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SUMMARY

I. Subject of the Study

Production of Natural Flavor Chemical by Biotransformation using plant oil;

Production of Aldehydes, Alcohols and Butter Lactones

II. The Objective and Importance of Research

1. Objective of Research

The objective of this research is the process development for the
production of high-valued natural flavor and fragrance chemicals, that are
used for the production of natural flavors and fragrances, from relatively
lower—priced plant oils containing high amount of unsaturated fatty acid,

linoleic acid as used for functional foods.

2. Importance of Research

Toxic heavy metals are usually required for processes of specialty
chemicals including flavor and fragrance chemicals, pharmaceuticals,
industrial solvents, and synthetic polymers as catalysts. Recent efforts to
preserve environment renew interests to develop "Green Chemistry”,
bio-organic synthesis using biotransformation and biocatalysis. In the
worldwide flavor and fragrance market, 709 of chemicals are synthesized
by organic synthesis. Due to preference of natural products by
consumers in world including Korea, a demand for natural flavor and
fragrance chemicals is increased. As chemicals produced by
biotechnology can be recognized as natural by many regulatory agents in

the world including FDA (USA), recently there have been great research

_10_



efforts to produce natural flavor and fragrance chemicals using
microorganisms, enzymes and tissue cultures.

The objective of this research is the process development for the
production of high-valued natural flavor and fragrance chemicals, that are
used for the production of natural flavors and fragrances, from relatively
lower-priced plant oils containing high amount of unsaturated fatty acids,
such as linoleic acid, as used for functional foods. Especially, Korean
safflower oil that contains high amounts of unsaturated fatty acids
including linoleic acid (>80%) is valuable for the production of natural
flavor and fragrance chemicals. Safflower is one of plant oils that can be
produced in Korea. Safflower oil is produced from seeds by a simple
pressure process or commercial expeller. This oil is usually sold as a
traditional cooking oil and a functional food supplement. However, the
price of purified safflower oil containing high amounts of linoleic acid is
only <$20, and safflower is not an economical crop to improve farm
income. In this research, linoleic acid in safflower oil can be
biotransformed to hydroxy fatty acids by whole cell biotransformation
process using various microorganisms. Hydroxy fatty acids can be
further biotransformed to shorter 4- and/or 5-hydroxy fatty acids that
can be transformed to - and/or -lactone, that are one of important
components for high-valued natural fruit and dairy flavors, via
lactonization reaction. Natural - and/or -lactonecan can be sold as
$1,000-2,000/kg. In additior¥ linoleic aéid in safflower oil can be
biotransformed to various aldehydes and alcohols that are also important
components for high-valued naturaly fruit and§ dairy flavors by
lipoxygenase and hydroperoxide lyase of various agricultural crops and
fruits. Natural aldehydes and alcohols can be sold as $500-1,000/kg. The
development of natural flavor and fragrance chemicals, by microbial
biotransformation and biocatalysts using Koran safflower oils eventually

encourage safflower farming and improves income of safflower farmers in

-11 -
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Korea.
M. The Scope and Contents of Research

1. Characterization of lipoxygenase and hydroperxide lyase and

optimization of reaction conditions

Selection of lipoxygenase - Screening of lipoxygenase from crops /
éruits produced from Korea

Characterization of lipoxygenase - Biochemical characterization of
lipoxygenase from crops / fruits with high lipoxygenase activities.
.Selection of hydroperoxide lyase - Screening of hydroperoxide lyase
from crops / fruits produced from Korea

®haracterization of hydroperoxide lyase - Biochemical
characterization of lipoxygenase from crops / fruits with high
@ydroperoxide lyase activity

Optimization of reaction conditions - Optimiztion of enzyme
processes for the production of natural aldehydes and alcohols using
.crude preparation of selected lipoxygenase and hydroperoxide lyase from

crops / fruits

Optimization of Reaction Conditions

Temperature / pH / Buffer System / Enzyme Kinetics

2. Characterization Microorganisms for hydoxylation and limited

—-oxidation

Selection of microorganisms for hydroxylation - Selection of
microorganisms with hydroxylation activities from natural environments

and culture collections

- 12 -



Characterization of microorganisms with higher hydroxylation
.alctivities - Microbial and biochemical characterization for the
development of whole cell biotransformation process

Selection of microorganisms for limited -oxidation - Selection of
®hicroorganisms with  limited ~oxidation activifles from natural
environments and culture collections [§]

Characterization of microorganisms with limited —-oxidation
gctivities - Microbial and biochemical characterization for tBe

development of whole cell biotransformation process
3. Development of commercial biotransformation processes

Whole cell biotransformation process development for hydoxylation
and limited -oxidation - 2-stage microbial biotransformation
@®rocess developments for hydroxylation and limited —-oxidation in
commercial bioreactors@’ lactonization reactions
B
Optimization of whole cell biotransformation process in bioreactors
Fermentation temperature / pH / Oxygen Tension

Mixing / Aeration / commercial medium

Recovery and Purification Process

Solvent extraction / Distillation / Fractionation
4. Sensory evaluation and establishment of quality standards
Sensory evaluation and quality standards of samples (natural

products) - Analysis of products using analytical instruments and

sensory evaluation to set purity and flavor characteristics

_13_

13



IV. Results of Research and Recommendation

1. Results of research

1) Characterization of lipoxygenase and hydroperxide lyase and

optimization of reaction conditions

Plant 9-lipoxygenase (LOX) catalyzes dioxygenation by converting
linoleic acid (LA) to 9-hydroperoxy-octadecadienoic acid (HPODE).
These HPODEs can be utilized as substrates of hydroperoxide lyase
(HPL) to produce cis-3-nonenal which is high-valued natural green
odor. The purpose of this study is to characterize 9-LOX activity of
Korean agricultural products such as eggplant, potato, sweet potato,
pepper, carrot, soybean, cucumber, tomato, bell pepper and pumpkin.
Crude enzyme extracts prepared from the homogenized plant materials
were used for investigating the LOX activity. In the pH range of 5-9,
optimal pH of plant LOX was determined by observing the increase in
absorption at 234nm. Soybean, potato, eggplant extracts displayed the
greatest LOX activity among the plant samples tested. There were
isomers in LOX family, and plant LOXs have been known to mainly
attack two different dioxygenation sites on HPODE. In the HPLC
analysis of the LOX-catalyzed products 9-HPODE was a major
compound from eggplant and potato but 13-HPODE was a predominant
product of soybean. Therefore, potato and eggplant LOXs maybe

potential candidates for 9-HPODE production.

2) Characterization Microorganisms for hydoxylation and limited

-oxidation

An isolated strain for the conversion of linoleic acid to

- 14 -



3)

10-hydroxy-12(Z)-octadecenoic acid was identified as
Stenotrophomonas nitritireducens by full sequencing of 16S rRNA,
phylogenetic tree, and nitrite reduction. S. nitritireducens had novel
specificity with a unique regio- and stereo-specificity only to
cis—unsaturated fatty acids of C16 and C18, which were converted into
their 10-hydroxy fatty acids without detectable by products. The strain
showed the  highest  specificity for linoleic acid among
cis-9-unsaturated fatty acids. The cells of 20 g/l produced 15 g/l
10-hydroxy-12(Z)-octadecenoic acid, a material for natural flavor
production, from 20 g/l linoleic acid concentration at 30C and pH 7.5
after 2 h with a productivity of 7.5 g/l-h. Consequently, this
productivity in such a concentration showed the highest value among
the production of hydroxy fatty acids reported thus far. The
characterization of Yarrowia lipolytica ATCC 34088 is being
investigated for the production of butter lactone from converted

10-hydroxy-12(Z)-octadecenoic acid.

Development of commercial biotransformation processes

All commercial biotransformation processes for hydroxylation and
limited -oxidation was carried out using in-situ bioreactor. Natural
6-dodecen-4-olide (Butter lactone) was produced from plant oils
containing high wunsaturated fatty acids via 2-stage microbial
biotransform@tion.  After unsaturated fatty acids were liberated from
plant oil by microbical lipase, these were converted to optically active
hydroxyl fatty acid (HFA) by hydroxylation reaction of Pseudomonans
sp. NRRL B-2994. When safflower oil containing>75% unsaturatedfatty
acid, linoleoic acid was used, P.sp produced 8g/l of
10-hydroxy-12(z)-octadecanoic acid with average of 39.2%

bioconversion efficiency during 48hr biotransformation period.  The

_15_

15



recovered 10-hydroxy-12-octadecanoic acid was further bioconverted to
4-hydroxy-6-dodecenoic acid via partial -oxidation by Yarrowia
lipolytica ATCC 34088. 4-hydroxy—-6-dodecenoic ac?d in culture was
lactonized by loweing pH to 4 using 4N H>SO, and heating for 5 min
to 6-dodecen-4-olide (Butter lactone). Natural 6-dodecen-4-olide had
characteristic = aroma  properties when to be compared to

6-dodecan-4-oilde (dodecalactone) and 4-decen-4-olide (decalactone).
4) Sensory evaluation and establishment of quality standards

The chiral specific 10-hydroxy-12(z)-octadecenoic acid was extracted
by ethyl acetate and its structure was identified by gas
chromatography-mass spectrometry. The purity of butter lactone was
>90% of the recovered lactone preparation. The limited sensory
evaluation of crude preparation of butter lactone showed characteristic
profiles.  Further purification of butter lactone can be used for the

production of unique fruit and dairy flavors

2. Recommendation

Commericalization of natural flavor and fragrance chemicals: The
results of this research can be applied for the production of natural flavor
and fragrance chemicals with optimization of these biotransformation
processes. The commercialization can be carried out by flavor companies to
improve their flavor formula that can be competitive in the worldwide flavor
market. The production of natural flavor and fragrance chemicals, by
microbial biotransformation and biocatalysts using Koran safflower oils
eventually will encourage safflower farming and improve income of safflower
farmers in Korea. Furthermore, the biotransformation processes for

hydroxylation and limited -oxidation can be used for the production of

_16_
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pharmaceuticals, industrial organic solvents and high-molecular weight

polymers with the development of organic chemical synthesis.

We will encourage flavor companies to produce natural flavor and
fragrance chemicals and to applicate these chemicals into their flavor
formular for commercialization. In addition, we will fucus on transferring
these technology to chemical companies for the production of various
chemicals that are usually synthesized by heavy metal catalysts using

petrochemicals.

- 17 -
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a9 A
Flavor and Fragrance chemicalg X33t A& A8 7]
S} 34 Polymer 52| Specialty chemical At &A= of
l‘i‘% TEETE ¥ F4go] g FujE ol &3 A HA
S 7ML oy FH 34 BE "o uE A {U1EA

(Green Chemistry)el  digt #A4lo]  Fojdd oz}
Biotransformation & Biocatalysis & o] &3t o) A

Bio-organic synthesis o] #4o] I 1 9l

o)
o
o
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o
=
[147)
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o
=
=)
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=
o
=
i)
o)
oy
)
o
o
+
=
g
0
2,
147]
rr
=)
oz
i
ftlo
=
b
o
oz
d
o

3t} Biotransforamtion 2 Biocatalysis ©]&3%F Bio—organic
samthesis A 7Es o8 A e 22 2948 7T

T it
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a. 87 g AL T AT R 2@ 7 24
4 7E
b. A8 A FEAH D A

(Steroselectivity and Regioselectivity)
c. ML #71 &4 EZY 7/1E (New/Alternative
Biosynthesis)

A AlAl9] Flavor and Fragrance chemical market:= 70% ©]4+
ﬂ Organic synthesisoll 98t A= v} W 2 A A A
A AHAte] HA Al g AsER A% A Flavor and
Fragrance chemicald]l &7} S U= At AEFFAQA 7=
AME = AAlE v FDAE Bl 53 ZF=1 9] Regulatory Agent

25H A &A=z dAH7] wiEel H s, 24, 24

3

=
==
o2
oj

& 9

o

3 A< Flavor and Fragrance chemical A2kl

7} kst

(o

bl

-

i

g, 223 ARAS OgF §4@ TUL HEHE o8P 1%}

g 2 FF ds5E49 A

ke
[-40
-
s
i
R
b
N

oy

$A4F Linoleic acidE thdo = gk =ru)
B AERE ol &Sty Wed] AiHo® AVES VA A
AZA EuE ol Al 28 Biotechnology 71&2 ©]&3}4]

A
#5510 tokst A A Flavor and Fragrance chemicals 4 A+a
o
o

oft
m
(o,

A ARE e A 71ES ApdetE £

S ARRE BES AUt Fdo] Be FHfb

94 4 ARz fUE Agoln o

=
FAAEE A AAHe A dvh 5 BelH FEH
([ J
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Bed dRE A4S NES 89 24 L $ue BEolY@
grnz @ A% FAAZ ASHARL Atk EH FHAE
= ]

=
oil olgtat=d FAES Fx3 AWl Linoleic acide® %
0-80% ol %< FHfrstar ol Zel=vHl=9 WAt
st A8s dte Adow dHA Ved AFaAE AHEE
24 v AlEste] di® e Ao 53 slielA A
s = S8 80% ol &2 EXs A4l Linoleic

acidE $Hf3sta o] AAZ 7Fx Aol ¥& At

4 Aldehyde % Alcohol A4t Z3lF5ol vz dHd &
23t AWkl Linoleic acide= A Eoju v o] EA)sh=
lﬁpoxygenase 2 Oxygenase (Mono- and Di-) ¢ Enzyme
activityell ¢]&}o] Hydroperoxy AWAto =z wgtxo] X<l I8

2 %Y dREAe ANT £ dE OIS oA wag

O

ATk W3E  Linoleic acid FEA= AE 2 vAEY
Hydroperoxide lyase © ¢]3}e] C6, C9 and C12 aldehyde %
Alcohol® W gE o] uR7ke] AMdE off ghe] Hdd FE& ¢
d T s AEE ANE F dnh AR oSS
Aldehyde % Alcohol H¢l g0 2 A

Antifugal ¥+ Antimicrobial agent® A} %2 4 it}

A Lactoned] AAb: F3hfool obd ied Exst AdAd
¢l Linoleic acid®] °ols Adol x| vt 5=

oA e AAE EXxs AAE Wol Jaio] 93t
I¢vdroperoxy A|WAto 2 W 3lw ™ Hydroperoxy A|™A4ke &<t
Aste] A <ebAH 3 Hydroxy fatty acid = W3kd = Qloh
ok thFe nAES o] &3 Whole cell 8o 9ste] EAES
Linoleic acide Hydroxy AW4to @ w3tdEc o2 A AAE
Hydroxy A|%4ke wjAlE9] #lgkel  -Oxidation tiAbell <] 3s}ed
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4- WX 5- hydroxy fatty acid® ®3$k% o] Lactonization
reactionoﬂ 9]“5‘]—04 - H:_l_‘\_‘_‘ -Lactone®. = %%Eloi ——]—7—‘1:!]‘7]'9

A9 7 g2 99 z¥a 3= 9 99 azzas Ane

Z3 g4 o) AAY A (Optically Pure Isomers):
Igocatalysis 2 BiotransformationS ©]-&3te] AitEl Ao

Linoleic acid® °]&3 AtdE HA &5 2 ¢ 95 24L&

= =
71818 e w A =43 2] A9A FIAHA 84
(Optically pure isomers)= AU HA &g 2L & dg2A
o] AFAo] wL oHAE MYHoR AASHA FHol 1 7HA
7F 57F €k
CAEAEHY % ¥5 2 FH d=5EF A4S AT AA
A 7e FF

B33 A4kl Linoleic acidg ol &3 A &5 2 I o
SE4 Aake FAH <2 &7 3| AFS] International Flavors and
F.ragrances (IFF), Giviaudan % FirminichS ¥33 & &=
3| Akel 1 HHEA A4 (USDA-ARS)E B #3 vl

24 A 1597 Biotechnology S ©]-&3+ Ak 7]& 7
A& Hdoy, Aikdel ddstel=

.
AA W gE D o 9mEd ALe 98 AHA Aol
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AAQ e 7% Jate] @FE 1 Q)

2. BA - AHdH 9

7}

Y,

A FE 2 FH 98 AN AAF 71X

A AAY Fs R FF A TR A A FE R FH
e PRE 2002d V1Ee® of 1609+ ($16 Billion) =, ©]

s Ao w 1026 9] A2 A EE H] % 3

-

Biotransformation and BiocatalysisE ©]& 3 Biotechnology
Product® xAld Aoz oF5¥i Ut} BiotechnologyE ©l-&
3l "4 Flavor and Fragrance Chemical2 3}t 7] Al &
3l AR B nlete] &R xrE g wolEd ¢ Qo] =
2 7t ® dAwE = o] BAAA BAHS e A A

= MEE = e 7 E AlEdh

AQ $2%: 9EAow A9 ¥u 0 P4 dupde FAR
g olgd W FEERA, A3 FFe A A, Aol
FAA B 9 As, AN B ste] W U3
A grol AAH Aol o] F55 o ol gol AUtk

5
*0k A 34 2 FE 2AY o, A¥AY] 153 FAR
A Fu7F P TSR A HAI3EE BYgeE
Biotechnology & ©l-&3t 35 2 I du5&4d A A=

2 obEold miske] Al el A gl

b &% FUE A8 2t 34 ¥E 2 3% YREAY
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ok

Il A AAEE A HEF T Sske 12948 220w o

B9 v e A Ael 6-7974 Zol W 34 AL F Zo] A

= 244 ExpellerE o] &3}
AE&FU A7 B AFomA dwfEa gk shARE FAld
=2 3] Linoleic acid#t® 1 74 L <$20/kgol v &3}
S gFor Auiste] st S Ze7ld s AR el

s
2
Ho
e
i
-
Ho
i
ool
ot
Ho
rir
R
oft

ol 3l o]f = E¥3} xHAkel Linoleic acid B &f3t1 ¢
of AAH 7tA7F & FWAF E3{E Biotransformation 2
MiocatalysisES ©]-&3lo] $1,000-2,500/kg 7Fx o] v HA

FE W FY ARTAS NSl T B3} AW FtE B
I~

s Al7lm A&Hel £ole wgd F vk

o 1A ¥ 2 P 95229 A WY Ve FRE 5T =
A BRAY FAE

T FE AF AW AT Fm AP o 20009 9 FE
o FRelAw, @5 o] FE % FF AnBAel Ul 4 )
&9 vuE 9% FRIMNE AFE 27 Fad T o
8% ATl Yol k. odF W g

el A AMAst7] Aside Tlle] Fs B FE dREE

lo,
Hd
2
Lo
)
X

PR GHE T FA AAG: B A7 2ol o9 vy
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e AU =109 HAsE oldel| 1L 7heAds A Wl
A& oAy Ad AHe xxdex HEHEAtvk. "Process
Chemistry” ] W3t 7/l &= Figure 13 Zow E¥x3} xuake
2579 A 72+ Figure 2, A

ol g% W TR 2 Y ¢

R

| AE FAY T 71+ N_E Figure 32 2t}
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Substrate Products

Economics

Bio—Organic
Synthesis

Whole Cell
Enzyme

Product
Recovery

Characterization

Application

Engineering

Efficiency

Stability

Cofactor
System
I
Multiphase
System

Figure 1. Process Chemistry$] ¥AX %
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b o
bl N

1. Lipoxygenase - Hydroperoxide form ation at different sites

HP Lyase*

Hydroperoxy Fatty Acids — = (Un)Saturated Aldehydes

(HP Lyase - Specific acitivty on Hydroperoxy fatty acids)

2. Oxygenase - Hydroxy fatty acid form ation at different sites

Hydroxy Fatty Acids via Limted Beta-O xidation for Lactones

Figure 2. Flow Chart for the Development of Bioprocess for the

Production of Flavor Chemicals from Fatty Acid.
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Inoculum Fermentation

Sterilized Cell Broth

Membrane FiltraM Extrack

33

ecovery

Extraction/Recovery

Distillation

Fractionation

Sensory Test

Figure 3. Process Chemistry — Flow Chart for the Development

of Bioprocess
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2. d7NL 39 &

7}.

Y.

B ¥3 X %4k Linoleic acid® W3 Al & 9+ 84 € 7
AE9 ¥8 - (Identification of Biotransformation /
Biocatalysis Process) - Linoleic acid Modification system

and Bioprocess

Bx st AWt Linoleic acidZ%-E] Aldehyde % Alcohol A%
& 9% g9d  Fua B4R Lipoxygenases)
B =

Hydroperoxide Lyase®] &%, Characterization & A& A%t

E ¥ 3} A" Linoleic acidE Mono- and Di-oxygenaseE ©]

&3dte] Hydroxy #A¥itez d&ad 4 e =W PAE 2
g2 asdn
Hydroxy A|%2Fe o]&3le] - Ei&=  -Lactone AAHS $J3h
Ag# -Oxidation A 285 Ad FH ABEC] e &
% AEA v 5

B

AEAZTHY] g™ A 3489 /4L - (Development of
Industrial Bioprocess for Biotransforamtion and

Biocatalysis)

A4 Aldehyde % Alcohol A4S #3 Lipoxygenase$}
Hydroperoxide LyaseZE ©]$83% Laboratory & Pilot Plant 4~
o =T /N 5-10g/Liters] A

@1 Hydroxy Ak A4S S wAE/ A&
Hydroxylation 7]2t& ©]-8&3 Laboratory & Pilot Plant <
9] Hydroxylation A&¥74<e] 7| - 10-20g/Litere] A4t
£

n Ay Eol Algkd  -Oxidation 7]2H& o] &3k Laboratory &

Pilot plant scale Lactone Bioprocess® 704t - 5-10g/Liter
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o A

o AdA EE AA 7l g € #F5ZHA (Development of
Industrial Recovery and Purification Process, and It's

Organoleptic Evaluation)

Counter Current Extractions 233k t}ok3sl 3}shE 2 9

[gboratory & Pilot Plant =£2] 22 AAl 7= 7/Hd

o
B
s
o
i)
o
o
s
Lot

Molecular Distillation ® Fractionation

54 9] Laboratory & Pilot Plant =5¢ &2 AA| 7]&<] 7

[ )

Ak

=

AArEl A g5 U FF dgEEe vr|EY 9 #AsHAE
Z3 244 A 71% (Quality Control) 9] &

[ )

g HA 5 Z FF AR EZ AAFY A E o]F o] &3 X
3k A& AAF (Production of Sample and their Application

into Flavor and Fragrance Formulation)

g r)= =k “Process Chemisty” /NS o] &3Fe] AlA|Eo]

Laboratory % Pilot Plant =04 Al ztE]o] A4l 7] 7]+

4 2 BEgAg el g 2 g4 duBdndel 45Dy
%

i

2 24wl Hul, gYAe 29 w2 3 AL

7FAl (Flavor Quality) ¥ 7 A4 (Economics)< 3 7|3k},
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H 2 & ade 72/

B3 AAS ¥3kst E xuate g 9 3R Jda 2R A=
7b =23 EA459 &uE, IFF (Internationl Flavors an

F
Giviaudan % FirminichE H| &3 AAI A &g 3AE SR AE deé‘f

(=N

W (Biotransformation / Biocatalysis)ES ©]83 A wals o] 438 A &H
WA A5 EA A A s FEsta Yk A 1543 74 =

A Freae dF wPor PEFNE o&F A Fr B FH <

A EoA E#H Lipoxygenase and Hydroperoxide Lyase
Aldehyde 2 Alcohol A4t
([ J
7}. Lipoxygenasei Soybean©l A 651 Aol A8 <& % i1, Non-heme
Iron 424 Fo X-ray diffraction Wl 2sto] 33
7 A4S0 Lipoxygenase= & 3E3F AWake] olF At
Hk-2-3lo] Hydroperoxy A|WAHS A st ii/ﬂ, Z 72}, 90
s EIN vgd nAdEd At wA=] ] AR FA
AES gy, Akl ol Ad flAlo we 9-, 10- =
= 12-, 13-Hydroperoxy A®AFS dAdtAl ™ hydroperoxy Al
HkALS- Hydroperoxide Lyaseol] ¢]&te] xWbAle] C-chain®| #°] A
o}t Aldehyde®t 1o w2 AlcoholS A4FsHAl At

F

_4

ol

ut

. gk A& gy AE dAlo Lipoxygenase? activity’} =-A 3
o= AME S edf AFYH 2 A AN o] Enzymed] A&
Aol Ao g dab 7122 Ags] dEAd dA gk gEFe
A &0 B8 ¥ Lipoxygenase:= C9-, C10- T+ Cl12-, Cl13- ¢
2ol PA Eo]A (S-Regio-/Stereo— specific activity)= 7}
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.

H}.

3 o}, Lipoxygenase®] A @S 2l&Eo Au] Fio] et A
o|7} @Wol] .

Hydroperoxide Lyase= @A =hol F-zrEofglo] &4 w2 AA
7F o8 a47]2e] & 4 A A &l Hydroperoxide Lyase
+ C9- T+ C-13 hydroperoxide 712 Eo]A& 7FA 1L Y= AL

2 484 9l

Hydroperoxide Lyase= =2} % (Tea Leaves), Green Bell Pepper
Fruits, EvlE 9, vluy 18]35 Guava o 2 Al o}, 4%
= A FRe C6 Aldehyde (Green Note) AAbol] Alg% a1 Q)
S}, Hydroperoxide Lyases w2 AAlE AAs Lo FFol

AL v 53 AAAQ] gHel AV A

ol Guava Fruite] C-13 Hydroperoxide Lyase”’} Clone¥ ¢ E.
colilX] &85 Ad Axg ddw Fe JA Ho 434 +F
9] C6 Aldehyde (Green Note) A4t o] &=l oy) A4 &
24 el = A7 QAT

ol
o

Hydroperoxide LyaseE <t 4d3tE $13l Yeast Alcohol Dehydrogenase

o]

9

7}.

£ o]l&3std =Ado] g AldehydeE <A AlcoholE WHEAIA

Hydroperoxide Lyase9 ¢t43E f=stdov, o &3e vH s}

W, oA ow F 4= WojXd Alcohols AAtgtomA Aol

AA Aol el

A& 9] Hydroxylation® #3232 (limited) -Oxidation &9l

3 Lactone Ak

o}kl Lactones #Y, 9% (Dairy Flavor)e] 523 AHEo=

[e]
A W g SRS A Fod G482 @ ABdN F3
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o]  J¥Eo], Castor oil® FAEQ  Ricinoleic acid
(12-Hydroxy—-10-octenoic acid acid)E& Candida sp.& ©]&3}o]

A gkA el -Oxidation 3] -decalatone A4 7]so] 7HEHE o]

3]
i=}
o] &3l Lactone Aty ¢ @& Linoleic acid® v &3 Ex3}

A kS o] &%k Lactone Aitdl& 7 SAIZ et 3 HA

= Bxst At o]F AFAA e Hydroxylation ©]il, F
A= Hydroxy Aol Ag2A<el  -Oxidation WFH$E o] &3l =
ZEAQl 4- T= 5-Hydroxy AWHAFS AakstE A o|th. 4- &

+ 5-Hydroxy A%4t2 Lactonization gaction% AH A4

IEE  -Lactonel ® W3l E T}

. A4 Lactgne A4S Ricinoleic acidS ©]83F  -decalatones A
et ZlsRA AAEERdel:, diAREs R Qg FEAQ]
4-Hydroxy Decanoic acid®] ®a|= <2ls] 2o otxn
Ricinoleic acid®] Ao = 1 3w dAE A glof
<t &84 -decalatone AAF 7|9 Jike] Hasir. HZ
10-11 g/L¢ -Decalactone A4t 7]&o] FRAAE FTAHo=R
A= Ao, dAE A A& A Vs MEsE a3

a3k

o

ol Hydroxy AH4FQl Ricinoleic acid®t @] Linoloeic acid=

¥
Y
Akl
st By 3t AWake B33 A W4ke] Hydroxylation HE-S-©]

p

23}, Enterococcus sp., Pseudomonas sp., Acetobacterium

el R

sp., Nocardia sp., Lactobacillus sp., ZL¥1 1 Flavorbacterium sp.,
o 93 olFYAE Aew BHuFHOow Linoleic acid:E F=

Rincioleic acid €] ©]A4 & A2l 10-hydroxy-12-octadecenoic acid®=
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HeE s oz dyAd aHy vAES o] &3
Hydroxylation A4t <2-3 g/L& A stslr]ol= dA 3] vt
& Ef o] T

nAES o]&3 Ex3 Xute] ¥ Hydroxylation ¥H-8-2] A
2o g ole] o] w2 -Dodecalactoned] BAMAH L <1 g/L
o $t& FH R, Linoleic acid® o83 Lactone 4k 71&& 44l
st #A i Atk

v &S Hydroxylation ¥H3& B X3 AWake] o|FAg 3} ukg-
sto] @& (Optically active)dt 43t SHAlE 4 5+ o
v i FE (+)10-Hydroxy A#4FS AASEe], th43t Lactones
AAE 719 E 9-, 12—, == 13-Hydroxy A HAMS B Z3F A 28

B3 o] AAE AT 4 9l wAZe] B0 Wadt)
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o2t

He 2 zo

A3 E TS

Al 1 A Lipoxygenase 2 Hydroperoxide Lyase®]
Characterization ¥ Reaction condition

2 5 5}

1. A8A 8
7t AEAR
LOX &4 ®W§E& 9% 7122 Linoleic Acid(Sigma
Chemical Co. US.A)E T Y3te] o] &sldom HF 842

Flukadl A +¢ 3 Lipoxidase (EC. 1. 13. 11. 12) 9.2U/mg<
o] &34ttt HA4E W9 Lipoxygenase (LOX) &4 =A%
Ad e Bid &S AR A, 7, LTl

g, U, 2ol EvtE, 99, S 55 AJFCdA 4 0}51

A A 8k A & ALE-3F A o). sk Hydroperoxide
_]

il

Lyase(HPOL) &4 A< 8= &, 27], vy, ¥&
EvtE, w, A, 2ol Hud, EvtE, A% 55 AlFelA
T Yt AbEst e LOXS bbb A R AldEd Asvks
Ab&skAth ool &4 Sy AditE E4 S flEA

19 Al2F¥ HPLCE &1 ES AL-&3& 9t}
2. 434y
7}. Lipoxygenase (LOX) &4 &3

32 Jean-Louis Bonnets D¢ WHS 283to] A3t

ok = 12L& 10409 Linoleic Acidet 1mé1e] 0.IN NaOH, 50

9] EthanolS 4m¢2] H.OF %A = Ho] & T H.0E 713
2omlE gtEo] olE VA fHo =T ALEST ghA2 A
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o] A& Al: 100g(F o] Fiol A& A= 45 5g)d ot
%3t pHY buffer(pH 5 : citrate buffer, pH 7 : phosphate
buffer, pH 9 : borate buffer, 4TC)¢} 42 % blender®Z =%
gto] o] & cheese clothel & #43 & ZAzizxl §4& A4 &

(10,000 rpm, 10min, 4TC)gt & FAHE ghHoZ AL§ 3
ok 71d &9 0.3mlS buffer 2.7ml(pH 579)¢ 4L & g Ah
FE=d 10pe A& & Spectrophotometer® o] & &}

Abs234°l A F7FES 30% AR 1083 SA

. LOX wt&ol o3 BAHE £4

LOX Ad&Ee &S falM= Zecai Wu 529 W
o] &3ttt 1.29mM<] Linoleic Acid’F 411 0.2M<] buffer 50
ol EAY 3me ¥a Ao 1583 0.5 7hgt) wkg
o] Euym™ RHES FTWA7|aL HCIE pH 27H# BtEth
Diethyl etherZ ¥+ W F=3F & Sodium sulfateo] 33}
TS AAZG. o] A
WAl 7131 Hexane 3mlS #H7bste] o]& HPLCE &£wl=2 AE
3T}, A Ad 2 Waters 600 pump®t waters 486 UV
detector’} #2® HPLC system< AMg€39  columne
ZORBAX SIL column< A}-8-3Far, olgdo T =
Hexane/2-Propanol/Acetic Acid(98:2:0.05, v/v/v)=< A}-& 3t}

ftlo

=

= rotary evaporatorE o] g&3to] =

il

al
1=}
-

. Hydroperoxide Lyase (HPOL) &4 &3

7142 LOX &4 SAHS dal wE 7 ddd 24 24
2= Al=mE AASI] Abs(234)¢] F7HE E3tel HPODEZF
AEAes 955k, o AHES HPOL &4 45 AT
7NAZ ArEs o] AAE 0.3ml T buffer 2.7mS 43 o] &
7142 Abgdt. HPOL &4 F&%& 93 0.04mM9
dithiothritol #} 0.02% 2] Triton-X100(sigma) 7} x3he
buffer(pH 6, 7, 8) 20ml¥} sample 10gS blender®= &3t 9

Hi

o
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cheese cloth® &2 A7l A&zl &4
pm, 108 4T)sle] o]E FAaNoZ ALE3TTE, o] wEof
g

F= 714 &9 k3

3. 434+

7}. Lipoxygenase (LOX) &4 &3
Flukaol Al 48 @25 o]&3te LOX 4 &
= Fig 4. 3 %t} Fluka Enzymed 2% #
Enzyme®. = pHelA &43 7HAW t& pHellM = 2/ yet
Uz gt 29 g 4(0mg/1ml)E buffer(pH 9)ol 9]
Al 1pbs 73 Agsha 2u, 05uE Eo] WHeAIZl A
Fig.1¥# 22 graphEs AActh 72 b9 A 3k g A&

= AT F deE Fsta, o] A e VIFo® G,
o] 7HA A 8S FYete] AuAdd LOX 245 AT 23

Table 13 Zt}h, F& AQsta gFE AlRZE pH 7 3
ol Aol =A ustar T2 pH 9 FZolA &de] M =
vgith BE AlEolA LOX &4 YERARE 7HH 9 HAbE

pH 75l A, &2 pH 994 Y& AREXHT LOX 49 =
o] y gt} o]= Matoba T olu, Axelord 5] A|AIgH LOX<
isod B¢l LOX-19] 4% pH 9, LOX-1I?! %% pH 65~7% 0|
A gAo] M e AEY dXEds 28 UE 7 A
oo EntEyY b9 Qo] o A9k Hid Ade] oJstH
LOX #Ao] =vx <& A AAT  Spectrophotometerdl A+
gdo] ZHA vkt o= FolA AAlE HPOL €4S &2l
ZEA AL A7) wEelekal Az E W, A getth 9 g eo] o
=27] wiizel AdiAl &4 A7 vE Zor dddn
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HPOLE pH 7 ol A wlss @49 7Am Qom o i
7F 9b&E wj= Abs7b A

oole] 7 9ol LOXA HPOLY %
A HmE s AbstF ZbAm BAe] Ea u
FE vk 2YrE AYES AFgHer F

el olgo] gyl

Y. pHel @& LOX &4 W3 =4
02 A|SE5d Hla] daidez dAdo] =2 A9

o

o

[e)
T,

g Agsk g4 pH oE=E 54387 flal Aleste pH

2 dE

ol A=A AgS HAAEIT} Fig. 5, 6, 72 A 7=
pH 6~7, 7}A]+= pH 6~82] &
o 2 FAHAE 7HA 3 e, Fo H$&= pHINA 7+
[e3]
AA

1t (Fig. 8).

iy

o FoA F&3F LOXY 71E g F& 54
Aw7bA 43 LOX &4 4% Bid Z3s ZAbe B
W LOX EAHe F 6k Z7)dA A YERYE lag period 9]
EA ol tal] ®ol thFX k=l UV absorbance?] W3tE =

=)
A Ay wbe Znbel= HR7 M3 Srbst oL, ke A

_4

o
A28 F &us 4Feist $E/k gAHon gaste @4
o] vhebdth. ol William Sl AAE WEd AT ug

2}. HPLCE o] €3 LOX Z¢ ZAYAHE T
LOX®] &A gAl A o] &8 UV F3xe] F7te SAve
2 FFA aaFEd o At AAS s A
o] B7bs3lth 53] LOXS 4-F Ehe oA EAE 28

sole] Z2EU4 B 5B Rl wel AdEe ol
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gebd Ao o yEm, AAR A= AdAES AdsE

o] off-of pH Wste] wE BAEIN H]Eo] depA=A]d
e HZol Zasith o5 $3te] HPLCEA WS o] 831311,
AT FTARE W EFEE R ARE, Bluste] ST &
FAl 8+ Cayman Chemical(city, USA)o A T3 13-HPODE

(13-hydroperoxy-octadeca—9,11-dienoic acid) ¢} 9-HPODE
(9-hydroperoxy-octadeca-10,12-dienoic acid) & ©o]&3-th
Fig 9.914 ¢} o] 13-HPODEZ} WA AHE T3 Zes o] A
How thEFow 9-HPODEZF AfS Sl &2 At 2
¥] AW 55 A ZH(retention time)< 21, 27%-°] Lt}
2o gFEARY HEZYE vy o g Soybeanol A F&
Lipoxygenase(LOX)¢} FlukaolA T+ LOXZE o] &3}
AN AIZL AibEel 54 S Fig. 73 84 9F #Zeo] vl
A e

Fig. 10014 ®&= A3 Zo] FlukaolA T4 LOXE o] &3
A= 13-HPODEZF A4d€HS &2 & 5 v o=
Flukaol Al +Y3% Z4A7F soybeanolA] FE3 JholH
soybean LOX-T @&7Jo] 7] wiol 13-HPODEZ} A7 % 7]
ol Fig. 11914 EW soybean AlZolA TAE
of WHEAZl A 919k A fAA HEHS Gl F
t}. o] Flukaold TY3& &4 soybeanold 2H
Fa7F LOX-19] Fef& e o)A &iel 2oz F4
AE A AVE drh g 2 AFAde LOX-19 &
pH 9 <ol A 7Hd =vs 235 AL AAFAH o
AR LOX-I3= o2 pHelA &0l yehhs &l o
A8kt Fig. 6, 7oA AlAl gk Axe}l zro] &7
A Ueus 7HA e gAE ol &84 A= pH 63 pH
7, 7FA= pH 6, 7, 894 sdg WHor HIS HAAT A3
Fazkgel o d BAES v AmvtEIHAA H

=49 vkel 2o (Fig. 12, 13, 14, 15, 16).
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4.

., HPOL &4 =34

HPOL &4 342 Hydroperoxide group®] Sl& $X oA
HPOL®] 2#+-gef ofa A3te] #3)=HA UV absorbance’l 7
aste A S S48 =5 gtk HPOLS 7] & tigh 5
o] H Isozyme? EAoI¥-= 919 LOX HPLC datag WO
% 13-HPODE: W%, 9-HPODEE 2 FZ99] Linoleic
acidell wi & o] g3to] HH Al FAol Thsstth 7 7]
Aol ok vhg-23 A 13-HPODEE Table 20 oA whe}

EE 1059 SAHEENE 559 284049 vhEA] F3

-HPODEE 7|4 = 3312 = vy

I~

oo
o

Uet=  Adteld,  ok&e  9-HPODEE 7|d= &+
9-Hydroperoxide Lyase’} &A&tA 71} &Ado] wj$ 7]

W&ol Azte).

28

TAE 9 9-lipoxygenase (LOX)&= linoleic acid=
9-hydroperoxy-octadecadienoic acid (HPODE) = HA3E =
dioxygenation< AT = g Ao,
9-hydroperoxy-octadecadienoic acid (HPODE)E  Hydroperoxide
Lyase(HPL)oll 9&lA E7le] dA A E38<Q cis-3-nonenalZ #
gEt. ek sakE e 9-LOX 4 =4S fd Hule 2
g HE&S A= 7HA, #AA, v, 15, g, i, 20, Evt

E, 9, B9 52 AN TAse] Ra@ F, zasdor
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ALE38 . pH 5-9 AbololAl # 3 pHE Spectrophotometerg ©|
&3ke] Abs234el A F7hEE FAstel A4 pHE ZFAsATH 4

FAbE SOl s U, AR 7EAS made] b w2 LOX

juici)
(ot

gL Byt LOX familyolE 2 7}A] isomers?} &R shH,
9] LOXsE HPODEY ¥ 719 M & t}E dioxygenation sitel
soba el vk 7R S Are] g a9 o F ukLoAE
PODE7} 8 AAdEola, o+ %+ 13-HPODEZ}F +&
2 yetwth wes ket 7EA e LOXs 7 9-HPODEE
=3

B

DL ol
oo

9_

T
o, o

A

o

oL
i

9}]\

4
32

rr

g a3 sdads &

o
22
ol

}
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Linoleic Acid (Ruka Erzyrre) pHd

(@) — — N
foe] () o o
T T T

Abs 234

©
~
T

——2Ul
——1ul
0.5ul

0.0

Tirre(nin)

Figure 4. 24 % X9 W& Lipoxygenase (Fluka) Activity
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Table 1. Linoleic acidE 712 % 3%t Lipoxygenase W3 % =4

48

pH
Sample ° ! I
ZHA 0.0137 0.1833: 24 %
i 0.0099 0.1333: 244 x
aLtat 0.001 0.001 g4 x
i 0.0057 0.0107 g4 x
gt 0.0019 0.0015 244 x
o 0.0172 0.0806 0.0851=
20 0.0016 0.0088 244 x
EnlE g4 x 0.0086 g x
o)} g4 x 0.0047 2474 x
Zut 0.0021 0.0056 g4 x
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Figur

AP CHE CHFLOXE adhvity B2

4 5 6 7 8 9 10

e 5. pH ¥3ld & dF LOXY activity H 3}
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pHA=Io]| tthi= ZAFLOX activity B2t

pH

Figure 6. pH W3lo] @& ) F LOXY activity ¥ 3}
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pHoll [hE 7 EX] LOX 2| H=}

0.07
0.06
0.05

£ 0.04

€ 0.03
0.02
0.01

Abs234/

4 6 8 10

pH
Figure 7. pH W3}o] i} & ¥ LOX9 activity ¥ 3}
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Abs(234)

[ S e B s S o
O ny om0 = e ®m

e —y

Sovbean LOX activity pH3I

Lag 2 4 G
Phase

Time{min)
Figure 8. Soybean LOX activity (pH9)
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Figure 9. HPLCol % 13, B§P8IRE =4
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-
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Figure 10. HPLC®| ¢ % Fluka LOX Product
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55

Lipoxygenase Activity (soybean) pHI
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400.00 |
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0.00 (I |

FigGre 11. HPDCol 20@ Soydesn LO2D Produs® &4 60.0
-200.00 -

Time(min)
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Figure

Lipoxvgenase Activity (ZHED pHE
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'y

1000,00
200,00
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Ao, 00
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—=200,00

0

Lipoxwgenase Sctivity (Z2E2D pHT

S-HPODE
1 _IlLll I .u;'hln_ Ty L
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Figure 13. HPLCA]

Tirne{min)

9% 7+A LOX Product (pH7)
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E

Lipoxygenase Activity (ZERD pHE

100000

200,00 S-HFODE
600,00 |
400,00 |

200,00

D,DD ..la |"\.f|l|| TR e S 1
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—=200,00

60,

- .
Figure 14. HPLCY] 9] 3 7} % Lbr%(lgnﬁggiuct (pH6) 9 &4
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Lipoxyaenase! 2 R pHS

1000, 00

s00,00 |

s00,00

= 40000 |

9-HFODE
200,00 |

0.00 Lo I
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Figure 15. HPLCO] 93+ 712 LOX'BESRIRE (pH7) 24
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Figure 16. HPLCY] 9§ 7}% LOX Product (pH8) #4
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Table 2. 13-HPODEE 7|2 & % HPOL /4374 ( Abs/min)

61

A
pH

Sample 0 / 8
0.0137 0.0153 0.0134
\%LK 0.0148 0.0065 0.0045
Iass 0.0386 0.0366 0.0146
We EutE 0.0139 0.008 0.0017
Bl 0.0057 0.0027 0.0009
Al 0.0111 0.0054 0.0025
2.9 0.042 0.0456 0.0192
711 0.0488 0.044 0.037
EntE 0.0188 0.0042 0.0022
u v 0.0478 0.0035 0.0187
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Table 3. 9-HPODEEZ 7|22 % HPOL &4 =4 ( Abs/min)

pH A

»
N
oo

Sample

n1|11|11' 00022

et bt
oX, o,
X

ok et
oXx ok

\ur%\ 0.0037
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A 2A Hydroxylation 2 Al %3 —Oxigation—% <
st mAAES AeH 5EAF AT

1. AdA=

7 ARETEFE H uiA
SludgeZ5-E Linoleic acidE hydroxy A|Ato =z Asghsr 4=
Q= dAE AEIT e colonyE  3mé Nutrient
broth(contained 5 g/l of gelatin peptone, 3 g/l of beef extract)ll
AEste]  28TolA 12413 seed WIFETh o]  wlgHS
production medium (consisted of 0.2g/l of glucose, 5g/l of
yeast extract, 4 g/l of potassium phosphate monobasic, 0.5 g/1
magnesium sulfate heptahydrate, 0.2 m¢/1 of Tween 80, and 1.2
g/l of linoleic acid (purity>99%))® transfersle] 28Ceol A aluk
ate] Glucose7} B 1z = dj(of 18A1ZH7HA] v Fatsivh. L
Fol hydroxy AAbs AAbshs 549 S48 =07 $siA
7] flste]), TR Fepaae] 4
TE WEste] F714 oA 3A3ERE wl &t} induction
H A= 4T A 102 &<t 1,000xg= A4 Eelste] 38kt
. 2 % 50mM Tris-HCI buffer (pH 75 %2 F W] washing

(induction: E+= %3

ol
‘|—’

o

st £ hydroxy A¥abe]l ALHS flste] dAE sHAAGY. A
3k 2 10-hydroxy-12(2)-octadecenoic acid Ao =& &

. Identification of microorganism
A AR API kit 20EE o] &3te] #Ae] %o
olst L, A9l DNAE F=3F & 165 rRNA full sequencing
(1,415 bp) = %3} sequence databaseolx — #&3 9
sequencingsS ZAsn M =L FAMEE Hole &

GenBank or Ribosomal Database Project (RDP)9] livraries= &
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B #AE 543U Nucleotide sequencer™= PHYDIT T 271
AE Fato] FAM S AAFSEA A, MegAlign softwares AF-&-3h
o] A] Pairwise evolutionary distance®t AE3Hd EgZE s

=
2. A
7}. Substrate specificity

AFEEE] 2AFSEATE WS 20g/19] A9l Zh7he]l 20 mM 9]
23l Aake 02m/19] Tween 80°]
Tris-HCI buffer(pH 7594 2A1 & v}, 742te] B
3 A Wabe] o] 9sle]  Myristoleic  acid, Palmitoleic
acid, Petroselinic acid, Oleic acid, Linoleic acid, Linolenic acid,
-Linolenic acid, 28] 3 Arachidonic acid= 30Co|A HFS-9]
o] Zx WrH  Vaccenic acid, Erucic acid, Elaidic acid: 47Tl
A obgs Addnh 7z Exst Ak HEES 7149

=
Ao 2 AR, 1 FELS Linoleic acide] Ao o}

1}, Reaction optimization
1) pH and temperature effects
10-hydroxy-12(Z)-octadecenoic acid A4Fell <9lojA pHeO
BHE dotry] 98 15ml FalconolA 10mle] volumeo. 2
pH6.0pHB.08 WA 250 rpme2 G333} o] ¥-&2 10
g/l washed cell, 10 g/l Linoleic acid, 28|32 0.2ml/1 Tween
800.% F3tstar z}zhe]l pH XZo|A o] Foj Atk pH 6.0014
pH 7.0¢] WYl E 50 mM potassium phosphate bufferE A}
&8, pH7.0914 pH8.0¢ W ¢l= 50mM Tris-HCI buffer

2 Argatgith. 479 weel productiond 7] $13te] 30T
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oA 60 &<t o] Fol xitth
10-hydroxy-12(Z)-octadecenoic acid®] FHo] A4 £x & <o}
B7] flske] 20TelA 40T 2%= 9 WA AFsidet
122 10 g/1 cell, 10 g/l Linoleic acid, 0.2 m¢/1 Tween 0=
8 50mM Tris-HCl (pH 7.5)°4 60 &<t 250 rpm o &
Zho] REE o] Foj Y,

o

N ol

2) Cell and substrate concentration effects
Stenotrophomonas nitritireducens A9 X7} vxE= &

= Lolr 7] 93te], 10g/l Linoleic acid, 0.2 m¢/1 Tween 80

Linoleic acid®] FXof m& AHFE dolr 7] ¢fste], Hb§2
Linoleic acid®] ¥% 5g/1olA 40 g/17bA o] W9l A 20g/1 o
02mé/1 Tween 80°] ¥3%Fst 50 mM Tris-HCl bufferel A

j*]’
747k 123 et S g,

t}. Bioconversion in a bioreactor

HA ol 23 stelA B wg&FS AA sto] 250mee] &
2] Bioreactor (Fig. 17)& A 2} 3|
10-hydroxy-12(2)-octadecenoic acid®] At 3t} A9
ot 7de] wee HAHY wxE AREste] 20g/19 TAC
20g/19] 714 (Linoleic acid)< 0.2 ml/12] Tween 80°] Fol+=
50mM Tris—HCl (pH 7.5)°l4] 30Ce 2% ZxlstelA 34
&<t 200 rpm® Rkt REGEATE P71 A QL A whE
o] o]Fojx]7] uwjFol Bioreactor? space? aire= 95%2 No.¢t
5%%] CO2 74% EF7t2m A A

7

gl

—
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Z}. Preparation of fatty acid
WS 50% H,SO.2 pH 202 w3
A %9l ethyl acetateE #7Fste]
evaporatordl] & ate] EZA|AA 3Gt} 35 AL 14%
o] BFy/MeOH< #7Fste] 100T ol Al 53 &< Methylation A%
t}. Methylation®l AWk GC #41S 9138+ n-hexaned| <]3}
of YAl F=gh

v}, Analysis of products
Substrate specificity A& o4 producti silica gel 60 F254
TLC plateE AF-&3le] A -2olx A3t} Silica gel plateol] reaction
225 140 FAAFaL toluene/dioxane/acetic acid(97:14:7,v/v/v) 2
=8 ds AMEME ARSI AfE el fste] EelE
plate= AzAZ1 <
methane/H>SO4/N-1-naphtylethylenediamine dihydrochloride
(95:5:0.3, v/v/w)e] A FS o] &sfo] A A,

Methyl ester@ 2 H3kd A2 GC (Agilent 6890N)E
o]&3le] A8t} DetectorZi= Flame ionization detectorE A}
43} AL, split ingection systemE A& 3t} columne SPB-1
capillary column (15mx0.32 mm, 0.25 um thickness)Z A& 3t}
column® &%& 150CelA 210C7HA] 4C/mine.2 &d % 21
0C=E FAAAC}. Injectoret detectord] &%= Z+2F 260T <
250CE AF&stath =A<l £4& 1314+ internal standard
24 palmitic acidE AF&3}3 T}

Product®] &}t <l +xi= GC-MSE o]&3le] #lstaich
Electron impact mass spectrax Agilent 6890N G.C¢} Agilent
5973N mass spectrometerE T4 % Atk GC-MSE 230C 9 ion
source temperature® 70eV9 electron impact® #r5A|ZAth T

2 2AEL doA AW GCY =19 FdstA T3
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v}, Purification of 10-hydroxy-12(Z)-octadecenoic acid

Linoleic acidZ%¥ HAZA]7l 10-hydroxy-12(2)-octadecenoic
acid&  -oxidation Wrg-o 7|d= AMESt7] $18tel  Florisil
resine] 27 Bse] 9= Sep-Pak Florisil columng AF&33ic}.
Sample (Hydroxylation Wr-§ &2)S column®l loading 3}7]
Aol 100 mle] hexane/diethyl ether (955, v/v)S Z#Fo]
columng A o]F 1 resing activation AZATH 1 & Sample
loading 3} hexane/diethyl ether (955, v/v) 100 M-S &8 F9]
non-hydroxy A4S EE WL ethyl acetateE 100 ml=
hydroxy AW4HS  elution®th.  ethyl acteate®  elutiondt
fractione %3 F =2 55 7] 98 vl e florisil

columne = AA" T 9o HAHL ¥E AXAM GCE &5

A}, Cell cultivation

-oxidation ¥r$S dE= Candida tropicalis® colonyZE 3 md
YM broth(contained 3 g/l yeast extract, 3 g/l malt extract, 5g/1
peptone, 10 g/l dextrose)ell HE3}e] 28Tl A 12417t seed H &F
At o] wfUdHE production medium (consisted of 15g/l of
glucose, 2.5 g/l ammonium chloride, 0.1 g/l yeast extract, 2.1 g/l
potassium phosphate monobasic, 4.51 g/l potassium phosphate
dibasic, 0.2 g/l magnesium sulfate, 0.1 g/l sodium chloride, 9.14
mg/l iron (II) sulfate heptahydrate, 0.5mg/]1 zinc chloride, 1.56
mg/l copper sulfate) 2% transferdte] 283°ColA 140 rpme = L
gro] #e A sto] 18A17F &<k i Fetsith 18413 EtF wigH
A= 4ColA 102 5 1,000xgZ2 339t 1 F 085 %
NaClZ F ¥H9| washing?d ¥ #AES T=AZ
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3. 434+

ECETE S

shol A e #E FAs7] flstel APL 24, AlE9
PAHEA 2 16S rRNA full seqeuncingES a5t #83
@o] APl 20NE 4 Z¥E= Table 4% vk FAHo=

CitrateZ A 93+ Glucose, Arabinose, Mannose, Mannitol,

s

A

N-acetyl-glucosamine, Maltose, Gluconate, Caprate, Adipate,
Malate 3 Phenylactate®] ©]&4dS 719 Stenotrophomonas
&0 w#Fet 2 FAMS Btk FEE Tl AlEEe
T ABE Table 59l YeERAL A H o=
G.CE ®A3 A3} Stenotrophomonas & w59 EHoz <&
7 A4E 1100 iso, 11:0 iso 30H alc 13:0 iso 30H AJ#°]
el AGAE Aol £ AT
2o 759 16S rRNA full segeuncing 23, ¥2]3F
= Stenotrophomonas nitritireducens$t 98.94%9¢ 713 =
similarity 2.t} (Table 6). 16S rRNA full seqeuncesfmf 7
© 2 phylogenetic treeE 2}4 st A3} Fig. 189 #kt}. #ld
w9 S nitritireducens & 94.1% =29 FEZ 22 branchol
ottt 75 gASA FEste 542 nitrite®] Y 7

oldl S. nitritireducens= nitriteE Y& 4= Y=d vl ste] S

o <N

&

acidaminiphilia nitrite® 9% 4 gty 23 TS nitrite
= 9% 4 v}t 16S rRNA full segeuncing, phylogenetic
tree 2 nitrite®  FLHrre Ay EEge o5

Stenotrophomonas %9 S. nitritireducens= %7 % 21 t}.

. Stenotrophomonas nitritireducens?} AArst= A ¥ B34

o

Stenotrophomonas  nitritireducens’}  AAFstE A HRAL
GC-MSE o] &3} SR s A
10-hydroxy-12(Z)-octadecenoic acid®Z +9H & At} (Fig. 19)

%
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t}. 10-Hydroxy-12(Z)-octadecenoic acid AB4F 274 H A 3}

pH7} 10-hydroxy-12(Z)-octadecenoic acid AAtol] w2 &= <
&S 30CAA AoE 23 (Fig. 200 pH 75404 Ho AikS
et itk =3 227} 10-hydroxy-12(2)-octadecenoic acid 43
Al WX = @3S pH 759014 A3 23 (Fig. 21) 30TolA
Ao Arks e

10-Hydroxy-12(2)-octadecenocic acid A2+S 93k
TAsEE A7) 918kl S nitritireducens®] A
10014 40 g/1= WA AT (Fig. 22). #As=7F S7F
10-hydroxy-12(Z)-octadecenoic  acid AJ4to]  F 7t}
A= 20 g/l Bt 2 srRdAAs dA =71 57
A5t AW 10-hydroxy-12(2)-octadecenoic  acid
Agk AT E=E AASHY] 93814 lineolic acid F=E 59l
g/lZ WA A HAPS FPdsAd (Fig. 23). =L
10-hydroxy-12(Z)-octadecenoic acid A4 +S 913 # 4
20 g/1o] At

o

S ox 1% @ g of
D L e A
B ot © oo

)
%

off
1
rr

. AERLZ 7] A 10-hydroxy-12(Z)-octadecenoic acid®] A
2k
AEREE7lo M= tubeR T F71H Q0 AEiet &9kl o &
dojr}r] wjEel 10-hydroxy-12(2)-octadecenoic acid Z4H&
AEZ 7)ol A 433}t linoleic acid =5 WA A S u
10-hydroxy-12(2)-octadecenoic acid®] Ht] &AL linoleic
acid 5% 20 g/I7} Aol AH Fig. 24). A ZAA 15 g/l
9] 10-hydroxy-12(Z)-octadecenoic acid’} 2417F 3o AA =
Ao (Fig. 25) o)A A 177 g/1-d (=75 g/l-h)ol| 3T
H Aot}
o PAEES Exs Ao =iy 1FXE  hydroxy
fatty acids AAFS Table 79 QoF&tdch. X F74A 714 =&

% 9] hydroxy fatty acids A2 Pseudomonas sp. PR39l
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o3k 117 g/19] oleic acidE AF&38Fo] 48AI%kel 7.35 g/19]
7,10-dihydroxy—-8(E)-octadecenoic acidZ AAHe 7 $-olt}. S
nitritireducens®] 10-hydroxy-12(Z)-octadecenoic acid A4t
TEE Pseudomonas sp. PR39]
7,10-dihydroxy—-8(E)-octadecenoic acid At FZHT} 28] 3=
kil AL 32w) =g AEAAA M =& FE&e

10-hydroxy-12(Z)-octadecenoic acid 42 2 g/l linoleic

acid® F-¥ Lactobacillus paracasei 91% &S HIAT 2
& ZANA S nitritireducens = 96% 9 F&S YEAG

ul. S. nitritireducens® X3} A WAite thd 7] A E oA

S. nitritireducens® =X3} AWkl tigh VA 5o AdE
Aoyt TLC, GC %2 GC-MSE A}&ste] AEH3e
BAE AR lineoleic  acidel  WiE  Ad S
ZA st (Fig. 26, Fig. 27, Table 8). S. nitritireducens+=
C163 C189] cis-9 E¥3} A utibo] thste] 53 regio-9
stereospecificityE AW th. &4 A= linoleic acid >
linolenic acid > -linolenic acid > oleic acid > palmitoleic
acid °Ja, HAFE  glel ZZ 10-hydroxy fatty acid
10-hydroxy-12(Z)-octadecenoic acid, 10-hydroxy-12,15(Z,2)-
octodecadienoic  acid, 5ﬁO*hydroxyf6,12(Z,Z)*octodecadienoic
acid, and 10-hydroxypalmitic acid® 7 3+% ]t}

v}, The pH of production 6-dodecen-4-olide by Candida
tropicalis
-oxidation WF-g-ol doJAl pHe &#E Lolr 7] 93] pH
6.0°pH 8.0¢] W< WelA 30T, 250 rpmo.2 g}, o] ¥
&< 10 g/1 washed cell, 10 g/1
hydroxy-12(2)-octadecenoic acidE 3¥*3%3sl+= Z}2+2] pH
A A 60 &<t ol FoH T pH 6.0914 pH 7.09] H$jol

10-
=z
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= 50mM potassium phosphate bufferE AF€3F3 3L, pH
7.0914 pHB0e M9l 50mM Tris-HCl bufferg AM&

t}. AR = &3} =2 ST
10-hydroxy-12(2)-octadecenoic acidE® <AUt}+ (Fig. 28).
Hexane/diethyl ether €®M©E non-hydroxy A¥WAHS
elution® # loss WAFAARE oF 30%°] +&= %100 %
9] 10-hydroxy-12(2)-octadecenoic acidE At} (Table 9).
& A Candida tropicalis TTE o] &3}
10-hydroxy-12(2)-octadecenoic acidZ4%E ¢  tuberose
lactone =2l (Z)-6-dodecen-4-olideE Aitsl= ATE F

Psta ek

B A= S nitritireducensE  AHE3}o]  linoleic  acidZ25-H
10-hydroxy-12(Z)-octadecenoic acid®] regio—and stereospecific
AAS A ST S, nitritireducens system< U2 nAES

AEE Aok mmstel B b AEHE $594E AY

(i) Linoleic acid #3 ©vAE Fo FL3HA regio—and
stereospecific &}l 10-hydroxy-12(Z)-octadecenoic acid=
R

(i1) o] system< regio—<} stereospecificity ] o]
by-products &l ©] 10-hydroxy-12(Z)-octadecenoic acid%t
A 2kst et

(iii)) HdgFs EZ<2 10-hydroxy-12(2)-octadecenoic acid®]
kA F(alss)e] Aot

Gv) #dR 3 H3 F+29 10-hydroxy-12(2)-octadecenoic acid®]
AikelAdt. 1S EeE THE £2 At Flavobacterium

sp. NRRL B-148599] 10-hydroxy-12(Z)-octadecenoic acid®]
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w=w oW MG zh7h 5 o) gule] =& FES AAUTh
(v) Stenotrophomonas 414 & © 2 hydroxy fatty acid®] A4t

HIo|al, linoleic acid A% v AEZ S. nitritireducens =

T4
adeg B 9gAS Esto] S nitritireducens®l ¢

10-hydroxy-12(2)-octadecenoic acid A4Fe] A2l 23tz

A she] sl webt.
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Table 4. £33 #¢ API 20NE 4 A3}

BN EH5 API 20E
1 Reduction of nitrates to nitrites -
2 Indole production -
3 Glucose acidification -
4 Arginine dihydrolase -
5 Urease -
6 Esculin hydrolysis (B-glucosidase ) +
7 Gelatine hydrolysis(protease) +
8 B-Glucosidase +
9 Glucose assimilation +
10 Arabinose assimilation -
11 Mannose assimilation +
12 Mannitol assimilation -
13 N-acetyl-glucosamine assimilation +
14 Maltose assimilation +
15 Gluconate assimilation -
16 Caprate assimilation -
17 Adipate assimilation -
18 Malate assimilation -
19 Citrate assimilation +
20 Phenyl-acetate assimilation -
21 Cytochrome oxidase -
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75

Table 5. £&3 #F9 A ¥ xua 24 Az

Rt Area Ar/Ht Respon ECL iR

2.815 1333 0.023 1.110 9.605 10 © 0 ISO
3.009 2097 0.024 1.098 10.001 10 : 0

3.418 38290 0.026 1.081 10.608 11 © 0 ISO
3.476 1794 0.027 1.079 10.694 10 : 0 ANTEISO
4.058 659 0.026 1.060 11.419 10 : 0 30H
4.227 603 0.025 1.055 11.608 12 : 0 ISO
4.677 16806 0.031 1.044 12.087 11 : 0 ISO 30H
5.069 1020 0.029 1.036 12.436 11 : 0 30H
5.268 4770 0.038 1.032 12.613 13 : 0 ISO
5.369 832 0.033 1.030 12.702 13 : 0 ANTEISO
5.834 13033 0.034 1.022 13.097 12 : 0 ISO 30H
6.312 11119 0.035 1.015 13.453 12 : 0 30H
6.534 43944 0.035 1.012 13.619 14 @ 0 ISO
6.926 524 0.038 1.006 13.911 14 © 0 wbe
7.046 16445 0.037 1.005 14.000 14 : 0

7.209 12579 0.036 1.003 14.107 13 : 0 ISO 30H
7.337 3606 0.036 1.001 14.192 13 © 0 20H
7.675 20811 0.038 0.997 14.414 15 : 1ISOF
7.994 195615 0.038 0.993 14.625 15 : 0 ISO
8.129 36123 0.039 0.992 14.713 15 : 0 ANTEISO
8.251 915 0.044 0.990 14.794 15 1 wBc
8.343 765 0.046 0.989 14.855 15 1 wbe
8.565 7101 0.039 0.987 15.001 15 :0

9.232 523 0.046 0.981 15.321 16 : 0 ISO H
9.594 27389 0.040 0.977 15.627 16 : 0 ISO
9.835 4164 0.037 0.974 15.773 16 : 1 ¢
10.207 26398 0.040 0.971 16.000 16 : 0

10.922 34765 0.043 0.965 16.416 ISO 17 ¢ 1 wWc
11.287 7634 0.042 0.962 16.630 17 © 0 ISO
11.567 1872 0.036 0.959 16.793 17 1 8¢
13.268 428 0.034 0.946 17.770 18 1 ¢
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Table 6. 16S rRNA full seqeuncing 2 3

Strain Accession No.  Similarity  nt differences
fcompared

Stenotraphomonas nitritiredicens DSM 12575T AJ012229 98.94 15/1409

Stenotrophomonas acidaminiphila DSM 13117T AF273080 98.51 21/1414

Stenctraphomonas koreensis KCTC 12211T AB166883 97.24 39/1413

Stenotrophomonas maltophilic TMG 958-TT X95923 96.95 43/1412
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81.1

S.dokdonensis KCTC 122117 (DQ178977)

S.rhizophila DSM 14405 (AJ293463)

86.1

100.0

Pseudomoas hibiscicola ATCC19867 "
(AB021405)

S. maltophilia ATCC 13637 "

67.8

43.7

87.8

S. maltophiliaLMG 958"

S. maltophilia MGB

S.

97.7

63.7

S. maltophilia’ (M59158)

koreensis KCTC 122117 (AB166885)

S.acidaminiphila DSM 13117 "

Isolated strain

1%

94.1

S. nitritireducens DSM 12575 "

Figure 18. Phylogenetic positions of the isolate strain among other

members of family Stenotrophomonas based on 16S rRNA gene sequences.
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Figure 20. Effect pH of maximum production by Stenotrophomonas

nitritireducens
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Figure 21. Effect temperaturgof magimapm production of
10-hydroxy-12(Z) -octadecenoic acid
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Figure 22. Effect of cell concentration on the production of

10-hydroxy—-12(Z)-octadecenoic acid and by washed of S.

nitririreducens.
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Figure 23. Effect of the Linoleiec acid concentration on the
production and the conversion yield of
10-hydroxy-12(Z)-octadecenoic acid by washed cells of S.

nitritireducens. : production (@), conversion yield (O)
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Figure 24. Time-courses of the production of

10-hydroxy-12(Z)-octadecenoic acid in a bioreactor by washed
cells of S. acidaminiphilia with varying the linoleic acid
concentration. The reactions were performed in a 50 mM
Tris-HC1 (pH 7.5) buffer containing 20 g/l cells and 0.2 ml/l
Tween 80 at 30°C for 120 min. The 15 g/l linoleic acid (A) and
its 10-hydroxy-12(Z)-octadecenoic acid (A); 20 g/1 linoleic acid
(0) and its 10-hydroxy-12(Z)-octadecenoic acid (@) and 25 g/l
linoleic acid (1) and its 10-hydroxy-12(Z)-octadecenoic acid
(.
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Figure 25. Time-courses foffime (hin)  production of
10-hydroxy-12(Z)-octadecenoic acid in a bioreactor by washed
cells of S. nitritireducens under the optimized -conditions.

Linoleiec acid (0), 10-hydroxy-12(Z)-octadecenoic acid (@)
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Table 7. Hydroxy fatty acid productions from unsaturated fatty acid by
various microorganisms with high productions

Product Product-

. Substrate  Product . .. Refere
Strain Substrate Product yield ivity
conc. (g/l) conc. (g/) nce
(9/9)  (9/1-d)
ENterococcus ;e acig _OHvdroxy-12(z)-o 50 409 0.22 009 (15)
faecalis ctadecenoic acid
Flavobacterium. sp. . . . . 10-Hydroxy-12(Z)-0
NRRL B-14859 Linoleic acid ctadecenoic. acid 5.40 2.97 0.55 1.98 (10)
Lactobacillusacidop | .o eic aeig  10-HYdroxy-12(2)-0 1.45 0.29 0.72  (25)
hilus ctadecenoic acid
Lactobacillus .ooeic aeig 10-Hydroxy-12(Z)-0 ) 1.82 0.91 026 (17)
paracasei ctadecenoic acid
Pseudomonas  sp. . . 10-Hydroxy-8(E)-oct
492 Oleic acid adecenoic acid 20.0 5.58 0.28 558 (8)
Pseudomonas — Sp- yoic ggig  L0-Dihvdroxy-8(E) -, 5 7.35 0.63 367 (12)
PR3 -octadecenoic acid
Stenotrophomnas Linoleic acid 10-Hydroxy-12(Z)-o 2.00 192 0.96 92 This
nitritireducens ctadecenoic acid 20.0 14.9 0.75 177 study
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Determination of compounds produced by the

hydroxylation of unsaturated fatty acids using
GC-MS. - cont.

A. Determination of compound produced by palmitoleic acid

hydroxylation (10-Hydroxypalmitic acid)
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Figure 27. Determination of compounds produced by the

of

unsaturated fatty acids using

compound produced by oleic acid

hydroxylation (10-Hydroxystearic acid)
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Table 8. Substrate specificity of Stenotrophomonas nitritireducens for

unsaturated fatty acid

Relativ Produet
Substrate activit
v <1%) TLC G(?n/ s S Hydroxy fatty acid
Myristoleic acid B _ _
(C14: A9 0
Palm.itoégezi)c acid % N %8% é(c){dHydroxypalmitic
(C16: 2777 268
Petroselinic acid 3 _ _
) ) 169,
%?SC zggg) 64 . 201,  10-Hydroxystearic
A acl
296
Elaidic acid
(C18:49%) 0 i -
Vaccenic acid
(C18: A1D) 0 - - -

Linoleic acid %8%’ 10-Hydroxy-12(7)-
(C18: A 92122 100 " 294’ octadecenoic acid
Linolenic acid 169, 10-Hvd -12.15(~7

- 79 + 201, ,%)—gct{)(ggc/aélzénogc
9(2),12(2),15(2)
(C18: A7 27 292 acid
) . ) 167
-L 1 d ’ 10- -0,12
P A DR L R B
: 992 aci
Arachidonic acid
&g’%o: ABSDBD,112),14( 0 - - —
Erucic acid
(C22: A B 0 - - -
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Figure 28. Purification of 10-hydroxy-12(Z)-octadecenoic acid

(A) Purification *4 ¢] hydroxyl‘étionéﬂ producét, (B) ethyl acetate = elutioff.
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Table 9. Purification of 10-hydroxy-12(Z)-octadecenoic acid

Ethyl acetate fraction

Fatty acids Sample (g)
(g)
Linoleic acid .160 -
t0=hydroxy—=12(Z)=octadeceoic acid 370 0107
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>
<l
I~

Al 3E AeddEY FEH YA

of

Ao i

Hydroxylation %  Ad-# <l -oxidationg  °o| &3 AGHA
AAEA S L in-situ sterilization feMnentor 9 @ AAE
¢ 38 Fractional distillation unit< ©]&3ke] 7ldsAtt (Fig. 29)

1. 489 A%

7t s R A

Ay F duk 24 9 i BE A dg BAgo=
Sigma Chemical Co. (St. Louis, USA) % & th#d3g}st

(Korea)oll A g-§}ate]l Ab&stith. wfjA] F=HlE AT
AWk (tap water)?} deionization FAE o] &3 ©

d-water) & AR&3tth APl AHEE FsfE dT oA
ool FEE FIAFE ARESAT e >75%9

I linoleic acidE dFdteE Aoz T3f9o Exst xile

O

—~

sl#FSmethylation reaction $ Gas Chromatography(GC)E
tel A5 5 Agsldh 2= AERRS7]
Z37 20%9 lipase MY(AMANO, Japan)E oil% 7|&o=®
1%9 3 d-waterE A ¥ T 37CoA 800 rpmo=E
3| A 7IHA 16-18A1F &< Zhia) A AT ThERE] v

% pH Z=H7]E o]&3dte] 25% (w/w) NaOHZ pHE 65%

o,
of

&

FASAT b vk 65TelA 30wiF 7FE A
BAANAG. 7heelE S8 d2om WA F FS e
QdFE FFdte] AWLSE EEFEAT F AEARTAH
Abg-skl Tt

Y. AHSdF 2 7579 A
Hydroxylation reaction A2 Ad vAES EZ7]

ote] b= A Fs A9 KTCT (Youseoung, Korea) ol A
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g W2 Pseudomonas w7 R APA Ul EFEA e
s 47FS AFESYtH(Table  3).  Nutrient  Agar
Plate(NA)oll A 244 3F 28°C ol A vl @Fsto] 4°Coll A ®.¥ks} it
A1y w55 BHstr] 9de] BE 5+ Nutrient Broth
medium (NB, Difco Laboratories Detroit, USA)ol Al 24A]7F
28°C oA wjgst &, w5 2 F -70°ColA Bastaith =2
hydroxylation &A4<& Ad TFE& 437 A5t
Pseudomonas screening medium(PSM, yeast extract 0.5%,
K2HPO4 0.15%, KHoPO4 0.15%, MgSO4-7H20 0.05%, tween #30
0.02%)E AF&3sttt. PSM+25% NaOH AF8-3ke] pH 7.0=
AT, EiE wAe] #FE FFokr] Ao dEid
50% glucose (w/w)E5 g/19} microbial lipase® 7}w3] &
Z3lHE FEste] 014% (v/v) Y153 150 rpm, 28°C ol A
2471 7F v ek dt

A4 -oxidation 7S AUl A= Yarrowia lipolytica
ATCC340838+= American Type Culture Collection (ATCC,
USA)l A 2 3?93\‘:} TUE Y. lipolytica YM medium
(Difco Laboratories Detroit, USA))S o]&3}e] 24417+ 28°C
AN wjFete] 4°CellA Eusidv.  A7IF d#FE HasH
et BE #F5 YM mediumoll A 2441 7F 28°C ol A wlj &k st
T, w45 4 F -70°CAA Bstdnh

2. AT H
7}. 39 linoleic acid 3% FA}
w-g-7)ol &3 20%9t lipase MY(AMANO, Japan)Z oil %
Vwo 2 1%91 THTE 94 derh 9SAIE sk 25%
NaOHE Atg&atel pHE 652 fASth. 37CeA 800
rpm O =2 3| A Z|HA 16-18A17F FF Tk Atk &4
HEE2 65ColA 30%3E fAste] AAAIZITE whgofo] A
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t}. Gas ChromatographE o] &3t

T, AT 2dFS st AWARS FESHL methyl

esterdt AlA  GC/MSE  £3}89 linoleic acid %L

. AWAEe] 23 methyl esterdt

=371 918 AlEE 50% H.SO.& AM4-3te] pH
20027 TEu Alg9 e EFo ethyl acetate® 33
< ¥3 NaCl2 F ¥ Ao+ §, anhydrous
sodium sulfate® T2 AA}FL. &l 7 E==351o

AAsL Agrtks Ak A=l

o

ol
>

F-3l9methyl esterE Tt
10% BF3 Methanol& 58] 718, Alg5+ SO 2 100Co A
5wzt A& bk Wb ool Ao mkgele]  1-2uje

TR ’5‘1031415—’, I 3NapHCOzE 3 7Hsh Foses

o

N

’

A
A

Methyl ester® X|®AFe HP-5 Capillary Column(30m x
0.32mmlID, 0.25um, Hewlett Packard, USA)7} #Z¥HGas
Chromatography (Model DS 6200, Donam, Korea)& A}-&3}o]
TAEAT 28 2%& 200CA A 300C7HA] 10C/mino. 2
Al ATE  Detectori= flame ionization detectors AH&3F% o™
detector®] <%+ 275C, injectord =% 250C=E 3t

Carrier Gas® Helium= AH&-3}1

M

. T

X
1o
of

A (pre-step)

ok WO Pseudomonas <t

2 47% S screeningst{tl. w9 F4

o
A
oZ
o
ol
o
r (o3
-
e
=2
>
Me

ol
2L
fl
fass
rr
=)
o,

[e)
&
A48 Pseudomonas screening medium® XA yeast

extract 0.5%, KoHPO4 0.15%, KH2POs 0.15%, MgSO4-7H20
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0.05%, tween #80 0.02%= T Ao™ pHE 25% NaOH

AbESte] 702 AU #FE HES7] Add d

50% glucoseE 5 g/1S Yol Fi 7t¢isd H T3FE

wirale] 0.14% 2o+t TGY broth (05% yeast extract,

0.5% tryptone, 0.1% KoHPOQ4 0.1% glucose (B4 ¥ H7}),

pHE= 25% KOHE Ab&3ste] 7002 A Th)ol Al 244 7F
%

L]

i

o

k3t S Pseudomonas screening media®l

e
26CoNA 150 rpmo2  24A1%  wjdstdh vhgRs] @
T3 E 10 g/1E8 H7bete] thAl 24417 wjekgh 5, vkl o
50% H.SO.5 718t pHE 402 3SF3l ethyl acetate®
FZ3t. A 85 TLCE 439 d

2) TLC(Thin Layer Chromatography)& ©o]& 3% &4

Silica gel 60 F254 TLC plate(Merck Co., Germany)
Ab-&-3o] Al --of A grolgity.  Silica gel  platedl
reaction= 2 & 1ul A A3}, toluene / dioxane / acetic acid
97:14:7,  v/v/vel EFEASE AMEMIE AESEA
ANLue] oste] | H plateE 7EAZ] F, methane /
H.SO4 / N-l-naphtylethylenediamime  dihydrochloride
(95:5:0.3, v/v/w)e] HWAA| kS o] &alo] WAIAI 7] 100T <]

ovenol 5&37F Fof AES 215

u, AEASITAHS A% #5379 vz
1) Hydroxylation

3

Bl
i
oft

o
Ny

+ 7
hydroxylation ¥FgAo] & W= &<l ¥ Pseoudomonas. sp.
NRRL B-2994% Ab&shed &3hfrol 9 =23 At
linoleic acid ZE%E10-hydroxy-12(z)-octadecenoic  acid=
AAEE AETAHS A28k th Inoculume NB mediumol A

g & FA4 H3d"E P sp. Inoculum mediumel

Hydroxylation #®Wr3& Hol= -

O



HEetoi244]7F 25°CE A v gl s ARl o, o 242
yeast extract 0.5%, KH:PO, 04%, MgSO,7H20 0.05%,
tween#80 0.02%= A= e™ pHE 25% KOHE ARS8k
A A7002 FAETh H1 ¥ Inoculum medium?l
ZFeasl ® &8k 014% (E), glucose 0.25% (H)S
A7ret & HFs9h 100-ml inoculum mediaEs % 500-ml
Azt Eepade s4 Bad 7FE 1% JFskar 25Tl A
200 1pmOZ  48A17F  wfoksit) Hydroxylation %%
Production medium< A3l om, 1 FA & yeast extract
1.0%, soypeptone 0.525, KH.PO, 0.4%, MgSO4-7HO 0.05%,
tween#30 0.02% % TA =N o™, pHE 25% KOHE AlE-314
gt A 652 AT " ¥ production mediacl
7R ® 23 0.14% (Ei), glucose 05% (B)E
A7Lsl 3 HE3sFA T 25-1 production medias 92 3-1 lab.
fermenter®] inoculums 1% HZ3dtal 26ToA 420 rpm, 0.3
v/v/m aeration, 24-30A17F vkt Eafom doFE
glucose®©o] 0¢] i spectrophotometer (Model Spectronic
20D, MILTON ROY Co., USA)E c¢]&3ate] 1/108 3|4 %
jj o o o] Optical Density (ODggo)7} ¢Flo] 1S wl, aerations
WEF1 25% phosphoric  acidE AFg&3te] pHE 65=
ZAd3l9tt.  Lipase MYES 05 g/l2 ¥1 3375 10 g/l
052 g/l/hr® #H7}stH A agitationsd 900 rpml = FH2lt}.
37 ksl Hrke 5, AEASRAES 48A7F Fetb
A&7l & 259% phosphoric acidE AF&3le] pHE 3.0%43

F121Ceol A 1583 Esdd,. waxze] =7l 50T
s

o

el agitations WFIL QYA FS  EElsa FAEY
methylation reaction %, GCEXS E3 HFASHS

=45k,

2) A33H -oxidation
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100

Ricinoleic acid(12-hydroxy-9-octadecenoic acid) &
—decalactone® A EAZ A7|= Aoz AdHAY. lipolyticaZs
Arg¥e] AEaet Posp. ¢ hydroxylationdhg- 0.2 Akl

10~hydroxy—12(z)~-octadecenoic acid= - H

6-dodecane-4-oilde(Butter Lactones) %] A& ks
AEANTAHS NEsAe. 52 23" Y. lipolyticas S24%

W Aol HF3e] 28°C ol A 24A17F F<F vl 3 F lactones
S 91k AabeiAlel HEFednh S48 wiA e 24
(NH4)2HPOs; 13 g/LKH.PO, 7 g/, MgSO4+7HO 08 g/l
ZnS047THO 60 mg/l, FeSO4+7H.O 90 mg/l, CuSO45H0
5mg/l, MnSO4-H-O 10 mg/l, NaCI 100 mg/l, biotin 1 mg/l,
Thiamin HCl 2 mg/l, glucose 20 g/12 TAHEJ oW pH=
25% NaOHE AMg3ste] 702 =433tk Lactones A4t
wxle]  FAL yeast extract 30 g/, E3FH20 g/,
10-hydroxy—12(z)-octadecenoic acid 20 g/l, tween#30 0.4 g/l1=
TAEG e, pHE 25% NaOHE AFg3dte] 7082 XA st
ALE3ATE Y. lipolytica & 528 wlAo] HEF3ho] 28T A
150 rpm&. 2 24413+ e § lactones AAFEiA] S &
wA1e] T 2%E HFTs 28 ColA 750 rpmeE 24431
Lt A= 5 I = Z1 2 A 7 T
10-hydroxy-12(z)-octadecenoic  acid® WAEY  A3HZ <l
-oxidation¥+8-&  %E3] 4-hydroxy-6-dodecenoic  acid®
A8AZ1 5, AN HoSOsE  F7bete] wjdels pH4R Y5
100°Cell A 5% &k 7hEstke]l  6-dodecen-4-oilde(Butter
lactoge) = AAbstSitt AakE 6-dodecen—4-oilde=  ethyl
acetates  ©°l-&3to] wEl AATF F GC A F FEFES

=43k

v}, Glucose ¥&F9 =4

WA 0l glicoses]  #FE AAHI] 9stel  weele
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AAEZGO00 x g 20 mindI} T AFHEES FFEATh
slrd FEAe glucose®] FHEFo] wep 3Alste] YSI 2700

SELECT Biochemistry Analyzer (YSI Life Science, Detroit,
USA)E o] &3t Al W glucose@F<= BT sttt

A}. Gas Chromatograph(GC)E o] €3 AAE9 £4

1) Hydroxy fatty acid (HFA)2 &4

wll & 7] 9l 4 10-hydroxy-12(z)-octadecenoic acid® Hd3H A=
S 3435t 50% HoSO5 AFE-3te] pH 2002 A3 5 A
2 BZo] ethyl acetate® 33 F&3}3, ¥3} NaClE&
H Ao & HFake] anhydrous sodium sulfate® 4~
S AASAT. Ethyl acetate:= Rotary evaporator (Eyela,
Japan) Ab&3sto] A AL AWAEE dlekdith slgE Ak
of 5uie] 10% BF3; Methanols H7Fetil F& 2= 100CNA 5
w1F 7hEEdth whg o] Ao 1-2u]9] d-watergE ©] &3]
BF; Methanol#| A3 3 3} NapsHCO3E o] &3t od=S &
23] A=dS I3l Methyl ester® X ¥AHE HP-5
Capillary Column(30m, 0.32mmID, Hewlett Packard, USA)7} %
Z¥ Gas Chromatography(Model DS 6200, Donam, Korea)<
AbESte] BT 2B 2% 200TelA 300C7HA 10T
/min® 2 A Z Tt} Detectori= flame ionization detectorZ A}-8-3}
g om detectord 2EE 275C, injectord &= 250CE 3t
t} Carrier Gas®2 Helium2 A}F-83}9)

H

b 12
O

[o
bt to
4t

Mo

2) 6-dodecen—4-oilde®] &4

Y. lipolytica®  A|3HF < -oxidation = ¥+

tlo
o

10-hydroxy-12(z)-octadecenoic acidE 4-hydroxy—6—
dodecenoic acid= A 3A[Zl 3 AN HpSOs& FH7bske] vk
pH4= 331 100°Col A 5+ &<t

%3] 6-dodecen-4-oilde (Butter lactone)S AAFslch A4t

[¢]

o o

0

ol
7}4 3o lactonization HHS-

)
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o},

6-dodecen-4-oildex= ethyl acetateE ©o]&3}o] 33 %3 %
rotary evaporator® Ab&3lo] ethyl acetateZ #|7&tith. #g

AAH  6-dodecen-4-oilde &= F=° Wl ethyl acetate®
s|M3ste]  HFAS GC w43 sd3 xxdo=z T3S

=439

¥ ¥ ¥ (Phenotypic variants)®] ™W&  hydroxylation9
2} o] 9} Morphological character

1) Microbial adhesion to hydrocarbon (MATH) test
Microbial cell surface hydrophobicity®] Z%-2 microbial
adhesion to hydrocarbon(MATH) test & =43} th. stF%<t
kst #F= 25 mM phosphate-buffered saline(PBS)Z F W
Mo)Fa1, 25 mM phosphate-buffered saline(PBS)Z o] -&3}o
600 nmol A optical density 7} ¢F 0.6°] HEE 3t} o] A|E

et 15mloll kst volume® hexadecane hexadecane

I

O

(ranging from 0 to 900 ul)& %3 30%3t vortexing$t}. 303t
APt H=5 3 T aqueous phasel FIFEE ZHs 1
7 Ax dgde] FFEele] zo]lE Al4tshe], hexadecane?l

S
3 cell adhering® W& & 2 hydrophobicityE % 7}3kt}.

Microbial adhesion(%) = ( 0.6 - aqueous phased T3 =X )
x 100

2) Sensitivity to oxidative stress

Hassett et al.9] disk assay & AF&3te] AEQ oxidative
stressoll ™3k sensitivityE®  FA}sFthlate-log phases® cell
culture 100 ulE TSA$ Nutrient agar platesol L3}
spreaddtt}. H 3k Whatman no. 1 filter paper disks (7-mm

diameter) Z}7+9] plated] Eil 30% HxO, 10 ul & F5A1Z1th
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26CoNA  24h w3 3 ZF disk FHe growth inhibition

et
N\
ol
ol
Aui

zone® diameter

3) Pseudomonas©] 93 Mo Ak

King et al.9] medium A ¢} medium BE % &3t Pseudomonas
agar P$} Pseudomonas agar F (Hi-media, India)E& A}&3}o]
pseudomonas <o) A3t A A2 pyocyanin® pyoverdine£]
A4S ol r gkt

4) 899 ©E hydroxylation® 93
A9 step-17 FLdF WHES o] &3k, Z+7+e]  conversion

ratio® W]k},

Li
drtA o w Fshf= 50780%2 27F = X3t A WAk linoleic

methyl ester3}sli GCZ 43 A3 3o AFE © Z3f+=
75% ©]7e] linoleic acid&
30). AE Aol A &3+ 3 linoleic acid 3 M
AEFE, w8 GAE linoleic acidE AF§3tA] 23 Al o=

7ol F3FE AFRsle]  10-hydroxy-12(Z)-octadecenoic

]
i
:[o
ol
ol
=
32
oo
o
Jo
rO
ol
ol
32
x
&)
Q

acidg AtsleE AEAFTIAHAS MET A9 Hd HFAE
AR 4 do] A aA At F83 dEEA9 VA E
AYar 9dok oAl AAkE dllinoleic acid &35 A&
A5, Ul 3t Aw) FrkelA A FR AYAES Fg UL
25% B3 AHHA Fde BIT F dA E Aoth
Zhraalle SsRE ol&ek <A lactones A4 scheme
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104

figure 31o] =213} = At}

Y. Hydroxylation ReactionS 93 59 A

F47% 2 Pseudomonas % % screeningdt ZA¥, UlFE
hydroxylation reaction activity® ®o] Fom, 53] P sp.

NRRL B-2994°]8 &38frol *3e  linoleic acids 7H
g4 22 monooxygenase2] Aol 2]&le] hydroxylationA] A
10-hydroxy-12(Z)-octadecenoic acid® W3A 7S et
(Table 10, Fig. 32). El-Sharkawy et al ¢ A+ Ao o
49 P. sp NRRL B-2994+%= E¥x3 AW oleic acidE
10-ketosteraric acide& A3t Ao=R HiuFJor, &
ARolA 27k Bx3sp Agto]l @el EJH o= Thiad
2372 AR A$ keto fatty acidE $¥YA7] HFAES
AAstG T HFAZ Aol Atao=® =& gerationdl 9]l
ARE e Aoz FAHL Aoy, B8 T keto fatty
%2 HFA7F A aeration®] <93l keto
fatty acide st A= A A= FAdrh =3 =
Ao HAE & Adgug 2 2T T monooxygenase2]
mutationol] ¢]ste] HFAZF AR ¥ = A& &elstr] 913 a4
ol A7 g ar vk

ek
o

t}. Linoleic acid2% B 10-hydroxy-12(z)-octadecenoic acid9]
AEHE TF

RO oA AFEdAE P osp. NRRL B-2994¢] whole
cell& ©]€3 hydroxylation ®F%o] old AME FEFES
ojgstd o}, B A= Poosp. NRRL B-29949] whole cell<
o] &3 AEHATTAHS sk =S o] &3
hydroxylation ¥F$-& F%% A$ wAEo H7td AW
wafsle] A 5 ¥ 3} AW2kehydroxylation whole

cellEHA3 FAHL hydroxylation ¥H$S 3 ZE3cell

2
o

o
+
52
L
g
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masss FERT F e cell AF7I whole cell?]
monooxygenase?] &4& ©]&3% hydroxylation H-&7]=
&€ Poosp. NRRL B-29949] A7 13} 2gr]d 714
A7F AAE Lolry] 93l 0D glucose 55 =A3 AT}
(Fig. 33). P. spNRRL B-2994% stationationary phase cell
Btl= log phase cell ©lA monooxygenase AL Ho,

monooxygenase activityES A 9] A4S U3t ] 95|

—_

late log—phase cellS A}&3= Zlo] HAHow Foludry. w3
P. sp. NRRL B-2994% cell 4782 #13] 2549 glucose’t A&
Ag EBExs A4S o] &3k monohydroxylation reaction
activity S Holx]  &dtd. A9 hydroxylation activityE
Hol= cell& #H7F3F carbon source?l glucoseE A W3 AE| &,
optical density: 660nmeol A A slo] FA A4S 1/10 dilutiondt
2ol 1o 7lhe wlFAom oA st5EFE Tl
HA7rstdth. AEA 8 3-literd @A Fws] vl T
b e s AUFE 5, 24-300%be] AEHSEA
AA A" AAEE 339l methyl  ester2 W
10-hydroxy-12(Z)-octadecenoic acidE GCZ 43R o, ¥
39.2% ¢ conversion ratio2 ®EJT (Fig. 34, Table 11).
Zbrede S 10 g/1e 052 gl/hr xR LEY
A7t AsdZdesEs  E=ol7l 98 F3Y
sdAY FVMEEREE S A A Aesdgss A
A Dol olygt AEHI}E FHS Tt 1

r 8 Ex3 XAk 9%k cell toxicityol 7213}
Aoz FAHHAY, sH, P sp NRRL B-2994% ©]&3F linoleic
acid®] HFA®S Age 7]Edd A+ Baud A5 Ayt 2o
aeratione F@38}il agitations 900rpmlE ¥ E 9
A AEAHI}ES Bk olgg A¥= Vo] Had
P. sp. NRRL B-29949keto fatty acid Aty <2 HFAAA

712bell digk Apols HolE Ao FAHHEL. A AP &9

o,

e
M2 e

4 =

ST

o [0 oY
o R e =

of
rir
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106

Fde T AEH T ML dodem Arkel 7

38 2AR FavlE HR
HFAS  AdtetrAl do=2Xi A Fs Adewr oy
FdHer tR7E Z 9EFg unEA ook Ay =dE

AgE ek

Z}. Phenotypic variantsol @& hydroxylationd] ™3+ <33}

morphological character

1) Pseudomonas sp. NRRL B-2994¢] 5 7}A] phenotypic
variants

Fig. 35914 H& vpe} o], Al4% hydroxylation? S &3
T FFol colony types {El3tAt). Wild-typee Pseudomonas
sp. NRRL B-29945 Nutrient agar®l]l 26 Coll A 48]t wlj ksl
BRE 2 Y colonyTHol LA s HHS colony’t
el o (Fig. 35). Small variants® 593 27007 # %39S

3

ul, large variants®tt 23 B35 T EFWI colonyE

UelW T} L variants colonies®t S variants colonies= agitated
brotholl w3t S ul, FA7F AA3HA L variants© Al g
Wo ojw FAE 74 glo] #AsA TS vehidor), S

variantsv Al@ @ ¥& mep F2hyo] e g & YERTh

2) S variantsol Al L variantsZ9 Ed g HG

5 Y3 plates 197 room  temperatureol
F2)5FA . olw], L variantsol A= A ek H& A 4
ANoY, S variants® WHEEQ  colonies’} L variants<}
FAFEEA YElykth o]E Hol S variants AiFoE ¢
Wollarged RAFLE v F A5S & F A

iy

>
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3) Cell surface hydrophobicity

Eric el alol 93}, S variants® 33 FHIANLS cell
surface hydrophobicity7} L variants 2t © =2& yEhdt
w2l A standard assay$l MATH testZ AF&3Fo] cell surface
hydrophobicityE &A3dcr. =2 A3} S variants’} L
variants®] surface®.t} U hydrophobic3lth(Fig. 36). 221 S¢

revertantt= =2 A wZol o] AgS P 5 g

4) Sensitivity to oxidative stress

o] A3 stressoll 9al Aotds THES HY| fT dAdow
Table 12¢] Aot 2k 5719 cell& AHEEAS 4,
HoO20l 913t A A 3ke] Z7| =L variants?F S variants2.th <F
30% =zttt o] A3 = L variants7t o RIS & AU
wek ol#3 Ay TSA platedlA] #TEIE 5 ldlon

Nutrient agar platedl = &2 = g}

5) Pseudomonas®| 9|3 229 ik

Pyocyanin®  Pseudomonas®  blue phenazine MA=,
antibiotic activitys 7FAa & AEX =2 FHEHE o
) AFAFE- (extracellular  secondary metabolite)©] 32, pyoverdinei=
T84 ¥} MAZ Pseudomonas aeruginosa®t UhE
Pseudomonas °|A YEedTh T8y Aol ALEs g =
oAu gk M WHskA ZgvH(Table 12).

6) Pseudomonas 9 AZ ©Y& FEIdY wWE
hydroxylation®] =}9]

L variants®} S variantsE Y3 7S =2 hydroxylation
A¥S F3syPtt. L variantsi 1g cured microorganism
extractol] &3t curde fatty acide plamitic acid: linoleic acid:

10-hydroxyoctadecenoic acid7b 2.0 : 35 : 36 ¢ HERE
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UElytor S variantstT 2.0 : 53 1.9 2 YESCH(Fig. 37).
wals  m eSS o83 Hydroxyl fatty acid AAkol=

Pseudomonas sp. NRRL B-2994¢]Large variantsE& A}&3t=
Aol © ®& %o hydroxyl fatty acidE A F dS
Zlo|t},

. Lactone A4S AEAE T3
71 &E e abfol v 3HrE o] 9= ricinoleic acid
(12-hydroxy-9-octadecenoic acid) & o] &3]
6-hydroxy-4-decanolide ( -decalactone)o.Z 3%

AEASTAH AR Y. lipolytica ATCC340838% A3
-

A
39tk Y. lipolytica = ricinoldic acide} &4 wjeks 7

rr

o]
2R

tlo ¥
™
o,

o

-oxidation WH&-& E3to] FH 7l fatty acidE carbon source®
ol g3sted AAE 3w, HFA+= ArAldl x2gs o] & hydroxyl
groupell &3t -oxidationE AFHA A FA B
wa7F AAE dEdA -oxidation ~ ®WH&-°]  FZHAIQ
6-hydrox-4-decanoic aciﬁ%: Hjokdlel] A5t Aow Ay
Atk olgg 7 #S o] gsle] Y. lipoéytica ATCC 340887} P.
sp. NRRL B-2994¢] Aedg TAE AA
AALE 10-hydroxy-12(z)-octadecenoic  acidE ©]-&3lo] A A3}
HEo] -oxidation W89 F7FACl 6-hydrox-4-decanoic acid
Aitete Al FQskr] flste] 24A3F S ARSI

3k AEAZ WSS 4N H,SOs &8 citric acidE AF-&3H

pHE 42 Y&rol wes AXsgin. o F wIde g
7}38ke] lactonizationA] 71 & ethyl acetateE ©]&3lo] FE3}o
GCE ®EA438tdtt.  GC A2 -decalactones HATEAR
Abg5te] BAStG o Y. lipolytica ATCC 340882 24*]%F
AEHSS 7]set ~decalactone?}=  © 2  ZgE

6-dodecen—-4-olide (Butter lactone)2 9.2 g/l A4t (Fig.

_ Yoo
37, Table 13). A4t AEH3 FH F  -oxidation HH-59
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4.

Z7FA4 ¢16-hydrox-4-decanoic acid& AE¥$S &g H$
b o] vt W v SH A etk wjgd

o

A lactones ABAFY] AHstE A AEHTTAHY TS
?13te] lactones TAHAIY] 4 2 AEdFAHo HA
Ay A7 @A A Ak o] gk 2-stage microbial

biotransformationS ©]&3%e] AZE HA  lactones2] A4t

n ]
o

&

oby et

BRI gk BT A FYel gEse e Fm A
A F=

MR E 5 Stk Eg
AN ZE polymer AiHS 3 AFEHe Aoz gt

=
A 71849 5e AAska gk

o

a4e

X E Hydroxylation®} A|3k%4 -oxidation®] 4tg% A ¥4
in-situ bioreactor®ll Al &= ATE 2-GA PAE A
gstol EBixst AWAbs o %L%g}i’ﬁ U= 2
6-dodecen-4-oilde (Butter lactone)®] AJAF3}A T,
233t AWAS microbial  lipase® o] &%t B3 ZF
Pseudomonas sp. NRRL B-29949] hydroxylation 7] %S o] &3}
B4 9 hydroxyl fatty acid (HFA)E ASA AT BE3 =4k
linoleic acid& >75% i3t T3l7& o] &3l P osp. & 48 Azt
o] AEASFTAIIT F 8 g/19 10-hydroxy-12(z)-octadecenoic
acide At er Fit 392% HEAFES 2T 94 ¥
H  10-hydroxy-12(z)-octadecenoic acide= 2x8 o2 Yarrowia
llipolytica ATCC 34083¢] A|§2<Ql  -oxidation”] 2t& o] &3}
4-hydroxy-6-dodecenoic acid® H3EHJtk wjFd J EA 3=
4-hydroxy-6-dodecenoic acid:= 4N H.SO,S A 7}sle] wjdkad e pH

47 YFu 100°ColA 5% Fob sFdste] 92 g/l 9
B

s
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6-dodecen-4-oilde (Butter lactone)©.Z lactoned} 3ttt H4A
6-dodecen—4-oilde+= E¥3} lactone & & 7] &9 AL4-=
6-dodecan—4-oilde (dodecalactone) ¥ 4-decan—4-olide W] 1L3}e] =

=% g 542 Aux gl
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DISTILLATION B/R 9600

biotransformation process development
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Retention Time

SES

[ L] I [ ) I [ L] I [ ) I [ ) I
0.00 3.00 6.00 9.00 12.00 13.00

S00.000 —,
i Retention Time

400,000 —

300,000 —

- 4.45
200,000 —|

100.000—

0.000—

D.DDI H I3.ADI " E.DIDI H IS.ADI b I‘12.IDDI H I15.IDD
Figure 30. Gas chromatography analysis of hydrolyzed
safflower oil.
(A) Methyllinoleate(B) Hydrolyzed safflower oil

palmitic acid(a): linoeic acid(b) =12 % : 719 %
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Safflower oil

1 Hydrolysis by microbial lipase

linoleic acid OH

O

l Hydroxylation by Pseudomonas sp. NRRL B-2994

OH
OH
O
-Oxidation by
10-hydroxy-12(z)-ocatdecenoic acid
‘ B Yarrowia lipolytica ATCC 34088

/\/\/:\)Oi/\

4-hydroxy-dodecenoic acid

‘ Lactonization by lower pH and boiling

O

— @)
Figure 31. Production of 6-dodecen-4-olidefButter lactone) from

hydrolyzed safflower oil by 2-stage microbial biotransformation

6—-dodecen-4-olide
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Table 30. Screening lists of Pseudomonas strain

114

1 KCTC 2450 Pseudomonas aeruginosa
2 NRRL B-1543, ATCC 13986 | Pseudomonas aeruginosa
3 KCTC 12910 Pseudomonas alcaliphila
4 NRRL B-1681, ATCC 17417 | Pseudomonas aurefaciens
5 NRRL B-1576, ATCC 13985 | Pseudomonas aurefaciens
6 ATCC 25416 Pseudomonas cepacia

7 NRRL B-2320, ATCC 17460 | Pseudomonas cepacia

8 IFF-8296C, ATCC55792 Pseudomonas cepacia

9 NRRL B-1541, ATCC 17414 | Pseudomonas chloroaphis
10 | NRRL B-1854, ATCC 17810 | Pseudomonas chloroaphis
11 | NRRL B-1095, ATCC 17811 | Pseudomonas chloroaphis
12 | NRRL B-2075, ATCC 17813 | Pseudomonas chloroaphis
13 | NRRL B-1632, ATCC 17814 | Pseudomonas chloroaphis
14 | NRRL B-560, ATCC 9446 Pseudomonas chloroaphis
15 | NRRL B-1244, ATCC 11253 | Pseudomonas fluorescens
16 | NRRL B-3178, ATCC 17926 | Pseudomonas fluorescens
17 | KCTC1767 Pseudomonas fluorescense
18 | NRRL B-25, ATCC 4973 Pseudomonas fragi

19 | KCTC 12937 Pseudomonas kilonensis
20 | KCTC 2198 Pseudomonas putioa

21 | KCTC 2005 Pseudomonas putioa

22 | KCTC 1452 (continues) Pseudomonas putioa

23 | KCTC 2523 Pseudomonas putioa
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Table 30. Screening lists of Pseudomonas strain

115

24 | KCTC 12283 Pseudomonas putida

25 | KCTC 1768 Pseudomonas putida

26 | KCTC 2402 Pseudomonas putida

27 | KCTC 2403 Pseudomonas putida

28 | KCTC 2404 Pseudomonas putida

29 | KCTC 2406 Pseudomonas putida

30 | KCTC 2407 Pseudomonas putida

31 KCTC 2408 Pseudomonas putida

32 | KCTC 1067 Pseudomonas putida

33 | KCTC 1133 Pseudomonas putida

34 | KCTC 1134 Pseudomonas putida

35 | KCTC 1365 Pseudomonas putida

36 | KCTC 12301 Pseudomonas putida

37 | NRRL-21, ATCC 795 Pseudomonas putida

38 | NRRL B-6, ATCC 14036 Pseudomonas reptilovora
39 | NRRL B-334, ATCC 11253 Pseudomonas reptilovora
40 | NRRL B-2081, ATCC 14545 | Pseudomonas septica

41 KCTC 1397 Pseudomonas sp.

42 | KCTC 2864 Pseudomonas sp.

43 | KCTC 2409 Pseudomonas sp.

44 | NRRL B-2994 Pseudomonas sp.

45 | KCTC 2760 Pseudomonas stutzeri
46 | KCTC 1832 Pseudomonas syringe subsp. Syringe

47

NRRL B-14, ATCC 4684

Pseudomonas teatrolens
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Figure 32. Thin-layer chromatography (TLC) analysis of products

form the bioconversion of unsaturated fatty acids by microorganism
A : Linoleic acid (standard)

B : 12-hydroxy-9-octadecenoic acid (standard)

C : crude microorganism extract by Pseudomonas putida KTCT
1134

D : crude microorganism extract by Pseudomonas sp. NRRL B-2994
E : crude microorganism extract by Pseudomonas sp. KTCT 2409

F ! crude microorganism extract by Pseudomonas aeruginosa ATCC
13986
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1.0 5.0

r 4.0

O.D. (600nm)

- 3.0

r 2.0

- 1.0

0.0 . . . . . 0.0
0 5 10 15 20 25 30
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Figure 33. The adding point of substrate and cell growth condition of

P. sp. NRRL B-2994 at 2.5-1 fermenter, in glucose conc. and optical

density. The arrow in Figure is adding point of substrate.
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Ketention Time

Fi
extract with 10-hydroxyoctadecenoic acid. a: Methyl Palmitate, b:
Methyl linoleate, d: Methyl 10-Hydroxy-12-octadecenoic acid by
Pseudomonas sp. NRRL B-2994
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Figure 35.-xL—and S-variant of Pseudomonas sp. NRRL B
(A) L-variant (B) S-variant

-2994
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Table 11. Production of 10-Hydroxyoctadecenoic acid in lab fermenter

120

10-hydroxy-12

Incubation Total oil Crude Linoleic Yield
-ctadecenoic
time (hrs) added (g/l) (9/kQg) acid (%) (a/)
acid (%)
24 20 - 40.9 31.2 -
48 20 11.0 28.1 51.0 5.61
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Table 12. Comparison of production of extracellular products and

sensitivity to oxidative stress between the L and S variants

Variants

Large Small
Products
Pyocyanin No pigment No pigment
Pyoverdine No pigment No pigment
H2,0, sensitivity 17 + 3 24.3 £ 3.5
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Table 13. Conversion of 10-hydroxyoctadecenoic acid to butter lactones
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Incubation time (hrs)

Crude extract (g/l)

Butter

Lactones (g/l)

24

25

9.2

48

25

7.9
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Figure 36. Evaluation of cell surface hydrophobic and adhesional

potentialities by the MATH test, in L(@) and S(¢) variants.
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Figure 37. Gas chromatography analysis of 6-dodecen-4-oilde by
microbial biotransformation. a : -Decalactone, b : 6-dodecen-4-olide

(Butter Lactone) by Yarrowia lipolytica ATCC34088
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Table 14. A A FE2AAY T2

L % Annual
Million US Dollar .

Growth
Item 1994 1999 2004 94/99 | 99/04
lobal Demand 11/195 14,150 18,400 4.8 5.4
United States 2,915 3,865 477 5.8 4.3
Canada & Mexico 300 56 790 75 71
Western Europe 3,605 4,300 5,211 3.6 39
Japan 1,830 1,375 2,10 05 2.3
Dther Asia/Pacific 1,100 1,680 2,72 3.8 10.1
Dther World 1,355 1870 2 805 6.7 3.4
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Table 15. BT o]&3% HA Flavor and Fragrance chemicals A4t

136

Price
Product Fermentation | Price ($) Substrates
($/kg)
Hexalactonr Aspergillus 1,500 Hexanoic acid 30
decalactone Yeast 100 Ricinoleic acid 100
Psudomonas ) )
dodecalactone 1,500 Oleic acid 100
/Yeast
Psudomonas ] ) )
Butter Lactone 2,500 Linoleic acid 150
/Yeast
Psudomonas _ : :
Tuberose Lactone 2,500 Linolenic acid 200
[Yeast
Acetophenone Commanonas 900 Cinnamic acid 120
Styralyl acetate* Yeast 2,500 Acetophenone 900
Methyl Jasmonate Diplodia 50,000 Glucose 10
Nonanol* Psuedomonas 300 Undecanone 70
Nonanal Acetobactoer 900 Nonanol 300
Phenyl alcohol* Yeast 1,500 Phenylalanine 20
Phenyl acetic acid* Pseudomonas 1,000 Phenylalanine 20
Phenethyl
Phenylacetaldehyde Acetobactor 2,000 1,500
alcohol
Propyl
Fraganrone Acetobactor 1,500 200
actaldehyde
Tiglic acid Acetobactor 3,000 | Propyl aldehyde 200
Diacetyl Klebsiella 50 glucose 10
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	식물유를 이용한 생물 전환법에 의한 고부가의 천연 향료 Aldehydes 및 Alcohol과 Butter Lactone의 생산 기술 개발
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