEde
Ultrafiltration ©. & 5ujjo] F53tal B4 w5 Ao AT <9 formulatorE 7} $ Vacuum
Control Freeze Dryer2 2,000 U/g &% A|&FS A4Hg. A4+H CRL lipase A& ofz] A g
AFESERAL, SR B ot e 22 2o E Ui APES AT

714 A 2kgot E 14kg EF (FA9 & FAHZ 1 0 0.7);

oy CRL lipase 5g (0.025%(+A 5-A1715);

WSz 37C, 250 RPM;

HE-SAIZE 24hol

A9 KOHE o] &3 47t A3¥ 2 GC 4

7heEs] e AIMEE AIEY $ ukE KO o] &3+ M7} =W o7 13 Felsta,
o] &. GCEAHLS ]—ﬂ}oﬂ 731, HP-INNOWAX Zydo g R4

ZhrEA ey AR CE
3 A (Fig. D 7t5Ea bh$ 24X7F o S8l B & 728 A4S = oleic acide] 32 80%
o] ¢l Roz FHolEla, 0}?41 y -dodecalactone A4t Aol AR&F. GC AL o5

2.
Column: HP-INNOWAX
Oven temp: 100°C =15 /min—260°C (10min)
Injector temp: 260°C
Detector temp: 250C
Carrier gas: N2
Detector: FID dec
Sample: 1ul
Split ratio: 100:1
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600 Rt: 10.188
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Olive oil hydrolysis by lipase
300 Oleic acid content: 80.5%
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Fig. 1. Analysis of oleic acid content from olive oil hydrolysis.

2. Oleic acid2%-E| oleate hydratase 2ol ¢|§ 10-hydroxy stearic acid A4+

B 2gof A3 oleate hydratase &E45 FH|sl7] 93] kanamycin20(FAFANE H&
LB(Difco)ul A o] Pzt28a-hydratase’} A4 ¥ E.colif BL21E 5 L flask (working volume 1 L)l 3
70 #jeFst. IPTG induction $ overnight vleF ¥ 3|3k djFld2 Cell ODgyp 2002 BrE=of
olg] Ao A oleate hydratase EAZ AM-&3}

Oleic acid=2 %€ 10-hydroxy stearic acid ¥ A¥dS 3 L ®H$ flask (1L working volume)
oNA FF3 A AP ARSI 712 ATl gk oleic acidet felA FAF FAYI &
dBEFE 7heEso] & crude oleic acidE Z+7 AM-g-%

A kg =71& HF o2 oleic acid 50 g/L(EHEFE 7R A2 crude oleic acide
oleic acid®] AA FFS st A4 ¥), Cell (oleate hydratase) 20g/L, tween80
0.05%, 50 mM Tric-Cl buffer(pH6.5)% volumeg %331 200rpm, 35C oA 16417+ ®E-8-

g 5 § 9342 2 N HC 2~3%&2 HA3te] pH 28 2F3, ¥kgqo] 5of Q&
flask Aol €< 718t 10 min BHF AEs 252 23 & Ethyl acetateg 112 &

28] & centrifugation (6,000 rpm, 4 €, 30 min) 2 &S FAA .

5] =% 10-hydroxystearic acide NMR (Fig. 2, 3) ¥42 3. AlZFol|A 10-hydroxystearic
acide 7+ & gloem 2 12-hydroxyoctadecanoic acid (AZLupADE Fujdle] FFZ O Z ALE-
NMRE4 A3 oleic acidZF-E] oleate hydratase &4l oJ3 ©A&H &2 L 10-hydroxystearic
acid 95 <13
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13 12 11 10 ] 8 7 3 s 4 3 2 ] -1 ppm

Fig. 3. MNR Data (from oleic acid to 10-hydroxy stearic acid by oleate hydratase)

oleic acid2%¥] 10-hydroxystearic acid A&&& &<1str] H3l GC (Fig. V= EA31%,
1 A Aol oleic acid7b 10-hydroxystearic acid2 ZA&E 2 &2l AlFoA Fu3l oleic
acid ¢} &YBHE 7teRalo] A& crude oleic acid=Z%-E 10-hydroxy stearic acid A3+&-&
5 78% A=ola 7149 ¢ W2 HIEo= Aole A e AL AT F A
olof oleic acidyt =g EBEfE 7Frisld A2 crude oleic acid 25 y-dodecalactone A3 4kel
BT A7 Ao g JYE
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Oleic acid
600 Rt: 10.188

10-hydroxystearic acid i
Ri: 18.569

w Oleic acid to 10-hydroxystearic acid ‘

Conversion rate 78%

\ i I -

— A*AJ//

Olive oil to 10-hydroxystearic acid %

M

B ,‘L,__:......m--f-_l"“" il

Fig. 4. Analysis of 10-hydroxystearic acid conversion yields from oleic acid and olive oil

Conversion rate 78%

3. W. lipoferdl ©]3+ vy -dodecalactone Y4t

YPG ul#| 4 Lol Waltomyces lipofer (KTCC17657) A &stal 200rpm, 28°C, 12~15hr ZIH[<F
stth. YPG Hi Aol Oleic acidE #71ste] YTGO®AE whEo] ZujeFst SeedE HE3kar 200
rpm, 28 C, 12~15 hr wjFste], Cell & 346,000 rpm, 4 C, 30 min).

5] =3k Cell-& ofo] ol W] 3 0.85 % NaClZ =4 Washingsle] centrifugation (6,000 rpm,
4 <C, 30 min)ste] 343t of#) B -Oxidation 2o o] &3}

3]4=3} Cell& Permeabilizationdle] y -dodecalactone A3+ AHo)] AL-&3F Cell pelletoll 50 %
EtOH (100 mM BufferZ o] &3l wE)E ¥ Zoj& ¥, 5 mingt Icedl B33 12,000 rpm,
30 min &<+ cell down, Cell pelletell 100 mM Tris-HCl buffer (pH 6.5 S+ ¥ A %3
(12,000 rpm, 4 €, 30 min) Cell pelletoll 0.5 % Triton X-100 (Buffer o] &3] w&E)S Y1
Eo]F H, 5 minzt Iceo] X3, 12,000 rpm, 30 min &<t cell down, 100 mM Tris-HCl buffer
(pH 6.52 5 ¥ A #3}lo] Permeabilizatione F5 3t

H#3d 5 L Flaskel 712 (10-hydroxystearic acid) 20 g/L, Waltomyces Ilipofer(
Permeabilization) 10 g/L, 0.2 % tween80& X 7}sled, 0.7 M Tris-HCl buffer (pH 6.5= 200
rpm, 35 ColA 30 hr §F8-3-

Hhg 5 F 20 %9 HCIZ HAsle] pH2 & 2311 flask AHAll €S 7Fske] 100 C, 5
min #o&. 13 23 ¥ Ethyl acetateE 112 %% 28 & FZ. centrifugation (6,000
pm, 4 C, 30 min) 3 & ASA7F FH3F 2ol AE9E speed vac(30C, 30min)S o] &3}
£l & AA &, syliration (3:1, pyridine : N-methyl-N-(trimethylsilyl) trifluoroacetamide)S A]
#A GCE A3}
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Column: Supelco SPB-1 capillary column

Oven temp: 100°C =207 /min—220°C (25min)
Injector temp: 260C

Detector temp: 250C

Carrier gas: N2

Detector:  FID dec

Sample: lul

Split ratio:  100:1

10-hydroxystearic acid=%E] 7 -dodecalactone H3LL o] GC B z7Aoz BA
A8 y-dodecalactones A #Hdt] 71% AFES AL

Narm. |

al,

)

700 Fatty acid Hydroxy fatty acid
200~ y-dodecalactone
D.JL_MA’_\VA\____WW_J\__L JLM_JL ._,LI_A_———J—/\

5 10 15 20 25 min

Fig. 5. Analysis of y -dodecalactone conversion yields from 10-hydroxystearic acid.

4. €Y BHKFE HE y-dodecalactone A4+

2 BH/E CRL lipase E4E A8t crude oleic acidE W=l S maltophilia oleate
hydrataseE ®+% AlA oleic acidE 10-hydroxystearic acid® H&AZ1 ¥ 9SS W lpofer
whole cellse #7Fste] y -dodecalactone< A4H3H (Fig. 6). 40 g/Le] olivef-ZFF 25 g/Lo]
y -dodecelactoneS A AF3},

[o]

Hzc_ol(j)\/\N\A/MA Hydrolysis 0
"IC_O ¢} Lipase from Candidarugosa  HO'
HzC—OJk/\/\N=\/_\/\/\
Oliveoil Oleic acid

Stenotrophomonas maltophilia Hydration
oleate hydratase

[o]

0 0. Lactonization J\/\/\/\/\/\/\/\/\
PP — HO
W Waltomyces ljpofer OH
v-Dodecalactone 10-Hydroxystearic acid

Fig. 6. Production of v -dodecalactone from olive oil by C. rugosa lipase, S. maltophilia oleate
hydratase, and whole cells of W. /ipofer via oleic acid and 10-hydroxy stearic acid.
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5. &3}fZ2E vy -dodecelactone A4k
2 3}-f(Safflower oi)Z CRL lipase 42 *g]stH  80% linoleic acide} 14% oleic acid7} =t

o] H. o  gN S nitritireducens AA|E}  WRSAA  linoleic  acidE
10-hydroxy-12(Z)-octadecenoic acidZ oleic acidE 10-hydroxystearic acid2 &A1 F

Candida boidinii whole cellsS % 7}3le] y -dodecelactone} y -dodecalactone2 A 4ksk (Fig. 7).
% y-lactones =y -dodecelactone®] 75%°]) 1l y -dodecelactonee] 25%°]AL. AYALH y
-dodecelactone3} y -dodecalactone2 A §lo] sF UREE AIET F JSHO0E B,

W _jlmwvw

jc_aﬁ\/‘\/\/\/-\/\/\/“\/

"_i_aj\/\mm

Safflower il

Hydrolysis l Lipase from Candide rugosa

-J'L./\./W""V““W\ o (a] _
L - - —
i i i Hydration
Lingleic acid ¥ Lactonization i
— 10-Hydroxy-12(2)-octadecencic acid —— -Dodecelactone
Stenotroph ritriti s Caandia beidinad
MLWW f o, 0.
- "W
Oleicacid 10-Hydroxystearic acid r-Dodecalactone

Fig. 7. Production of 7y -lactones from safflower oil by lipase and whole cells of &.
nitritireducens and C. boidinii via fatty acids and hydroxy fatty acids.

A B

Fatty acids (g/L)
w
Fatty acids (g/L)

Hydroxy fatty acids (g/L)

P ol

I
20 30 40 0 30 60 90

Time (min) Time (min)

>
>%

y-Lactones (g/L)

Hydroxy fatty acids, fatty acids (g/L)

Time (h)

Fig. 8. (A) Production of fatty acids from safflower oil by lipase from C. ruygosa. Fatty acids
were linoleic acid (@), oleic acid (&), and palmitic acid ({>). (B) Production of hydroxy fatty
acids from fatty acids by whole S. nitritireducens cells. Linoleic acid (@) and oleic acid (&)
were converted to 10-hydroxy-12(2)-octadecenoic acid (O) and 10-hydroxy-12(Z)-octadecenoic
acid acid (A), respectively, by whole S nitritireducens cells. (C) Production of 7y -lactones
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from hydroxy fatty acids by whole C. boidinii cells. The cells consumed oleic acid (A) and

linoleic acid (@), however, they poorly comsumed palmitic acid ().

and y -dodecalactone (H)

E3-4E Candida rugosa lipaseE ©]-&3le] thaFgk =
eSS T

Fash AA S} A

a‘:]-/\

]- 2 10-hydroxy-12(Z)-octadecenoic acide M&& 4= U= S nitritireducenss ©|
83t oil 7hEs B9 AWAs

-

Waks A4t (Fig. 8B). ©]& o] 83t

v -Dodecelactone (4p)

S A28} (Fig. 8A). 34738 At

i

>

o HF A4E<2l y-dodecelactoneS A4S (Fig. 80). ET3-F=HEQ A A4S YeEY =

NZFE ol Ax} ol 7lFEREE AIS
Bl 1.88 g/Le] 7 -dodecelactones AAF3IA AL, HEH-S
2 Yehd. Z3tfolA y-lactonesz2o] HEHS 34

< Table 19 e,

Table 1. Biotransformation of safflower oil to y -lactones

BN

o
-
==

Z A5 7.5 g/l FERHAFEE
25% R om, e 235 mg L' ht
o

Zhzte] wol A WAG&3} A4

Step Hydrolysis Hydration Lactonization
Substrate Safflower oil (7.50) | Linoleic acid (5.30) [18.90] 10-Hydroxy-12-(2)-octadecenoic acid
(g/L) [mM] Oleic acid (0.93) [3.20] (5.00) [16.78]
10-Hydroxystearic acid (0.85) [2.82]
Product Linoleic acid (5.30) | 10-Hydroxy-12-(2)-octadecenoic acid y -Dodecelactone (1.88) [9.60]
(g/L) [mM] Oleic acid (0.93) (5.00) [16.78] v -Dodecalactone (0.54) [2.7]
Palmitic acid (0.37) | 10-Hydroxystearic acid (0.85) [2.82]
Productivity 10.6 + 0.09 4.27 + 0.09 0.310 £ 0.004
(g/L/h) 1.86 = 0.89 0.73 = 0.03 0.090 £ 0.002
0.74 £+ 0.005
Step yield 0.71 0.94 [0.89] 0.38 [0.57]
(g / g )| 012 0.91 [0.88] 0.64 [0.96]
[mM/mM] 0.05
Total yield 0.71 0.67 0.25
(%, glg) 0.12 0.12 0.08
0.05

- 3 AZ A8 E AR A AEHSoZ AL lactoned AV L e AAH
g% lactoned 33t A= lactoned}t xpEAo] ot HAL YA AAH
AE A%E lactone 318 A= lactoned zPEAF o] U=

6. 71222 5E 9R-HOTE A4+

7} E718 025 9R-HOTE AALS 3t lipase 7Fri3] &3 2 AEEY

A B

120 s

C

Fatty acid Composition (w/w, %)

0| C16:0

C18:0

@

C18:1.n-7

C18:2.n-6 (LA)

s

C18:3.n-3 (ALA)

C18:3.n-6 (GLA)

Relative activity (% )
Fatty acids (g I"')

Total

r

20l SFA

MUFA 17

o¢f
0

20 40 60 80 100 120 140 PUFA 73=3

AoL CRL PCL PFL  RML TLL

Fig. 9. Effect of lipase, production and composition of fatty acid in-peritta—oit—A)—Activities
of lipase for releasing ALA from perilla oil. Lipases from recombinant Aspergillus oryzae
(AOL), Candida rugosa (CRL), Pseudomonas cepacia (PCL), Pseudomonas fluorescense (PFL),
Rhizomucor meihel (RML), and 7Thermomyces lanoginosus (TLL) were obtained from Sigma and
used as 0.1 U/ml for reaction at room temperature for lh. (B) Production of fatty acids from
PO by candida rugosa lipase (CRL). Fatty acids were « -linoleic acid (filled circle), linoleic
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acid (empty circle), oleic acid (filled inverse triangle), and other fatty acids (empty triangle).
The reactions were performed in 50 mM Tris-HCI buffer (pH 7.5) containing 1 g/L lipase, 10
g/l PO, and 0.02% (w/v) Tween 80 at 37 ° C with agitation at 200 rpm for 2 h. (C) Fatty
acid composition of perilla oil by CRL. Detection was performed using GC.

E71 5o 2HE FAs AN A fsl 2 1A lipases o] &3t EAg A
Cadida rugosa lipase (CRL)7} 7} Agtatgda A A3 AlzF & 4 g/lLe] ALAS A
As (Fig. 9A 2 B). E71589 AES A A3} 75 %7F ALASF LAZ FA4 = o] 9R-LOXE]
71do] & 4 AAe (Fig. 90).

Y. 718 7l E3lEEHE 9R-HOTE ¥ 9R-HODE Ay4H

=715 7k EdllEs ol &% A AIEAY] Agte s S71F ThE EelElA
st 40 g/L ALARR¥ 34 g/Le] 9R-HOTEE A4tste] 85%9] &3 A3 34 g/Le] A4k
de B LA9 7% 10 g/L LAE F¥] 10 g/Le] 9R-HODEE A4ksted 99.9 %o &3 Al
g 20 g/Lel Aakd-e vERd (Fig. 10).

50

40

30

20

10

o]

8R-HOTE, 9R-HODE, a-linolenic acid, linoleic acid (g I')

o 20 40 60 80 100 120

Time (min)
Fig. 10. Production of 9R-HOTE (empty circle) and 9R-HODE (empty triangle) from ALA
(filled circle) and LA (filled inverse triangle) in PO hydrolyzate. The reactions were performed
in a 500 mL baffled flask in 80 mL of 50 mM Tris-HCl buffer (pH 8.5) consisting of PO
hydrolyzate, which contained 40 g/L. ALA, 10 g/L. LA, 15.3 g/L of other fatty acids, 5% (v/v)
acetone, 0.2% (v/v) Tween 80, and 1 g/L purified 9R-LOX at 15 ° C for 100 min with
agitation at 250 rpm.

t}. 9R-HODE ¥ 9R-HODE A4+ A3 H|w
LipoxygenaseE ©|&3t 71&Z2 39} 9R-HOTE % 9R-HODE AMAEE E A7ZAde} vlw
g A3 B AT Aol 7 3 2o ® Yebd (Table D).

Table. 1 Production of hydroxperoxy- and hydroxy fatty acids from PUFA and oil hydrolyzate
by lipoxygenases.

Substrate (/L) Product (/L) Molar yield Productivity ~ Reference
(o) (g/L/h)

LA(0.12) 9-HODE (0.077) 64.2 NA
TLH (1.5) 95-HPODE (1.24) 82.7 NA
LA (20) 13-HPODE (12.04) 60.2 NA
LA (40) 135-HPODE (36) 90 9

TLH (6™) 13S-HPODE (5.7) 96.1 NA
FOH (78.5™) 13S-HPOTE ™~ (62.8) 80 314
LA(28) 13-HPODE (22.4) 80 22.4

sargouri and Dominique Legoy 2002)
etal. 1994)

egoy 1997)
Malier 1996)
et al. 1990)

LA(28) 13S-HPODE (15.1) 54 NA (Martini et al. 1994)

LA (300) 13S-HPODE" (120) 40 3.6 (Villaverde et al. 2013b)

LA (10) 95-+13S-HPODE (7.5) 75 0.16 (Villaverde et al. 2013a)
LA(15) 9R-HODE (14.3) 95 143 (Kim et al. 2014)
e LA(20) 13-HODE (20.8) 99 10.1 (Anetal. 2015)

ne LA (40) 9R-HODE (38.4) 96 38.4 this study

ALA (40) 9R-HOTE (37.6) 94 37.6 this study

POH (40”7 9R-HOTE (35.2)

85 34 this study
NA: Not available. TLH: Trilinolein hydrozate. FOH: Flax seed oil hydrozate. POH: Perilla seed oil hydrozate
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A 5 A wpol e GE| Ak
=

1. Hydroxy A4t 2 SEF

A= ?iﬁloﬂ/ﬂ gH3 h
22 AAY ¢ e HHES T

7}, Hydroxy A ‘%“‘}4 28 BA ¥ 47

D ¥r-gAHE-2 2¥E hydroxy fatty acids A 2 &2 534

Hydroxy fatty acids AA|: AAZ v == X] WAk 28l g A5 o] &35ke] AJ4FE hydroxy
fatty acids= 718w A ¥ HAH XE+= silicic acid open column chromatographyE A&
o] &% 00% 5 9 A5t (Fig. 1) GCE 2A819<S (Fig. 2A).

Hydroxy fatty acids & &74: f7]1&m A& ¥ AAWY =+ silicic acid open column
chromatography2 ©]-&3}o] AA|¥ hydroxy fatty acidss GC/MSE %3l 24 a3 &2 %
XS 53 (Fig. 2BC 2 Table 1.

BE lactoneg Ak &

&
o
>
<
)
oZ
P>
filo
o
2
ol
o
=
o
2
m

Hydratase

Oleic acid 10-Hydroxystearic acid

so Oleic acid
:g _,‘A‘ /
20

:: Product \-\_’ A

%0 10-Hydroxyoctadecanoic acid \__*A

Detector response (pA)

9 10 11 12 13 14 15

Retention time {(min)

Fig. 2. Gas chromatography and gas chromatography/mass spectroscopy (GC/MS) analysis of
purified hydroxy fatty acid products.
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Table 1. GC/MS spectrum of the hydroxy fatty acids product obtained from cis-9 or cis-9 and
cis-12 unsaturated fatty acids by oleate hydratase.

GC retention time GC/MS fragments

Substrate Product(s) (o) (2
Myristoleic acid 10-Hydroxytetradecanoic acid 7.15 383(M), 331, 229, 159
Palmitoleic acid 10-Hydroxyhexadecanoic acid 10.26 416(M), 331, 229, 187
Qleic acid 10-Hydroxyoctadecanoic acid (A) 13.76 444(M), 331, 229, 215
Linoleic acid 10-Hydroxy-12(2)-octadecenoic acid 13.39 442(M), 331, 229, 213
10,13-Dihydroxyoctadecanoic acid 13.60 532(M), 461, 331, 303, 173
o -Linolenic acid 10-Hydroxy-12(2),15(2)-octadecadienoic acid (B) 13.45 440(M), 331, 229, 211
10,13-Dihydroxy-15(2)-octadecenoic acid 13.65 530(M), 461, 331, 301, 171
., “Linolenic acid 10-Hydroxy-6(2),12(2)-octadecadienoic acid 12.72 440(MD, 329, 227, 213
10,13-Dihydroxy-6(2)-octadecenoic acid 12.84 530(M), 459, 329, 303, 173

(2) W FH A 10-hydroxystearic acid (10-HSA)9] F&
Ethyl acetate, Chloroform, Hexane, MethanolS A}-83}e] F&3}la] Gas ChromatographE %
3 &Astd 2 A3} Methanol®] & &&°] M =55 &< (Fig. J.

10-HSA
. (a/1)

MethanolS AH&3le] 10-HSAE &g - AAlste] & A3 Table 59F #2o] 83.9g2 FE3% 2
W F% 582 Adstel B A o 10%9 +&< YERYT. BA@ =
98% o]+ vErd (Fig. 4).

35

30
25
20
15
10

5

0

Ethyl Acetate Chloroform Hexane

Fig. 3. +=8v && 4% 23

o
:;l
o
N
i
i

Table 2. Methanol& A-&3le] 2% 10-HSA%Fe] =4

Methanol & 314 12} 22} 3zt 424 SHA
TZE + 10-HSA (g 447.26 355.39 318.49 274.82

#7138k Methanol®] £33 (ml) 900 710 640 550
10-HSA A4+ () 41.69 23.24 14.47 4.5 83.9

Fig. 4. 10-Hydroxy stearic acid®] A% % <% =3 A3
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. y-Lactones A A
(1) y-Lactones A=A

2 =4 T4

W. lipofer AMZ Zv]S o] &3t H4E y-lactonese oil bathS Alg3le] SFYZHEF

He T8 4 e HEs

(2) y -Lactones 53 %A

FYZ=5HS o83t AHAH y-lactones& GC/MSZ

%53} (Fig. 6BCD ¥ Table 3).

Fig. 5. AAE 1+=

B .. .
y-Octalactone
sauel
85
1o
“ 57
2o0ef M

10-Hydroxystearic acid y-Dodecalactone

Y'-dodecalactone

y-Decalactone

ﬂHll | |1 Al g3,

B-Oxidation

53l 7 S B TaE

9% «% ooz 4xﬂ 31 (Fig. 5) GC= B3 (Fig. 6A).

&
flo

85

113

550 b
b ‘lleﬂ“"‘ll”P bk b %

e *
y-Dodecalactone | . ﬂ:\/\/\/\
«

» %035 40 45 59 % 6 65 70 75 80 85 0 95

Oz s 1370 ?
10115 120 125 130135 140 145 150155 180 165170178

Fig. 6. Gas chromatography and gas chromatography/mass spectroscopy (GC/MS) analysis of
purified y -lactone products.

Table 3. Gas chromatography/mass spectroscopy (GC/MS) spectrum of the y -lactone products
obtained from hydroxy fatty acids by W. lpofer.

Substrate name Product name GC/MS fragments (m/z)
10-Hydroxytetradecanoic acid y -Octalactone (C) 85, 57, 142(M)
10-Hydroxyhexadecanoic acid y -Decalactone (D) 85, 170(M)
10-Hydroxystearic acid y -Dodecalactone (E) 85, 113, 198(\M)
Ricinoleic acid y -Decalactone (D) 85, 170(M)
12-Hydroxystearic acid y -Decalactone (D) 85, 170(M)
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2. & A4 A4S 4T

71&9] v -lactoneg A3 17401]/‘1 AHEE = uA e NS S8
AHeEE EAE F 7140 uid AEo] BS. ol AFPoR ¥ %
Qo oz A4E u= Prz—*.%‘%‘ Zﬂgi At E o] Akg]3lol] w3
3= AdS 3y

Aqe As=
AP 5
RER WY

7}, &% Yarrowia Lpolytica®) W R HAE H A3
y-Lactones AAst= AIES AT W AEHE o7 EE Y. lpolyticaw yeast
nitrogen base¥} peptones E3H3sh= PGO iz ol A wj kS Z8Y. AT yeast nitrogen base

9} peptone 17}e] MiAAHZOE HdFE UIFOE wj¢f /\l AHESE7] HARE Ao g o4
EojR. o]o we} A st thA 7 of& HHX] B o Z yeast extract?} malt extractE A3}

olE xfst ISRt Al FRHo| HAMAE G (Table 4.

Table 4. Various medium composition for production of y -lactone.

Amount used Sales Price Per unit Price  Price for 1L
(g/L) (kg () (@) (W) medium (%)
Basic Yeast nitrogen 10 10 4,970,000 1 497 4,970
. Peptone 10 10 2,270,000 1 227 2,270
composttions Glucose 1 22.6 60,000 1 2 2
(YPGO medium) Oleic acid 5 1000 3,000,000 1 3 15
7,257
Other Yeast extract 10 1 18,700 1 18.7 187
Compositions Peptone 10 10 2,270,000 1 227 2,270
(YPO medium) Oleic acid 5 1000 3,000,000 1 3 15
2,472
Other Yeast extract 10 1 18,700 1 18.7 187
compositions Malt extract 10 1 49,500 1 49.5 495
(YMO medium) Oleic acid 5 1000 3,000,000 1 3 15
697
Other Yeast extract 20 1 18,700 1 18.7 187
compositions Glucose 22.6 60,000 1 2 2
(YGO medium) Oleic acid 5 1000 3,000,000 1 3 15
391

At Al T/ diAA e} ]S A 2ke] v AFS A v FFY X oA #5712

EEL Y. lpolyticaZ wiFstR om AZFEE cell massE =Aste] wlwe. 1 Ax, YPGO >
YGO > YPO > YMO £=AZ #4329 AFAS AT 4 Ao 71 wo] zgk YPGO Ao
M o] oF 45 g/L7kAl Aete AL &2t (Fig. 7).

1une (i

Fig. 7. Effect of culture media on the cell mass of yeast Y. /ipolytica. Cultivation in YPGO
medium (@), Cultivation in YPO medium (M), Cultivation in YMO medium (A), Cultivation in
YGO medium (4.
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tgog ZH7t v E/H H Ao 71 &R Y. lipolyticas 3|35+~ whole cell ¥H3-< 2
gt S vt w2 off o} e 2N A FPF

714 10—Hydroxystearic acid 1g;

Cell: Yeast Y. lpolytica 6g;

HE&-z7: 35T, 200 RPM;

HEgAZE 3 h

EAYY: HClS o] &3t ¥hg £8 ¢ GC &4

I A3, YMO > YGO > YPGO > YPO A2 %“3% A & Adlen, 71E9 YPGO Hi
AA FFE WIstAS WE T YMO wiA oA #5585 widFetdS o oF 2.3v9 &4 &
7H e e Sd4F (Fig. 8). 7HAel 7H3 Xi”ﬂ skt HIJ Aol F MAR fstal @ A
29 Aol F HAR st F Aol % YGO wiAE AR A

520
00| —

120

1!

AbCO ACO ANO

Fig. 8. Effect of culture media on the activity of y -lactone production by whole cell reaction
using yeast Y. lpolytica.

. AR Y. lppolytica®) ®+$ %‘r%%—ﬂ AR 32 3E

7€ &R Y. lpolyticas ©]-&3}t -lactone-& *Jﬂﬂﬁ u] whole cell ¥F-&-& 3. o] uj
AlEE= $%F 892 lactone /‘3/‘5“?_—8—01] 283 dAdS FFAE Ay dFE S Tris
10g/Loll A 7} &4do] &2 AL A3 AR diFY A4S f8iA HhgES P T o
Trisg AH&3te A2 F4%8s Ao=x ddo] o] giA 7Isg 52 = ammonium chloride<}
ammonium acetate% A7 (Table b).

Table 5. Various reaction buffer for production of v -lactone.

Amount used Sales Price Per unit Price  Price for 1L
(g/L) (kg) (¥) (@) (¥) medium (%)
Basic
reaction Tris 12.11 50 2,340,000 1 46 557
buffer
Ammonium
Other ) 5.3 907 1,300,000 1 1 5.3
. chloride
reaction .
Ammonium
buffer 7.7 1000 1,400,000 1 1 7.7

acetate

¢

A5 l:r THY A 4Fe&dy V|E S4FEAS F 100 mME 55 950 YA
S §% Y. lpolyticas ©]&3to] whole cell WHg& g H-3-2 o} 2
218 8.

l

¢
l:l
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714 10-Hydroxystearic acid 1g;
Cell: Yeast Y. lipolytica 6g;
Ll 35T, 200 RPM;

sy 3h

L

o > I\
rE

HCl& o] &3to] HEg F=

e
)
O
A
it

I A3, 71E9] Trise S8R o 2 ALSIE S wl, 7 =& &48 Hole AL &<ls
o™, ammonium acetateE AFE3IAS wl oF 97%e] BAAE Hols AL AT o] AHE
EUZ 3l 71¥€9 Tris th4l ammonium acetateE HH-g-o ¢hF &Aooz AL3r|=2 3 (Fig

9).

150

100 [

80 [

eo [

Y0

so [

0 \990"‘ o
oot o
¥ o°

Fig. 9. Effect of various reaction buffer for production of y -lactone.

o. AR Y. lpolyticag ©1&3F ThF3t vy -lactoned] A4+

HHow Fld xyotgfollA thddt F4kst A4S 71H R dto] thkdk y -lactone s A
sbeteE AES JP3 sde giEAe® 10-hydroxystearic  acidet  FrrHo®
12-hydroxystearic acid, 10-hydroxydecanoic acidE A1Ag3le] 3ysk FHoh A4ke] &2l ¢s)
AZPEE samplings P8R o™, vhF2Hd 2 ol o} 22 2o =®E Ik

714 10-Hydroxystearic acid, 12-hydroxystearic acid, 10-hydroxydecanoic acid 20g;

Cell: Yeast Y. lpolytica 120g;

=g 100 mM ammonium acetate buffer (pH 7.5)

=
Wbz 35T, 200 RPM;

HEg-AIZE 12 h

BAPE HCE o §3kel W 8 2 GC ¥4

B GCE o] &3ty 3o, standard &2 39 retention timeg Hlw3dte] A3t (Fig.
10). Time course 32l ZA3, Ex Y  lpolyticas o)&3ste]  IAZFESE 20 g/Le]
10-hydroxystearic acidE 712 = AF83}9S uwl, 8 g/Le] y-dodecalactoneg A4+t ., A3}
L& 40%, AAAEL 08 g L h'2 JehwS (Fig. 11A). =3+ 20 g/Lo] 12-hydroxystearic acid
1A 2 AEstES wl, 6 g/Le] y-decalactoneS AAFEIR 1, AEEL 30%, HAAHL 0.6
1 h'2 JehGS (Fig. 11B). Al WAl2 20 g/Le] 10-hydroxydecanoic acidE 71& & AL&3}
, 3 g/Le] y-butyrolactonee AAFEY 1L, AEHES 15%, HA4HL 03 g L' h'gE Ye
ig. 110). =g Al 7FA §EGoA B5F 9AIZE o] %o YA E y-lactoneo] 3l EH= A&
F = ANeH, o]F el y-lactoned] A A Bl

—

(

0

ol

et 3T 32 99
o do o
g

it
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Substrate : 10HSA
Product : y-DDL

J

[
||
a gl a aam

Substrate : 12HSA
Product : y-DL

LA

T Ry

Substrate : 10HDA
Product : y-BL

_- .: [
. PO B A — F{ N || /N L I (P P S
D Product D Substrate

Fig. 10. GC analysis of 7y -lactone from various hydroxy fatty acid by whole cells of Y.
lipolytica under optimal conditions.

A B C

Fig. 11. Time-course reactions for the production of 7y -lactone from various hydroxy fatty
acid by whole cells of Y. /Zipolytica under optimal conditions. (A) y -Dodeecalactone production
(@ from 10-hydroxystearic acid (O) by whole Y. /polytica cells. (B) y-Deecalactone
production (M from 12-hydroxystearic acid (J) by whole Y. lpolytica cells. (C) vy
-Butyrolactone production (A) from 10-hydroxydecanoic acid (A) by whole Y. Zpolytica cells.

2}. ReactorS ©]£3t y-lactoneo] oZFA4F A3

HAA7FA] v -lactone] A w5 2o gcaleZ flask levelZ R8st sFA|TF o] &5 o] &
st tiEgFez Aisty] flsj A= reactor= o839k Aol mYHojop & Aoz ATksto 2L
=27]9] reactor2 o]€3te] 1 L volumeo & o}l e Aoz 233

714 10-Hydroxystearic acid 20g;

Cell: Yeast Y. lpolytica 120g;

$F8h: 100 mM ammonium acetate buffer (pH 7.5) 1L

WS-z 35T, 200 RPM;

HE8-AIZE 9 h

EAYE: HCE ol &3t ®g T8 % GC &4

1 A3}, flask scaleoll A= &R Y. lpolyticas ©|&3F] 20 g/l 10-hydroxystearic acid= 4
Bl 8 g/L y-dodecalactonec] AAtEE AL Felatgon, AL 40%, AAHHL 08 g L

h'2 JehgAs ¥-$ volumes Z7MA1A reactor scale® ¥H$S 9L wlE 20 gL
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10-hydroxystearic acid2*¥ 5 g/l y -dodecalactone®] A4tEE= AL 2l on, A8
25%, Aage 05 g L' h's Uy (Fig 12). o= ¥ volumeo] Z7h3tol whe} A4k A
e e A= ARH.

0 N N e 8

e ()

Fig. 12. Comparison of time-course reactions for the production of y -dodecalactone from
10-hydroxystearic acid by whole cells of Y. /polytica under optimal conditions. vy
-Dodeecalactone production (@) from 10-hydroxystearic acid (O) by whole Y. Zpolytica cells

using reactor. and y -Deecalactone production (D from 10-hydroxystearic acid (CJ) by whole
Y. lipolytica cells using flask.

3. Hlol 3w | AE3}

Fx g TFY dEFE scale-up At FAE AEERN] AFAE BAE AEEA
o, y-FEF uFE WS @RSl Waltomyces lpofer ##+59 A% A3 EAZE 1%%
E A4to]l E7FstA L oo Al met 9 gk w=Eof M-S et e

A7 8o 9o g FEr|AQ @EA-ZEALE 201539 FHAI BN T2 U =AU
E AL A 55 21d& 7Eold wol &3 Ve e fdE 2 S @A A
o

B Ay Aol AT A gol ¥l TEE vhol e FE AAFE AN s AT FY

1€l d A%A

AT HRYLHe - (Aol BT @ASTAZCIS (el HE A
e FAZ (el Ave Bl ol vhop
: ol AAYel 9o) Thest ol AckE Mgk

W A%k 94 - “HEAE (o g8 dud FEF gir]evel 88 eod A1z (gele) He)

AN AEST & 2ol sdslel Qi $olE, B FUE AF
o] gl @, Azt g 9ol
D “Azol@ 2 1R

msd oY /3¢

ESNRE

! @0 12/16) | SHERS AzPH # 2 249E
AdgAz I
4] (#
e 3 ta o dMA AT HIRIE 6 @ “AeFAFrolel BE  AGE"E A AUHE AFE UsD, FUA
el 7% mAREA S . A
.93 A3g 6l CECEEEIEIE N
SRR L by
e bR S IPENCREEREE D)

23 @ (e ()e] & Ae | 2| che cf@us el A “Alezle & dAsed

AT - 1) 66 e 042) 8624480 gelated (&)elA - Bel BRUADE ARG B, 29U APAE
Al3zol wgth
(4) (@FANH @ ez AD¥s B
i A $4T AN 5 Bol(Fh AF o § e A e
7% Avde ek | @ (AR A WE ol F AREH i vE, F5
) . = ol 2a8s o & yEdc
4% ar ] © (@& @he A8 4 1§l glel AdelA AR EE AFAAY B
B3k A4 e % (A =8 ¥ doe mZe i & Akl elsiad H
A« o12) NS ok o5 A3AelA AFsAY =@ & o
H|32(= 9] A)
R AArE d@uE olsle] Adel AP Y Tl FEIE
1= -2-
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4. vlolQ FE AAFE AL
2 HA 7l NE 7Es 288k flask scaledl M Thedt 2 TRt T/ wb
olegm AAFS Aitstds

7}. v -Dodecalactone

10-hydroxystearic acid= oleic acidg 7|d=E 3}al S malfophilia +2 oleate hydratase =
g Jao) o3 AY4kHE. oleate hydratase E4E AJ4kstr] 93 kanamycing €2 LBHIA] o
Pzt28a-hydratase’} 4td® E.coli BL21E 1L flaskoll # kg Cell O.D. (600 nm)7} 0.6 ~ 0.8¥
w 0.1 mM IPTGZ 16 °C, 150rpm ZzolA inductiondt. overnight vjF 3 343+ njoke)
0.85 % saline® & 13] washings}al o}l A& A3

Oleic acid=®¥] 10-hydroxy stearic acid=¢] A2 1L "3+ flaskell 71& 50g/L oleic
acid, &4 S maltophilia 2 oleate hydratase cell 10 g/L, 50 mM Citrate-phosphate (pH 6.5),
0.05 % Tween 40, 35 C, 200 rpm ZAoA 16AIZF W3k Wk F7 & w3l HCIZ pH
22 93, Hkg o] Eo] Q= flaskell €S 7iste 1083 #4%. 4% & 532 Ethyl
acetateE® #]2]slal centrifugation (6,000 rpm, 4 C, 30 min) ¥ {ulE 3IJEAI
10-hydroxystearic acid® 3]438le] y -dodecalactone A3+ 7] 22 AR5 -S.

gE2 18y o|~HZ24 Hydroxy A4t ZHE gE9o A3 yeast HFY ME &
713421 peroxisome®] acyl-CoA oxidase, thiolase® :EZ3st= 571X &47F HEFgH o= 28
== WlEF-4E3) (beta-oxidation) 71208 o] oA =H], o= 7]|AQl A4kl o) &Aool
55 B AFA =HE 1S AP HE-4Esl 845 AAbske yeast cell& AMESEA S

B AFoA FE HEES 93 yeast cell2 Yarrowia lipolytica #+5Z 10 g/L yeast extract,
10 g/L malt extract, 1 g/L oleic acid #jZ] o4 200rpm, 28°C ZZd oA 15~18A]%F wjF & Cell
S 3)4%6,000 rpm, 4 C, 30 ming. 353+ Cell& ofo] ~u oA (.85 % saline® & Washing
3taL centrifugation (6,000 rpm, 4 C, 30 min)ste] 3. FE W &5 =o|7] 3 Cel
< Permeabilizationsle] y -dodecalactone & Ao AH83tA . Cell pelletel] 50 % EtOH
(100 mM Bufferg o] &3t ®E P FojF F, 5 &1 icedl B33 12,000 rpm, 30&%
oF cell down® Cell pelletel]l 100 mM Tris-HCI buffer (pH 7.5)2 + * washing¥} (12,000 rpm,
4 C, 30 min). Cell pelletell 0.5% Triton X-1002 ¥ i1 5&3t iceo] E# % 12,000 rpm, 30
min 5<%+ cell down, 100 mM Tris-HCl buffer (pH 7.5% S " washings}al 10-hydroxy
stearic acid=4-E] g -Oxidationel] ¢|g y-dodecalactone & Aol A&+

H#$k 1L Flaskell 10-hydroxystearic acid 2 g/L, Permeabilization® Yarrowia lipolytica 10
g/L, 100 mM Tris-HCl buffer (pH 7.5), 200 rpm, 35 C HZ ZHolA 9AIZF ¥r&3t Hkg =
g5 % oM9 HCIZ AHAH3sle] pH 25 931 flaskel] @& 718t 100 ColA 1083 #AE.
FE3] 23 & Fe] Ethyl acetateE *2] & FZ3F. centrifugation (6,000 rpm, 4 C, 30
min)¥ 45HL FH3le speed vac (30C, 30min)E o] &3t &S A A3t syliration (3:1,
pyridine : N-methyl-N-(trimethylsilyl) trifluoroacetamide)S Al#A GCZ A 3E& EA 3.

TAEE2 vs3 25

Column: Supelco SPB-1 capillary column
Oven temp: 100°C —=20°C /min—220°C (25min)
Injector temp: 260°C

Detector temp: 250C

Carrier gas: N2

Detector: FID dec

Sample: lul

Split ratio: 100:1
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10-hydroxystearic acid=%-E 7y -dodecalactone &2 2o GC o= EAFI,
-dodecalactone& A @Fste] 51% HEES UL
A 22pd o] Hustde y-HERF Lgs AS 4R
ot o= APl oA PA AREEA Xekal 1o
© Yarrowia lipolytica 9+ Candida boidinii E2& T2 A&

<

ol Waltomyces lipofer &5+ &4
& ol

. y -Decalactone

y -decalactone®] A4+ 12-hydroxystearic acidE 7] @2 Ab&3 "3 1 L flaskol] 7122l
12-hydroxystearic acid 2 g/L, Permeabilization® Yarrowia lipolytica 10 g/L, 100 mM Tris-HCl
buffer (pH 7.5), 200 rpm, 35 C HZ ZAoA 9AIZF w33k wk-3-Ho 4 -dodecalactoned} =
A3 oz I F GCE BEAIY 30%0)4d HAEd S A 4+ AN (Fig. 13).

t}. ¥ -Dodecelactone

S. maltophilia 2 oleate hydratase A& & 10-hydroxystearic acid A4F Al¢} 2
Wy o g A;AsE 71=-e 50g/L linooleic acid, &4+ S maltophilia 2] oleate hydratase cell
10 g/L, 50 mM Citrate-phosphate (pH 6.5), 0.05 % Tween 40, 35 ° C, 200 rpm ZzZ oA ¥+-&
stal AY4ksE 10-hydroxy-127-octadecenoic acid= 7 -dodecelactone 3 7| A2 AF&3} 3=

ax C Dboidinii= 5 g/l glucose, 7 g/l oleic acid, 0.1 g/L yeast extract, 2.1 g/L. potassium
phosphate monobasic, 4.51 g/L potassium phosphate dibasic, 0.1 g/L. sodium chloride, 0.2 g/L
magnesium sulfate, 9.14 mg/L iron sulfateheptahydrate, 0.5 mg/L zinc chloride, and 1.56 mg/L
copper sulfateo] 3Z3+d wjA]ol, pH 5.5, 25 C Zzdo A vfksg wfdd S 34 0.85 % saline
o=z A E-IE w7tx] washingsle] 10-hydroxy-12(2)-octadecenocic acid=2HE vy
-dodecelactone 3 A A-8-3HH =

H#3k 1 L Flaskel] 10-hydroxy-12(2)-octadecenoic acid 5g/L, Candida boidinii 5g/L, 50 mM
Citrate-phosphate (pH 5.5 containing 3.4 g/L yeast nitrogen base), 25C, 200 rpm & =719
A 9AIZE HFg-3F k-S4 e  y -dodecalactoned FLZ WHHORE 3¢ & GCE EA3I 20%
ol HEEE & F UM (Fig. 13).

2}. y -Butyrolactone

y -Butyrolactone A§4+2 10-hydroxydecanoic acidE 7|22 AR&stdth. €3k 1 L flaskoll
714 <1 10-hydroxydecanoic acid 2 g/L, Yarrowia lipolytica( Permeabilization) 10 g/L, 100 mM
Tris-HCI buffer (pH 7.5), 200 rpm, 35 C HZ&H Z7olA 9At Hk-gg w-gAe o
-dodecalactone®} FY3 WWow 34F GCE BEAste] 15%014 AFEE ¢ F AAS
(Fig. 13).

u}. & -Decalactone

13-Hydroxy-9(2-octadecenoic acid= Linoleic acid& 7|2&Z Al&3t1 Lactobacillus
acidophilus <@ 13-hydratase &&= AY4Hg.  13-hydratase EAE  A4kskr] 93l
ChloramphenicolE % -2 LBHlA]¢|| 13-hydratase’} A44¥ E.coliE 1L flask wj<slar Cell O.D.
(600 nm)7F 0.6 ~ 0.8¢ wj 0.1 mM IPTGZ 16 C, 150rpm ZZ A inductiond. overnight Hl
o & 3|43 wjgd e 0.85 % saline® & washingste] ol AF o) AHE3IA L.

1L B3k flaskell 7]1&-& 100g/L Linoleic acid, &4+ Lactobacillus acidophilus -3
13-hydratase cell 25 g/L, 50 mM Citrate-phosphate (pH 6.0), 0.05 % Tween 40, 40 ° C, 200
rpm Z7Ao)A w3 WS =7 WA e HCIE pH 22 2H3a, wh3do] o] 9l& flask
of €& 7ieted 1087 EBHw ALt 222 23 & 539 Ethyl acetate Az +
centrifugation (6,000 rpm, 4 C, 30 min) ¥ &w}E 3&A]7]31 13-Hydroxy-9(2)-octadecenoic
acidZ 353t o -decalactone A3 7| H 2 ALR3A L

13-Hydroxy-9(Z)-octadecenoic acidZ%-¥] ¢ -decalactone H3lol| AL-&3l= &% Y. lpolytical
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Permeabilization)+= 7y -dodecalactone Z&A|e} 2 wro=z AAHE HH#3 1 L flaskel] 713
Q1 13-Hydroxy-9(2)-octadecenoic acid 7.5g/L, Y. lpolyticaPermeabilization) 25 g/L, 50 mM
Tris-HCl buffer (pH 7.5), 200 rpm, 30 C HZA Z7oA 24X+ HES3F HES R
-dodecalactone® Y3 WHO R 35S GCE A 20%0)4 AP S FATd F YRS
(Fig. 13).

H 1 i,
1 H 1
i i A \aSubstrate
3 ! | @y-Dodecalactone b
y i
E |"‘ : 1 ! i}l
1 rl
) A — E__LLE __A rlpl i j‘ i:_!"t
T iy
! ] 1 | jwSubstrate
- . HH
! 4y-Decalactone i
! i
L - r P
3 N n
] i Su.tsmel’ 1
a» b ar
» )
o i %y-Dodecelactone J Al
- . ILJ_}_L, — e - P — I — U ey
i I —
% b ! |l wsubstrate
- P bl
- I ! /i
= 1 1 vlh
» P | T
H | 1
gt NN fvﬂutvrolactone ) T f__;fm )
i % E --------- Substrateq: E,-i"
1 [ 1 ]
by : : n : :
.1, #&-Decalactone L b
i J:;A A ‘J..,#,.,L,A,,, — M/J M A j,.

Fig. 13. Analysis of lactone conversion yields from hydroxy fatty acid.

o A $lal 10 Lol MEZEA scale up A4HE AREAE. el 7hA] BE AL
SolAst e wyem FASUL, AR HE weAe 6C 2N AR
10-hydroxy-12()-octadecenoic acid2%-¥ y -dodecelactone A4+ A= A7) A<&3+ Lab.
scale AoRTh tha EFe 30%01d ABHAOU YA SERE Fev A%E Qo e
=0 (Fig. 14).

A 712 FH, AR A w27 R 73 5 owdo® A9 BAZoAul ojF i)
FEE 99e ¥R EIPS F9rIAYU AALEA2E 7€ o|HT FEAL H4] E3] 9
AAELE % scale up ATE ALK OE FHYEta Y2
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Fig. 14. Analysis of vy -dodecelactone conversion yields from 10-hydroxy-12(Z)-octadecenoic
acid.

5. BAMAIZERE HE SZF A

FAFA ZHE  y-dodecalactone?] A4S EA o 2 flask scaled| A AlFolA &R 27
B{E 7hrEsisted crude oleic acidE A4Hetsls (Fig. 15). A3l A% CRL lipase=
CRI(Candida rugosa lipase) A7} AAdE A= Aspergillus niger=25-8 W& A4kste] A
23 YolA  AFI S maltophilia oleate hydrataseE WHE-  AlA  oleic  acidE
10-hydroxystearic acid® 3+ 3 permeabilization® Yarrowia lipolytica whole cellS % 7}35}
y -dodecalactone& A 4Fsl% <. 10-hydroxystearic acidZ2+%E y -dodecalactone A& £
GC EMzxHoz ¥4 T y-dodecalactones g#sled 50% 7H7to] Mg S 83t (Fig
16).

o
S N T Hydrolysis 0
:f ﬁ\/vv\M/\/\ Lipass from Candidaugoss MO
He—0 =
Olive oil Oleic acid

Stenotrophomonas maltophikia Hydration
oleate hydratase

[+]

o. 0, Lactonization QJJ\/\/\/\/YW\/\
— H
v\/\/\/\ Waltornyces lipofer OH

y-dodecalactone 10-Hydroxystearic acid

Fig. 15. y -Dodecalactone production process from olive oil.
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Norm

20 r 10-hydroxystearic aci(

a0 "|

w Y-Dodecalactone J

i [W— |j I\JA‘-l - A ,J

L} 10 15

Fig. 16. Analysis of y -dodecalactone conversion yields from olive oil

6. AAH &4

7}. Waltomyces Iipoferol] 2€]¥+ y-dodecelactone A4k

ARAQ 58] 4. 12 g/l bacterial whole cells& AF&3}e 60 g/L oleic acidZ%E 58 g/L
10-hydroxystearic acid7} A %3, 20 g/L yeast whole cellse A&3tH 58 g/L
10-hydroxystearic acidZ%-E 32 g/L y -dodecelactoneo] AJ4+H. 714 AZFES 918k Tris th2l
ammonium acetateE A&

g}shgtAd sl durle Av-gEF7F 30-40 $/kgolar, B AT AEHZ fup-=tE R
AznB7E oF 20 $/kgolBE HA AFNEoE HIZoF 3

Table 6. & A4t L
Hj A g/L. HrHkg/¥) BAHE L &7 kg & ©@7HR)
glycerol 80 800 DUKSAN 64 500
(NH4)2:HPO4 2 6640 DUKSAN 13.28 103.75
KoHPO, 14.6 5440 DUKSAN 79.42 620.47
NaH:PO4 3.6 4400 DUKSAN 15.85 123.83
MgSO, 2 3120 DUKSAN 6.24 48.75
(NHy,H-citrate 0.5 10000 DUKSAN 5 39.06
lactose (Inducer) 20 600 DUKSAN 12 93.75
FeSOy - TH,0O 0.02 191000 Sigma 3.82 29.84
CaCl, + 2H,O 0.004 8000 Shinyo 0.032 0.25
ZnS0Oy - 7TH.0 0.0044 83000 Sigma 0.3652 2.85
MnSO; - 4H,O 0.001 22000 DUKSAN 0.022 0.17
(NHp¢MO;04 - 4H50 0.0002 157600 Sigma 0.03152 0.25
NayB4O7 - 10H.0 0.00004 54000 DCM 0.00216  0.02
oleic acid 60 1200 Bulk 72 2250
yeast extract 20 5000 Cheil 100 15625
oleic acid 5 1200 Bulk 6 937.5
glucose 1 600 DUKSAN 0.6 93.75
ammonium acetate 85 2700 Bulk 229.5 7171,88
A 20469

Y. Yarrowilia hpolyticadl ¢]q vy -lactone A4+

71E AF 92 FRAHAAA L7 lactone 3EFH o2 o] Jhest FxVF HHE oy
-lactoneF 9] A$ 7140] kg 10E olstyd. ad8v Fx7F BFZSAY AR (5 - AEE
FE AH F2) AFY A 7HE0] 5-308 =4 FAHA S & F e (Table 7). d&
=¥ "4 F7F 8709l y -octalactone®] ¢ SFAHAFS B 45E AEolu HAFH AF
L FHa 940E ool A 4 10709] ¥ -decalactone®] H$- FsEAAEFL 1 kg 40E
AEIA T AAAEFL kgd A2 9508, &4 4= 12709 y -dodecalactone?] 7% 3}8+3HA

F2 1 kg3 458 AEAAT HAAFL kg@ HA 9708 <3S B AFolA 9 Zo] d
¢l lactones Agtst= Aol ol AAAY 242 AR AFAGl targetingstal 2}SHA
FH AsuuE T3 AALE EHEAE
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Table 7. List of price of y -lactone products in market.
Product

Production method Volume Price (%) Feature
(CAS number)
» —octalactone Chemical (bulk) kg 34,000
Natural kg 1,109,200
» ~decalactone Chemical (bulk). kg 43,000 .
Natural or organic kg 1,121,000 Cosmetics or food
Chemical Ton (solid) 11,800,000
7 -dodecalactone Liter (23%, w/v) 630,000
(706-14-6) Natural or organic kg (solid) 1,144,600 Cosmetics or food
Liter (99%) 1,160,000

" Average price as Korea won (exchange rate was calculated as 1,180 won for 1 USD at 2nd
Oct. 2015).
Fig. 17014 vebd Z13 o] 98 7189 Fg5 Wiel mat A4k s AAA
AL ool wet A2 T2 AU s A-83 Lactoned] WA FASEA WA
stz WS AR FASAPLE A YRR Fe] Yt HH GES A
7 g3l BAEL.

v
O

| &

A
B

=
ftlo
e

oE 2

1

]_

tlo PN
r>~
ol

12-HSA

l

Y-decalactone

l

Y-dodecalactone

Fig. 17. Scenario of lactone production route by substrate or precursor supplementation.
Lactone production from unsaturated fatty acid substrate (Left panel). 7 -decalactone
production from oleic acid(OA) via 10-hydroxystearic acid or y -decelactone production from
linoleic acid via 10-hydroxy-12Z-octadecenoic acid. Direct lactone production from hydroxy
fatty acid (right panel). 12-Hydroxystearic acid (12-HSA) or ricinoleic acid to y -dodecalactone
or 7y -dodecelactone.

(1) y-Lactone A|z714

y -LactoneA| ol B Q3 vijA|71A-2 A A5 drinln Ao =8 YGO HjA| Af
£ Al L 3 391¢e] 28FHAT olF Tl FERF FAHESe ZQ3F ammonium sulfate
buffer 5.3¥¢] 4 9%. y-dodecalactone2 oleic acid 7}F4o] 15¢¥¢ A Q%o 411.3¢°] A8 F
™ vy -dodecelactone®] 749 linoleic acid 7}A¢] 259 A Q%% oy 10-hydroxystearic acid &=
+ 10-hydroxy-12Z-octadecenoic acidE T+3ted AH FYste= A5 vlgo] Fsdtes 294E
7FA . vbd gojF oz s1Aoe] -3k 12-hydroxystearic acide] ¢ kgd 7140 7E AL
2 A7t 7B A-EE 7)o 2z lactone®d &S #8314 lactone kg@ A ES =
3} (Table 8).
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Table 8. Production costs for of vy -lactone.

Cost for 1 L Cost for 1 kg of lactone

Product List of cost factors i
batch (%) preparation (%)
Oleic acid 15
Medium 391
Buffer 5.3
Sum 411.3 82,260
v ~dodecalactone 10-Hydroxystearic acid 2,300
Medium 391
Buffer 5.3
Sum 2,696.3 539,260
Linoleic acid 25
Medium 391
Buffer 5.3
Sum 421.3 84,260
¥ ~dodecelactone 10-Hydroxy-12Z-octadecenoic acid 3,500
Medium 391
Buffer 5.3
Sum 3,896.3 779,260
12-Hydroxystearic acid 300
decalact Medium 391
v ~decalactone Buffer 5.3
Sum 696.3 174,075
Ricinoleic acid 1,100
decalact Medium 391
v ~decalactone Buffer 5.3
Sum 1,496.3 374,075

y -dodecalactone®] ¢ wFE7]o A9 F& 25%S ZLEFS Al LF 5 go] AAkEo] 1 kg
AAE YeAsE HA 200 Lo whgo] AQ%E 2R 10-hydroxystearic acidE AFAE AH A
£ A] 539,260¥ 0] AR5 oleic acidE ATAHZ AFE Al 82,260¢€0] ALFH = ASE oA
H. 7y -dodecalactone®] 7-$-9l% linoleic acidE ATFAZ AH83tH Kg T 84,2609 2 ©f A
AalA A4k & = A= Ao E JeRd. Decalactone o] 7-$- 12-hydroxystearic acidE 213
AbE Al JEET7] e 20%E 1 kg A4S flelA = 250 Lo] whgo] Haste] 174,075 0] 4
Q%3 ricinoleic acide] 7% 374,075¥0] AL FHE Aog Ay, wbi A4 4rrE 7HE
7AAH L y-dodecalactonee oleic acid2%E 2% A %3t y-decalactones A H3F
12-hydroxystearic acid2%E 2| A xst= Zlo] vtz sicta doks.

() A=7} t8l ZA 4
Table 73 85 Wlaste] Azx7} HlwE Fal AAHS FdsA+.

Table 9. Comparison of production cost versus market price.

Production  Production cost per Market price

Product method ke (W) [B] () [A] A-B (%) Profit Rate
y -decalactone Natural 82,260 1,121,000 1,038740 92.66
y -decelactone Natural 84,260 1,121,000 1,036,740 92.48
y -dodecalactone Natural 174,075 1,301,200 1,127,125 86.62
y -dodecelactone Natural 374,075 1,301,200 927,125 71.25

Table 9ol A} o] v AAA7F HLE 72~92%2] ©]9) (net profi)e] A== + e A

OS2 YEIR S
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@ A7 24E B¢ A4 Y

AA AF A Al AQFE= AAE BEAM], AY], M) 9D e H, dUs, +9H 5
7ersle] Fr] BAS A ASER) L. Lactone WAz AAFES 20 tonl.E2 S F 33 AxF 1403
AabsleE Ae=Z 3t 20 ton HEE7] 2U1E #Este AS=E 33 A4k 1HF 2 5 332 8}
gdom AZFe 13 10472 dle] FEoin| &S 4FE33S. A= A8 300094 2
o] 2uthE 3WA Ao EUHE ALE T Ay £HS 10de 2 st 7tz

10%E A &3+

Table 10. Capital cost for initial investment and operation cost for lactone production

Items Capital cost (W) per year Feature
A Z74] 72,000,000 Life-span is 10years
T duls 2 9 12,000,000 %#1,000,000/month
1714 180,000,000 per year
Al 264,000,000

Table 1004 A4t Z7] FX}H]| AT
Sk A3 o] F 33 Az 14038 Akl AL
202 y-decalactone?] 7% 1 kg Aqkn]&o
< 184,6600¥ o2 At=H,

|

2 319 Table 1164 UERA A3 go] o=

G| E A4HE] 8 AFste] A L3 gA AT
O
| 92,8460 22 e}yl y -dodecalactone?] 73

Table 11. Input and output of cost for lactone production (per kg).

Product name Items per kg (3)
45 9 A4k 82,260
Aoi/=Fwl 257

y -decalactone A 12,857
] 1,357
A 2 35 ¥ 400
Al 97,132
45 2 A4k 174,075
Ao/ wl 257
[e]

y —dodecalactone ;iéj] :} 1?22;

A 2 35 v g 400
%] 188,946

3] Abo) - (profit) S 60%= A3t y-decalactone?] 7Z-$ 33 FAE kg & 11,8009 7 A
FEE 1,121,00090]1 A5 E Ao @EA|EFe s1AS 243, OOO?JQE AAS Ty
~dodecalactone®] 7 513t FAHF kg T 43,00009 % HAFEE 1,127,000 0] A 7k LA F
o] 7HAE 47200092 HAG webs M9 lactone B4ke S8 natural/organic marketg
targeto. 2 g3t Ao & o= HAE.

Table 12. Comparison of total capital cost versus market price (per kg).

Production  Production cost per Market price Taget price

Product Profit Rate
method Kg (W) [B] (%) [A] (W)
v —decalactone Natural 92,846 1,121,000 243,000 60%
y —dodecalactone Natural 184,660 1,127,125 472,000 60%
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M4y SrEdz 2 23
AlAd ATFALE Hx9 24=

=
Ex 9 AL FPuE

= Ofofe] 7|0 =

1
=] - gAa= 2~ 2179
(;r—:\-;‘) A3 7 RERER-E ((;)) AT U8
== - 854 7|FEold A
- 4 kg HA s
A vk o 2 BE hydratase @] 9% hydroxy A|WAF A Ak
Aelel o3k hydroxy 0 gza @0 we 223
sxzng |AEE A - ksl A= RE TS hydroxy A
Hlo] 2.8k 7 9] whAL A A
Atk B4 - 84 fHAe 229 9 33
E& S Auto 2 0E - w54 A
@A lipoxygenase A&l o | 100 |- &4 ¥ HHs) -
12} - Az FA wEgel 9% hydroxy A
+ A} H O il
be hydroxy A4t A4 b A
(2012) SGER At Ve - o2 ER ALY T1E o)A
= 100 AR == Zqzn‘ﬂ 7]/\ 7H]:ﬂ.
o] A - Zrk-ghE S = =
- A A& lipase 7N
- Lipase AAl, 54 =4 9 ¥-& HH 3}
A 2R ) - R FH AAC A 24 =24
nlol o &7 o] |FAIZFE lipase * &l 100 |- ®e A lipase 7HF
*(15]/1\_]_' 9]?:5_]_' X]Ho]—/}l' /‘(E/}_]_- A u]._g_ 342—1_6,].
s e - h
32 A - B0l o3 AP AL H A5
- e FAERYH AEAE A4k
- Hydratase©l| 2] 3+ hydroxy =] ¥4+ A Ak
th&RE hydroxy A4 100 |- Lipoxygenase©ll ¢ 3 hydroxy =] 34k A§ 4k
e - Diol synthaseol| 2]3} hydroxy=] ¥4k Ay Ak
- HlA 2 ws s A3
- 559 w4 HH3g)
- &40 93 hydroxy AW+ A4k
F7) 2] . =
wpo) ogpme) [VAOYY AWREZFE 0 | e 24 gas
AL g [HER A - AzF FA g HA5
22} a3 - ThoFdk hydroxy AatezRE ZHE
yg | oA A A
(2013) Hydroxy #|"4+ 2 - Hydroxy A 22 A
100 a] X']Zﬂ
GER 2y AA - HER o2 A
FER AL R s 100 |~ Hydroxy Aat EEAAE 71 o)A
SE - HERF BEUAAR JE oA
FAZTE Julo)ogra gERO A4 - EARARTE AT gt
Hhol FFF 9 |, 97 24 59 100 |- A hato 2 XE hydroxy X HHAF A4
A AE - =
U - Agato 2 HE HEF AL
23 e Hydroxy A i
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Hydroxy A4+ 22 A4 34 23
gER 2o 34 24 H¥35

BARAZRE Agare] Pa
|

. TAFARREY HER A A ko 2 2E hydroxy A4akel A4k
FAZTE L gl A3 hydroxy A"@4ke 23 e SHE A4
Hho] @ &k 5 9 FAFAZEEH HE A HAFH
stk B4
a4 4 £ BHE FE y-dodecalactone A§4F
- 3573 il:l E h =] 8} ‘?— i —T T Y Rl
A o] st /T\E ]3_1 ;;E zgrffy 1" 100 %352 3E y-dodecelactone A4k
37} <R e A 271802 RE 9R-HOTE A4
dH=
(2014) . = = A AT A 24
Hlo)l o &FF o] A= 10 - —
Pl el At el BEo 2§
A 2 5E
Hlo] Qg o Hlo] &5 o] 671A] o] AlAF
A2k FAFAEY B, 3, EAHER
= 1 3 = o T = —TT, [« T, = T T
- AE 5 ZA
AAR B 2 FEs
2. g A8 W
o Z=3) v}
o 7w o AT AT A

CEERLERERE

[e)
o
- Az wA WSl o7

- Hydratase®l| ] g+ hydroxyA| @4+ A4k
10-hydroxystearic acid, 10-hydroxy-12(2)
-octadecadienoic acid, 10-hydroxy-12,15(Z,2)
-octadecadienoic acid, 10,12-dihydroxystearic
acid, 13-hydroxy-9(2)-octadecadienoic acid,
13-hydroxy-12,15(Z Z)-octadecadienoic acid

- Lipoxygenase©l 2] g+ hydroxy =z #4F A4k
13-hydroxy-9,11(Z, £)-octadecadienoic acid,
9R-hydroxy-10£,127~octadecadienoic acid

- Diol synthaseel| ¢ & hydroxy=| %4k A4k
8 R-hydroperoxy-9,12(Z,Z)-octadecadienoic acid,
5,8-dihydroxy-9,12(Z, Z)-octadecadienoic acid,
5,8-dihydroxy-9,12,15(Z, 7, Z)-octadecatrienoic
acid, 5,8-dihydroxy-9(2)-octadecanoic acid,
7,8-dihydroxy-9,12(Z, 2)-octadecadienoic acid,
7,8-dihydroxy-9,12,15(Z, Z, Z)-octadecatrienoic
acid, 7,8-dihydroxy-9(2)-octadecanoic acid

A 2 5-E < FHZ st

lipase ] 2ol - O T/ OFA g &
o] gk A kAt A ZA

YAk

- A A& lipase 7|

Lipase A#l, 54 A 51wt

- CRL(Candida rugosa lipase) 1=}

- CRLW(Candida rugosa lipase) AA7} A=
Aspergillus nigers A+-&

- Lipase©ll & w4H-FA] 7t =4 &9

- Lipaseell o]t th¥gt {4 7h4i3
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o|d

7€ oA

- T FAZSE AL A
/‘\_}:
- A 2 Rk H A3
- AR WA HHg
Hydroxy _are = 0324;5} Hydroxy A]®h4to 2 BH ¥ -dodecalactone,
]_ & ]:] 1l O -1 - _ _
Ao Ry | Az @A e A3 y -decalactone, y -butyrolactone,
SE/F A4 ) y —dodecelactone, ¢ -decalactone, japonilure Y4k
- E]'ool:tﬂ' hydroxy Z]Ho]'ﬂ'—g-i“‘:l]‘
B SHEF A4
. - Hydroxy A%k A2 ¥ AA|H, silicic acid
v} A L
Hydroxy #%4¢ - Hydroxy A4t 2] A open column f:hromatography, ¥+ methanol
2 FgEF 29 | SE Ha A4 FEHS AHES] AA
7 R - Lactone2 oil bathE Argstel SAFIAZHFH
oz AA
Hydroxy =]w4t Hydr HFA 0
- oxy Ak A = A
9 oEn A | A A Ad ¥ |- Hydroxy A4 A 9 Bel AAY A% o
e il
RAAN Z1E |- PEER A R AN ges ge 9 2e A A% ol

FAZEE  Hlo]
g A F
A M

hydroxy =] WHako 2 B

7 A

SAFAZRE Ak A4

WAako 2 BE hydroxy AW

g

-Candida rugosa lipase (CRL) lipaseel] 2J3F &4}

FrA 7hEEl

A 4toll hydratase A lell 9]¢k hydroxy A%

2 A4

Hydroxy A|W4telA &7 o] g -oxidationel 2] gt

lactone A4k

- &g B F9 lipase 7}FES AEEHE FRI
10-hydroxystearic acide. 2 1 ¥
-dodecalactone& A4k

- &3f9] lipase 7hgitd] AHEEHRE FRI
10-hydroxy-12(Z)-octadecenoic acideZH& vy
-dodecelactone2 2§ 4

- 7% 7t el = =5

9R-hydroxy-10,12,15(£, 7, Z)-octadecatrienoic
acid A4k

- FAE AEE AREA SR iR

lactone& A A7} Q2.

o A

[¢]

AAEY
AR B

Hho] e g o] A|E 3}
AAFAEE B AAA 4

- v -Decalactone, y -decelactone, y -dodecalactone,
y —dodecelactone Al A Z A4k

- AAY B ARAEY 24 Y
< 5 AAL B

S|

A X

vl

it

el
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A2 W A 2xe) GAE
1 AFd 5Ex 0 43
O &sAHrA = H5H hpase Aol ofgh A4k A4k
=3%) AL 34 90%0]’%
AA) XA 848 96% (Candida rugosa lipase AF-&)
O A4t 2K E hydratase A gloll ¢k hydroxy A%4F A4k
E3) HFFE: 48 g/L o)A, AL 10 g/L -h Ol , e 96% (Wiw)
AA) HFEE: 49 g/L, A4 12.3 g/L-h, : 98% (wlw)
(Stenotrophomonas maltophilia 3 A ‘ﬂo“& hydratase Azg 5 AAEZ A
10-hydroxystearic acid 2 4H
O A4te 2 K E lipoxygenase #glell &g hydroxy A4 AJ4k
23%) HEFE5: 38 g/L o)A, A 3 g/L-h oA, 4 96% (wiw)olit
AA) HAFFE: 384 g/L, AAHA: 384 g/L-h, 8 96% (w/w)
(Nostoc sp. lipoxygenase A& 9R-hydroperoxy-10£,127,152-octadecatrienoic acid A§4h)
O &= 93k hydroxy AWt o 2 BE 2E A4t
=3) HFFE 45 g/l o1, *3/‘“4' 1.5 g/L—h 0]’2}, T&: 75% (wlw) ©]7
AA) HFFE: 45.7 g/, BAHA: 1.52 g/L-h, & 76% (W/w)
(Waltomyces lipofers /\}%6}04 10—hydroxystear1c acid2%-¥ y -dodecalactone AJ4hH)
O Hydroxy fatty acid 2 2tE2] &2 AA|
Z23) AA 48 60% oA
A1 A) Hydroxy fatty acid AA & 70%, FE AA & 63%
O FEY AAF A4k 61
y -Decalactone, 7y -decelactone, y -dodecalactone, 7 -dodecelactone, @B oAl v

-dodecalactone, &3}-fA 1y -dodecelactone A|A|ZE A4k

N

N

2. Hydroxy R84 A4

7}. Hydrataseol ¢]3+ hydroxy AW+ A4k

(D Lysinibacillus fusiformis & AZF A4F hydratasee] wb-g-271-& HZA st 40 g/L
oleic acid®} #Z2 F&=7F &% 7trws SYERFEFRE 242 33X 2 64173 40 g/L
10-hydroxystearic acidS Ay 2+g}.

(2) Stenotrophomonas maltophilia 2 A4t hydratase A2 o5 JAAE AT 2 APk
HAHg AAE xS HAFst 50 g/l oleic acidg 71AZE sl 4AZF BF EEA
49 g/L 10-hydroxystearic acidZ A AFsh,

(3) A4t hydratase ¥ wild-type Stenotrophomonas nitritireducens A3 S 7))
Ak HAsE AAE HHSZ2AS HAssle] 20 g/l linoleic acidE 7@ 2 st 3A|7E

HE-S-Al 15 g/l 10-hydroxy-12Z-octadecenoic acid 2§ 4Fgt.

(4) L. fusiformis oleate hydratase2] HH-&-Z7S A3} sl HES 3AZF Fo 135 g/L
10,12-dihydroxystearic acidE A4+t

(5) AW4F hydratase & wild-type S. nitritireducens ZAA|3Eo 2]+ e -linolenic acidel A

10-hydroxy-12,15(Z 2)- octadecadienoic acid A§4F: permeabilized cells AR&3te] 2A1XHE <t
22.5 g/l e-linolenic acidoll Al 16.4 g/L 10-hydroxy-12,15(Z2)- octadecadienoic acidS Ay 4g}.

T
olft i
O M
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(6) Lactobacillus acidophilus linoleate 13-hydratase®] ®¥H8-%71-8 2 3}3}e] 100 g/L linoleic
acid=2 K-8 3A17F F<F 79 g/L 13-hydroxy-9.7-octadecenoic acidS A AHg},

(7) L. acidophilus linoleate 13-hydratase®] ¥F-8§-Z71-& #HZ 3}l 15 g/l « -linolenic acidZ
HE 6417 59 7.5 g/L 13-hydroxy-12,15 (Z,Z)-octadecadienoic acidE A4+t

u}. Diol synthaseel] 2|3 hydroxy X4k A4k

(1) Aspergillus nidulanst2] diol synthase 3+ AX3 HAZo] 23 linoleic acidoll A
5,8-dihydroxy-9,12(Z 2)-octadecadienoic acid A4k A =3 MM =E 23 g/LE AF&3sted 5.0 g/L
linoleic acidol A 150% ®¥F-&-3Fod 5.0 g/Le] 5,8-dihydroxy-9,12(Z 2)-octadecadienoic acidE <L}
[e]

(2) A. nidulanss2) diol synthase 3 A3 HAAES 2%k o -linolenic acidol A
5,8-dihydroxy-9,12,15(Z Z 2)-octadecatrienoic acid A4k A =3 AAE 40 g/LE AHgste] 12
g/L o -linolenic acidol A 100+ Hh-3-3} o 9.1 g/Le
5,8-dihydroxy-9,12,15(Z Z 2)-octadecatrienoic acidE ¥}

(3 A nidulanst® diol synthase S AXF  AAE] 23k oleic  acidol A
5,8-dihydroxy-9(2)-octadecanoic acid A4k A= AAE 35 g/LE A3t 12 g/L oleic acid
o A 60% Wk$-3le] 5.2 g/Le] 5,8-dihydroxy-9(2)-octadecanoic acidE A<

(4) A nidulanst-®)  diol synthase®]  peroxygenase «—HETHS 83  AHFH
8 R-hydroperoxy-9,12(Z,Z)-octadecadienoic acid 234} Diol synthase®] variant 3 A= A A
Z 20 g/LE AFg3sle o] 6 g/l linoleic acidZ2HH 1A WSS 1.8 g/L
8 R-hydroperoxy-9,12(Z,Z)-octadecadienoic acidg& Aj 4+t

(5) Glomerella cingulates-2 diol synthase & A% HAEe| 23k linoleic acidoll A
7,8-dihydroxy-9,12(Z 2)-octadecadienoic acid A4k AH=% HAM=E 46 g/LE Ar&3ste] 14 g/l
linoleic acidol Al 120% wF$-3led 6.4 g/Le] 7,8-dihydroxy-9,12(Z 2)-octadecadienoic acidE ¥
[e]

i=1

o

(6) G cingulatest®)] diol synthase s+ AZE A E] 23+ ¢ -linolenic acidol A
7,8-dihydroxy-9,12,15(Z Z,2)-octadecatrienoic acid A4k A2 AAME 46 g/LE AF&3le] 14
g/L a -linolenic acidol] A1 180+ {8351 6.3 g/L2]
7,8-dihydroxy-9,12,15(Z, 7, Z)-octadecatrienoic acidg& AN +=-.

() G cingulatesr# diol synthase 3 AxT AAMZEA <93 oleic acidol A
7,8-dihydroxy-9(2)-octadecanoic acid A4k A= AAE 46 g/LE A3t 14 g/L oleic acid
o A 150% wWr$-3le] 6.4 g/Le 7,8-dihydroxy-9()-octadecanoic acid® AL

t}. Lipoxygenaseo] 2% hydroxy A4 A4t

D Nostoc  sp. stereo-selective lipoxygenase ot linoleic acidel A
9R-hydroxy-10£,127-octadecadienoic acid 24+ A =3} lipoxygenase ¥ ZA XSO 2 40
g/L linoleic acidZ+%-¥ 1A|7F ¥k-&-3}e] 37.6 g/l 9R-hydroxy-10£,127~octadecadienoic acid &
X,

(2) Nostoc sp. =ZXHE] stereo-selective lipoxygenase 2]3+ o -linolenic  acidol 4]
9R-hydroperoxy-10£,12.7157-octadecatrienoic acid A4+ A =3} lipoxygenase & FA|EZWH-S-
o= 40 g/L « -linolenic acid=2H-¢ 1A1ZE 1331 38.4 g/L
9R-hydroxy-10,12,15(£, Z,Z)-octadecatrienoic acid +H.

(3) Burkholderia thailandensis lipoxygenase®l 2|3} linoleic acidell 4] 13-hydroxy-9,11(ZE)-
octadecadienoic acid A4k &4 2.5 g/LE AF&3Fe] 20 g/L linoleic acidollA 1.5A]%F HE-§-35}1<
21 g/L9] 13-hydroxy-9,11(Z,E)-octadecadienoic acidE A%+
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3. & A4

7} 2 B3 VAR &% Waltomyces lipofers ©]-83+e] 10-hydroxystearic acid= Y€
y -dodecalactone®] A4k Ew o] HbSxAS HAslsly HEAL S FUHAA 30 g/l FAE
AR&3ke] 60 g/L 10-hydroxystearic acidZ%-E 30417 3o 45.7 g/L y -dodecalactoneZS A A+
st MA Hie s=ef MG 71=3

. AAEE o]&% &% W, Lpofere] HWEF-4ESE = 9% hydroxy APo=HE y-
FEF A4k oleic acidZ2  wWER-ARE  §%A1A  10-hydroxystearic  acidZF-E v
-dodecalactonee] HEFE&L  22%, AAHAFLS 13w FEAF. 30AEE]F 60 g/l
12-hydroxystearic acidgE 7|2 =& Ar&3t= =i, 28 g/Le] 7 -decalactones A48l 30413k
B¢ 60 g/Le 10-hydroxydecanoic acidE& 71&E Al&3ES wol= 12 g/Le] v
-butyrolactone-& AJ4FstA 5. y -decalactonee] 7Z-¢- @AA7MA] BEid HAETH 228 w2 A4k
ZS Hygon, AH3IEO 13%, AP L 528 H& Zog e a, y-butyrolactonee] 7%
o= AEXEHA o A Bl

t}. 10-Hydroxy-12(Z)-octadecenoic acidZ2+-E] v -dodecelactone A4t &% Candida boidinii®)
HlEF-2F3) =0 98l 5 g/l 10-hydroxy-12(Z)-octadecenoic acidZ3El 6413t ¥H8-51o42.2 g/L
9] y-dodecelactonee A4+ (58 64%)8t L A4S 350 mg L' h'2 Jebd

gt BX VYarrowilia lipolyticaE °©]83}] 13-hydroxy-9-octadecenoic acid2%¥H &
-decalactone®] A4k J;RO]  WkgERTE  FHAHSESY MA HAxE 75 gL
13-hydroxy-9-octadecenoic acidZH-¥ 24A13F ¥k-8-3Fo] 1 g/L ¢ -decalactoneS Aj4F

ul, &% (andida palmiolephilas ©)83% 8-hydroxy-9-octadecenocic acidZ+H-H Japanese
beetle®] pheromonel.& Z &# 7 ZE japonilure A3S 2<2lFt.

4. FAFAZEEH & A4FAH &FH
7}. Candida rugosa lipase (CRL) lipasedll £]3F &4 7143

5L scaleoll A 1xp\do]l Aldk®l CRL lipase &49F 7l4&Es 202 S8 BHF 74231y
oleic acid &#o°] 80% ©]% ¥+ crude oleic acidE 4d< & U<

Y. Oleic acid=H-¥ oleate hydratase # 2ol £ 10-hydroxy stearic acid 234+

A gl A gk oleic acidet #lelA &4 FAJ) SHEFE 7lFsie] €2 crude oleic
acidE 71" =& AFg3te] 10-hydroxy stearic acid A3+ A8 3513, dojx &2 NMRZ
10-hydroxy stearic acid¥-& &<lstar, GC B4 A3 AZE BF 8% HA=ola 7|He &5
of & HELo= Aole A e As g

t}. g -Oxidation (Waltomyces lipofer KCTC 17657) 2]3t y -dodecalactone A4k

oA A& 10-hydroxy stearic acid= B -Oxidation®l] 2]+ y -dodecalactone AJ4kel o] &
HHYa GC B4 A, AlFoA Fujdk oleic acid25E €ojz 10-hydroxy stearic acid= €
y -dodecalactone A3E&2 78%°)1 ST EFE 7IE3NA A2 crude oleic acid2HE Ao
21 10-hydroxy stearic acid2%-E] y -dodecalactone 71% A% H3HS 23

2} Olive#+9| lipase 7FrEs] 4E2HE BRI hydroxy A4 28E  y-dodecalactones
R4k Olive+-E Candida rugosa lipase (CRL)E o] &3t 7t®3lg & S maltophilia oleate
hydrataseZ HFg A]# oleic acid® 10-hydroxystearic acidZ ZH% Al7|aL W. Ipofer whole
cellsS 7 7}8be]  y-dodecalactoneS A4k 40 g/Le] olivefrZFE 25 g/Le] y-dodecelactone

o A
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nt. 3379 lipase 7trE3 AHEERE &E3F hydroxy A4S = H-¥ lactone F7 A4

E3}-f+E& Candida rugosa lipase (CRL)YE °]|-&ste] 7t&3lt &5 nitritireducensg Wh-g Al
A linoleic acidE  10-hydroxy-12(2)-octadecenoic acid &< hydroxy X|W4toZRE y
-lactoneF& AJ4Hg 7.5 g/l TIAFEZHE 1.88 g/Le]l y-dodecelactone-g& AAFsER L, A
AR 235 mg L h'a vehd

v, £7189 lipase 7}E8 AHEE5EH hydroxy AWH4E f‘g"

E718S C rugosa lipase (CRL)E ©o]&3sle] 7}E3)3 & Nostoc sp.  lipoxygenaseE Wb
<  AA 50 gLl  E7]IE@0  g/Le-linolenic  acid @ ¥l 34 g/l
9R-hydroperoxy-10£,12.2,15Z-octadecatrienoic acid 2§ 4Hgt.

AL S AE Y8R AR A AEAEoZ A4HH lactoned AV o Qe
AA D HE A3E lactoned 33 TAHE lactoned}t xPEA o] ot HAL U A A=
AAE A e AWE HA3E lactonee 343 A H lactonem xEA O] 9l

5. Hiol2 Fgo AP AT
7}. Hydroxy A %4 2 SEF £33 ZA

(1) Hydroxy A®4ke] &gl A=A hydroxy fatty acidseE 718 A& 298 AAH ==
ilicic acid open column chromatographyE AhH&3ste] A5t =. Methanol AAH S =Z 83.9 g
10-hydroxystearic acidE 0% T2 98% o4 52 I3

y-Lactones A 2@ E& %A:y-lactonesS oil bathS Al&3te] IAFYLZFHS 53
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Global Market For Flavors, 2006 (US$ (Million)

Middle East & Africa
6.9%

$4396

W Europe

AsiaPacific

27.0%
$1,738.6
E Europe
6.2%
$394.3
S America
5.8%

N America
30.6%

$1951.7

Source: IAL Consultants. 16 April 2007, Press release

Fig 1. &5 X9 AAAAZ #FE. (AL consultant, 2007)
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15% 2% 85921 Fv)A|l (flavor)7F 40% 2 71EF HAAE7} 10% AE=E =A| & (Fig. 18). 3F
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O AlEFRoro] A g AAL 20099 69 = FX (UBIC consulting, 201002 wid 8%%
b

CE !

O HEFY AAANA FEe 12982 FH=HBiotechnol. Agron. Soc. Environ. 14,
451-460) jd Z7Fsta S

Global Market for Flavors & Fragrances
by Value, 2006 (US$ Million)

$6,224 $6,375

Source: IAL Consultants, 16 April 2007, Press release

Fig 2. &89 Fopd AlA =, (AL consultant, 2007)
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ojf

2 FAEE d8Edo] FH+= xW4akel oleic acid, linoleic acid ¥« -linolenic acid &
S B3 A3E Table 49 YeERAATH
O Z47+e] Awpste] 74 ©o] 5o e 8B f(oleic acid 75% ), $-3}rlinoleic
acid 80% %), E701( e -linolenic acid 63% )= AH&3tA Thekdk SEF *3 Aol 2] 3k

S-(oleic acid 62% &), F-&(inoleic acid 54% &), oFu}el-G( e -linolenic acid
53% e HEF A4t AR 7HERh
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Table 4. =W FA " oleic acid, linoleic acid ¥ « -linolenic acide] 3§t

=5 Oleic acid (%) Linoleic acid (%) « -Linolenic acid (%)
26 62 22 10
=5 24 54 7
70 39 40 1
S04 18 20 63
i 47 27 0
=R 71 10 1
o}n}el-f- 21 16 53
s} 13 78 0
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