ZIHS3d 10-2010-0061246

G (19) thet?l=53] % (KR) (11) FANE  10-2010-0061246
‘ (12) INESFH(A) (43) EAYLA  2010:06207Y
(51) Int. Cl. 70 = _;J;g_h R
RN bl
(21)051;1 ;/6; (2006'(i(l)zzogggéo/fgo(%%'on A& AR debes7H st W
(22) 299 2008311928 (2 %jg;}
A } 9T 20089119289 B3d
ALERA 2T o] 2% 2 olTE 115 120
9%
A gl
AESEA 5T AYE I EolIE 335
14035
243
AeEEA FAT 3YF 22-1 HEEAE 5085
(74) =9l
&l
%83

oo AzwHe T
Wake]l E&A A LS 7HssHAl gt
QX E-=

/\WWW

Oleic acid

/\/\/\:/\:/\N\/\"/OH

. P 0
Linoleic acid

/WWW\/WOH

Linolenic acid

& \A/\/\)V\/\/Wm

10-hydroxy-octadecenoicacid  ©

OH
> /\/«\/A)\/\/\/\WCH
o]

10-hydroxy-12-octadecenoic acid

= \F\/Mm

e}
10-hydroxy-12.15-octadecadinoic acid




10-2010-0061246
o]

5

=

=

H

e
[=)

)R] oA 22U1A] 28°Cell Al 48A]

d

=%
T

5%

OC:)] OO]:

NRRL B-2994+

Ey
=

ZAREN

2
T

NRRL B-2994

Es

o ghejA, 7]

1

1
BN
B

5379 ¥

5

ju
£

=

AT™ 2

A
Al 1l

o~
Ir

= 2 <
=0
o : :
o % q
o E i
‘OI +
T__ : :
0] ~ °
0 ) ol
iy n z
% : 2
: g e
- £ <
i w “
%om 0 D) %
3 ® N z
o - % m T
T % 2 T B
| 5 - 5. = g
it ~ fie = w 0
%o = =0 JJ N my e
~ 3 o T off =
< ° T o !
=o o =0 = g \7/~ 3 1:‘_
- E = 3 o™
3 = »ow o 3 Nfo
el N ~ |
<7 B I mp < Y
—_ = 5 = y 2 ol
ey X mo— R W LS
: 2 (e o>z ® = a
< N o °
T
1 = G growo A T oF o
E T o) e o Mo | o
%o 2 e = o = T
. 35 ol — <r
- ;
z : : ? < o# 2 ” z
2 - < = boF o e 2 oo
- ) = T O® T %o S
5 B0 = e i & b
7 a # = moT T X s
5 o) » @ S W = IR
A 7 o < wpy w o ol = %o
5 a3l . = =
4 e o T oo T & Ja o = =
- o < B o 2 Nk o
wn '~ = s oy o N T
. % 5 iz R © 3 =
r 3 x =0 5 o h
o R 2B - - o
- - - T X _
5 T T R T E = 3 gw ¥
Z 3 < D AR : %5
it o % R w5 ° o@ R =
N —_— T .
o n < ° o o o © T OB W ~ 2 - o 3
=0 <o Xy w0 o I 1 5 o°
x H ™ o w0 w83 60 = W
= A R = T o ® T S 3 T & wT

ekl

i

k),

[ 54

uigel Al

g Al A



[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

ZIHSd 10-2010-0061246

E e NRRL B-2994 #FE AlgdlE AL

Jm
o,
(o
fru
o
rlr
1
il
o
i
o=t
Lot
X
o
s
(o
fru
-
A
&
£
Lot
X
o
T
tlo

I A

o]l o A2 v A AYdoR, A 5% ol Lo R AAsla il HlolQ ] (BD)E o] &g
Af3tst OiA 22 NS =/|AAE @A 38 Adu RlEE 2% U= 4k vlele Y= (BD)e HF F
Zhell whl 202010l 3%R /M AR ddE I vk, vhFe ARt A AHHFA) Adbel whE oheket shE)
EA] FEA 2 SAFY] AN g 2t A JEser 50 A @3 3 4 glon Hiele oY
of FEE 2k AAA FrbE 200560 E gAY EH Y VIS EREA" B AFAIE] 71EE o] 9l
t}.

A7) Fdol w}_ﬁiﬂ% AA AAL A 70,000 91D FEAA 2010 80,000 I FEE AT Ao HAHE
I YT FUYAPES A 2180 A JFEoA 20101 3000 oY TEE odE I k. 48t A HAR(Hydroxy

Fatty Acid, HFA) ‘3"‘} 714& thoFsk =Ak3l X WAk(Hydroxy Fatty Acid, HFA) $8E&2o] 7=
AT Aol Ay F =430 X WAH(Hydroxy Fatty Acid, HFA) AAto] Alf Abda) nvlulsle] A
S 7HE AS-, AR e FIAE 4402 o Fog didEHT Add srEe 4=
S ott. wEb sk g Al a3t XUk Hydroxy Fatty Acid, HFA) AAF 34 72 A7) 3

ggo] g
A ol Fas V& ForR A f7] ¥4 E4 M A Fagk Fors wxlo] g Ho.
HT AR T3 B E AR 34 BE uid B4 FJFom skl sErgAle Al B
FAE fgk 7o) wge, AAAR WiAe ©rjdez FAHe] AR AR FrjHez 3 Ws)h
el uol 9 7)4S HE3 B84 (Bio-Organic Synthesis)7|< ko] Zdo] w3 1 gt o|& &3
2 vl BAete] B tga) g
F 1
3}8} W3- (Chemical Reaction) 571 4 (Bioorganic Synthesis)
Zu] 3% (Heavy Metal) v A& g4 (Microorganism Enzyme)
(Catalysis)
Ela el 31-2(High Temperature) 212 (Room Temperature)
(Reaction 119+ (High Pressure) 7]+ (Atomosphere Pressure)
Condition)
HFA(Hydroxy |D/L E3(Mixture) D or L-o] 2™ (iomer)
Fatty Acid) HE]Z (Multiple) / W52 (Non-specifix) el 9= (Selective Positional)
A} (Hydrolxylation) A} (Hydroxylation)
5 Zioll ot 29 ofHw OH-9 Ao 71%3 54 &=+ 34
(Recovery) 49 g4 B

2 Aol Az sk Exst AEAEE wiE st M FEFR 22 ¥ 2 & dsEZA(flavor and
fragrance chemicals)e @A 70% o]do] #7184 (organic synthesis)oll 2|3l Atz 1
el ofs AsEE Fr 2 Y duREde At TAFL gFE 1, 1Y 219 T2
dol A = ”H'E~ ol gsh= et gdom At 3 wAE oplstER, HTdE FHHRE =)
Mz 23744 gt miel /el 7ol HA F7FAd gk #A4lo] Frteta U= Agolrt. =AY
ES o]83 Wi 44k8t AW k(monohydroxy fatty acid)9] A4k 1962 HEE RaE$loew (Wallen L.
L. et al., Arch Biochem Biophys 99:249-253, (1962)), =Xy ol ~3|(Pseudomonas sp.) NRRL B-3226
(Davis E. N. et al., Lipids 4:  356-362, (1969)), =7lEr]o} F# ~HlgF(Nocardia
cholestericum)(Koritala S. et al., Appl. Environ. Microbiol. 32:299-304 (1989)), Zz}x uleg]$ o]~
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3] (Flavobacterium sp.)(Hou C. T., JOACS 71:975-978 (1994)), ZEnrRA# 2= ZELE(Lactobacillus
plantarum)(Yamada Y. et al., Biochem and Biophys Recherch Communication 266:391-395(1996))% <] t}F3th
AL ofF YA AEHEH ko] APHL gk, HAES] =S o A Fakst ARake
A Abell A7kl FAkstrle] ofs] thE HlgrAksl A4t (non-hydroxylated fatty acid)ell Hlst] F& AT
WA 9] Solgh AAE 7HAH, olf e EHo R Q] A F(resins), &=FF(waxes), Y& (nylons),
2t~ (plastics), +&A(lubricants), = (cosmetics)sol FL83 24?“7“i AbgE ¢ o, FEA
HoEe HIEREME 2" 4 9lth. olg]ldt AA A B wHAEe ulo]o 7]&S ALES
& Azt AL T8 Ve RS A8 g9 Aq-g 7%11 HAE SoA FEREUA &
2994 {5 o] &3t AS HAHo|n A HglHor kst AHAks ANE ¢ s &
2hd &ttt

f
P> owd

gige] J§

A HETH
olst, B WS A APstE et P,

7] BARS GAEly] 9 dhel el A, B wrge rhwi)s & NRRL B-2994 #EE AMEEY, AEe
X3 Ao iy $AE AAkS AlxskE el @ Aot

ub et A YEHEA, 2 el AR W Ry & NRRL B-20945 o] &3l FAks) XAt
(hydroxy fatty acid, HFA)S] A2HS 93k 2-HA(Stage) VAE AEA3F A (Microbial Biotransformation

Process)ol 93 =849 5 3l

TFAAeRE a) dAFH(cell mass)S 37| 3 ME A7) oojd o] A (aeration)d= ©HA;
5L b) Ak} Hkgo] o] FojA L5 qdofoj#| o] M (anaeration) k= ©AE £ = vt

b

2 oA AAE = AR A S KA Ao A EAEE B, BAAE Cellp0:013, 1 FERAS 3}
71 saka 13 gon, ulEAEAE 10-30)| =2 A1-12(2)-SEFE| A x=2F  (10-hydroxy-12(z)-octadecenoic

Fakel Ak AAANA T2 AEA Yol A% EAsh SEAAE AWty F3t
3 EHEA EATT. ey RIS AR e ALY Tt Hlo}o% X}Oqﬁ] of EAlsteE FAks AW
Z5to] A EA 7B RRYH nAEY AETY [ F ,S,_ 3 ATAdE nEIIEAY 4

theksiel, o]@] 3l aksl AWAle Z=alylo] wel =A A AR 2

rl HE

2

U © T 2k =,
thol-, Eg-gtst Atow Egdnh. 3 kst A ke ?—?}’dﬁi% TA8HE 2HE (lactone) o] AR
A oA em 83 Bdoln, kst ARtel A HUbE = FAvIE At o] At =2 Aol W
AN 22 55 AAE ARl FosiA wEo], X, g, ydE, Zekxy, &84 9 agAlY &2
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5914 1

HO

OH

2 kg ol fo] "AJE M (biotransformation)"o]g o= AE, 53] vAE AE 9 3gES
_]

li uhﬁg] o1 /\1;\] ]i/ﬂ E uhﬁz}gg, ﬂl':fiﬂ

= 0

) A =4F (10-hydroxy-12(z)-octadecenoic acid)®] &=

eic acid) CZRE] 10-3}o]| =2 A]-12(2)-=E}
< JNereitt.

r\Oﬂ' F-|~
OH —
0_1_4

ruo —_—

10-3] =2 A -12(A E)-L e M =4F  [10-hydroxy-12(Z)-octadecenoic acid]& #A|=#H A4S o] A A A

24 F8AR wol AREE I i, ZEAA H el ARgHE Alnbasks AAkeke Wl a3 47|k 8t
ok A EEAT 22 ks AWk o] 2E (yeast)oll 9fste] fwb-dlFFeE (A -decalactone) &2 1 EHE
o}, o] ZArl-yFEEL EQH oz Hiof L= Ao TS sz

S e AE FRel WA BARA, AF A
A Aol WA S AT, e gebdseEe o 7 3
Aol olel Mo ANEE o] Wastth WA FW a5e F7h, WAL L FF LA a7 17
0wl Ale] s FA0 e AR Al A EE AEss IR
2 ABAD PUS o8d Axyol A48 aTH.

el 7]1E A3 FEREY2 E(Pseudomonas. sp.) NRRL B-2994¢] A m|AE A ¥E(whole

cel)E ©o]&3F 4213}(hydroxylation) HFS-o] ol AE FEHEE o]&doy, ¥ dA4es FRiys &
(Pseudomonas. sp.) NRRL B-29942] A v|AE A E(whole cell)E o] &3 HEASNZTAHS 7H%6}%E}(*1A] d
5).

TR R FREVUA 2(Pseudomonas sp.) NRRL B-2994Z o]g&3 g]=d A(linoleic acid)® FAF
3} AWk (hydroxy fatty acid) 2o ML 7|&Ed A+ By A+ Aol &) ooz ]"ﬂaeratmn)z =
welal ik (agitation) $EF 900rpme 2 &#E A9 A AE HIAES BT (AHAA 6

B oabgo e A myES FEREUA & (Pseoudomonas. sp.) VIAEQ NRRL-2994, & A4 o
2 NRRL B-29942] ¥ 7}#] ®&¥ wWo|A|(phenotypic varients)@l S Wo]A(Small varient) HE+ L Wolx|
(Large Varient) 55 AM&als Zo] npgAstm, o5 @& I wiA|ollA 22014 28TolA 48A13F o]
kst w) Aste], L WolA(Large Varient) #55 AFEshs Zo] ¢S vizsitt, Ly WolAl= ddde
2 SEEY v I3 FHo] By sz HHe FEUE A T F2Ao] /it

TAA A AAd2HEEH B dyAse %Ei(Fermenter)—E‘ olg3l HMIEAYS E FEELUA &
(Pseoudomonas. sp.) NRRL B-2994% A}g3lo] 34 Fol diw E3x3} xu4E glwd 4H(linoleic acid) &
2RE 10-3 =ZFA-12(A E)-2EHH| A Ak (10—hydroxy—12(z)—octadecenmc acid) S A= AEHE AF
gl A 15 E]Eﬂ iter) WaF(fermenter)E o83t 4kl A&7 S (hydroxylation biotransformation)<
g g A =89 Aol AlsttheE (1-20g/DAME I fF=EuU2 & (Pseoudomonas. sp.) NRRL B-29942] A3
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Falct.

ol

2] 24 Aej(physiological condition)? H3}E &<l

Z2bsk(hydroxylation) ¥FS &, FERUA & (Pseoudomonas. sp.) NRRL B-2994= %
ZF2Y ¥(colony type)o& EH=d, BT & dH9 FZY(colony)FHo] BIA 583

R4 o =
(colony)7} YEelgrom  Z4kst wH$(hydroxylation reaction)S ®¥H=Eg AL wgx ] S WHolA(small
variant) FEIY MAE(cell)7} S71# FAlo| 4-4ks} 9§ (hydroxylation reaction)2] Ao AA3}HA
Zo]Ee AAE ATt S WHolA|(Small variant) FE|S MEXE s 2o wgEs o, L HolA

(Large variant)®t} 231 53231 S 253 F2Y(colony)E YERITH(E 9).
2 dWgol| mE Az WA= A At AxE f§ AEF Exs AARS AFE-S.

Boubgol go] "B ¥3} AWAH(Unsaturated fatty acids)"olgt 3 Ex} ol gh-vbio] BE AT
EAZE 7 AME B FFER gt oleAde] (M§ =EA AF AP (triple bond) S 71zl A
) EA8tE AuakS @Eith, Ba4 12720 AR AR FAYY e B¥E Aake Syat
el EZ SAE Fo gy Fxdtt. Zxst ARite] FEjAlges x3pAHte] FEjAE =

Sede] va, AGFGEHE) 2A A Ak, o] vl A (KAL) o] EESE AR ofa g4 HlE
o] daHEE AR GRAIREA Fasithet £ &oll g©Ah-wAe Exs ARy st28AVE

of

¥ 3} A = gExH Z2 AHoleic acid) BAaF7F 18710l 9 Ehhof o]FAES 3§ Il JF
I 9Tk AR A} Foll o]F AT el sty & wiritk Al a(eis)BH ERNA(trans)B O 7
A& A (geometrical isomers)7} &4 4= t}. & EW 2 Holeic acid)S Alx(cis) ol
2Helaidic acid)e EWA(trans)d o]},

R
12
el
[

=9 2(linoleic acid)S B-47) 187101™ 9, 129 ¢xo 271¢] o]|F A3 o] 9on, =d Ak
(linolenic acid) HAl B&F7F 1870w 9, 12, 159 Ao 3712 o]FZA3je] v}, ofgr|xd 4t
(arichidonic acid)& A7) 20700)0 5, 8, 11, 149 X< o]|ZFZA3zto] 47] ).

el MEF HEs AW FAG Wl s A Er AEAZVE FEH] ST FE 9
hva
-

, =3} Ate] x3d e AA dEHE AT s o

R

A7) e vpeh e o2 T34 fF Z ol f(flaxseed 0il)E EF J=d, TIH = A
A A HALe] 75% olske] #E# AH(linoleic acid), 15% <# AH(oleic acid)® 8% ZwE Ak(palmitic acid),
2®ol2 Ab(steraric acid) 205 et o, ok f(flaxseed oil)E 60% ©l3ke] =E#A A
(linolenic acid)¥} 2]=#] 2H(linoleic acid) 15%, & 4F(oleic acid) 17%, 2=H|o}Z XAF(stearic acid) 3%

9} FulE A(palmitic acid) 5%2 E3&+aL AcHv/v %).

A gk GEjRA], B ddyef mE AxUyE A7) AERY AR T4 ZEoE Ak(stearic acid)
HES W30 ALt 288 =o)7] 93l 294 FAE A 5 o (= 7).

Z97A A (Supercriticall Fluid)® A (critical point) =, UA 2%, 9 oA o8 o]Ag
x4 EAete 229 FER, EAQ] ddo]l ZIA dAlY F AAS e AR dAY Agshe
UL E 7HA 7)) sdele FHAdS 2.

27 HAl FEE 2AA AEe fAT 2 oY FHL ol g
Z(extraction)®] A7} BAG] AEHE B A%l 442 27w
D7 FAE gH L ewe] ZAe] o z
3, w2 el Aol ol

)

Mo b o
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e 2UA FAS A= Hof Almolo] HFEAo] Fof FEEEC] Fom we FAF A (diffusion
coefficient)7} AR FEHEE7} wam  HlwA A2oX FEFORA o oF Az &35 IT + 9
()

YPAE AHgtelof o
2 olol Ao Aol

2 oo W Al A 204 FAIERA ol AstErAE o] &5tH oibstErAE 1 A §hE ol
7.4 MPa°]al, 9dAl &%= 31TE yo} dnty oz A 2US 7] gar, oibsteth AA7F HA4o] gl
Hg-o] A7) witol] feElsith. 2UAA olitsletatE HFA SulEA fH9f o] FAeo] v EHo =&
of &89 4 gtk E3 dIEY T FAS AW BEFS AR Aoz xAdAFAY F4 weE {4
=g = oA &, &S A vkE F Q7] wite EgFEAgtels &9 X AEE] FE &
£ F dv A= M 5 Ao

tlo o

ol oJa) AgE Fas Aware ngEe) Aww vE A sk BAwel 4e s
Agen, wwA Azte] AEHE ol gete] n¥ A WA AARS 9T Fad ¥ L §
[e)

4 ARBAL ANG 5 dx BT A

wgo) JAE g FAF
<AA 41> EX3 ARG FF HERS Y

AFo] AbLH AEFEA, T3 F D ol f(flaxseed oil)E I AALEko] mn|Ele] T Iof A
Fdste] ARESIAT. Y AERFe Exst Aol e Wdst whE(methylation reaction) § 7k~ A=
ulE 729 (Gas Chromatography(GC))E o] &3te] AF3A o T3H  H(safflower oil)e  HAIALALS]
75.5% #=d AF(linoleic acid), 13.5% =d Ak(oleic acid)®} 8.2% ZW|E Ak(palmitic acid), Z~HolZ Ak
(steraric acid) 1.8%2 fsl dom, olupy {+(flaxseed oil)E 58.9% ©]3Fe] # =& 2H(linolenic
acid)¥} #]=d AH(linoleic acid) 14.6%, 2# 4Holeic acid) 17.9%, =Elo}=2 Ab(stearic acid) 3249} 2w
E AHpalmitic acid) 5.4%5 @ratdttv/v %), Aefes Aewbsrld Aaf 20%2k 2l3kokal(lipase)
MY(AMANO, Japan)& 2 ¥(oil)%¥ 7o = 1% ¥il & o] (d-water)E 7 ¥ $ 37CA] 800 rpme=
B AAIZIHEA 16-18A1%F &<t 7hriEal AT ZhEs W8 F pH 2E71E o]&3te] 25% (w/w) NaOHZ pHE
6.5%2 FASIATE. ZheEd] BEES 65TColA 3023 7FEste] AAAIZATH. JHEE | AERE ARoE Y

A
AR 5, AT edTe Fste] Aite 2d AR ¥ Aeddedel ARgEit (= 2).

<AA 2> &4 WA= B4
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S4Fs} vkS-(Hydroxylation reaction) @84S Xd wlAES B s7] 8t sh=AEF8tA < KCTC

(Youseoung, Korea) oA #9%F W& - WubA(Pseudomonas) o 2 A4 U sl = vAE 995

ALkt RE 73 E 9o W) #x] Z@o]E(Nutrient Agar Plate(NA))olA 24A7F 28°C o] 4w ka}o]

O
2
e

£Col M BAsA. A7 FFE Basly) 9ske] RE #FE 9gok wix(Nutrient Broth medium (NB, Difco

Laboratories Detroit, USA))ollA] 24417k 28°C oA wl<kat &, 34 %2 3 -70°ColA] Buaige). =& 52
3}(hydroxylation) AL Ad dFZ 437 st FEEYA(Pseudomonas) 2237893 ¥lA|(screening
medium(PSM, yeast extract 0.5%, K.HPO, 0.15%, KH,PO, 0.15%, MgSO,7H;0 0.05%, tween 80 0.02%))= A&}

t}. PSM(Pseudomonas screening medium)< 25% NaOH A}&-3}o] pH 7.02 ZASIETE. Ao wixo 435
F3l7] A Ao HaH 50% =FZ L2 (glucose (w/w))E 5 g/19F M AE FTolAl(microbial lipase)® 7}
3 H 3 FE dste] 0.14% (v/v) ¥olF=al 150 rpm, 28°C oAl 24A17F wFekith. w2 50% H.S0,
2 H7ksle] pHE 4.002 3tz oE olAEHo]E(ethyl acetate)® F&3¥ F, Al&E TLC(Thin Layer
Chromatography) & #2138} t}.

A Ee] 9§k kst (Hydroxylation) Whg2 =23} ZWHike] o]5 A3 (double bond)e] $X|ol wlhet
sto] =54 1&(hydroxyl group)S FH7He 4 o], #=d AH(linolenic acid)2 6709 FAkst A4t
(Hydroxy Fatty Acid), @l&d AH(linoleic acid)& 4709 4ak3l A WHAb(Hydroxy Fatty Acid)®} 2@ Ak
(oleic acid) 270¢] F4kst A ¥AH(Hydroxy Fatty Acid)S AT & om mAES] T/ 2 SAAM=
(oxygenase)®] Whg 4ol what thFst Fufe] #Aakst A Wak(Hydroxy Fatty Acid)S AT & vk, F4F
sh(Hydroxylation)®] 1A Z <ztel] we} =4kst A W4H(Hydroxy Fatty Acid)©] AJ2]#](Physical) 2 3}3H%
(chemical) 5% (Characterization)®] ThEA Ho] $4tsl A wib(Hydroxy Fatty Acid)& ©]83 thdFst e
o] Zg ™ (polymer)®e] A4 (Physical) E 3}3H4 (chemical) 57 (Characterization)dl %3
kA S AE FEAFAEKCIC) R AR W B Fold FEREYUA(Pseudomonas) & g AA A5
2t} (whole cell hydroxlyation) ¥H-$ % TLC(Thin Layer Chromatography) ¥#4](analysis)o 2
g (screening) 2™, FFERU(Pseudomonas. sp.) NRRL B-2994% A€jgk ojFi FFolA  $4ks)
(hydroxylation) &/l &4 A VeEbRtTh.

o H

¢

¢

FFE R U2 (Pseudomonas. sp.) NRRL B-29947} X.4=-2-x] Ad] o] Z(monooxygenase)] Ao <Jsto] )=
g AH(linoleic acid)& 7FF &3H oz 42ksk(hydroxylation) AT, TR U (Pseudomonas. sp.) NRRL
B-2994 o ola] AAE FA3 A WAHHydroxy Fatty Acid)el EAS FHel7] 95t Sfol=FA aF
(hydroxyl group)®] <xte} A&k 42213} 9| X](hydoxylation site)E ZA3I7] ¢ste] d&F(Mass) S A

REE R

<AA 3> AL AF BHE A vld JiE=3

S
)
[¢]
=
=
(¢
w
—t
(]
o]
.
h
g
(<)
o
—t
=
o
[=}
A
'z
olo

k7] flste] ZheslE AgAkE FES7] Hs Al

=
50% H.80,2 AFg3le] pH 2.00.8 %A3 2 BFo] ol olMH o] E(ethyl acetate)® 33 %
¥

Shith. FE A& 23t NaCl= 5 W
e

b | -
AAS G, Sl 7Y w53k AAS A
2= Fgo® 100TCA 587+ )
(d-water) & 3] 9] BF; ®WEFS(Methanol) #7138 &, E3} NaHCO,S o] &3}

arleh.

<A A d)4> Gas Chromatography (GC)E o]-&3F X[ HiAle] HA
1) Gas Chromatography (GC)¢ ¥4 %A

e o ~H| 23} (Methyl ester)® A4k HP-5 71Zelg] A (Capillary Column(30m, 0.32mmID,
Hewlett Packard, USA))o] &2t 7t~ A RvlE 23] (Gas Chromatography(Model DS 6200, Donam, Korea))E
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ARgEle] BASIQITE, 989 L= 200TeA 300C7HA 10T /mino & 5 ANAT. HE7](Detector) = &
o] 23} HZE7|(flame ionization detector)E Al o™ FHE7|(detector)e] =E& 275C, <14
(injector)® 2x+ 250CE 3t t}t. &9 7F~(Carrier Gas)®E &F(Helium)S AFEEATH

ki W

2) GC/MS(Gas Chromatography / Mass Spectroscopy)ZE o]-&3F AALE9] 3}tz FF £4

AAES] sl 2 BAS #38te] GC-NSE ol &eksitt. A F& A% A~ EZH(Electron impact

mass spectra)i HP-5MS(30m x 0.25mmID, 0.25um, Hewlett Packard, USA) ZA#H(column)o] H&E FU A=
(Hewlett Packard) HP-6890 Al€]Z(series)E& AFE3Ith. 1A E(Injector)E HP-7683 AlE]Z(series)E A&
7] (Detector)&= HP-5973 A=Z-A8l4d H&7](mass-selective detector)E AFgERR o, 2l X—‘1151(injector)94
25w 250CE 39tk A (Column) 9] 2%+ 70CoA 583F FAAIZL F 240C7HA] 4T /mine 2 & F 20
B2 FA8R ek, 9k JkAa(Carrier gas)® FFHe)S AFESEATE. GC-MSE 230TE o] A~ %E(lon
source temperature)® 70eVe] A} FE(electron impact)2 ZH&A T

3) TLC (Thin Layer Chromatography)Z ©]-&3F A|ulabe] EA

227} A(Silica gel) 60 F254 TLC Z@lo]E(Plate(Merck Co., Germany))E A&3le] 2o <l
gk, At A Zgo]E(Silica gel plate)ol ¥-&(reaction) S 1ub HH3ta, EF<(toluene) / U=
2H(dioxane) / °FAIE Ak(acetic acid) (97:14:7, v/v/v)e ZFE&NE A/fE&ul2 AL&3IATE. ALl <
slo] Held Zeo]E(plate)E AFAIZ 5, wek(methane) / W50, / N-1-UZEojd@tjolyl tolslmgd=z
Z}o]=  (N-1-naphtylethylenediamine  dihydrochloride)=(95:5:0.3, v/v/w)&  ZMA|eES o] 8-3}o]
HAIAL7) L, 100TC ] Q2o 57 Fol AiHES R1Esitt.

<A d5> AEAHRTAHS AT 34 AL

TFEEYU2 & (Pseudomonas. sp.) NRRL B-29949] A wAE M (whole cell)E o]&3t AEHST
AL sl ed, B¥3 Aake] =43 AA AlE(hydroxylation whole cell) AEAZTTAHL, 4
(hydroxylation) W& $13%F %-Erﬁ_ Al A (cell mass)S FRE F A& ‘:’]*35 A2E(cell) 237719k
A E A ¥E(whole cell)o] R=2AlAIY|o]2(monooxygenase) 2] A4S o] &3+ 4=Ak3}(hydroxylati H
=

H
O
=i
N—
rz

A% 5 (Inoculum)= NB ®iA|oA =& & F2 BIAH FEUA(Pseoudomonas. sp.) % #iA|
(Inoculum medium)ol HE3ke] 24A17F 25°CE A& wjkol s Apgsiglon, 1 A4S &R FE9(yeast
extract) 0.5%, KH;PO; 0.4%, MgSO0,7H;0 0.05%, E9(tween) 80 0.02%% A E AW pHE 25% KOHE Al-g-51e]

A7 A 7.002 2AsAY. @79 HE v A (Inoculum medium)el 78 ® 34 £ 0.14% (B, 2F
FQ 2~ (glucose) 0.25% (H)S H7Fe & AE3ATh. 100 ml HZ ¥iA (inoculum media)E ¥ 500 ml 4
7t FepaAd A BAE AFE 1% ZFstE 25TelA 200 rpmeZ 48A17F  mlgFERAdt. F4bsh

(Hydroxylation) HWFZL AAF %] (Production medium)E AF&3tEon, 1 FAHL ar FEFN(yeast
extract) 1.0%, Ao]HE(soypeptone) 0.5%, KHPO, 0.4%, MgSO.7H.0 0.05%, E(tween) 80 0.02%= A%

o pHE 25% KOHE AFMg&ste] H4 A 6.52 A8, "4 F A4 9)A (production media)dl 7F53)

H 3 # 0.14% (B, FFFAL2(glucose) 0.5% (HiH)E #H7ME & HAEsTh. 2.5 HEH AL viA

(production media)E 2L 3 B lab. HaF(fermenter)o] HZF wF(inoculums) 1% FF3}aL 26 CoA 420
10

]
rpm, 0.3 v/v/m olojdlo] A (aeration), 24-30A17F vj<Falitt. B AQow Pold ZFF A ~(glucose) %o
o] a1 F A (spectrophotometer) (Model Spectronic 20D, MILTON ROY Co., USA)E o]&3}o] 1/10= 3Al=
wjekollo] st - (Optical Density) (ODgo)”7F <Flo] HAE w, ofojeo]M(aeration)s HFIL 25% AAXF

(phosphoric acid)& AFE3te] pHE 6.52 ZAsIATh. #IolA](Lipase) MYE 0.5 g/1= ¥il 34 5= 10
g/15& 0.52 g/1/hr2 H7}sldaA wdb(agitation) £EE 900 rpml2 =T, &34 F7F 94A3 Hrld &=
AERADDAY S 48A7F B X&AI F, 25% 24k(phosphoric acid)S AH&3le] pE 3.0 243 3 1217TCel
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A 1587 Ao, wExe 2571 50Co EEstd Wy (agitation)S WFEIL oU=S

IF-8-(methylation reaction) ¥, GCHAS S8l HFA(Hydroxy Fatty Acid) & S43lth. (& 5;
a : WY ZE AHmethyl palmitate), b: "E =8 AHmethyl linoleate), c¢: ™WE 10-3]=F
E)-Z el A =4t (methyl 10-hydroxy-12(z)-octadecenoic acid)).

FERYU2 % (Pseudomonas. sp.) NRRL B-29949] A7 &ela} wg=x
) B FFIL2 A(glucose) TEE AT Y. AFAdg 3 ﬂﬂ(liter)‘%iioﬂ/ﬂ Fi9
oA 7H 2" 3 FE AT F, 24-30A171e] AEATRTAE AX AR AAES 3]ste] |l
ol ~H|Z(methyl ester)Z THE0] 10-3|=EFA-12(AE)-FEFE A =4F (10-hydroxy-12(z)-octadecenoic aci
& GCE Ao, Wt 39.2% ¢ M3 (conversion) E&S H3AT (= 6).

ZhrEalE S5 fris 10 ¢/15 0.52 g/1/hr HER Ta7]el HUtEdon, AEARES Fol7] 9
& T3 Fo &S = M ANERE Z7t Pg A4S AEAREE ddor A dojH. olgd A
AgHgo] F72 JhrialE T3 fol e xSk Aatel ok AlE S (cell toxicity)ol 7]R1shE

o2 ¥sA Ao 2 B Ao A HAEQ HFAE AAtshs dlol A3 9u7) gle Edon
2, 294 AAZ o] &3t U5 T AH|OLE AH(stearic acid)S AATOEAN AH|OFE AH(stearic acid)
A 592 o], Bk E8F 0% HFA S =oluAt AT (= 7).

<AA 6>, 48 X Habe] S 93 2494 uAE A FAH(2-Stage Microbial Biotransformation
Process)

A

-~

o
O

¢

FERYUA E(Pseudomonas. sp.) NRRL B-29945 o]€3t gl Ak(linoleic acid)2] F4tksl A
A% 7|Eed A7 Eu® A7 AFdef gl oojgold(aeration) S T8Il wWH7](agitation)
900rpme = &#E A @A AEATFESS B, o AydEs 7S Hid FER
(Pseudomonas. sp.) NRRL B-29949] A= A|Wik(keto fatty acid) A+ @8] =2k3) Awhalk Ark 7] 2ol
gk ZpolE HolE o FAHEAT. A A £ T D A (scale-up)S g HaE T HAHx
& A57F 15-gEl(liter) Lab W&E7|E o]&3lo] FHaAE L g}, o] we} M A=
I A= AE(cell) AF7]9] oojdlo]d A (aeration step)$} ’\Fﬁ}(hydroxyl tio
@A (anaeration step) &= o] Folzl 2uAl A4t FAE Letsitt (& 8). A4t ‘F% FFe T g A
A e AoFor A7k Ve AFRAARJ] A FelA F7E A &8 & =
AAEE ASHA o2 A IR A B v oyl Auldem R 2 ot
TEARE AMEE T

> b
ki

ool oot 2 & 1 i Ao

RO

HT o
2
ot
1%
M

(o3
e
=2
2

<AANA7> FERYA E(Pseudomonas sp.) NRRL B-2994¢] ¥¥3 (Phenotypic variants)d] W& degd &
7 (morphological character) ¥ <=4t3}(hydroxylation)<] &34

1). Pﬁ}(Hydroxylatlon) AEFAY A3} FERUA £ (Pseudomonas sp.) NRRL B-2994¢]
WolA(Variation)ol] ¢ 443} (Hydroxylation) X}o]

(Fermenter)E o] g3le] wWhEHE A FI FEREUA E(Pseudomonas. sp.) NRRL B-2994=
49“0}@ ﬂ A ol e st X]‘%}/‘J =9 AH(linoleic acid) ZF-H 10-3|=FA-12(A E)-ZEFHA]
AF (10-hydroxy-12(z)-octadecenoic acid)& AAtshe AEdE A3o AL &o] 1A 20g/1= =134
2 Uehdtie AMEE GA HAdoh ol d Bak FEY EERAdS AEE AEISAY g Avtd Gela
o2, 23 FAksk(hydroxylation) ¥H§S o] &3 AFIFA 9 MES Hste] A &9 Hgsled ddd o
T7F 2233

o o



[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

ZIHS3d 10-2010-0061246

ofell, d71eF &2 A A A sty Aol o) FAls] AWt

2). T+ERUA £ (Pseudomonas sp.) NRRL B-2994¢] & 7}x] ¥ &3 W o]A)(phenotypic variants)

15 e (liter) WA F(fermenter)S ©]&3to] F=Ak3} AE A3 hydroxylation biotransformation)2

st A9 A 89 Aolrt AE (1-20g/1), F=XEY S (Pseudomonas. sp.) NRRL B-29949] 22|24 e
(physiological condition)d wW3= 3Ielslict. AFsl(Hydroxylation) WHS &, FEZYys &
(Pseudomonas. sp.) NRRL B-2994%= &+ F7 el F=4Y F(colony type)o & EIHATH. AAH(Wild-
type) ol FEEYU E(Pseudomonas. sp.) NRRL B-29945 <3<k 3hH v x| (Nutrient agar) 26°Coll A 48]t Hj
F3tH, BT F FEe F=EUY(colony)FHol YA 55 HHe F2Y(colony) 7} HEFH OV, F4ks) wb
S (hydroxylation reaction)S WHEg A9-, wazx U S WHolA(small variant) FEje] ME(cell)7} F71E
7 FAlel FAksl wkS-(hydroxylation reaction)®] AdF&o] A A Fo=s g AT, S HolA
I variant) el Mxe sdst 2002 wYdelelS o, L WolA(large variant)® vl il F5kahH

T B FZ2Y(colony)E YEFITHE 9).

3). &% (Hydrophobicity)9e &A: &d<5id digh nAE F3F AP Microbial adhesion to hydrocarbon
(MATH) test)

@ v

WAL AME EH AFAdMicrobial cell surface hydrophobicity)d] A& Erslid
Fe FZ 25 mM

H2 A& (microbial adhesion to hydrocarbon(MATH) test)Z ZA3Act. 3FEF<t Hjt
PBS(phosphate-buffered saline)® % W Ao]53, 25 mM PBS(phosphate-buffered saline)
ol A #& WX (optical density)7} ¢k 0.60] HE=E 3}, o] AE HEN 1 5mlo] thekst
A2k (hexadecane (0 WAl 900(ul) ¥l (ranging from 0 to 900(w)))S ¥ 30%3F B84 (vortexing) s+l
b, 3027 BHAEIL HESs ¢ §, $4(aqueous phase)d] FHEE FAS 7] Ax dAEe FHE9)
o  FolE A,  #Aldzb(hexadecane)dl  tidF =  F-Z(cell adhering)?] WEEZ  ATA
(hydrophobicity)S #7138ttt vlAE AE TWH AF%=(Microbial cell surface hydrophobicity)2] SAS &
4o gk nAYE 22 A (microbial adhesion to hydrocarbon(MATH) test)(Rosenberg M., D. Gutnick,
and E. Rosenberg. FEMS Microbiol. Lett. 9:29-33(1980))°l n}e} =A 3},

~

] A= B2 (Microbial adhesion)(%) = ( 0.6 - aqueous phase® S3%= ) x 100

4), <FAF3} ¥k (Hydroxylation reaction) 3 "|AE A|X ¥W 4254 (Cell surface hydrophobicity)3}e] A+

AEA 298 o]&3d F=akg WS (hydroxylation reaction) & 7F& 83 AL Hrld o A7 A
EH(cell surface)®] @A wat 2] AxU F5-&3 AE A3 W& (bioconversion rate)ol] 4
n XA Ac), Z2Y FE(Colony morphorogy)et AE EW A4 (cell surface hydrophobicity)S &-<lgt
3, S WolA(variant)d EF 3 FFREANo] YelgdozA, S WHolA AE FW AFA(S varient ce
surface hydrophobicity)e] L WolA(L variant)®.th T =UTHE 10). S WHolA(variant) &= A|ES <4
ol Wax oA ME 7+ 257 A5 2HE-(hydrophobic interaction)oll 2o]3te] T3 dAE Hol e
213k "l & (bioconversion rate)S HATH LY WFL wlx] o] #d3sHA HXEA g vbd, S8
A ZAAE) o) AlEd 1ol FEEE 2SS YERAT. FEE U2 £ NRRL B-2994 5 Wl

17U 7E Ao B3 & st Ay Laﬂﬂr sg %? 7k W7t 7hsste], Lio] SP o

3], Lol A= A gk dS
%"]’5 tﬂﬁ}ﬂcﬂ 7:}2 #AFEE F e, o2 SFH WE
AU oR LY HEeR HEAHY] AFS & F UJTHE 10).

o

ot

ofN ox 1

O o o Mz o = oy oo

lf
\I
O
HU
19
:
41
Jlm ro
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5). A3 A 2EF X 3 WA (Sensitivity to oxidative stress)

o] Ay sld REz ol tisle] MEe doldis TS Wy Y3 AFoZ | Hassett et al.g]
=3 oAol(disk assay)E AHEse]  AMxel  Absld  AEd X(oxidative stress)ol  oidh WA
(sensitivity)S ZA}SIIT).

L ®o]A(L variant)e} S WHOJA(S variant) 242} $7] 4 S27](late-log phases)?] PAE #l % (cell
culture) 100 gl & TSA(tryptic soy ager)®} X% 3 wjx] Z#o]E(Nutrient agar plates)ol] wdsHAl 7+
t}. @43k Whatman no. 1 o3} #|o]y tj2~A(filter paper disks) (7-mm diameter) Z+Z}e] Zdo]E(plate)
o =i 30% H:0, 10 plS FFAIXITE, 26°CellA 24h wi¥sE 5 7} t]x==(disk) F9He A% oA o9
(growth inhibition zone)®] 27 (diameter)S ZA3FATE.

7)o AEE ALESlS A9, 00l o3 HX g F7]= Ly WHFo] S& WFRo oF 30% <skth. o] 2
2 [ HolA|(variants)7F O WS ¢ 4= g, T3 o] e A TSA Zdo]E(plate)dlr] #&E 4=
ARow, BHE sd X Zdo]E(Nutrient agar plate)dllAl+= }

rr
)
(i)
et
4 rlr
gQ
x2
o

6). TEREYUX & (Pseudomonas)oll &g Aol At

King et al.9 ®lA (medium) A ¢} ¥i*](medium) BE W33 FE=Xv}~ 3H(Pseudomonas agar P(Hi-
media, India))®} FEEU~ 3 (Pseudomonas agar F (Hi-media, India))& AFEStY FEXUA
(Pseudomonas) <] AJAks= Ml ¥ 2 Aol (pyocyanin) ¥ 3 28 & W (pyoverdine) o] AAFS 2olr Qtt),

I @ Alobd (pyocyanin) & U2 (Pseudomonas)e] &5  H Y (blue phenazine) A=, A A
(antibiotic activity)S 7F3 A& AE 2 EHFEE o]z AMFE(extracellular  secondary
metabolite)ola, I W d(pyoverdine) FEA9 &G AMAZ FLERux oo 24 =AM Pseudomonas
aeruginosa)®} tE FEREUA(Pseudomonas) oA WERATE. 1y Ao AR oA E oWt MAE
WAsHA HAd (= 12).

90§ 15y

2 ao] w2 Az Wyl 98] FAts A Haks AlFXshe A A vhS o] 4% FRRYS &
NRRL B-2994% o]&3le] AA|dom =23l Aitks A5 4 o, 874 sty FHS MTd = s o
7HA AT A}, o]lE BuylR AuFel B3 {7 B2 Ak A §7] 4 BE oA 2 AN 5

7 o Qv

AATAE Y molth,

g A, el Abe] Akst

FASE dA s e U]*ﬁ% #+59 AEASN PHES B4 C AREIRS YERA Fo]
b: linoleate), c: HW¥ 10-3]==A]-12(A]

= 62 24-3077Fe] AERST A S AA A" Agte] A8 58S Yehlle =l

% 78 ofubd fol Aol Al Aol 2817 FAE o] g Fo 24 Wah Lexeln,
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R

T g A E(cell) AA7Y oojd o] wA (aeration ste
A @A (anaeration step)@ o] Foi 2vtA A FA] =7

%= 82 A¥E A (cell mass)S W

p) ¢ 23} (hydroxylation) ¥H3-7]¢] <lefo}d o]
£g YERd Zolt}.

T 9% A3 (Hydroxylation) ¥HE 3, FETUA & NRRL B-2094= § EH FHlo =22y 8
(colony type)o. & ®al® AAS Vel Zo|t},

%= 102 FEXuRs & NRRL B-29949] A AP (LE SO Ax wW 244 2 B WU A
& YehlE a2 Zo|tHL(@) and S(O) variants].

© e BEPO] whe s Auate] A G0 ARrtEIRe YE Eolth [(A) L variants,
(B)S variants].

% 128 fFEEU2 & NRRL B-29949) A% mAFQLE 2 SA)) 4t 2Eg o] gig WztE @A)
eI E = °

=9
EH]
CH
. \/W/\/
WW/W > WOH
i 0
Oleic acid 10-hydroxy-octadecenoicacid @
CH
— OH
— = OH > TS MT
W\ﬂ/ X
Linoleic acid 0 10-hydroxy-12-octadecenoic acid
OH
— = = o = mwm
Linolenic acid " 0
10-hydroxy-12.15-octadecadinoic acid
EH2

Fermentation of Pseudomonas sp. NRRL B-2994
at 26 C and 450 rpm for 24 hr

1)

Addition of lipase and substrate(oil)
at 900 rpm for 40 hr

1

Extraction by ethyl acetate and methylation by BF; methanol

|

GC/MS analysis
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Composition of
fatty acid

Safflower oil (%)

Flaxseed oil (%)

Linoleic acid

755

14.6

Oleic acid

135

17.8

Palmitic acid

3.1

54

Stearic acid

1.3

3.2

Linolenic acid

589

51
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EH5
8000 a7
= C Retention Time
400.000—] b
- 583
300.000—]
200.000— a
- 448 e
100.000—] oo
= 7
°'°‘°°|||||||‘;l|q|hl;s|‘|r|||||||||
000 3.00 600 900 1200 15.00
W6
Incubation . . . . ; :
. Total oil added{g) | Linoleic acid (26} | 10-hydroxy-12(z)-octadecenic acid (26)
time (hr}
EH7
W
70

30

20

M.

o u
A °

B <
Fatty acld

Fig, Compasition of fatty acid in Flaxseed ol
A Linolenic acid (50%)

B : Linoleic acid (20%)

C : Oleic add (20 )

D : Stearic acid (10%)

%

&

1]

m —

D)

30—

0 I I

b— -
A [y b

‘ ¢
Fatty acid

Fig, Composition of fatty acid in SCCO,~treated flaxseed ol
A : Linolenic acid (51%)

B : Linoleic acid (21%)

D : Stearic acid (5%)
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EH8
Table. Condition of hydroxylation in by Pseudomonas sp. NRRL B-2994
Fermenter 1# P
parameters (Cell growth) (Biotrnasformation)
Inoculums 25 ml of imoculums 0
Working volume 2.5 liter in 3 liter vessel 2.5 liter
Temperature 26T 26T
Controlled at 6.5 with
q
P % 25%NaOH
Aeration 0.3 v/v/m 0 v/v/m
. 420 rpm (impeller diameter 900 rpm (impeller diameter
Aghation 64mm) 64mm)
Substrate 0 0.52 g/llhr
Cultivation time 24 -30hr 48 hr
EH9
4% BEE AL Ao| (A) 2-2SE Hol¥ B) 22-22 Hol¥
(A)
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ZH10
35
=0
o
o 30 =
g
HEH
20
£
2 45
g T8 o
g o
o & ; ‘ A :
0 100 300 500 700 900
Hexadecane (ul)
[L(@) and SO} variants]
EH]I
200.000—
. Retention Time
160.000—
120.000—
80.000—
40.000—
0.000———
0.00
200.000— =
= 5.55 Fetertion Time
160.000—
120.000—
80.000—
40 .000—
G.DDD—_I 5
0.00
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Phenotype Descriptions
L variant S wvariant

Colony shape Large, flat Small, rounded
Adherence to surface & H o
Hydrophobicity + + +
Sensitivity to H2O:  stress + + +
Exoproducts

Evoverdine - -

Pyocyanin == ==
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