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Summary

I. Title
A Study on the EPA production Using Marine Microorganism

II. Objectives and Significance

Among the polyunsaturated fatty acids usually contained in blue
backed fish oil, n-3 series fatty acids such as Eicosapentaenoic acid
(EPA) or Docosahexaenoic acid (DHA) show some benefitial effects
on human health such as preventing disease in circulating system,
decreasing blood lipid content, selective destruction of cancer cells,
and curing of some inflamentation.  Recently, these polyunsaturated
fatty acids were purified and marketed as health food as well as
curing medicine in United State, Japan and this trend has begun in
Korea. To overcome some problems using fish oil for the EPA
production such as unstable supply and easy decomposition during
transport and storage, an microbial EPA become more promising
source as an alternative EPA source other than fish oil This
microbial EPA production will guarantee a stable supplication of
source for EPA through biotechnical process such as fermentation,



and eventually mass production can be easily processed. Another
advantage of the microbial EPA production is microbial fatty acid
source contains very little other polyunsaturated fatty acid than EPA
which greatly facilitate the purification process. To follow this
trend actively, first of all high EPA producing bacteria must be
obtained and the optimal cultivating condition should be established
for the eventual industriallization of microbial EPA production.

III. Contents and Scope

1. Marine bacterial strains stocks have been established for this
project as well as other screening of biologically active substance or
novel compounds

2. 23 EPA producing bacteria have been isolated

3. 5 strains of high EPA production activity have been secured which
can be good candidate for microbial mass EPA production

4. Identification and physiological and biochemical characterization of
high EPA producing bacteria

5. Establising the effective and economic process for EPA purification.

IV. Results and Suggestions

1. About 3500 strains of bacteria were collected from the
intestine of 100 kinds of marine animals including sardine, mackerel,



sea cucumber, and so on obtained from the sea around Korea
penisula.

2. 23 strains of EPA producing bacteria were obtained after
screening with thin layer chromatography and gas chromatography
and stored.

3. 5 strains of high EPA producing bacteria (#1513, #2100, #2101,
#2778, #3010) were isolated and identified as Aeromonas genera
through morphological and standard biochemical tests.

4. Optimal conditions for the growth and EPA production were
established for #1513 and #2100 strains. Heart infusion media
containg about 50 % aged sea water and incubation temperature of
18 °C, pH 75, and high oxygen supply should be employed for the
best growth and EPA production. At optimal condition in laboratory
scale, about 2 fold increase of cell mass and 4 fold increase of EPA
were obtained.

5. An effective and economic process for EPA purification
(higher than 95 %) was established from these high EPA producing
bacteria. '

The strains of high EPA production are ready for applicaion for
microbial cell patent, and the enzymel involved for the EPA
production was studied. For the eventual purpose of this research,
industrial mass production of EPA, the active participation of
industrial companies is highly required.
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Table 1. Percentage of Total Fatty acids by Types of
Dietary Fat in Eskimo and Danish Diets.

% total fatty acids

Type of fat Eskimos Danes
saturated 228 527
Monounsaturated 573 - 346
Polyunsaturated 19.2 12.7
P/S ratio 0.8 0.2
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Table 2. Reported Phamacological Effects of EPA’

Anti-coagulation of platelets (thrombolysis)
Lowering of plasma triglyceride level
Lowering of VLDL and LDL-cholesterol
Increasing of HDL—cholesterol levels in Blood
Lowering of blood viscosity

Lowering of blood pressure
Anti-inflammation

Anti—-tumorigenesis

Essential nutrient for marine animals

% Kinsella et al,, 1987
Lands et al., 1986.
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Y 2 oxylipinse] ¥ AFE FE algaed FFH k1 &
3] %7] AFE Oregongd¢t & YoA A&t Farlowia mollis o] #&

AT7F HiFEolUH. o] ZF AL FEEJAE 3 FHY
di-hydroxy fatty acidz} w)% EHaA &0l slem 1% 3 FHE
& 12R, 13S-dihydroxyeicosapentaenoic acid® H&Z . o]

oxylipin® EPARRE 12 ¥F 13 ¥ gio 437} dojd FHY=2 o
9 FYg Edol EHHGNA AAHE OE FFY red algadl
Gracilariopsis lemaneiformiso|X] fr8] e ZF& galactolipidd] ¥



Zd Fejz dAEUT. EPARYE olgd 131 ©hd e 3= &
At Al MAHA @S A4SZ & Hormon?l progesterone?] A XU
EX A|ojY ion transport enzymeso] ¥t A AT o<kdtE 2n|
7} Eo} o] M A Ead T ATE AYHD Ut

g F It A2 opr|Ho ZHoF HIHE XL Y& 3
Z Ao FHQolxa YPr Z2FHY AEQ Heterosigma £2] ZFo
Al WZAE heterosigma glycolipid®] BEHFE 1 glycerold sn-2 9
X] o] octadecatetraenoic acid (18:4)& 283 sn-3 ¢ x| EPAE ¥}
3l Qo= B a7} Holglew (Fig. la,b) P. flavaS oA & EPAS)
lactoneE g] 9] 3}gEo] LAFYL (Fig. lc,d, and e) diatomed] ¥
%9l Navicula detogneit Phytyl group 9| acylation @ EPAE &3}
I UeE Ao W AT (Fig. 1f). oo % Ptilota filicinad A&
EPAS] o]FAY X7} o|FE EPA FEAZ RAFHJEY o]EY #Y
& 89 FLuadAx 4 HuHEUY (Fig. lg, h). ZEZ{H9Y
Leiopathes&ro| A& EPA 3-& EPAS] o|F4F (53 C-10 X))
hydroxyl group®] X]& ¥ oxylipin®] YUF<Q leiophathic acid7} 27
H71% #{T (Fig. 1i,k). E@ stejuoly dehbes 959 shta
okadaic acid®] <9 Q#H £ okadaic acide] -OH groupo] »x=& X o]
2y 7hEjHlol FE HolE EPAZ acylation Ho| 7hEHle] thg
ol F3EE FNE Bad upst i,

°o]E9 FFY Yo BIAME F43) 4 A Ho Y
FTHE S04 LAHE eicosancidE 2] 7153 B3 FL3 A
P8 Holn QFo] BHIANUY. ol UFE HIRT SAFENA
arachidinoc acido|A] F# € n-6 ALGQ eicosanoids?] ZHF A&
A€ Aodte 98s FYso JEEFE Hol: Aoz AlsdEYy
(Fig. 2).

¥



Figure 1, Structure of Oxylipins isolated from Marine organisms

CI1,0H
HO o 0—Cll, S,
o1l [t QCO(Cll)y—Cll, VY Vv —VW
HLCOOR
ol
R= —‘(C[ 12)3._.CI'12

——(C11,);——Cll, NV

heterosigma-glycolipid 1 (@) and 11 (b)) (Hcererosigma sp.)

(C)(P.flava}

ro" ==/ =/ o=/ N/ e

R
litophytolides A (d . R=COP™ and B (@ ,R = Ac)
(Litophyton sp.)

//\\==y/d\c==//\§==y/\\===/p\v==)/\\/ﬁ\coﬂ{ R = ()-phyyl

f (diatom Navicula delognei cf. elliptica)

(X\/\/\/CON D N N N T

(9 ) (Ptilota filicina) (h ) (P. filicina)

on
NJ¥WW\/COLII

Iciopathic ucid |
i (Leiopathes sp.)

on

AN/ AT \L~_-calt

K (941) and (942, dihydro)
- (Leiopathes sp.)

24
- 32 —



Figure 2. Eicosonoids metabolized from EPA and Arachidonic acid.
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H 2 & EPA YL #Fo 22| ¥ 84
A14d N 8

U AEE o] 8% EPAXAA 71 Fo% AL EPAE T AASE
HAE #FE R dojth, A 1z € 2 A dFRINNAE o
FAXl ol UAYE FFE EPAE OF FH3n e AYFEU
HEES T MATENA FY3E Aol 8oz E3 ofrtuy} 9
HRoE vAEY tAlERe]l 4A £F0 g3t FSIHE FRA
AAste HAES YALRE s Ao ARFHTE  oFHE NTFEL
TTEYS old WmE &5 wiYo] 7Hedez BEd FF e AWl =
4 2 oAe HYRAE AFHeE 7Y I o]d wa} EPASH T
EA F79 AR AL 5L&FHor FASs w K5
oJfrZHE|Q EPA il F2 o] &HE nFoY Holge HL a1 F
4 AL FFHIE 70 AF ol2:m Qi 53] EPASH e ©AFE

+ arachidonic acids\ 7]€} E¥ 3} x|Wale] o] L &3 E
3 @29 20 7] ol wj$ 3 AlSS ZE A W4ate] o] ol EPA
9] £ AA WL o go] Ui ol wa XA @I} EojxE= &
A7F 4ok (Iritani et al., 1980). ©]& $jsle B AF7 Ay
1991 d 9€5H 1994 9 8¥7HX I A28 53] FHE FAez #F
F 28 YA oSS tios P o9RE gAsg

ANTez HES EPA AL EPA7} AT A Xute] FAARolmE
AR EPAS] FFE 7 FFNY WA 2AA EPAT} AA S T
EPAE AAstE AT A (Biomass) $5&0] FF JF Wt
S AdE BFHoE &= EPANAL FR FFE WA 2A oA EPAY
Fo] Eoloksta FAld UutHQ WY z2ANA =& FAH) 5L B
ol ¥ 57K 23 3F A AT E HE dFd Fu g4



FystRch.  old wel PriH dFE B4 dFAA AYsnn A
SE 20 °C 2ANA HF FFLRo|lE TFE A4 U= T

A 23 AdAs 2 9y
1, 5 88 € ne&

B4 FFe) £ F2 OJHE MR HY FEES Py A
g #ABEH BR WA HES F ¥4Y TA IFL A nY
2asty &4 wgss PP ALARL 1 FAHY PRe A 2 2
GE A7RANA A8 A&

2. Fatty Acid Methyl Ester®] A%

n-Hexane, acetyl chloride, chloroform, methanol, ethanol,
diethylether, BHT (Butyl hydroxy toluene) &-<& Merck A}¢] A|¥E&
ALEF o fatty acid 3} fatty acid methyl ester ¥ A|BE
Sigma Chemical Co. ¢ AEFS AME3IHT. ¥ AYd ALY ZE &
el AL 2 AL AT 5ET A8 AYsinE: 3 AdA=
A 50 - 100 mg/1 ] BHT & H7}slg e Awrate] pethylation 9
AFE-E methanolic HCl 2] A Z¥E acetyl chloride 30 ml-€ 4 °C & 4
Y WELE 300 nlo] M3 FOoAA o] FAH HClo] WEdYZ
£3E 94L& A=z,

et 50 mg 7}FS] diA TA|E Eppendorf tube (2.2 ml) of S0
= 0.3 ml 2] methanolic HCl o] &7 F 5 %7t Vortex® EEo &
g Aldo. @EE ARE 55 °C FZA 2 AT EQ WA A



methylation € @&d% ¥ 0.4 ml ¢ 5 % NaCl €43 1.5 ml ¢
n-hexane & 7}§ F 30 X7 Vortex®B EES YAE fatty acid
methyl ester & n-hexane 202 F&3ct. ARF F EI&E H3sd
oF 1 ¥3F 15,000 rpm oAl LAEZFT F n-hexane & pasteur
pipet & A&l AZE 1.5 ml E9°] Eppendorf tube & &7l F o]
£ 40 °C 9 A] Heto A}¢] Speed-Vac 3 aspirator& AHe3te] AJE B3
E % 0.1nl 2 A BFAN F AP 24 & vy I2ntEaely
¢} 71A 22vtEagd 2 B4

EPASl dZEHE 71A Z2ZrlEa#v 4] peakZ} EPAQIA] Q&
9)8}e] EPAY RE o|FAWL vddZdFgez2 FYAA arachidic acid
(20:0)0] HASHE=RXE catalytic hydrogenationoZ FQI5Th.
Septun® & WE 7}5% 1 mlEo] vialo] n-Hexaned] Fofle A4t
W 282 A& 0.2 mlo] Pt0 (platinum oxide) 0.1 mgS 7}8}3
A28 A9 EEWA 10 £ FX& F A Ptog AAS L A A
ZulE a8 v A4 EPA peak”} arachidic acid (20:0) peak@ 9] A3
qRE U7

3. EPA A AL 9% vtet m2ul¥ 289 (Thin Layer Chromatography)

%4 n-hexane & U9 EPA A& dA=2 WY A=BviED
2}3 (Thin Layer Chromatography, TLC) & Al&3ld F3sHtl. A}
£33 998 Merck AEQ silica gel 60 F254 & A3 oA &
g A dgdl2e2 &9 oF 10 ul 9 AEE FH3 n-hexane
3} diethylether ¢ 9:1 E§ A& AHJ] §uj= A83te 30 £3F A
ANAT. 23 ZAALe AR FE F ooy B3-S Y F 8= (L)
F710 9% A Yo 7 AEdAT. o 4= EAE #d
Aol 20 = W EZHg Yol WXde 0= FVE X3 AT F



AN F8 F 99 9@ ¥a s 20=7 A & A
o2 ZMFEE e BAYNT.  EPAT AZEXI AWAE E3HA
Hatgh @Y B33 AR Fe AAAGAA AU,

4. Gas Chromatography

EPA o]9]9] oje} RE=EX 3} APAEE £ TLC A3 = TY
ol wkgo] JEERE TLC & AHE® UX HA el ZI} EPA methyl
esterd] AFHE Axo] A o] vElE 100 o F A 5E WY
© 2 Gas chromatography® AF&3}e] EPA §§ AR E < ¥
Hewlett-Packard gas chromoatography (model  HP5890I11A) <}
Hewlett-Packard integrator (HP3396A)& A}&38l3 SP-2380 capillary
column & AME3} 195 °C oA E 8K Flame Ionization Detector
2 ZA&3YI carrier gasEE IAe: FAE ALY, Ultra-1
(Hewlett-Packard Co,) %+ Omegawax 320 column (Supelco Co, )& H
BPdley AL83H e Gas chromatogram oA 2+ peak & ECL
(Equivalence Chain Length) #& 384 | IFE = fatty acidZ2 FF
Tt

chromatography conditions

column head pressure : 7 psi

split ratio: 50:1

column temperature: 195 °C (isothermal mode)
injector temperature : 250 °C

detector temperature : 260 °C



Eq

L.
2=
i
o
.

.

(C
1

uivalent Chain Length (ECL)%] AHA

Fatty acid®] HA& ECL &L 1 retention time 2.2 R E 3}
AL @FFY columng A3t FY 24 EXEH 7158 A
2 qEie o]FHEIES FIL U A B4 F88 ol
ECL AlALg 9% ¥F B2 E &= tetradecanoic acid methyl ester
14:0)9} hexadecanoic acid methyl ester (C16:0) & A}&3}4Tt.
AAe okdlst 2.

log(Rt, - Rtg) - log(Rtyy - Rtg)
ECL= 14 + 2X

log(Rtw - Rts) - log(RtH = Rts)

Rty : Retention time of unknown peak

Rts : Retention time of solvent

Rt

16 - Retention time of hexadecanoic acid methyl ester

Rty : Retention time of tetradecanoic acid methyl ester

3.

st

A

1)

mg

EPARAL 59 RS A% A 38 49

£ A8 U89 BN A 2 A = dFRIAA FAE] 7E
ez E BiaxdAE A, @A DNAFR [G+C]1(%) &4
HPLCE AH8-3t9 F3slHed 24P oleie Zr

Chomosomal DNA #8] ® [G+C]l(%) BA

25 °C oA} ¥ o] plaswid DNAZ} AAFH o2 AAE FA < 20
ZAEE 1.5 ml eppendorf tube o] PI 15 yl lysozyme £ (2

mg/ml in 0.15 M NaCl, 0.1 M EDTA, pH 8.0)& 7}sle & @& F 37



°C oA cell lysis7} TFE w7tz 10 oA 20 B WA
Dry-ice/ethanol batho]lX J3] d¥UF 7o) ©hA] 125 pl & SDS
(sodium dodecyl sulfate) 8¢} (1 % SDS, 0.1 N NaCl, 0.1 M
Tris-HCl, pH 9.0)& 7}3le] HAHS) FQUo). T}A] 150 ul & Tris
buffero] %9t¥ Phenolgd 7}8ta & &ojFE & 4 °C oA 3 B3
LA Bstd 3& Ura Ny 23E AFHE H3he 300 p1 & 95
% ethanol& 7F3FE & 4JojA -70 °C oA 30 B3It FXsd DNAE H
AN, A 4 C oA 3 £ 94 839 DNVA pelletE &2
¥ 70 % Ethanol® o] #&3F DNA pellet& 0.1 ml® 0.1 X SSC
buffero] &QIF 20 X SSC buffer& 5 ul 7}3}4 buffer strengthE =
A3 719 4 ple] DNase free RNase (2 mg/ml)E 7}8} 37 °C 9
A} 30 ¥ A= F phenol extractiondte] @HAFE AATF 44
el F& UFia tA AFIRE F3td 2 ¥ 799 absolute
ethanol & 7}3tc} DNAE I AAIZH. 4 °C 94 10 £3F 94 &3
o DNAE A&F 70 % EthanolZ o] £F 50 pl 9 Tris buffer =
EQA. A71¥8F5H 94 plasnid DNA ¢ FL3A St

0] 5L nelease® ¥-3FF alkaline phosphatase® <QIA7]1E A
A3t nucleosideBFEH|Z AF{JH o]F HPLCE EAsHT.  AHed
S 06 M (NHy).HPO4 (pH 4.0)¢} acetonitrile®] 20:1 (v/v) E%
& A g3 flow rate® 1 m/mine 2 A3 270 nmolA ZHE& 3
At A" columne Supegel ODS-RP (250 x 45 mm)E AM&3l4A
.

2) Menaquinoned] ¥3 2 FA

EPAS]  Aibgol 74 S FFFY I #513EF
(Aeromonas spp)9] 73% Gram negative ¥F YYo= EF3I EO)dA



Gram positive TF (e.g. Actinomycetes)dA] FE WAHHE
menaquinone®] WZAE o] FRF EAo] FBE o] menaquinoned EA
L ZABIET. 2 go] dAlo] 93} 20 =2 ARF] acetoneS Wi A
e 2 B 2$%E FAE B4 AHEHEF A3
& nitrogen gas® Eu|E A|AF F silica gel TLC o] HAHFZFE A
/N8l 2 benzened Alg&o H/ASKUTF. Ubiquinoned} menaquinone
FAL Vitanin K EFA2¢ AMAYRE #2134 rt. Menaquinoned
BEFEABE T37] S8l BE <83 FAHFLE REH o&EL £l
A #1513TFF 2 BEE Bt TLCE HAJF HPLCE o] 83ty &
289t AFEE HPLCA|AE TSPAMY] P1000 isocratic pump$} 20 ul
Reodyne injector, Variable detector® JFAHo] 991 columng
Tohso Co. 9 TSK gel-120T (0.4 X 150 mm)E AL3¥n
acetonitril:Methanol= 2:1& £u]|& A}&3}%t} (Itoh et al., 1985).

Al 3 A WEINAE Gas chromatographyol] ¢J&] #2778, #3010 %
F712 2 F9 TFE EPA UF A TFE2 ASI = 5 T EPA
OF A IFE ZPY 23 Fo EPARAY TFE FREFJUT (Table
3, Figure 3). EPAS] FZ A 2 ALl #FIJAE EPA
(eicosapentaenoic acid) 7} Al A E&o] ofyg olul 21 F+R¢9
°fg] 8ol Z dEA Ut FHoER EATIA MAYER FE &Y
d E£Z9 EPA 4R E 4 AR EH A8 =ddA 9 Thin layer
chromatography 9} gas chromatographyollX Retention time %



Equivalent chain length (ECL) #to] X3 EPAS} F U3} catalytic
hydrogenation®. 2 o]FAH L FYAHEL W eicosanoic acid (C20:0)
2 AP YL gas chromatographyE FQ1sle] ¥ 3P EL EPAR A3}
93 EPAS] o]& AF X% I configurationd NMRE FQUI3IHTh
(Fig.4).

EPA I A4 FFE2 F7t2 887 B2778FI$} B301OFI F 2 I
g A3 Slskd 2 A, AHRFH 5L ZABIAC Table 4
oA Gram A SAolNEL, €FAHE ZL ANeH, FHTH &
€ Rod formo 2, 39 o]& YT 70 o F9 A Ay 2R 2
£ XX Vibrionaceae family o] £%€ ¥4 AR Vibriostat A
°l 0/129 (2,4-diamino-6,7-diisopropyl pteridine) ZHA} A FAL
2 Vet Vibrionaceae family ¢ 4 /9 £ (genera)® ©] Whg-9
kA Q1 Vibrio £3} Plesiomonas £9¢] ofUi AJA AFJINE Ho|
A @3l luciferase® AEHA o} AA] ¥UF (Bioluminescence)
EA& i Q& Photobacterium £E oldE& HUd EIAFELS
Aeromonous &0 7 Ad =} FA43a aesculin 7V &8,
oxidation/fermentation test, oxidase, catalase test, ornithine
decarboxylase %4, lysine decarboxylase U4, cystein HJjX]o]|A]
hydrogen sulfide gas 34}, 53] DNAS] [G+C](%) oA <F 57 % &
[G+C)(%) FE RYoe =MW 50 % 1| gkl €} species®t TFE Aeromonas
s9e @4 YU Y Mn@FE ASE  Aeromonas
hydrophilla $}= o8| Ho|A Zo]E B o] specieso] &3] &S
a4 AT #1513 @ Fo A AJALE £ menaquinone HPLCE FAF
27 MK8Ql Ao Yz

[G+Cl(%) & ZAAo|+ chromosomal DNAE E2|dled £& ¥ 3}
& denaturationd] W& FFE W3e FAI DNAE Z nucleotide
2 B3 3FH phosphataseE ©]83}4 nucleoside® 7,“]% Al#A HPLCE
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g PYUS PUSKG. MR AW GF FREE= L ool
Bacillus subtilis, L&A Fo W& Shewanella putrefaciens
SCRC-2738, 1¥]il Aeromonas hydrophilla & AM&-3t4th, A=A &
uFoR #J AH 2 FF EF peritrichous B9 flagellagd 2
i glen AwHozm 2 da BaMda Bag 3 F9 FFEHR FA
T 4Fe AU ARy Fde AEE FeAIE AXe OFH
8] Aido] ol F FFAME A Uex Fgtt}. (Table 4),

o] & fermentorF oA Q] e wigA] F8% FHOZ #1513 F
F59 A% TAY 30 % /M7 %9 AT TUPFEE YAete] wjokA]
HAE7L 2 wobx FHMGA mite] A7 Ao & #2778 FF
S} #3010 TFE£ o8 d EAI/F H& Ao AR

53 & 47 71F Egd #3010 #FE A 7AA d3d FF
T AT EPA A TFE2 AA AW 2AF EPAVF H3 35 42 TR
AT FHAZ B palnitoleic acid®] 18 ¥ & 2 v 7}7ko] A3
e 22 AMYE AT o] AL YUY Sagani@TFA Y HT} EPAY
A #F SCRC -2738 ok 53 Ao® AlREC. Fig. 59} 69
SCRC-2738FF 9 & TA9 #30109] AFA =AHL AF RAFE
gas chromatogram® Y| &3} ). o 7] A SCRC-2738¢] GC spectrum<
€ @730 d&Aol o} Sagami @FAZo|A BE Lo EEojy

Biuxed 344 ALL8 718 5& EPAEHE ¥olE chromatogram©]ut
#30102] chromatograme ©|Ht} €453 & EPA @82 Holx ).



Table 3. Isolation of marine bacteria and Screening of
EPA Producing bacteria

Al 7h o BEEdF4 EPA AAL #FF
9.3  w37A 71 ND
91. 9. TAA 272 1
9L 9. A5y 144 ND
9. 9.  MEAJT 167 ND
9110, AEE 29 ND
oL1l. o A 19 ND
91.10. ¥ 143 ND
922 M = 289 1
22 @ = 267 ND
022 7B = 500 2
92 4  FEA 240 9
9.6  FEa 240 1
9.7  FEA 311 2
92.8  F8R 139 3
9210. &R 102 ND
9212,  FEA 144 1
®B.5. Fga 82 2
9.8  FEa 44 1
94. 4, FE2 56 ND
Z+ Al 3372 23
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Table 4. Basic characterization of EPA producing bacteria

B2778F1 B3010FI
Colony color Reddishbrown Reddishbrown
Flagella type Peritrichous Peritrichous
Motility + +
Gram staining - -
[G+C] (%) 56 57
Growth at 4 °C + +
35 °C - -
Growth in % NaCl
0% - -
0.3 % ++ ++
3% + +
10 % - -
Brown pigment production + +
Growth Inhibition test
0/129 test - -
Bile tolerance + +
Cetrimide tolerance - -
Potassium cyanide tolerance  + +




Table 4. continued

Production of
Oxidase
Catalase
Urease
DNase
Lipase
Lysin decarboxylase
ornithine decarboxylase
Phe. deaminase
Arg. dehydrolase

Carbohydrate metabolism
O/F test
Methyl red test
ONPG test
Esculin hydrolysis
Starch/Amylase

Gas Production from
Glucose
Arabinose
Mannitol
Xylose




Table 4. continue

Acid Production from
Glucose
Fructose

Sorbitol

Arabinose

Galactose

Sucrose

Cellobinose

Mannitol

Lactose

p-Hydroxy benzoate

Gluonate

Lactate

Indole utilization
Citrate utilization
Gelatine hydrolysis
H2S production
production of

extracellular polysacharide




Figure 3. Electron microscope picture of #2778 and #3010

#2778




Figure 4. Gas chromatogram of fatty acid methyl ester of #2100
before (A) and after (B) catalytic hydrogenation.
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Figure 5. Gas chromatogram of fatty acid methyl esters isolated
from. #2778 strain
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Figure 6. Comparison of gas chromatograms of fatty acid methyl
esters from SCRC-2738 (A) of Japan and #3010 strain (B)
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2) EPA ©% 54

Agelde e Ao RE7 AEde 74 JRLE A
T AR Awe) FFe A SASNA ekt wEA & ETlA
s} o] W AEZRE EPAE s ASdMe AETe T4 £
FPL FE BE AL ZAEA olEo] EPARRI 71XE 9F& G
T8 gast A old# AERE dEFHLR =4 47 4FE
At & or ol ofgy 2 7} Fol&e FF, pHT 2 FHA
AFE Avs A7 nF At & dT7dAE ol HES &
g, I¥E &2, #7] &¢ % JF= nFHaA AU ol
F Aol Biomass®] FUE H3E YHE HAFAT.

1. 489 9%

B AFoA HAE EPANA AFELS ¥ TEEY AU A4 A
E2A AF 2ol AL, I (100 m Fol9 FF 10 71¢) Felol=m
2 old wE ¢ JF= ZAEA(TG. AR AHFF AL
AEEC] Mg LA ostd MET T4 APate Ao W=
Aol Bagul td (Delong et al,, 1985: Wirsen et al., 1987).
10 psi AEY AL LFAN ¢HES AHSIRIL oJBT & 1Y
ZAL B #HIEdTA 717149 AdE 7136 AZR AHHE 4
QoA HI media& ¥H3 agar plated]A] vjFstREdl A =wjAE&E
o] &% AY¥L muld o go] Ao EVMFINAT. AFEI ¢Hd
719 At =49 ¥3e Fyol Ul astdlA e 16:19 8ol
25 %ol A] 16 %= ZFAF ¥ isopentadecanoic acid (i-15:0)¢] 3
o] AA Z7}sle] ulFAA 9 % 7hx] AFS3P I EPAY FFE 14 %ol A
8 %2 23|18 AT (Table 5). ol IYuWFZHAAE AXE



we] TR LA BESE} AAGE AHoE g€ AYY] 98t
AETe] BEE FHA e Loz AN

2. AFE AAaro 48

tAE HE FRPAA TG A F9 FUst Fo4F B wjA
qA 7tEd & =& TA I4E E§ U dAY AL A =7
FOlAH A4 FFo| YA ol Aol A= AL &5 U
olf® EAFE sA3}r] st dATY S 100 % A4 oA 4
Y daxoA liter B 125 g oA ¥ FA AFE Foid ZF7}
Buyo] ¢} (Mori et al,, 1979). EPAMA TFES A#3 EPA
Aol = 44 48F I ¥R YEREY (2 A E7 1
IA) o] AL TAMGAA PEE EANZE a9 Eto] ZolXE 9o
o wet EPAS e REEXS AP 43 &AFHE EA7F A
AAZ 100 % NA23NA FFE A B 2 ARl thd AFHHSIA
o EPARIFOA A Hulo|d2 "olX& Aol LAHNUY (Fig.
7). BT HH ZF 21L& F71E HE flow rateR2 FF3eE ol
HMolgta AFREHM o|Ao] i FFo] £& EF JAE FFIEA
no fgdFo|ga AR,

3. 784 #7189 I
TFEA4 #7] €99 AEG T uAE FF A zIEHIE
o] tEZHQ Ao] Ethyl alcohol@A] 1.6 % Ethyl alcohol & Aj3}e]A]

Tetrahymena pyriformis 2] <Q1A&AWe] hexadecenoic acid (16:1,
16:2) §3Fo] 23 % oA 5 % & AT WA linoleic acid®] 7% 14



%o A 25 %2 F71% AFHE LAY Y (Nandini-Kidhore et al,,
1979). ¥ EPAAAL @3 Ed e §71&vle] aRg dotr7] A5
o] methanol 3} ethanol® 93 AYPEFHA ALEE ®7] ST
A T ARE RAAL 1 % (V/V) methanolZA f7] 8 &
Ao et Fe tzFF A o 14 % 9 EPATHS BAd w3 of
27 %] EPAS 551 AN 1 % o] methanoldlA & I $8Fo)
F43) g28Q{. 1 % (V)9 ethanol g FH& wjA 8 FE °]
Boh ZA "ol o 9 % Fie FFE BHUT (Table 6).  EPA]S
o % methanol % IR A& palmitoleic acid (16:1)9] ##e] o
A ZAasE AFL Bolm YUR EPAY HF ATAR ARHE
20:4(n-3)9] 3gFo] <t FIIEIHT. ¥t ethanolo] A+ palmitic
acid$} palmitoleic acid®] o] =A F7IH L EPAS] AFEA )
§Fo] ZHasle] EPAAAL AAY 7tEo] EFHATE 45 UNT. E
sl E7E AL f7] SulEASAAE AW A FY AEH
= jso- ¥ anteiso-form® A WAate] ko] =AA A SN methanol
9 A% A A&HA FUE. ol AdFH o2 EPAE AustnA
9 2 485 AALL ZA 459 27 JdEY 53] 1% A=
o] methanol®] ®H}A|e] FFHE AS$L 1 WA 9 surface tension®] ZA
3t 2 Fermentator$-& ©]&3c] diF wFA AFY Aol IA
aste] FA9) o] ANLANCE At antifoand] AHEE FY
s Ut FAEE T EY S2H0ZT 584 786 9std
Axate]l A At Ao WX E 4FE FHIEH FTLE SA
7t 854 e a Atzdd.

4. Heart infusion ®lx]9] 3¢

A 2 9% AFRTANA BTG vhsh go] ¥ EPANY FFES



EPAAZt $¥ 2 heart infusion media®l A o9 & S B{}. o]
Heart infusion media 4 EPAA4IS X3l A& S 7|9y
media®] FEE EA3AAT. A 2 QX ATRINNME F2 £44
AEe 9¥e AU EY EPANAY FRE 9L vXE 248
A R3I}RT. EdTAME AL B 4¥L 2HPEY ¢
A EPASY ATAZE o]88 FJA& AWate AL EN39:=d HI
broth 200 ml€ ¥F& HFI}A %L dz7Y IFE HFE vzt
E U9 48 ARt HYFE Folch §922 F&39 1 AW 24 L
2488 Figure 8A oA HI brothol A& linoleic acid (18:2) 7} 10
% 183 arachidonic acid(20:4)7}F ¢k 15 % A= #FHE Aoz ey
T TFE WMEd ZAE AASNT 1 2HL BHINS AS o
TERFY ALl I4F 15 % 9 09 %E FAE AAS FUAsPn
EPA7} ¢ 1 %A= A&HAT (Fig. 8B). HYd @A xyat
=49 XE Fig. 4 4 Fig. 6914 EX0] arachidonic acid’} vlgeg &
Aste] wixo] Y FR-HAD arachidonic acid7t A9 90 %ol Ao] H)
T EF 3 o]8FHo AR EE g,

HFd e EPAE WI¥ES 4% d3d FAdA fEg Rez
At2 ¥ arachidonic acid®] £H& FA ) A& wet F4d & B
Hol o]8HAE 7HsAol AL oF&# arachidonic acid (20:4, n-6)7}
FTE F 2354 g3 33 EPA (205, n-3)2 AVHYL 7H5AE
Ao 3 arachidonic acid (20:4, n-6)2 & EPA (2035, n-3)
2o AL 13 17987 189 &4 Aol desaturased] 9)& ] 1 )
9 2 FZ¥0] =YHE 71587 d&o|tt (Gellerman and Schlenk,
1979).  o]# & A& EPANAL #FA n %9 arachidonic acid”}
TAE G2 AFGAx wFolunl F4 FAEHTGE AT dEX
°} arachidonic acid7} EPAA4tel #jstelata & AR Awt

THIE HI WA A L AAG RS A=se FAY

Ho

-



A%z} EPANALE Ha@ A3 APAEe] AAR wAdAME EA
A3 EPAR o] tixTo] usld ¢ 50 % T HEZ AA= H
R A e FAoE 24F FEEo|Y tryptosed] HFE AYAHE 5
3] arachidonic acid® §&¥eo] FL3HE 7HeAS A Fa U
(Figure 9).

oleld BAS in vivo ZHNA Q37 st HI WA oA wj
g A 02 g€ 50 %] 9FE £ 2 mol AT F 1ml ¥
Fo] §ZL 20 ul® methanol¥ control® 7}t (Fig. 10A) & &
Z2 20 ul¥) methanoldl ¢ 0.02 mge archidonic acid& 73t 18
°ColA 6 At B¢ F7F ujgste] FAlo] FHE AW 24E E
A% A} arachidonic acid 7} A|&A EPAS #Fo] ¢ 70 % =
F718 ¢S FU3AA¥T (Fig. 10B). FAlol A7FEAY  arachidonic
acide B33F Ao g8 FFFHAUSE 24 A A FFdA &Y 7
T3 o] ZAIF}E 204m-6)4 205n-3)E FAIE
17-desaturase®] EAE AAFIL AT

Al7-desaturase

Arachidonic acid (C20:4, n-6) ------- > EPA (C20:5, n-3)

o3& n-6 ALY AWilo] n-3 AYE AFHE ALAAE obF
2 gy FEIAAE BRud vt glon vAESY Fse d7 AR
g u7t gl 4dAolth.  BE oleic acid (181, n-9)& AdHoz @&
@ 4] Zo| M linoleic acid (18:2, n-6) 18I linolenic acid (18:3, n-3)
7tA] n-terminal 2.2 o]FHAEE =Y} desaturaseFol Rig v}
7 i FEANAE olH T AEY desaturaset§A! carboxy terminal®
22 desaturations FPA7|E Aoe2 LFAJT.  4-desaturase?}
E TFoNA FAHAF LR o] 17-desaturase BFE=E FA5171% 314
arachidonyl Co-AE€ 7132 3o A4S FYPs}A oy 2aLUd &4
g AEZALE &3] AAESTT Qo] JtaaBRutEagg T oA e



T EPA7F AZAW & AQA  arachidonyl Co-A2Z HE
17-desaturase] ¢3te] AAE AJUA FRlo] o=yt B
desaturaseE< EF AHXZ 23 oAU AMET dAE 4=
AtREEE AWS FFE ZELFHANA AFPRE AASE 1 @
A7t A A 7t AAE L3R

5 @4 dd we 9%

£ EPAAIA #FE HI WX oM A pH/t F28 A5std
pH 85 A A etgsislE e BT ol HIMAY ALEA] ]
2A FE C/N ratioo] o8] Ao} the] $2 NH, ionol 33
7] JEQA RoZ AIRHo] o] Aojstn vige TIFAMAN A
259 9o vagon FFSe 1 4% 2 EPASE 233 pHl

= gge zABEY. 1 23 A REFRY BN 4% &
Yelt=d 53] cellobiose®} glucosedlX FL EIHE R o]F
M ZH slze] AHE glucosed 5 % (W/V) A7kstel wFate Aol
EHHo g AIREET (Table 7).

=]
-
—— n—-"

[o]

>

6. <=9 4

WF MFA 2ol dA Y FAAA HUY EPAE 7] st A
SAgst I qFE TU AETFAT. F 20 CAM ZAE 4 A
F A F 8 °CE HA 2EE AsAA 12 A F7F wWlEA7E
EPAQ o] 2 Hio|4 F7F AlEs Ao, I3Y dF g e &
EE OJ¥A ¥FE AL v 8] U] Wo] £28HEE FAYE 17
o 4A &87bsAH L ¥oa Algdn



Table 5. Fatty acid composition of #2100 grown at different pressure.

Fatty acid control 10 psi 100 psi
i-13:0 2.25 3.79 3.10
13:0 0.26 0.50 10.08
14:0 1.32 2.29 2.35
i-15:0 0.79 3.56 9.70
a-15:0 21.12
15:0 3.12 6.15 2.47
a-16:0 0.07 0.13 0.14
16:0 8.02 9.47 8.11
16:1(n-9) 25.14 19.22 : 16.96
a-17:0 2.89
17:0 3.31
a-17:1 1.28 1.71
17:1 2.82
i-18:0 0.19 0.11
a-18:0 0.31 1.43
18:0 1.82 1.40
18:1(n-11) 0.86 1.07
18:1(n-9) 3.85 2.91
20:5(n-3) 14,01 11.53 7.96
others 6.57 8.44 10. 27




Figure 7. Effect of Oxygen tension on the growth and EPA

Max.O.D.at 600 nm

production of #3010 strain. 50, 100, 150 and 200 ml of
media were put into each 300 ml culture flask and
incubated with shaking (rpm = 150), and the maximum cell
density and EPA content were determined.
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Table 6. Effects of water soluble organic solvents on the Fatty
acid composition and EPA production of #2100 cell.

Fatty acid control Methanol(1 %) Ethanol(l1 %)
12:0 466 0.33 143

i-13:0 5.07 ND 5.88
13:0 6.21 2.84 595
14:0 5.06 355 3.99
15:0 5.64 2171 4,28
16:0 16.71 16.53 19.21
16:1(n-9) 21.70 19.59 290.38
18:0 244 4,24 4,80
181 411 11.38 6.02
18:2 8.07 9.95 558
20:4(n~-3) 1.04 1.43 0.40
20:5(n-3) 14.61 2739 9.17

others 4,68 0.06 - 381




Figure 8. Gas chromatogram of fatty acid methyl ester of Heart
Infusion media without cell growing (a) and with cell

growing (b).
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Figure 9. The growth (A) and EPA production (B) of #2100 cell in

control
delipidated
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Figure 10. Gas chromatogram of Fatty acid Methyl ester of #2100
after harvest and washing, and incubation with 0.02 mg ol
arachidonic acid in 50 % Aged Sea Water.
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Table 7. Effect of sugar on the growth and EPA production of

#2100 cell.
Sugars Included Incubation time

(5 %) 18 hr 24 hr 32 hr
Control 5,53 5.89 6.17

Glucose 5.25 6.08 6.44

ABS (600 nm) Galactose 4,3 5.23 5.83
Cellobinose 5.92 7.16 7.52

Fructose 4,96 5.46 5.74

Control 11.52 10,91 8.7

Glucose 7.06 9,47 8.2

EPA (%) Galactose 5.82 5.43 4,33
Cellobinose 9.1 1.87 9.31

Fructose 2.39 1.77 4,81
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A44d 2F

HE o FEE FL 5759 8Lz AdHa e 1=
E¥3 A EL 1 Fa AEo] eicosapentaenoic acid (EPA)
©] A} docosahexaenoic acid (DHA), Fr AFIIAToW 1 Fo=
F23] F713l9 1992 d €A Il A fuiFe 540 el st
A2 JAHZN[T. FUdA E AF U@ o A 839 A
Aol met A% B 4ol Eold AR 53] MY A+3}
o & SFAAY F7IE AFIFE YA £87] A%y Folst =
1Y F8 AlgdJQe® FAEL JE AFA &g Zojstn Yt

oldl Mt YFAPE FHLRE FALY (F)oA FA <) DHA
AEE Az FA3FY AUl FFHNed FHlegE FEIL
2 aFZ9 FA T2EL AL A GA FAGAQ] AR
NME HlxF Al7]d FUF Fe9 AFE AHsla od wfjdHd
dqdE Efde FREAJLY it Efdes AHES] JA¥S DHA
g 79 70 ng/100gB = (A %) A7 wwl 297} 1,2,3&
Al 388 43 Ut oo AZRZ AFE HuIird §9 A4
3 HIAFTOl TP dF4dA APASE DHAE Wol AZEZE A
FoE FE 53 . HINE SHF)G dEFHdel oF
BUE ARE /T Faol AT DIJF UHE SHE A48
RO Budnl 93 “oldfElQ"olElE ARHOE 943 99 HE A
Btz vt BAIFES ZS DHA §FS Ha 0.2 sFEE v doy
Efd ZHI}E %2 §FE dojUax g gug 25 Jdtn
3t

2 479 Z3% FEE EPANAL Y AYEEL ARy FoAHR
S 24 EPAE A4St o]Ee] FF o fFZRE Y EPAYALES dA TS
AE 7HsAE AT o|g} o}gE ¥ AFEY Folg A4l



Z4L EPAE A 49T LT=EXS APAeE FE3I o WA
23 AFdolvt @Y EXJAYIEZRE BHAAN chFatl
Y AP v 8 THL TS dF 4L HESF JoE AT
AFE o] AAA EPAS] dFPEL] TFF FeolsHta 94A
At ol ¥ HYUAEZFE EPANYY BF AFE & AFoF
FUlA e frAl 79 FJAZ Hol vl (F)dAE A% WAZF
€ o|8sto] DHAE A3t dFFold (A 5, 1994) Zdde &
EFTFAME EPAE AAstE AFAT S 274 19949 § &5 A
AETSI A LH(F T, 1994)F v =T A AAANA HFA
E #dl ZEEES AP A 48 4771 AFEHI e ol
@ BFE AFWETEH EAR P 1 £58 HIE A2z JddE
o



H 3 & EPA2| 22| HA

A1d A &

EPAAIAL plAE9] 2 EAEA T4 Aol EPAY &5 &
FAolt}t, ol YA UFAMNeA 9 Aitu] g wAE FFo] 2
71 dEd gt B&3FHQ B A FAGe] 7srte wet & Ay
g &3 EPAY A¥Ael ZAFAT 54U ¥A 17 BRE4F
Toz A A#HL e dusy AFEC EPAY AA ¥FE A
9 20 - 30 % FELE EEEC] UF R e AFoH ol 9
FolA el EPAEE AA7E ddd] ofsE FAPelnz of AA 7134
< giad) APsh 2 A B vLo] 2aFo HF AF 713
A48 F8 olf7F Ha It AAZ ofeE 40 - 70 4FY AW
Aol EATIY ol o f AA 9 At Eutoly Holz2 HHE F4
B9 st 23z Aol AMsta e HWAEEY AWALTel #A
F&5o Yerz HEgs it dAolth =W EPAY 724U AWt
HolFo] RAM EX 3} A Wralo]y} 1 metabolic productsEXE E ¥
22 ol&9 AAZ & AV HY Stk oHT ALY oL
2 3} Super critical extraction (SFE) 59 %d& AM&3to 90 %
Jzo £E8 ZE EPAAAE MEstaxt AEsz ok agu o
e ¢ mrhe] SFE #Av|E ¥ewsdy 1 23 7bs FR7F 3]
& APAH S8l E ZAAHYU 3ol U

ytdo] MFoz REQ EPAAANS old HlE o7A AFAHE
ZEa gled $£4 89 FF9 &FuYge] JtedtrE 58 AWA
B At z=AJo] oJf9 oA vl HEL7t HE FEE dEdite
Aol stela ¥ AT AF EEd EPANA #5859 3% EPA7M A



o $UF REBITI AT A Bk oy dag 20 Mol A
AoBAE §Usn YA AYAEL F2 @25 16 oY 18]t
x3 e 9g BExd AidelgtEd k. @EA ofE RH
EPAE Zgstede ¥2 adr) gl 283U PHEE & Ade=
vEle] EPARAGE £%3] 2 3L 94¥ 7HsAel o

EPAS HAE $8t9 4 71A WE& AHSstd 2 2&& Hjust
Qth ¢4 Be¥ fatty acid methyl ester® |43+ acetone &l
A AeAgstd dgoz AdstE WY (Christie, 1982)% urea ¢
fatty acid methyl ester®] &% ZAY (Iverson and Weik, 1967) 1¢|
i mercuric acetate adductE ©] &3t W (Sterns et al., 1962)& A%
39, =¥ EPAY 59 @49 o|5HAEH carboxylic acid 1EF
lactoneF El2 H@3dd EEsE lodolactonization BE AHEHAT
(Corey et al.,, 1987, 1988).

Al2d 48948 2 A8
1. AL 239

0.1 g9 fatty acid methyl ester& acetone 2 'mid] %<1 ¥ o] &
dg -70°Ce AL JFnA EFW WASH fatty acid methyl
esterd] 2R L HAANZD. ol A HIFFLE 5 mliEC] FAM
(Pyrex AAZ HEZE plunger® ZE Gas-tight syringe)2 IFE F
3t pore size 043 um< FAI7]1§ filter& AHS-3le] o HAsle] EX3}
A urate] HAd Andn Hejd AAE FEstn A 3 mle AZHE
acetone® FAIZIZ 3 AAE TR filterE RO FH TA A
29 acetone 2 mlE filterE® ¥l @olEd ARFE &3 AU Z
BA4e FF3Y9 7|4 ZE2ntEadyR 43T, o|FEYY 471



&

€ 58 AL A8 v gomg o] ZAgAE ¢4 x3A
FAL9} ol FEAd g 3 /| 7HA 9 fatty acid methyl esterE& ol FEAHS
5 71l EPAE #H Aoz AR ¥ + I

e Alge A4+ A3 ¥ acetone 100 ml¢ Buchner funnel
< FH|s9 2143 Agdstd 2R S BEsn A4 R E AL
& acetone (10 m)2.2 MF3te oo gt  o|FAdA A
g3 Yr]F FE0] acetone§ Yol FolEo] 7tER o] & decicatord
A AR EE2E ¥9UF sodium sulfate® FEE AA}AT.  °F
oA A AATF AL 7M2§ ol&dd 1 m7tA ¥F AR 9]
299 A4 =4 9 EPAY H&XE gas chromatography & ©|-&
3t A8

17

2. Mercuric acetate adduct

EXs APt} Zo] ojFARE AL e FFEL mercuric
acetate®} MYH SR adduct®E ©lFA H® o8 adduct®] 2 &7
Lo i L= zo]F o] 83t MEgHoz F FAY + A
T}, Screw cap Al@Fo] Mercuric acetate 2 g€ ¥I 4 ml¥
methanol & 7}8te HAF A4t A& 1 g& 718t & Alole ¥ &
t B B@7F 1 At < H8AZT. wgo] EdF olF A2dA
23E 10 ml® diethyl ether& 7}8ta Mercuric acetate adduct® &
Al F st @k, o H YL rotary evapratorg ©]-&3t9
T3l A] §u] (methanol® diethyl ether)E& A|A3t% mercuric acetate
adduct® 9€ ¥ 2 ml® methanol® 2 ml® pentanes 7}te] =}

/2 methanol 20 ml 9} pentane 20 mlE separatiry funnelolA] 2
B Z EE0 3& EEYIF  ©] adduct £Y9E vIte 2 £3F EE°



Ztguo] AeH oz LAt EPA-mercuric acetate adductE ©
E% methanol®e] oF UASHEER methanolZ < FH3H FFAA
EPA-mercuric acetate adduct® @i ©]& %% HClIE ©o]&3lo £3
3t A WrAto g 34t

3% WHe o 10 g9 adduct® 20 mi¢] methanoldl ¥UAF 50
ml8 & HCIPMstY & 3oj&F 343} o}d71F & 4o HC 7I1AE
LA A o] 71AZ ¢ 5 3 bubblingE AAED.  °lF 50 mld
hexanel & 2 8 F&d F&9& FHFE MATFE anhydrous
sodium sulfate® FE& AATF o]& A Z¥ sodium sulfateE A
A@F rotary evapratorE ©] &3t FF3}olA &0 (Hexane? diethyl
ether) & AASY 10 mIAE 74X FFE o] F5qY AP =
A 2 EPAY ¥%X%XE& gas chromatography S ©]83}9 433t}

3. Urea £ dAY

B ARANE e 49 APt g Uz & Fede o
&3 Zol AYL FY3AU}E. 10 miES] €714 15 g 9 uread $
i methanol 1 mlE€ 713l9 ZAF B2100MA TF (Aeromonas spp.)
A F&¢ 01 g9 fatty acid methyl esterS 4 ml® hexane °] ¥
£4& 71Tt o] Y& AF2oA 4-5 A|ZF A EES FHA
R3] urea EHAA 839 A/ A ARFE F3} 20 oA
2 WAt AAFRE FZAIAUT. UL olg AHstg EAHE
AAST vlE] P35 20 =& A3 ¥ L hexane (10 mDOE AL A3
8l o] & o] §¥3I sodium sulfateE TEES AAFE ol o
Al 28 sodium sulfated AATF A4 712§ o889 1 ml 71X &
FZAHT. o] F&Y9 AW 24 % EPAY FE2EE gas
chromatography & ©]-83l9 ¥4t}



ol HHE %o +HE T3Y 4A scale-up ¥F U= o 43
A FEAAE & 100 g9 fatty acid methyl ester® P&z them}
2ol 4¥9¢& Y&t B2I0OMA TFF (Aeromonas spp.)olA &
& 100 g9 fatty acid methyl ester® 1 19) methanold]l %9 ¥ o 7|0
200 g9 urea® 7I¥E o] £9& HH3 71¥3lY RE yread ¢A3
A F HH3] E8Y FHA 4-5 AFA AL A, o2
oAl G820 =2 &A R 5¢ ZAgE gAF dgg
Buchner funnel€ ©] 839 4143 33F ZHA ZAL vy 4
T urea® X398 methanol (25 mD)E 2 3] AFHste] oo F§
o o] 43RS 600 mlY 1 % HCl €94 tdleg & 4eF 500 ml
9] Hexane ¥ ¥A] 500 ml9) diethyl ether® &89 2242 50 ml
o] FTHTE 2 A¥ A AF uread AAYT o] &d&
anhydrous sodium sulfate® FTEE& AARF o|& thA] Z? sodium
sulfateg AAEF rotary evaprators ©]€3o AT oA L)
(Hexane¥ diethyl ether)& AA3dE 100 mIAE 7R F&gth o
T4 A T 24 % EPA®] ¥%EE gas chromatography & ©] &
st B4t

4, Todolactonization

Iodolactonization ¢ #FA L diagrame JeERYUTE o] FAAL
°f 3 g AEY A%F9 AYitdA BEdtE Ao g A= o
A

HEZ Scale-up¥ FUt. FAE EPA iodolactoned 7583 A
EPARZ HEAUF TA 35 9 F23HL AX 959U



Figure 11. Diagram of lodolactonization of EPA

F.A. (3 g) in THF (50 ml)
26 ml water (KHCOs; 0.25 mole)
KI:  0.23 mole

15 min,

I, (11 g, 0.46 mole)
stir at 4 °C, under dark, 48 hrs

——— 70 ml water (KHCOs: 1.94 mole)
K2S03: 14 g, 0.92 mole)

EXTRACTION |(2 x 25 ml EtOAc)

I
EVAPORATION

Redissolve in 100 ml Hexane

EXTRACTION |(50 ml, 0.5 M KeCO3 in 50 % MeOH)

l
EXTRACTION |(50 ml, Hexane + Ether = 1:1)

Wash with 3 x 25 ml D.V.
1 X 25 ml Brine

EVAPORATION

Silica gel column (1 x 7 cm, 230-400 mesh)

Filtration| with 150 ml1 (CH;Cl; + Hexane = 1:1)
|
EVAPORATION

[
EPA iodolactone




A3H A9 2 EE
1 AL Ad AAY

o] THL AL WYL/t US B AEY Fuigle] 44 43I
84 9o rotary evaporatorg& ©|83ld FFHAAS Qo] EEHE &
H Qlo] dESE 4 de FHol At 53] & AT 2o
bacteria®l A1) ALAF Aol o]FAHS7E 3 /MoldA AWAte] EPA
olglol= A9 1 % miwte R EAsE AL vl$ FAZHYA Yol
I AREY, T EATONE FE A9 AEE -70 °CY AL
Y adA ¥ ZAHES ANFHLY o] 2EFE -50 C7HA = £
B& = & AL HolA gkt o]& fatty acid methyl ester7t &
&= Sl acetoned ol B3] dry iceg FH}IITIE A5 A
T 2E0EE giF A 2 A4 BrtE A ARES loEEa
AL2EY dry iced 7% acetone§de LET WFEiE HERE 0|43
a2 71850 goprt Mgrg a9 Frke £ AsfHe 89
o] Q1o A AAHL A L&}ES U,

B3 50 =9 2YFAHANA A3} FuE FETUE o] Yol F
< ZFAE dF doHgn AGEHY 494 FEAAE 93 50 22
2%l acetone®d AE} A 7T tr1FY FEo] F&3I $EFH
rotavapor £ acetoneg AAIGE AFFe Fio] @A HEE A
o o&Egol UAMTE. AT 2F FA] YA wEE FPAoY
olRT & FRIAANE $ZAHE FEY A7t /M Fo¢ AEEE F
4% Aoz Agdr. 24¥9 A3 EPAY ¥ 51 % A=Z o
3 "9 & AFAE BUY (Table 7). 23 APate] Fo 4B F 9
3}2l palmytioleic acid7t €3] AAFHA = &4l



Table 8. Purification of EPA by Low Temperature Crystallization

FAME before after
12:0 4,26 0.50
i-13:0 5.25 1.79
13:0 6. 26 0.50
14:0 5.32 2.29
i-15:0 3.56 1.70
15:0 3.12 1.15
16:0 16.02 8.47
16:1(n-9) 21.14 13.22
16:2(n-4) 3.02 4.73
a-17:1 1.28 1.71
17:1 2.82 1.14
18:0 1.82 1.40
18:1(n-9) 3.85 3.91
18:2(n-6) 1.26 4,00
20:5(n-3) 16.01 51,53
others 5.01 1.96

#! Fatty acid methyl ester
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2. Mercuric acetate Adduct

Mercuric acetate ¢ EX3} %49 o]FA o] AdductE ¥
AAA BAE adduct®] F71Eulel oiFd L= FolE o] 3o
pentane® methyl alcoholAtelo]l ¥-glAlA I Awiate]l Z3lxe] wiat
28 E A=dA

%IgOAc
-CH=CH- + Hg(OAC); ------ > -CH—-(‘JH—
OAc
I;IgOAc
—CH——ICH— + HCl  -—-——- > -CH=CH- + Hg(OAC).
OAc

o] ¥HE I FgolU B HAS WAL HILE FId
EPAY S 11 %9 ANRAN B AL Tata] 40 %HE7A o 4 )
9 FETE dL4 UAUY (Fig. 13). 2@ 2 B FA FHA
8l 2349 522 OF ALHAHL 0|5 299 F4 o] go] B
Heste REFEEY HrEo] TP LAY B opid B AT v}
EPA7} 4§ (A7 BE2AE ZL IXNYF A8A)LE ALHOE &
< 13 EA9 &A7 dvdun Alrdd,  EE AMEE mercuric
acetate™ ZFF AAAAL ZFslod AR ASPANRLZ A7}
st 1 HSo] o] & REA FTEHL AEEd AzW Aol
W A ¥ 4nAe] AZBH A0 EAHA 4L 0]F fglom
2 443 FANNE A4 27 gestetn 44En



3. Iodolactonization ¥

Todolactonization & EPA, DHA, arachidonic acid$} Z©°] A%4te]
o]Fa% ol 5oy 6¥ @adA ARAHE AFAES olHTE HA
o|FATE A FE Aiter RE RIS PPz 1 9e A
WrALe] carboxylic group® ©]FZAdo] AZAEHE giAleld FRHEAHS
frEsle 572U 6 Z4F29 lactone 1LEE FAAA o] lactone i
& FAsA Edte Ao r Ry EEste Aot (Corey et al,
1988). oldl a@olA EPAS DHAS Ilodolactone® TZ& AR
o} (1, EPA; 2, DHA; 3, EPA Iodolactone; 4, DHA Iodolactone). %4
¥ Iodolactonee e} AWtz {71Lvjoe] LI TAolE o] 83t
8 AAgsAT. z28d 233 L 57 dH3FqH o] Bol FE&A
ga £4% 5a3Uth. £ EPA A4 TF 8494 28 ANAES
Iodolactonizationg Al7lEdlE ¢ 2 4zte] Algte] 28 HW o GA
9 &3 MFARPE LEFY, ERYHY FFET o$ =ol 90
% °]4e] 1¥F EPAE ¥&F 29 oHfelA = arachidonic acids}
DHA7Z} EPAS} 37 dojxuz= ol thA] Esokst= Hol dHolsd
o ¥ ABE ##H EPAY AS& ofHT EAE gAY a8y 1
Aol FA3E7 e AUAA HFII Iodolactonization ¥H§- Fof th
Al delactonization#F & AXF ol& A F&, F&deT UFY &
71 &uigt 714 2 JAHAAFE AFopEz FPHLR ALL-drdE
EA7F sicha Alsdd

S L
1 2



4. Urea®d EAY

Urea€ methanols &7 X3} JE=z ¢ £4L S xlo]q ¢
3t ZAgtetd AAUNA urea BAEC] AfATZY AL o]2A
o o] FZ YRdE APy e AlEY ERAEo FaEo §
Al BRE olEF ol °]§ ol&dd AYANEL 1 EXsEd uig
Bg¥gs Aot &, ¢A T3 WA == AW alcohol, A4t ester
< urea®t ¥ &rlo] HAF olF AL AYste AAs e o5&
urea®}9] complex& YASE d EXAEs F7 42 oy
complexE ©1$717} JJHAEHY 53] EPAY Zo] o|FHH0| cis-FH
E 5 AUEHE FLdE AY AHE olFA] FEr. oHE AFL A
FAte] EXstzrt AR wet A AHAER o]F o]L3d aE B
X3} AR X3} Aidoly B E¥Ee Ao zHE £y
RA7t 7V 8t

Ureag ©1-€-3l% Herring (H7)9 ojf9 AWite 22y EPAY
DHAE AA& AAEo] LEEHO gled ojfdE EPAY DHA °l9
o] A=EETFA Y] F FHEHo JOEZ o] Urea AAYPOLEE
13 165 % oA 486 %E ¢ 25 vj9) H=L BT azyg g
ATolA AL wYEA e EPANALS EPAclSY nEE ¥4
e FFe] F3) Fornz o] Uread AP o 9dd FTAHoE 1
X9 EPAE ¥&F AtE FHo] it

TF #21002.2 RE urea 2AYLE EE3F EPAARE o]a§
2 TAHE F3N9 0 %S £EF ZE ARE IS F Y=
d7le] XdE ECEELS F2 AXY FA4HE4 palmytoleic acid (16:1)
? g2 14 o3t Fe Alge] AWAES $R3t YTt (Table 8).
B B84 AAE A4 E uread AR IE -2 °CollA Fq5t=
Aol 1 3 EFdA 8 %= F%5H EPALYE d&4 Ju=d uts



4 °ColAE 83 % 281 A2oAE olntt "oA 70 %9 FFol 71
Satgtt.  aga A4t o] BE Afde AS3A 2 39 urea
AANE Y3 o aFFH o2 IFAYANES AALSF AU 2
289 urea ZAMOE AHAY EPA F5dd: FE EEE]
myristic acid’7t F8 A EolEd o]ELS HPLCE guard coumne®
AHEEE= ZFe column (30 X 0.46mm)& AHE-3le] HPLCE £-°]3tA A
A,  AHEF columne Tosoh co. oA FY%* ODS-120 T
reverse phase column (150X0.46m.1:r,1_)'% ALE-3 I solvent®E 100 %
methanol€ AH&3lE Aol 7B ®sRT. ¥ &0 zAddAE
EPA7} €ujst 7] %71 £&=HY &2 A&y AWAES Z &9
Hol vFe £&=HID=Z EPA 9% s columng 19 AHEHH
E&Eo] AAY 95 %0129 EPAE 4&4AT (Fig. 14, 15).

¥ urea APl A=dE FA HHF M 58 ALE AlRH
td o AP vnF £F9 {7 EE AHEs o fr]EulE A9
3|47} 7V 8t Artgo] sheditt, ER ALSE ARE urea’l A9
Fadgd o]gA B HUF FIso] ¥4 ZAJE IIPALAUES
F&38lo AAZE AALEo] 7MEd FEoE AEFAT. HErhdt
ureas 1 7}3o] w9 AP ($13.00/kg of 99 % urea) € FA A
t 7tdoelyt Wz e] vlny 1Wde YU AEZRE EPAE U
FAPAEA o FE AL FPo) @ Arrdn



Figure 12. Purification of EPA by Mercuric acetate adduct formation
from Fatty acid Methyl Ester of #2100 cell
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Figure 13. Gas chromatogram of EPA purified by Urea crystallization.
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Figure 14. Further Purification of EPA by HPLC. (A) HPLC
chromatogran detected at 206 nm and (B) gas
chromatogram of the collected fraction
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Table 9. Fatty acid composition (%) of #2100 oil
before and after purification by urea crystallaization.

Original Crystallized Temperature
FAME# sample 25 °C 4 °C -20 °C
13:0 6.75 5.65 6.77 5.10
14:0 5.94 3.22
i-15:0 14.41 10. 55
15:0 10.78
16:0 11.62 3.10
16:1(n-3) 22.99 8.44 12.08 3.15
18:1(n-9) 8.77 5.91
18:2(n-6) 2.64
20:5(n-3) 16.06 70. 45 81.13 88.53
others 1.77

%! Fatty acid methyl ester



M 4 Z EPA MjMo| R 54
A1 A e

EPAS AAF HA2E acetyl Co-A EHE AFPAH FAHHE X
3} A A stearic acid (C18:0)0& Aoz v ¢4 EPAY AH 4
FA2 AR E linolenic acid (C18:3 n-3)7}A 3 A #l9] desaturation
AL A, &

A9-desaturase A12-desaturase Al15-desaturase
C180 ———--- > C181(n-9) ————- > C18:2(n-6) ——---- > C18:3(n-3)

714 ZgsE= 3 £79 A9-desaturase, A12-desaturase LI A
15-desaturase-ol sl E AEAANAG vAEANAH o EA7 F
ggsol Ytk F olgi@ 9} 10 ¥ AX Alold o|FARE T4
L 2 n-terminalZ 22 desaturationAl 71 A4 EL A EQ VAE If
9] Rog FEIAAME linoleic acid (18:2, n-6)7t &% EFAFALE
L BE7Mssta 9F 53] AE=R YH %Tiﬂqt“]’?}“ o7 €t}

a3y olrtt o #49 FHo| Hiu ' AL olFA FAE
Cl183(n-3) 22 ¥ g oA EPA (C20:5 n-3)7t 8AHE 3t AL
2 old YA AF dFdurt fle AFelth.  dutF oz AL
Al #sle AAEL AXT 13 £ dAHo EIAE A
1 JE AL AdutFoz I Hkg FUANEL JRE oJBHA YD
AF AETA @Y #AF2E2 AAHE A7 dE-EolH

Fatty acid @ WAldlE $4 olE AFAES 843 A7l &
A&7} 8% o]EF diEFHAAC AFAEAL FL AWe T4 Ate
¢l AWAESL acyl Co-AZ HAFAFE Acyl CoA synthetaseo|Th.



o5& ATPE o]4sa AWAE activaion AA desaturased £
elongaseS- ) 7132 ZA48A st o8 FHEE B EPANA &
FoA FAsA. :

R-COOH + CoA-SH + ATP
—————— > CoA-S-CO-R + AMP + PPi + HO

Al 24d A39YE 2 A=
1. 2L A%

4 °CAA A% #2100 TA 1 g& 5 ml¥ lysis buffer (1.0 mM
NaPi buffer, 10 mM EDTA, 10 mM DTT, pH 7)ol @8 ¥ 4 °C
A 30 B AAEF LB 2 AHA 5 3 2Z9 £3 (30
% sonication + 1 ¥ cooling)dted MEHE EHIAF
SE-12 rotor® AHE-3t4 12,000 rpmellA] 20 3 dAE 3o B3
AL gdoj o]F ZAAE AEFHT. WSAdE T4 01 mlE 09 ml
9] w3 gF Ao Hrst AYHIATH

2. Acyl CoA synthetase

7}) Acyl CoA synthetase®] ¥2AA: XA tjAle] #FHH L E
L ZHEAE AHLE A5 2ESY /8 AX XFo] UFo Ne&
BT o M E HolEE A AEE AANE 4& do HEe
membrane bound enzyme®] °ctUEtA AHFE FA AAHE AF AF A
B L AASE Ao viEFsE}E. ¥ AAE membrane bound enzyme
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o] o}olX ammonium sulfate EHOE 30 % - 75 % FZNA A
EAW LHHAR S HEE 2= dfF S A& AN

) EA8AE £4: 09 mlY ¥§ &3F3gd 7|F=2 ATP,
MgCl;, 0.1 mM linolenic acidE& 7}gF ¥ 01 ml®] &4 89L& 7189
A2ox 1 AZHEQL B8 AlFHTE.  Linolenoyl Co-A8 A AR =
22 mM KHoPO; buffer:20 % acetonitryl® €92 Tohso TSK 120T
reverse phase ODS column (4.3 X 150 mm)& AH83ld HPLCE £4
k. 714Ql linolenic acid$ ATP 28jx ¥¢¥F ¥AHE ADPE
DEAE-cellulose resin 05 g& %89 (1 m)ol #H7}¥ F Vortexing 3t
o 1087 uwd ¥ AR dEE AASL HPLCACdAE
Co-A peakel E# o] #7 YeltEZ linolenonyl Co-A¢ peak ol&
FEFL FA gyt opFHS=Z Acyl CoA synthetaseE X3 &
A= gRE AAZ 7HsdA

HPLCE Al83ld Af Coenzyme A%}t acylCoAE #Edtd &9
< 3433 o|& 10 N HCL 10 % = A 718t 80 ZollA wEEAlA &
f APAE RYAMAF °lE hexanelZ FEAF FHI}L &
methyl ester B e}E HAFA|A gas chromatographyE #A3tH o}

3. Desaturase activity? &3

A6-desaturase activity2] &7 reaction buffer (0.9 ml phosphate
buffer, pH 74, 025 M sucrose, 0.15 M KCl, 40mM NaF, 0.7 mM
N-acetylcystein)el NADH (0.8 mM), NAD (0.3 mM), 01 mM
linolenoyl CoA (C18:3-CoA)S #H7I% ¥ EPAAL #FE FFH Azxd
ZEA 01 ml § A7 25 °CollA 1 A5G EEHA WS Y
dF 2854 FHE ALYAZEES 2 A#H 9 FolchF&=2 AATF 10N
HCl 01 mlE 7}t 70 °CellA 30 #3F ¥EEA|AH ¥kg-3hA] &



linolenoyl CoA$t octadecatetraenoyl Co-A$} thicester& ¥3lTF
protonation® FrEAPAEL n-hexane (15 mheE FE3}d
speed-vac2 2 ¥Z 5 methanolic HCIZ methy ester form22 A
3l A FEshe) C18:4(n-3)9) AL gas chromatography H 13
a | .

A17-desaturase activity®] &4 X linolenoyl CoA ™4l arachidonyl
CoAE 71dE A143}4 A6-desaturase activity®] S T 88O
2 $3sl9 EPAY A4 dFE Ut ‘

Alginated TLC using siver nitrate

2 g 9 siver nitrateE 20 ml® acetanitrild] ¢ £4& Silica
gel G TLC plate(20 cm x 20 cm)ol IZEA EALSEY alginating AR
©.  Hair dryer2 %234 100 oC °lA 1 A]7+E<¢t activation A1A ¥t
2 AEIAY dFAES fstdM e ¢FvulE WA E AA decicator
A n#AsPTE o] MR F2 linolenic acid (£E methyl ester)$}
octadecatetraenoic acid (C184)E TLCACIA Eg3}7] % Exo=
AHEE G EH ALEE AJNElE n-hexane ¥ diethylether & 2:3 &
¥ & AME3}A lLinolenic acid methyl ester®] B4 Rf #o°] 057 g
3 octadecatetraenoic acid methyl ester®] 39 043914 AEEL &<
stk o] A/ fuldle "8 WE 1 % 9 acetic acidE H7H3}
o Z} A8 spotd ZE7t A7E BE TAFAT

4, Phospholipase Az
Phospholipase A; A E SAdE F2 ALEHE ¥WYo] sn-24

AAd WA TH fa2E BAE AME Ze AAF (=
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phosphatidyl choline %% phosphatidyl ethanolamine)& 7122 A}&3}
o o]2EH & &Eie W§ A fEd WA 5Y 922 FA4E A
FALAES v azvEadyFe] YEoz AR Bedd liquid
scintillation counterg& °©]-83}d A F3 Wo] 7MY BRHEFH o2 ALE
Ha Jon olgd fHE Wit ol wkg-de] pHrF WolAE
Ag ol83ld HESE pH-Stat WA Fo AMEHZ Uty
pH-stat®] A% 2 9x=r 28 21 g1 YA 59 €4 A9
S BBLETY °FE 2 AMgY B TA mEx e 4dAo.
gt B Ao ARo] Jidd wdPHel oF BAYPS AL
o (Cho, 1994). ©] WL g Aste LF AT g o]&se A
OS2 AEE TFE WF AT Vibrio harveyiE nitrosoguanidine 22
EGHOE = AlA Aol Ede] IF M-17 & AHEsdt. £
TFE $4 LS UE wild-typed= 28 AIAHAAE g6t AT E
AY #HE UA oy UAEE ZRE 4HS|=  (decanal EE
tetradecana)t A H4t5 9 myristic acid (14008 AHA7MSI9E& 3$
wild-typeTES] ¥& ®E e 5H& AU Ao @A sn-2 9
X o] myristic acid® %3 %l phosphatidyl choline & 7|2& A}&3}
H g A3 F2ld myristic acidol] 9o &G wrgo] = =Hu W
EHE ¥ ¥ #F2¥ myristic acid®] %ol Bt

£ A¥dMe ¥4 01 g& 1 ml9 lysis buffer (10 mM
phosphate buffer, pH 7.5, 10 mM EDTA, 5 mM DTT)d] @3 F %
<3 B35t (10 = X 5 3]) ol& 4 °ColA RS ol A
FYEE =87AEZ AMEIAY. 932 09 mlY reaction buffer (20
mM Tris-HCl buffer, pH 75)°1 0.1 ml® Folch solution®l ¢
1-stearoyl-2-myristoyl phosphatidyl choline® 7}3 % Vortex® &%
3l suspensions FAHSL REAY 10 ulE 7MY A4 e
YA, R myristic acid®] 4L ¥EY 50 wE HH v



gl Zulg WBAF Vibrio harveyi M-17 @€dde] 7}st 5 =3t
Vortexdtd 9¢] Hd ZE=3t (o)€ luminometer® &3 3AT

A 34 23 2 1%
1. Acyl CoA synthetase

Linolenonyl Co-A¥ Co-AY linolenic acid® %-¥ reverse phase
ODS column® 2 ZEE 5o} Retention time 25 ¥olA AE&HIL (UV
detector, wavelength at 290 nm) Co-A¥E 59% w4 713 ATP%
weE Y ADPY 4 AEHUL 206 nm 9NA linolenic acids
gl A olE 8 ¥ doA AEH F EEYIHNUT & FE =4
o AE Co-A°l & adenosine groupdl FJE=TE Az os HET]
E 218 AHgEq AX AFo o E¢Ed g7 T E Hasst
At (Fig. 16). & ZPAAE AL E AYE 7139 =7 BF
FgFolmZ ZFA %o] W& Linolenonyl Co-AS A& Fig. 17 9
Yeh At HPLCYlA Linolenonyl Co-A% #4& 3|43l
transmethylationA) # GCZ linolenic acidy& #33itt

2. A6-Desaturase®} A5-Desaturase

EPA A4te] A #Ad Q3 JAAE ELEY =
ZEAERE ZASKE.  EPAAAL TF9 EPARZE At ot
ZASRA #jgx7lelE EPASEO vl$ HOzl wjFAzte] B
855 of 24 A 7tA Frkste ©l EPAS ATAE A= £FE
o] #¥Fx= EPAS Hl%& dAE 7IAxz B33 &S B AW
olg| g WL AL Mg FEHAEY AqME dHFHLR 4
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9 BAE7 AR LA JFE FF9 H$ EPAY AFAN=
Ztg3te EAE0 &8 7ol molxith. 4AAR 4 °ColA wiYgd
#2100 T3¢9 7% linolenic acid, octedecatetraenoic acid, 18 i
eicosatetraenoic acid (20:4, n-3)7} ¥< HAR (1 % FE)ASFHLE
AE&=3a o]99l arachidonic acid (20:4, n-6)% A&Hi Ut} (Table
9). 53 C2014(n-3)9 A$E HAFH & LEqAE A4 FAEHGY
24 Cl84(n-3)8 A$E AL wgd FA9 it Agt FHEHY
o ol#E§ AL EPA7F C183(n-3)olA Cl18:4(n-3)$} C20:4(n-3)&
AR o] C20:4(n-3)olA 58 6 ¥ @aAtole] 1 3¢ desaturationoll
g3 AAE JtsAS AEYSA AAstn olf A= A
6-desaturase®} elongase 181 A5-desaturase’} GAEo] g3}z
i AR

A6-desaturase elongase A5-desaturase
C183 ————--- > C184 ———---- > C20:4(n-3) ~--—--- > C20:5(n-3)

2 d7AE fo AF 3 FH7Y HAE AT AP
FY3H L o] EF 53] A6-desaturased TAEE #2100 FAE 3y
Azg 2522 K #9389 linolenic acid® ¥ E octadecatetraenoic
acid®] @4o| AAZ & FTFAA 71e3tn S FASFAT (Figure
18).

a2jy A5-desaturased] BAEE  J|AE AREFopste
eicosatetraenoic acid (20:4, n-3)7} Ak 2 #HuEE Aol flo] adiAl
2. 2 eicosatrienoic acid (20:3, n-6)& A}&3ti 1 4FE<Ql arachidonic
acid& AN Y eicosatriencic acid (20:3, n-6)& acyl Co-A
synthetase& ©]83}9 eicosatrienoyl Co-AZ HATA|AH 7|FE A&7
olel=% olE&o] Wol A3 Rt



Figure 15. HPLC chromatogram of linolenoyl CoA production with
incubation time by acyl coenzyme synthethase partially
purified from #2100 strain
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Figure 16. Production of linolenoyl CoA (Lin-CoA) by acyl-CoA
syntetase partially purified from #2100 strain
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Table 10. Fatty acid composition (%) of #3010 grown at different

temperature.
Fatty acid 4 TC 15°C 25 T
12:0 0.26 0.77 0.64
i-13:0 2.25 3.79 3.10
13:0 0.26 0.50 10.08
14:0 1.32 2.29 2.48
i-15:0 3.56 10.70 23.12
15:0 3.12 6.15 447
a-16:0 0.07 0.13 0.14
16:0 8.02 947 10.11
16:1(n-9) 22.14 23.22 25.96
16:2(n-4) 1.02 1.73
a-17:0 2.89
17:0 331
a-17:1 1.28 171 .
17:1 2.82
17:1(n-9) 296 0.12
18:0 1.82 1.80 1.67
18:1(n-11 0.86 1.07
18:1(n-9) 3.85 291
18:3(n-3) 0.64
18:4(n-3) 0.69 047 0.08
20:4(n-6) 0.27 0.22 0.07
20:4(n-3) 0.63 0.35 0.25
20:5(n-3) 31.01 18.53 5.96

Others 3.95 5.03 455




Figure 17. Production of Octadecatetraenoic acid from linolenic acid -
by 6-desaturase of #2100 cell. (A) control with only cell
free extract, (B) cell free extract and linolenoyl CoA and
(C) cell free extract, linolenoyl CoA and NADH.
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3. Phospholipase A2

Zt A T AR FoA f8 Agaer EXSE EPAY ¥F
o] u]$ HkiEd (Table 10) o]RL Yy ow BX3 AWidse] <
A8 sn-2 Yxo SAJTE AHAR u]Fo] o]F FojFHoz EH3}
= phospholipase A; &} &x1& AlAts] Fth.  Phospholipase Az £ 4
3 2% AFol LT FE Eio FAF REE FASIIL AUX
sn-2 91319 Ayag A 2L AXATY FAd AEHE F&
& FAolth, B EPAAA FFAA o] Ak BHEE FA37] 4
3te] AYPL $Y&Ut.  Phospholipase Az & A& 4&7tA %
Wol gld gutryoz WY FHY94E2 EAE AWNAE sn-2 94
o 23 P+x UAZA (FE phosphatidyl choline EE phosphatidyl
ethanolamine)€ 71A 2 o]&sta] W& FIPg F FIHd AFAY
< velazgneagds B F A9 g4 gAY F o)&
Folo] &ujo] &3AIZ] F liquid scintillation counterg ©]-&3t A
Fale o B AFAAE A ES] @3 LS o8& A=2o] AE
H 3y AT (Cho, 1994).

£ myristic acid®] FXxo] W& H9 AH7|E ¥ standard curve
g T3 (Fig. 19). < 5 nMEH 10 uM7HA 9] myristic acidoll 4]
A EEE BRoH oBT L FRAME X3 FAdo] BEAEHM
. ¥ EPAAL #F9 B4 01 g9 TA(wet weight)ollA oF 3.6
Unit®] PLA; 8457} A&5] 8923 & PLA; A4 #F2 Atgsd
o} (Fig. 20, 21).

£ PLA,® A& EPAY EAANE o] $84 9&d EPAE
e Ex3 Aid 44 AxTE FAsStE AXEY en-2 AA
of EAste MEU Y PLA¢I 93t A FEATALE HAPHE=R
$+4 #AE AEYSE 3FEH °olF 20 %9 methanold T



20 mM Tris-HCl €59 (pH 75) @g9dF AL=E F2F &7)d ¢
of A2olA ¢ 2 Azt AREAIF|E dlF-E ] EPAY} PLASl 93] 48
AGire] R olgFHo Yeng ol YARYd}Y NAEYSs u1¥E
A& A2 AASL F599 pHE ¥Fo] ALYAHEL protonation
Al ¥ Hexanel® F&3ld F&F3d FAZREH Bgsis Aug &
o|3A EPA ¥ ®#71803E 485 Ut

AU PLA:E ©]-8-38t EPAYR #714W& 429 o8 A
A 71€® Urea EXZAHEEL o] &3t vuz Lol AAZEEYH =
EPAE €&t o] #AE& o = oz Yehddtt (Fig. 22).

£#9 dTAYol= EPAAAY BEHE ZAAAY 4 #A
AR 88 7= ¥YPFuAste Aol £ dFAY FyFoldeoy
A9 WEo] AP E AR dF A L EIYAFAE $AFe=
FTYSLAE oFE olF FHA FFH AT/ EFHo2 FYPHA &
& Ho] ol oz dou ojn FF Fre A AAEA 3 75
& FHA AYo] FHE FHoBZR o]d #H AT/ FYE F JA
H71€ 71ttt v Eo] ESA8E plasmidE Wl 2 nAYE K9
47 (FAA e WA, GRS ERY %Y ) el &4
AE E¥stL o £ EPA A3 v BoAE ¢ 25 kB AE 54
& =719 plasmid 7} FAHADG (Al 2 Q3 ATFEIA). o] plasmidE
Z FFE 25 °C o] 49 =04 vFAE A4 JeERA ol 1
Hj ol A o] EPARF Zast Aol A& 754l Ao E. coli HBIO1
o] transformation 3}8& w &% (1-2 % total fatty acid)®] FHH=A
%2 peak 7t FEHRSY EPASY AL #FAEHA ol EPANA #
A FHAE plasmid’t olY g chromosomal DNAY EAjstE Ao
AlRH o] o]l £33 4T E FY3N.

EPAE A4tstEd #4993t R3AE 24387 A89 & 20 %
°|’39] EPAE Ailst= #2100 TFE B2 EPAE AAsA g+



Z4EE A7) 4589 FFe AR A% I TFEE
¥ WekA olEe] EPAE AAISHA @& olf& EPAAALY #o
e AAEY Aile]l gA HoAY #Fo| AHHNTGE AES W
I o]ETY HA TFAEL WA BYFAY © doprtNE BL A
a2 Z83E mRNAS AAdA Aeolg BAAoH: AASIL
mRNA #3& s3Iy 4FstA R



Table 11. Distribution of Major Fatty acid in different lipid
class in #2100 strain

FAME" TL' FFA' PE’
i-13:0 3.10 2.60 3.60
14:0 2.20 1.70 2.50
i-15:0 410 2.60 511
a-15:0 1.90 .70 1.20
16:1(n-7) 25.0 42.50 28.1
16:0 15.70 5.80 16.60
1-17:0 2.10 40 3.20
a-17:0 1.30 1.90 1.80
18:1(n-9) 8.10 8.10 7.15
18:1(n-7) 4.02 2.50 5.50
180 410 .60 2.20
20:5(n-3) 8.10 22.70 109

*FAME ' Fatty Acid Methyl Ester
TL : total lipid,

FFA : free fatty acid,

PE : phosphotidyl ethanolamine.



Figure 18. Standard curve of Myristic acid concentration versus
in vivo light intensity of V. hareyi M-17
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Figure 19. Production of Myristic acid from Dimyristoyl
Phosphatidyl choline by PLA2 from #2100 cell.

450

400+

350+

300+

2501

BL (LU)

200+

150+

100+

50-

O i T T T T T T T T
0 2 4 6 8 10 12 14 16 18

Time (Min.)



Figure 20. Activity of PLAz obtained from 0.1 g of #2100 cell
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Figure 21. DIAGRAM OF EPA PURIFICATION FROM BACTERIA

EPA producing Cell

Suspension in 25 % methanol 20 mM Tris-HC1 Buffer(pH 7.5)
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M 5 & Xde| duf FF Syl Y
A1d A 8

EPAS} 22 A=EX3} A Hake A9 47 vkgste AgEn
ojE ¥t 43} AEEL FA3 (AFoE JAL JAFTY fUojg B
ollzl AAZ AA ] #3% Y= Bolxm %tk F arachidonic acid
9 k3t 2} 3} 44 hydroperoxide”} 3=
4-hydroxy-trans-2-nonenal®| 2} 3§E0] A7)t ©]&L DNAY
RNA §4< A AY 4% E452 v Addxoz 23 A=
@t EPAS Zo] BX3Lrl E&4E olgd A} FAHEY o]
€ WA 37 A8t ascorbic acid (Vitamin C), tocopherol, BHT (Butyl
hydroxy toluene)s <& FF< FiAsA7E ALEHz k. ol F
st BAE YA e AW BEF A3 FEE ASsa JFEA
AAHE o] A o FE ALHE WHE AR AA peroxide
FFe FFsE ol A3} wkge] HEAES nonyl aldehyde,
2-nonenal, 4-hydroxy nonenal 5& HPLCE& AH83lo AFsE AU
H ol¥He AgHoE A M E TLCE ¥WAZE 28 F
gol "aslth, ® o83 aldehydeE € IAAE EBEANIrIRTE
2,4-Dinitrophenyl hydrazine 53 TS FEI}F
spectrophotometer& AHg-3le] SAIE2 ad=x a8 ALY &
dATe dgog ojEg EFsu wWARZEL 2 -FAH Qo AH
autooxidation ZEE AFET I+ WHE MEsAh

PUFA + 02 ----> FA-hydroperoxide

FA-hydroperoxide + Co(I) ---> FA-hydroxyl radical + OH
FA-hydroxyl radical ---> Hydrocarbon + Aldehyde
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duiz oz A AWite] FARL BaF7} 16 £E 18 o AW
A olFAgol WA C9 X4 FI2AEEE FAZEE aldehydes
octanal, nonanal EE decanal /AW 21 HEAA BS7t BFEolH
o]28]§ aldehydeS& Yol SAsE @F (B} AT LRES
(luciferase)®] F& 7122 &gt

FMNH; + Oz + R-CHO ----- > FMN + HO + RCOOH

w33e] =77 % (Initial light intensity, Io)e %<& ¥ X9 aldehydel A
t aldehyded F=ol H#s2z olE o] &3 HAAFJHE T3 ol
wal A3l 23 YA E aldehyded ¥S FAFESF AT

A2AA9TYE £ A=

1. Peroxide level 3 (AOAC standard method)

TH| Aok
acetic acid-chloroform solution (3:2)
saturated potassium iodide (KI)solution
1 % starch solution
0.1 N and 0.01 N Naz5203 solution

5 g9 718 A8E 250 ml 4 flasko] ¥ 30 mle] acetic
acid-chloroform solution (3:2)& 7}sle E£EojA ZEA=UH 05 mid
saturated potassium iodide (KI) €99& 7}8ta Al F7/45 30 mE 7}
3 0.1 N NaS:0; solutiono® :e=Fo] AL glojd wj7tx] HAH
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ok, ©A] 05 ml9 1 % starch solutiong 7}8ta FE&40] Qlojd w7t
A A A},

peroxide value (milliequiv. peroxide/kg sample)
= S x N x 1000/g sample,
S; Volume of NazS;03 solution in ml
N; normality NazS20s solution

2. Aatg& o] 83 peroxide valueEA Y

Bacterial luciferase™ 1 S23AF Vibrio harveyiodl A 23 HA|
stgem 2 A WHL Hastings 5 (1978)8) Widl witz Ed
i ¢EE 9 90 % FERT.  FMNH; €9& 0.1 M phosphate
buffer (pH 7.0091 &€ 50 uMe FMNE&H| electron donorZEA]
EDTAE 10 mM°] HEE H7Ie F 242 &350 e A2E A
AR F 3 ml FAVIE Hstq IAHUE A9H LampE =9
photochemical reduction®] U= E 3t A3t

A3 aAsE AW AR 05 miE 2 ml E°] screw cap
Eppendorf tube®] ¥ i ethanoldl o} A+ 0.1 M CoCl; £4€ 1 ml
7}et¥ 0.5 N NaOH (in Ethanol) €9 0.1 ml 7}3l9 Vortex® 24l
S ¥ 80 °C F=xA 20 £ & Ak, ygo] EY H Ao
2 ARH 10 d%7 94 sy 3 BYANFE 93 10 ulE I
o 20 ml E°] scintillation viald]l & 0.1 M phosphate buffer (pH
70) 1 ml 2 4 FF 7] 10 ul®] bacterial luciferase® 7}3tiL o]
€ luminometer®] ¥2F F74& 21 3 ml FA E°] 1 ml
9] FMNH; €9 (50 uM in 0.1 M phosphate buffer, pH 7.0)0& A2
7tete w&EE e & FH T
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A34 2% % 2%

£ A=A nonyl aldehydes} decyl aldehyde?t A2 A4
§¢ gas chromatographyE ©]-&3td &<l 3t (Fig. 23).
Nonyl aldehyde® 422 A F4& F¢& 2% 01 nM 5 1 uM
742 10' orderdl ZA FAe g AL Bl FAHUW
(Figure 24).

F71e & S84 stz Yo x=&& IFUIsUAE £d2=E 10
mle] ALHE petri dishol I F2L €o] ¥3F otdldA dA A
Z+ wjFsAA o 100 Azt 2tF o2 AP F aldehydeFS SAHSA
o, B3 4¥L 9189 aluminium foil2 ¥& petri dish o1AS) M
I 20 ml scintillation vialol AR E ¥a 4= 33 ANF LF5& A
2E 47 9L 2 AP ¥R gL Aow FHdtd ¥
BE A &4 NEE ALEHE peroxide level FAVEH A A g
o) g HALE | AA)ES peroxide level® aldehyde®] #% W& F4
Hol] FYX st AL FASIAT (Figure 25). £ THE AH§std 7]
&9 titrationo] 2EstE Wyl vl 4AFY AR (05 - 1 mDE AHE
g £ B4 Aol A&ditte FHe] Atk EF FojR AlgY
9] aldehydeE € catalytic hydrogenations 22 ©|FZAES ¥4 Al74
a =75 ¥ 7R FMAES e AR . EAlE 2 FA
A}4-5 £ luminometer7} ©]3 L dd BHFHO ALEHI QA Eilte
FQH ol HZES HA &F vk o vF BAYY Aol F
7hsla glo] deE REE Ao AlgdEt. B UYe 53] fAF ©
3t UE raw material (AFE °olF F& S/H) FH A&l 7F
o] EFA 9 AME S AT AR2E /de] 7 Aot
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Figure 22. Gas chromatogram of CoCl; treated soybean oil and the
production of nonyl aldehyde (NA) detected with gas
chromatography (Rt = 2.028).

SIGHNAL FILE: M:SIGNAL.BHN&
PEAK FILE ¢ MiSIGNAL.FRA

AREAX
KT RREA TYPE WIDTH ARERX
z.0z8 914  BP  .B23  13.47685
z.202 388 vy .@22 5.60307
z.231 1692 VP .044  J16.10144
2.559 387 vV .825  5.798628
2.596 829 YV .B26  12.37098
2.935 417 PP .039 6.14563
4.940 720 PV .B64  10.61634
9.496 865 PV .114  12,75435
9.747 1168 vV . 124 17.22206
TOTAL AREA= 6782

MUL FACTOR=1.6600QE+80

4,949
[
4
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Figure 23. Standard curve of nonyl aldehyde versus initial light
intensity (Cho and Shim, 1993, Korean Biochem. J. 26, 61-65).

1000007
10000 1

10003

lo (L.U.)

0.14

00‘ R e an S S At s Sn SR S 221401 Summ Sun me B 0 £ 4

TYLTre ~— YTy

0.01 01 i 10 100 1000 10000
[Nonanal] (nM)

Standard curve of nonanal concentration and ini-
tial light intensity (Io) using dithionite assay of bacterial
luciferase. Various concentration of nonanal standard so-
lution were prepared in absolute ethanol, and add 10 ul
of these solution into 1 ml of 0.1 M phophate buffer (pH
7) which was then injected into the mixture of luciferase
and reduced FMN solution as described in materials and
methods section.
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Figure 24. Comparison of bioluminesent peroxide detection method
and AOAC peroxide titration method.
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Hed dE&

E 479 23 nAE 53] Y Ado2RE IR AW
At EPAE W ALY #30E 71 Zleo] FHIHNUT. A RuFd
AE ATFE F /M WS EPAE NSt #F 8 FuIgen oz
58 EPAY] ¥FE SN wdzde] SHIAJT. oL o]E
EPANIY #FE FE ZAH oz EPAE EEAASE WHE d1HY
o, aziy & 47 237} A= o] §H7 YHAE HEadH
b BIIA] EA Aol ot $4& A @ildAM A AMEHD
AE AREFEY AT ZAAY EAAQd HAZAE EPA 3 o F
o 98d TFE AMHE] "¢ AFF Moz FFo| sMssiteE
o]i o]d wel FFAH FEY LEER FAHA @& EPA AAE
ofFo] oldgt AF AFELZ AFE YAz Yo Holtk o F
EPA7} LAY F A BAZ FPAFQUE o} & AEES EPAV} gFEo 2
Mg ol FA HYE HZE HAgoltt. EF G2 nhFHosE o¥u
of wWat o FFo] YA FHoz ARHA I AEAo] &
AL TFE A9 7 EPAE A7 A% S L 757 o3¢
v FIFFHoRE nYEZHE S EPAMALY] 33 EPAA|AIS] Q8 TF
Aol Hejgtn Algd.  E¥/IAY EAFL EPA7 FAS AEg
T4 dEolgted vt & FAYATF 2 2 dAIEA}E= g EPAY
A dA 2 FAe IFH 4F HER EPAE A7 e

- AlEE WgsordtEd vt dEod gutder NAEL ART

ASHENE g8 AFYY AP A YAsA gorz oy B
A= 9L AZsig, ol& 3|ZA3d= WY& Rhodotorula gracilis$}
£ §AAMN ERE o] 43t B EPAZAE Hol2 ATsAY Uolt
A EPAgAY] BolslE EAS SAAE olAsd FEIZNE EPAS
HY HARADTHE o) B AT HT 60 % 74X AW YA
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o ARz Bt & ALE EPAE AAY Foddn ARET.
E3) Rhodotorula gracilis®] 7% EPAS] F8 HTFA<QU linolenic
acid(C18:3)¢] ¥Fo] 25 %o @322 5-desaaturase$} 6-desaturase
183 elongase 59 FHAE cloningg FTF&E 7kX7F ok AL
28, & dTFINE oE dtd 71xHY 22ETS FAA £
g AEshou oEg dFAAE Bt B NH Jies $3H

oo} AHE 7T & Redtu ARHD
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