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Summary

I. Title
A Study on the EPA production Using Marine Microorganism
1I. Objectives and Significance

Among the polyunsaturated fatty acids usually contaified in blue
backed fish oil, n-3 series fatty acids such as Eicosapentaenoic acid
(EPA) or Docosahexaenoic acid (DHA) show some benefiﬁal effects on
human health such as preventing disease in circulating systen,
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.
I11. Contents and Scope

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

2. EPA producing bacteria have been isolated

3. 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 optimal condition for EPA production
IV. Results and Suggestions

1. About 3,100 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. 20 strains of EPA producing bacteria were obtained after

screening with thin layer chromatography and gas chromatography and



stored.

3. 3 strains of high EPA producing bacterja (#1513, #2100, #2101)
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 20 - 80 % aged sea water (or NaCl) and incubation
temperature of 18 °C, pH 7.5, and high oxygen subply 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 incfease of EPA were obtained.

5. Chromosomal and plasmid DNA were isolated and purified from

these high EPA producing bacteria,

The strains of high EPA production are ready for applicaion for
microbial cell patent, and the enzyme and gene involved for the EPA
production should be isolated and eventually cloned and expressed in
other organisms such as E.coli, yeast, or higher plants to increase
further the EPA production yield. For the eventual purpose of this
research, industrial mass production of EPA, the active participation
of industrial companies is highly required. This project should be
increased in research scope to the cloning and expression and
obtaining of genetically engineered organism, and so should be
performed by a colaraboration of industrial companies and research

institute,
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£ Az ARAA SFRE dAded Y TE ] e A= EXI AP
(Polyunsaturated fatty acid, PUFA), &3] EPA (Eicosapentaenoic acid)£]
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al.,1981). &, L AWolBE FEY wE W AYdo] u¥ H

o
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3 ol& 2 BHeg ¥y F=2 st HA V&S B
Russian oA &#87] Fojzt £8 AbY dAYE chulsie] zpd BAde
ol ¢8| Holg U4 Alest she FulEE EAE A7 AZch
A7 A3 R (Aol Wol THEF & ZLos dA s IE EX
3} x]¥txbZE Eicosapentaenoic acid (EPA) L} Docosahexaenoic acid (DHA)
5 n3 AQY AVPES W) AUR4, WA Lo, BAEW, AW
Be] o, GAEe] MEy 3, Foxad v NS T B
oj3 ¥ Hog HauErt (A F, 1985, H4h, 1982).
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2REe] EPA ilole BolE], 1Fol, Aol T TFE Aol A 9
ko] 30 % o] Fo R wlad w3 Y P Hrhe SHdrke BE, E
ol F7l ABHLE Yol o]&F & AFolehs Aol EPAZALY] FH
dae AgEHo Yttt Y ofE2FE e Filele chE3t F2 A
AEol Ut o A olFo] WE YA FVE AA USEE UE
ZZe) ol Fel Hof A oY HALTRE EPA AL FAE o|Fo|
gastee o EPY EPA & U AAE #3 UF T HF
B3 W o|F Mulyt Weshy oA XA xuhg TR EPA o|le] B¢
Bo] tia XY glo] EPA o Fel, A W oj3Fo] dUrh

O-u offol XY EPAS] AW L o}F AAT} iR EPA & A
e A A A ° v gla Yol Akzol whet 2% FFE w9
Ho]ql microalgae Fol T2 E URH EPAE M2 T A3} 2TE 2T
o, FojEls SFE AHUEY Fulel EPA it FF7F AN e AL

2 98 A (Yazawa, 1989) ©]2 F¥| EPAE AHY 7Hs7dol A =L
olo miel AF A|Fe] EPA Bito] Y A3 A nIFY B¢
Columbia®] MartekA}, Michigan®] Henry Ford®8$d & ti¥z} Scripps 3%
Q740N microalgaeE ©]§ EPA At RAE FRFolW i BANF
6 % 71x] =dstdrii Raxo] gt E ojzide FY|YATL W
tid}t HolA QdFFolm HA] Microalgaedl Nannochloropsis sp. & ©|-&3}
o] EPA A4t HAzZA dxFolrt. A AF HI= microalgae AR
2% 1g 3 50-60 mg B2 ol¢ o 2 A Fxof g AZo] A
£ o] glon} vk W& o] 83lq +£5&& Fu¥Urke AR = Ut
2l ANA O R microalgae® F-E|2] EPAANS ulyg 2L AUd)
A 243 Folof ¥tk HE FHIA| Bt glrh. Y& TosohAt
4l Sagami 3%t A4, FAF4, Ibaraki UhE, Osaka thdt, F7 it



SollAd sl dFE +8Foln olF Sagani ¥ AF4e] Yazawa A
tean T2 B4 BUMF 20,000 3 ool A EPA 4t FF 5005 ¥
53l o] F EPA 3 Ait FFE= SCRC-2738 ( Shewanella
putrefaciens ) 24 & w} ZAoA 1 % 300 ng 712 Pakst= Ao
X 3Eo] glt} (Yazawa et al., 1989). .

Colejt  njdEojM  EPA AL offellMe  F&Eeo] H[F
Fermentation§-2] MEZH FF& T3l UYL ¢BH AZ + 9on
ojof wizl cizgkdate] 7Hs¥ o]Fo] Yt ol A FAEEY FF
BA2e] ABel= NELR o3y 4= qrt. EX Yazawa ol o3 £zl
¥ SCRC-2738 I35 792 o] EPA ©]9]] e} 2= EX3} xyito]
e A Rl ool nlPES o8 EPAYAIHL ol foHY 22

of vl3] Ee|F& 373l &dcke A otk ooz u]AE MYy
BT 53 A Be @ nigrizE & FHolet splen #F AY

o A 27 AT AR Ax|7) Yl F3 LYPBEQ bacteriad]
AR} Z2LL 1 genome 7|7t OB E genomeA 7|7} w27} HA] WA
Z o] FYt algaeFollAd Y] 2ol ujs] Wil @A sHeido] Acte AR
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A%, 43 42 3

A 1A AR A, A ) FF &F 27

1991 @ 7R ¥ 1992 @ A7 Asigte] AEE T4, il
o Aeidx X, FAEE AH, T3 LY AUE &, FEIF
olq 35el, BT olFe Al Ztelule AAM BEES Aolsle A
2 Astach. AT NEEL A WS A 5 TEY ¥ njg
EHIX Aged Sea Vater 1 ml off FERY ¥ Fuld 2% wjx] F2 4 u)
Aol (ollEA) WEsto APAE ilsto] 25 °C o wjaTleln 2
go] wAd wizkx] wigsiart. BEEY A JYEL 2 A ¥ 5

(N4, A2 FelF) o wtet M2 17 uixlo] FF31 T el
&7 AYE BANES 2 4T 25 °C oA widy F ¥EY 4 FYES
Z}z} Wi FolE AHESle 3 ©HA M =uhje s ¢4 Eelsisch

z2 AgE WA 24

PYM-G | 1 % peptone, 0.5 % yeast extract, 0.25 % meat
extract, 2 % glucose, Aged Sea Water 50 % (pH 7.0).
ZoBell : 0.5 % peptone, 0.1 % yeast extract,
Aged Sea Water 50 % (pH 7.0).
Heart infusion : 1 % Heart infusion, 1 % tryptose,
Aged Sea Water 70 % (pH 7.5).

TY medium ; 1 % yeast extract, 1 % tryptose,



Aged Sea Water 70 ¥ (pH 7.5).
A2 A £ 459 BE WU N8R

23 wixlo] &4 P FAE F7] BES 98l o 50 mg A=
A& Eppendorf tube o] &o] ¢l Glycerol 20 % 4~8¢) (1/2 ASW) 1 ml
o] ¥E}sto] g3} 80 °C 2] Deep-freezero] R @3}t 3] EPA BatdF
2 Y453 #FEol ojsj M Glycerol stock®]o] FAAZ st REIY
om EPA I AANEFE uls|A #1513, #2100, #2101 52 uwlg FAFoA
54 3z A Rastgdon Sl g Ao H©IHE HelEE Bust
drh. EPARIEIESl EENQ ©AE sl REY HeFFe AR 2
F BE&WF (of: BI234XY), AEHE, A8 3 4o A, A& wjix|,
g 24, 24 Az 5o dAog Festdch

gt @74 ot AEATA ol RER F7e o] 8y
(of]: B1234XY)

B: R¥H #F7} Bacteria Y& UER.
1234; £2 ¥ BE ¢Aof ulE dd HIE
X FF7h doldl F4 mE AEH
x XY2] o

FI : fish intestine

MA ; marine animal (intestine)

AE : antarctic sediment

AS ; antarctic sand

AW . antarctic sea water



SE ; southern sea sediment

PD : petroleum degradation
A34d FF 53 L EL
7}, Bepdty 54

Heart infusion medium (Difco)olldl 18 T oM 5UZ wjeysieirt.
FAe] MRE WA}y ¢I8)A 8 % glutaraldehyde &2 13t ofju] %
TF AZAZ PO7L Folols Wslg7le] Yol -20 Tl 2Y3 Azstn
Bio-Rad E 5550 SEM coating systenS A}E35}e] gold c‘oating‘?ﬂ-'?: scanning
electron microscope (Pillips model515) AtolA sty

% t}E2¥PH O Heart infusion brothe] @& FHEFEINF 18 T oA
1222 wierstalct.  FAY HE FHE-E 913 carbon coatingdle] 24|t
AZAZl] F tlA] negative staining S} Tl a3 t}¥ transmision

electron microscope (JEOL model JEM 100 C X II1)ojA &s}gict
L e EEE 54

1) 25 4 dexo wj& 4Z54

Heart infusion agar (Difco)o] @& AZ3lo} 4°C, 35°C, 40 ° Cof
A e 4R RFE UKL gexe] wE 8% Heart
infusion agar (Difco)ol sodium chloride& #%F%=7} 0, 3, 6, 8, 10 %
7t HA ENY Fol F& FF3HL 187 CollA 5UZ vjPTF S BH
stedch



2) ¥ °l&%

g7tx e @& YUY BA/NOEA o] &3 ARE YA
th. AFR™ @ #£H{/LE  D-fructose, sucrose, D(+)-xylose,
L(+)-arabinose, a-L-rhamnose. myo-inositol, mannitol, dulcitol,
D(+)-mannose, D(+)-raffinose, lactose, maltose, galactose, salicin,
adonitol, inulin, sobitol, trehalos Sojm W& X3}z ¢} 7] Eulx]
(ammonium sulfate 1 g , potassium phosphate (dibasic) 7 g, potassium
phosphate (monobasic) 2 g, magnesium sulfate 0.1 g, agar 20 g, aged
sea water 75 %, pH 7.4) of 10 %2] & &A& oz} sl HF =7}
1% HES Wlsidnh.  BE WA g Ag 84 UETOE s
A& vlastych

3) o4t o] &5

FUY AadogM opniitg ol 8 4 A ARE HAISE
Act. AMRH olnli4te] &£H{FE= L-tyrosine, L-serine, L-alanine,
L-histidine HCI1, DL-cystein free base, L-valine, L-phenylalanine,
Hydroxyl-L-proline, L-leucine, L-isoleucine, L-threonine,
L-methionine, L-aspartic acid, L-asparagine, L-glutamic acid,
L-glutamine, glycine, L-arginine, L-lysine HCI, L-tryptophan,
L-arginine HCl, L-proline Folm 7]#ujx] (glucose 10 g, potassium
phosphate (dibasic) 7 g potassium phosphate (monobasic) 2 g,
magnesium sulfate 0.1 g, agar 20 g, aged sea water 75 %, pH 7.4) o]
121 "CollA 3 £ ET 1 % & opnxit §AL HFEET 0.1 % HE
g HUlste otnjxite] EjtES] QA U2 AL tRFLeEsi AXE



Bastach

4) Respiratory-enzyme ¥
1. Oxidase test : Heart infusion agarofA] w3t FAE filter
paper (Whatman no.l)ol] &&%&3l, Kovacs reagent (1 % tetramethyl-p
-phenylenediamine dihydrochloride)2} 1 % a-Naphtol (in ethanol )& 2}z}
1-2%&e 7ttt OF FA7} o F2 Hetdog Hil: g &
doz wrystdct
2. Catalase test : Heart infusion agaroflr] wj3t FAE filter
paper (Whatman no. 1)o] &35, 3 % hydrogen peroxide& 1 - 2 W&
oz AFol A7l A& 8= WAt '

5) AA3H 714 ciAb H¥

1. Nitrate %% : Nitrate broth (Difco)o] agar& 2 % S A ¥,
+& HFY ¢}  OGriess-llosvay reagentd 1 - 2 WE 713V, H2
L2 Hiks Ag ¥9NgLe syt

2. Urea 7F-E3% AY : 7]1&80A] (glucose 1 g, casein-peptone 1
g, disodium hydroxy phosphate 1.98 g, potassium phosphate({monobasic)
1.51 g, mangnesium sulfate 0.5 g, phenol red 0,012 g pH 9.0,
distilled water 900ml)of urea 8<% (urea 20 g, distilled water 100ml)
& o}EFste] HIISICE  Agar slantiolA F& HF3Ha 37 CollA
7 A Rt FoulR]e] Mjgo] Aoz HIPHE GG OE Fct

3. Indole 8% Al¥® : Tryptophan (BBL)Z deionized watero] 1 %
HA e v, o3 @Ik 7S FIUF 18°C oM 5 Yzt vy
F Kovacs reagentE 5 W& HI/RIF WRHog HIPAZ Yo 3



% ¥t

4. Decarbodxylase-Dehydoxylaseol] 2]%t ®3l%s Al® : Thornley
Semisolid Arginine Medium (peptone 1.0 g, NaCl 5.0 g, dipotassium
hydrogen phospate 0.3 g, phenol red 0.01 g, agar 0.3 %, pH 7.2, aged
sea water 75%)ol L-arginine. HCl, L-lysine, 2HCI, L-ornithine
dihydrochlorideg #%%X7} 1 % HA Y3 121 T oA 10837 HFg
th. & HAFUF 18 TolM 7 43 vjde¥, SHURFLE 3 74
amino acidg YA|U2Z 2} ulaste wjx]7} Mo g HIE=AE Y4HL

2 ghehstgict,

6) 7% tiAl 44

Hydogen sulfide 4% : Tryple sugar iron agar (Difco) ol AlA]
s, FAE wixlo] FFE F 18 T ofA 5 43t wjFAF ujx] o]
ZA =R E& @EL= schsidct

7) & tial A ¥

1. Oxidation-Fermentation A%d% : OF basal medium (Difco)& A}&
3t glucose] Fex7} 1 % HA HrRkich, IAE FFY Fol L
® liquid praffin& test tubeo] 1 - 2 ml A7}3le] vjx|J} B7]|Bo] =2
o] E=] ABIL, thE shhs liquid praffing X3 @& FFgicl
SRURTLE glucoseE GAIUL MIAE flolA AR WPzt 5Y3t
A Aeldel.  Liquid praffing @233 X4 Zo] BF ko g
H3PA  fermentation® 8 3IMES, WX Zut xItMog My
oxidation® 2 2r&E3}9ict.

2. Methyl red : MR-VP broth (Difco)ol #& HZT¥F 18 TolAl 54



Z wjesidrt. 2@ T methy redE 2 - 3 W& Yojma wixjy} uzt
Hew WalbAg PHOT VEY, |

3. Voges-Proskauer A8 : MR-VP broth (Difuco)e] ¥ &3t t}
S, 18 TollA 5 Yzt uje¥gIct.  Varrits VP reagentE AMR3le) 2 - 3
BE ol=IF w7t H2A LR Hile A& ¢ELoE U5

4. ONPG(o-Nithrophenyl-B-D-galactopyranoside)Al¥ : 0.85 % NaCl
0.2 mlo] @& A E3}3 ONPG filter paper disk (Difco)E Ji=r}. 37
TollA 2087 BEAAF, VY3t Foo] oz HY AG PP
= ahggich

6. Aesculin 7}4E3% : Bile aesculin medium (Difco)E ARR-3}oq
ZAE FFUF 18 TollA 5d3 wigste] wiA|7} A2 2 Het=ZS
3oz syt

8) Gas ¥3%

Phenol red broth base (Difco)ol #FSE7l 1 % =HA glucose,
arabinose, mannitol, xyloseS& A7}t 27|17} Eol71A] Al durham
tubeE YL 121 T oA 10&3F HZ3 chd, #& JAFsialch. 18 T
oA 5d3t v ThZ durham tubeo] F7|7F HARAL FHoT Y

t}.
9) MacConkey HiA] A ZHAH
MacConkey agar (Difco)& AME3le] @2 HZIF 18°CollA] 5 Y7t

g3t BERFE BHESHACL

10) Salicin W&EAH



OF basal medium(Difco)S A}&3lH HBHT7l 1% HA salicing
H71RIch liqid paraffing #F3EF 1-2 ml E53F 18 “CollA 547 o)
SREF A Mo] RIMOE HIE=RG YAHo= 3]

11) /714t 43

OF basal dj=]o] glucose, fructose, sorbitol, arabinose, maltose,
galactose, sucrose, cellobinose, mannitol, lactose,
p-hydroxyobenzoate, gorcunate, lactate & #FE¥E7l 1 % HA Fol&F
F FE& HF3N] 18°CollM 5 U uiPUF vz Yo kMO T EHER
& Y4Le= Ysdrl

12) L35

1. DNA 23}% : DNase test agar (Difco)® A}g3le] Z2 FENE
Toluidine blue§ A7} A3t F-Eoll Hoj=d uwjx|F¢7} YolARE &
gLz agstolrt.

2. Lipid #3}% : Egg yolk enrichment 50 % (Difco) Bjx|o] F&
F35t 18 T oA 5 U3t wjetste] FAFe w7} R sA Ml
& YBLe= hYsAch

mh‘.

)

3. Xanthine, starch, gelatin, casein®?] ®3l% @ ZIAEL
complex mediumol] 87} 3}4l3l gelating agar tiile] 12 ¥ =7} H &
#7} stedcl. Xanthin?} casein HE2EE7} 1 %7} HEE Ay sty
starch= 0.2 %7} EHEF H7p3tadch 37 T olq 7 47 ujyeE
gelatind A 2olA W3l 7]&o] BSm SAHA| YRS g
22 343 XanthinZ} casein FAF¢o] FEA7 FAHH AL &

b o2 3lgrt.  Starch: iodinef Mg HWolxzl ¥ Zwdx|cjr} A

olo

ok,

)



t A& gL st

13) 33 gA A iyt A

Phenol, potassium tellurite, sodium azide, crystal violeto] cti%t
AAEAdS B slgrt. Complex Mediumo phenol 0.1 %, sodium azide
0.01 %, crystal violet 3} potassim telluritet 0.0001 %2 2} A8 7131o
Agstsrt.

14) 3] vj’g

Penicillin G, ampicillic, nalidixic acid, methcillin,
amoxicillin, cycolhexamide, streptomycin sulf;ate, spectinomycin,
novobiocin, neomycin, gentamicin, kanamycin, polymyxin B,
sulfadimethoxine, bacitracing®] ¥Adaje] ciyt AP S |H sioch
Complex mediumof 9]2] Z} 3 AAES 10 mg/ml, 100 mg/ml, 1000 mg/ml 2]
=7t HES H/ISIA 18 CollA 7 At MY ¥ AE WAstch

o} AEY AE AR 2N

1) Sugar &4

Cap tubeo]] ZAZRFA] ¢ 0.5g & Y2 2 me 2N 18 Yo ke
YB3} 100 T oA 2A]1¢ F¢t uhgA]ZALt. 18|31 centrifuge tubed]
7tk X3E barium hydroxide €& ©]83}le pH7} 5.0 - 5.57} E=
& 27gstdch. 6000 rpmollq WHEEsl RAELS Mz AEYL
Vacuum evaporator® 80 T ojjA] ZUAZX sty  o7jo] 0.5 ml&] FF7F
48 Yol % thR cellulose F254s HPTLC plate (Merck 15036) of &=



stk AAYPYL ethyl acetate-pridine-water (100:35:25) Lo g
AL AR F Azsta @A Zich 9o UM aniline-phthalate A]
(aniline 2ml, phthalic acid 3.3g, water saturated butanol 100ml) &
F8 F AR 100 T oA 523 7tdstact 2o By 721 % &
L2 BE &Y AAA e} HE Mg nlaste] Yehigc

dqr 1

2

2) Mycolic acid ¥4

0.5 g2} 2 FAloll 10m18} 10% KOH-Methanol £J& Y31 100 CollA]
2 A7t Sk g AI¥F 6 N HCIZ pHy} 2 o)37) =8 2Astgc). 10
ml2] hexaneg g EZF E2]H hexaneE S nitrogen gasE AR}y
t}. 7] 3 nl8] benzene-methanol-sulphuric acid (10:20:1) 2 <
Y3 100 T oA 3 A7t B¢t vk A[Z1¥E 1 ml9] water2} 4 ml2] hexane
S Y3 EYsidrt.  Hexane® & Hia) $&3}o silica gel TCLIto] A3
¥t ¥ hexane-diethyl ether(4:1)¢] Asj&mj& A7)3}act. Mycolic acid
o] A& 50% sulphuric acidd BFRE F 150 Colld 5 £zt 7tdste] @
it

3) Isoprenoid quinones &4

2 g® FAY cold acetone® Y3l homogenasion Hoj
ultrasonification& 1 - 2 &7t 3gicl. AARAFE o 2}3}o
nitrogen gas® {ulE A AF F silica gel TLC Tro] BAFE A L)
Z benzened A}83l Asstct Ubiquinone®} menaquinone%% &
Vitamin K A2 2} AAARE Festg}



A 4 A, EPA 7 A% AN

1) Fatty Acid Methyl Ester?] AR

n-Hexane, Acetyl chloride, chloroform, methanol, ethanol,
diethylether, BHT (Butyl hydroxy toluene) && Merck A}¢] HE& AR
3Nom fatty acid 53} fatty acid methyl ester ¥F A8 Sigma
Chemical Co. 2] AHES AM&3}gt}l. Bactopeptone, bactotryptone, yeast
extract, tryptose, heart infusion broth -‘g—v‘% Difco AFE& AMEIIAR
e} 2]} dF Al ARE3tGTh

= Aol MY BE fulols AP 24 F4 & 9% 543 3
$E AYstaE ¥ ABAEA 50 - 100 mg/1 &) BHT & M7lsige
Z|u}ate] methylation o] AME¥E methanolic HCl 2&] ARXRLE acetyl
chloride 30 ml& 4 °C 2 2|3 o LF 300 wlof] HHF] FodA 4o
ofzf WhgAell &3] FZH HClo| md el &3 &AS A =3}t

PYM-G LA wixloflA 2 A3 gy FAE HFE loopE AME-3}o
e} 50 mg 7}8F 2|3le] Eppendorf tube (2.2 ml) o] o] olx 0.3 ml ¢
methanolic HCl of &3 F 5 X7t Vortex® EE5o e A|AUc}. AeEs=
AEE 55 °C F2=A 2 A2 Ft WEGA|HA methylation & HAR F
0.4 ml & 5% NaCl €2} 1.5 ml & n-hexane & 7}3t & 30 =7} Vortex
2 EEo| ¥dH fatty acid methyl ester & n-hexane £0%8 2&3lc}
ARY & EElE HAstd o 1 &3 15000 rpn oA WAEY F
n-hexane %-& pasteur pipet & A3}l A}EE 1.5 ml Eo} Eppendorf
tube & &7 F o]& 40 °C oA Heto Ale] Speed-Vac 2} aspirator& A}
43l AR ¥9E 0.1 ol B ¢t HHA|LC}



2) Thin Layer Chromatography

5%H n-hexane F& 2] EPA ANE YXE U A2ntEae}y]
(Thin Layer Chromatography, TLC) & Ahg5lo] 2aisieicy. AM&® whg}
2 Merck A|EQl silica gel 60 F254 & A}-&5td ¢k 10 ul 8] A|RE 7}
3}o] n-hexane 3} diethylether 2] 9:1 &% g A/ fujE A3}
AANZCL A3} AN AU FB F o} g U F 0= () F
Zlol 23t 2" AAHel ¥ H&sigct o] Fve= WM™ fel BA
Aol 2oE W RZHE Yo WAl Qo= FV|E T3} AT F A
FE F U kg a1 UASlq 20=71 Ao AL Ao A
He S dAsiyc

3) Gas Chromatography

TLC & AM&R dxt A< A3} EPA methyl ester of |EE &= $1x
of Asj ¥ido] UEeRd 100 o £2] AR & tjA SR Gas chromatography
ALg3te] EPA ff o7& ¥ sttt EPAo| 9] oEl AR EX3 X
FAEE B TeRASfeMe FY #iXel  wbde]  uehtE=

|

Hewlett-Packard gas chromoatography (model HP5890) ¢} Hewlett-Packard
integrator (HP3396) & A}&313 Omegawax 320 capillary column & AR
3ty 240 °C ofjd E=2]3}l9 5L Flame Ionization Detector® ZH&3dtg 3

carrier gasZ+ ¥Y§ T= I¢E AALE A1L-351%c)

chromatography conditions

column head pressure ;10 psi
split ratio; 50:1

column temperature; 240 °C (isothermal mode)



- injector temperature : 250 °c

detector temperature : 260 °C

< |

Mo

A5 A A W AP 24

1) Ax1d 242 £

EPA A4t F5E9 e B4& ¢rislistd ¢4 dAA =43
et 2438 ZAA} stgith.  Heart infusion oA wix|ol A 24 A2t W}
B FAE YAUEUSIY $£HYF o 10 g 71 st FAE EX
lyophillizer vialo] &1¥ 524 AX3slo AR %‘-%‘é— ZA313 vA (o)
¥ 15 » FE Az F¥o| ¢old) 20 wml 2 Folch solution
(Chloroform:Methanol = 2:1 mixture)g 7}gH¥E ¢} 1 £ sonication 3o
At HES 3283 4 °C oA 15,000 rpm o4 3 £ dHEesto] H
AL AAZCE o] HAo] tiA] 20 ml & Foich solutiong 7I3t] 2 %}
F23F Ay ZEo] HolddE f71EuFE AMEL vlolA &IF 10
ml®] 0.9 % KC1 &g 7131} separatory funnelofr] EEo] #8442
o223t A AHdEo] Ro}lglE Folch solution ¥& pasteur pipet &
A3t BEAE WolE 250 ml T flask® &3 F o/ 40 °C oA
rotary evaporator& AMgSte] ALMERt &ulE EF dUF v FAE F
Asto] A A8 A FAE F¥H o 10 n1¢] ChloroformE 713}
g8ja70ct o] AYEYE ulg] Chloroforme] &3 AJAE silica column
(1 cm X5 cm)ol] 713+ 1 nl/2 2] &8 94 10 8l2] column volumn®]

Chloroformn© 2 simple lipid& elution XA]F|3L .T}A] 40 Bie] column

e

volumn®] acetone® E glycolipidE #e|dlgrt. ela Zo= 10 nje

column volumn®] methanol® phospholipid& £2|3lo] ZIEe|dL vjg] F



AE YolE 100 ml 52 flask® & F ol§ 40 °C oM rotary
evaporatorg AMg3dte] AHER SulE BRE WYUF thA] BAE FAslo
ZpA) ) AR RAE 3y oF 10 nl8] Chloroforng 73] &3jA]ZITh.
o] A] B2 TLCE AM&3} AJRA|FA chloroform:methanol: &F4 = 65:25:5
o] A BuiE AHAM AAAZEE LTF Z Ui S B «=E
#Qstgich.  Phospholipid®] 7% 3iw HHEE& Fojulo] methanolof &3
A#A phosphorous ‘U4 ¥H-g-& AHE3te] Fasiich

olgof & =[] £&& Bligh?} Dyerd] HEH whdol utet Eeltdl
3, 7 AAE F BELS TICE AHE3te Ee|A F EEA|E e A
Aelg wlasia o7 Gl o3 dAatefol uiet FR 3t
HA 100 nge] AZTAE 2 ThE 0.3 % saline 2 ul & Y T
methanol 20 ml& Y3 % 42 vh& 100 T oA 5 £3F wWx|stgch. 4]
%1% 10 ml chlorofornz} 6 ml saline@ Y3l 2 - 3 A7} shaking®t ¥,
Whatman no. 1 paper® ozgt vl of2}o¥of chloroform} salined 24z}
10 ml & Y3 $2o0% Hestadrt. ofelE& ¥ 43to] nitrogen gas 3}
o4 AZA|Z] thE silica gel TLC plate (Merck 5735)¢) &2 sjdch.

A9 A7Rgrol
1. chloroform-methanol -water (65:25:4)
2. chloroform-acetic acid-methanol-water (80:18:12:5)
3. chloroform-methanol-7N ammonia (65:30:4)

4. chloroform-methancl -acetic acid-water (170:25:25:6)

Phospholipid®] &4{: phosphorus ®AIH¥}I22 Dittmer regent

(Dittmer, 1964)E8 ARg3le] FEM ubHE HA3IAC]



Dittmer regent
Solution I: Ammonium molibdate reagent
4.4 g Ammonium molibdate in 506 nl SHT
14 ml of conc-sulfuric acid.
Solution II: Reducing reagent,
2.5 g sodium bisulfate, 0.5 g sodium sulfite,
42 mg ANS (1-amino-2-naphtol-4-sulfonic acid)
in 250 ml distilled water,
then filtered into brown bottle,
solution I 2} solutionll & 1:1 & #o] FF42 2 v A3l A3
1= 3
Glycolipid &) £2: Glycolipid &] £4-& cell wal}.—] o B3} o}
#7118 TLC A/|¥F a-Naphtol solution (10.5 ml of 15 % (w/v)
a-Naphtol ethanol solution, 6.5 ml of conc sulfuric acid, 40.5 ml of
ethanol, 4 ml of water) & EA}3}3l 95% sulphuric acidE HA}3le] FE
A ¥tdo] el AL BM3IALL anilin phthalate solution (3.25 g
of phthalic acid dissolved in 100 ml of water saturated buthanol and 2
ml of aniline)& AH&SIATL Fx12 F¢+ 6 ¥t Ao = 5 ©id
Ee Hepyo g vehdrl
Aminolipid®] #A: phosphatidyl ethanolamine ©]1} phosphatidyl
serines 3t 2 amino groupE Zt3l QI+ lipide] #4 o= Ninhydrin
A kS Agstart

3
2}z 4 E-& methanolic HCl & o] &3} methyl ester e}



2 AR A% GCE AFR3lo] Ultra-1 column ¥ Omegawax 320 column$
AFR3d 195 °C oA EA31g 5L Gas chromatogram oflA 2} peak + ECL
(Equivalence Chain Length) Zt& #3lo #Wxl:= fatty acid2 FH 3}
tt.

Equivalent Chain Length (ECL)2] ZAA -

Fatty acid®] 3 ECL Zt& L retention time 22 HE] F3}=
AL TEF columng ARESI T RPN MU 7ty ZAe=
odg7e] o|FAUES A3 Ut Aate] BNl {83 whdelth.  ECL
AALE $13F ¥F B3R 2L tetradecanoic acid methyl ester (C14:0)&}
he);adecanoic acid methyl ester (C16:0) & AMZ3lgcrt. 2 AL of
g2} Zrh

log(Rtx - Rts) - log(Rtia - Rte)
ECL= 14 + 2X

log(Rtis - Rts) - log(Rtis - Rts)

Rty : Retention time of unknown peak

Rts : Retention time of solvent

Rtis : Retention time of hexadecanoic acid methyl ester
Rtys : Retention time of tetradecanoic acid methyl ester

A 6 d. EPA At HH=e HY

EPA A4t A zZL oY 2%, 34y Lod U 55 J&48 4%,
dEq Byl 4R 9y, vsel I, A 27 ¥ AR m, NS
o] 3 wix] FF W wix] 24, EPA A AFA o] 85 F& RAL
stdrt, ¥ W@ )2 5 1 5o] Jar Fermentor (working volume 2.5 1)



E A3t A flaskE HHsto] AMgsiact. AW flaskole AW
& B 719 TS LY N ARG ulet 4 e F& A
3 Aol ule} wixl7} wheld e HASR] g FMHA F7e FEE
gstA stglch. =¥ A F7F H 3 EPA 37 AP E ERst] 24 4
A H7F 2xoA wjdste] FAY F& F7t AW F EPA A HH 2=
2 A% A7 PA S PN AN sl PP AL sz
fe) Bgel FnolA HE 9 daolA riges U HMERE EPA
gare] 9EE A PUE AE HA
A2 o2 600 nmolA] absorbanceE & A3l o] T£HE wet cell
mass®} B3] AH83}g 3 o] Z-§- 600nm oA absorbance 1 ol 33t
cell o 2 the} literw 0.3 g BEHTE.  EX EPAY &2 F& Jhs
3t total fatty acid tiu] #gFo g FA|Stgch
EPA Aare] Al H}AL F3317] 25l Omegawax 320 capillary
columng ARM&3le] 190 °C ofjA] #1513% EPAAIAI JF+E592| fatty acid
compositiong EARH Wrx] Fojgle dAto] WAHHLL F w7
ol EPAYIHo] mf-¢ Hrirl wjgAlzto] B2t ¥4F of 18 AT 74| F7t
3t ol EPAY] AFAR AARAE ELESY T EPAS Hlxd AAE 7}
A3 AL USE B vt Ao dHFeE T BYETL
AR BE AZolA ZAYY FF2] Z¢ EPAS AFAR L= EHE
o] Z&d 7Fsdol wolch
2 A6-desaturase activityd &&37] $¥iAE 1.5 g
phosphate buffer (pH 7.4, 0.25 M sucrose, 0.15 M KCl, 40mM NaF, 0.7 mM
N-acetylcystein)ojl ATP (1.3 mM), NADH (0.8 mM), . Coenzyme A (0.06 mM),
NAD (0.3 mM), MgCl; (5 mM)S z}Z} 713815l 0.1 mM linolenic acid (C18:3
n-3)&} EPAAIAY #32] crude extract 0.1 ml & 7}3lo] 25 °CollA 30 £t



EHA vjeksto] 43S AIF 2 ml 2] 10 % methanolic KOHE AR5}

=
o] ¥HSE FA|AF|I X WAHE saponification¥F 10 N HC1o 2 pHE

0] n-hexane &2 F&3}girt. F &Y AEE speed-vac 22 HHA|

¥ methy ester ¥Ee}E ABA|FA gas chromatographydS A&}
C18:4(n-3) o] VA AE=X|E I3}t  A5-desaturase activity el
ol A& C20:4(n-3) & AH&3lojof st} o] Alete] WuliEz 9lx] g ¥y
g AZRIJIE olsly Itiile®: C20:3(n-6)& A3} productE
C20:4(n-6)7} BE=HE= Z& AFY siych o]2]2] bufferz/d& A
6-desaturase activity & A% 5o 3lgc}.

A 7 A. EPA BAt FF2 HE DNA Hi

1) Plasmid DNA &g

e FA ¢ 30 igBFEE 1.5 ml eppendorf tube of Y3l 100 ul
lysis buffer (50 mM glucose, 10 mM EDTA, 25 mM Tris-HC1, pH 8.0)& 7}
Stof WERRY ¥ 10 4l Lysozyne 894 (50 ng/nl)& 73te] ALolA 5 £}
WAIRT ¥ 0.2 ml®] SDS (sodium dodecyl sulfate) -89 (1 % SDS, 0.2 N
NaOH) & 7131 4lo] & ¥ dZolA 5 £ A3t cell membraned £
AIZICHS: 150 ul 2] potasium acetate 29L& 7}3le] SDSE XA Al7|2
4 Colx 5 23 A Felsto] SIS9} cell debris § AAYch A5
< 2|8}o] phenol:chloroform =1:1 solution® & F&3lo] thiyA =g A
TF 44 Eesld $& e o AU st 2wl 3
absolute ethanol & 7}5}o] plasmid DNAE ZAHA|ZItt. 4 °C oA 10 &
YA Felste] DNAE ¥3% 70 % Ethanol® Blo] &% 50 ul 2] Tris



buffer & 5Qlt}.  Bromophenol blue £} zylene cyanol FF 7b ==
loading solution (50 % glycerol) 2 ul& DNAAIR 10 ul o] 71%E 0.7 %
agarose gelo] loading 3}3l 100 voltolld ¢f 30 ¥2t Hzigict. A7}
%29 gel plate & ethidium bromide €o] ©7} FMA F AU F
obelA] DNA band& #siarh. oletAlolA DNAol 2ol Tige] RNAZ} X
3x]o] ¢lo 2 DNase free RNaseE A 2|3l RNAE —E—'BIH;_}-‘%] T}A] Phenol
extractionz} Ethanol precipitation step& # X chromosomal DNAE %]
gt

2). Chomosomal DNA £&|:

25 °C oA wje¥Elo] plasmid DNAZL AldH 22 AAH FA °F 20 ng
AEE 1.5 ml eppendorf tube of Y3l 15 ul lysozyme 29 (2 mg/ml in
0.15 M NaCl, 0.1 M EDTA, pH 8.0)& 7}3to] 2 VEIRE ¥ 37 °C o)A cell
lysis7} 23" wizlz] 10 2ojlA 20 £t WXRcl.  Dry-ice/ethanol
bathofj ] 23] dAF oJle] cthr]l 1256 ul &) SDS (sodium dodecyl
sulfate) €9} (1 % SDS, 0.1 N NaCl, 0.1 M Tris-HCI, pH 9.0)& 7}3}o
HAA3] Heth  thA] 150 pl &) Tris buffero] £%E Phenol g 7}3}a &
Hol& thg 4 °C oA 3 E3 JdM Eelsled F& Ui DNAYE Y™
AEAg sl 300 ul ¢ 95 % ethanol& ZIRHF & oA -70 °C o)A
30 B 4x3te] INAE HBAZITE T 4 °C oA 3 £ ¥4 &el
3}o] DNA pellet& €2% 70 % EthanolE o] &% DNA pellet& 0.1 ml
9] 0.1 X SSC bufferol Q¥ 20 X SSC buffer& 5 ul 7}3te] buffer
strength® RXA3}3 oj7)o]] 4 ul2] DNase free RNase (2 mg/ml )& 7}3}d
37 °C o) 30 £t HelWH phenol extractiondle] WAUSE AATF
44 Eelstd 3 Ve tha] 3Rk 331e 2 v F3]8] absolute



ethanol & 7}3}o] DNAE HAX|ZIcl, 4 °C oM 10 £ 4 Ea|sle
DNAS Q2% 70 % Ethanol 2 #lo] &% 50 pl & Tris buffer & Qit},
A718 5 EML plasnid DNA &} FU3IA $=#3tdct

— 45—



134 4143

A1 4d &5 B2 2 EE

AZANE 8 7 Aol A wo] AA 15, @A, FolF
S22 44z =0, UAE QB olF, E s ¥A, 245 A4SE.
e, wled, chInkE slZF st AEE AR 100978E A3sted 3300
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A 2 A, EPA thg Q4 FFe UAd U |/R

Gas chromatography o &]3l #1513, #2100, #2101 5 20 7| 43&
EPA Tha} Mt 222 ¥slQt) (Table 1, Figure 1). T2 ¥lo] B3}
o A= EPA (eicosapentaenoic acid) 7} 4l ¥4 E&o] ohel ojn] 1
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Equivalent chain length (ECL) Zto] ¥& EPA 33| FUY Fol sz} o]
ZAYL VA3 BY A2 eicosanoic acid (C20:0)0.2 Aoz
B & 331Eo] EPAY S HUstgrh
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Figure 1. Gas chromatogram of fatty acid methyl ester of #1513 (a),
#2100 (b), #2101 (c) at the time of isolation (Omegawax 320 column at
240 °C). Compare with Figure 23.
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A3 A EPA 3 A FF 5B QL B4

EPA 31 84t @32 92 BI513MA, B2100FI, B2101FI 5 3 F3F2
3L fsted o AeE, Y 5SS 2ABRch Table 2 ofjA]
Gram @MollA JF/goldlil, 58 Za ddor, Fejstd 542 Rod
forno 2, ] o]& YT 70 o Fo B AYH A 3 F EF
Vibrionaceae family of &%3& 4 <223 Vibriostat Aje¥el 0/129
(2,4-diamino-6, 7-diisopropyl pteridine) 7,;7*]- A SHeoz EQIFY
Vibrionaceae family 2] 4 FH/-2] < (genera)® o] ¥hgoll &l Vibrio
43} Plesiomonas o] old& ¥UstAct dolgles 2 &%
Photobacterium 4-& 3] 3% (Bioluminescence)?] EA& zt glo] it
I S Holx] Ut EFFEL Aeromonous U AZSHA st=dl A
|2 oxidation/fermentation test, oxidase, catalase test, aesculin 7}
48], ornithine decarboxylase ¥4, lysine decarboxylase %43,
cystein 82|l hydrogen sulfide gas 3% Aeromonous Geneous E-§-&
A& HA syt 53] Aeromonas 4 E-72] 4Z<Q DNAY [G+C](%)
ol oF 57 % 2] [G+Cl(%) Zt& BYOoEH 50 % ujztel HE} specieset
ThE Aeromonas 494& &+ vt [6+Cl(%) gt Aol chromosomal
DNAE #2|3le 2% ¥3lo] ulZ denaturationd] w2 FUdx WIS ;xt
slgon vaE 9% YR FFE2E E coli, Bacillus subtilis, Yo
Al Fo WL Schewanella putrefaciens SCRC-2738, 2|3l Aeromonas
hydrophilla & AH&3Igitt. A=Al Po|F o= A A 3 FF 2§
peritrichous ¥ENS] flagellaE 2zt Qlt} (Fig. 2).



Figure 2. Electron Microscopic Photographs of EPA Producing Bacteria

#1513 (a), #2100 (b), #2101 (c).




- ol§ TF¢] carbohydrate ©|-& ¥} aminoil ©]8%¥Y¥L2 Table 3
2} Table 4 of Atk TR Ao ¥ A& Table 5o B4l
sl =l #15138] ¢ streptomycin 3} kanamycinol tidle] v]lZE 2
AYPE Boct.  olge BFYo g £HdF BT extracellular polymer&
At A2 WEYo) HalElgrh. & extracellular polymer®] 7ol #
sted s & A 4FG doldle A +3EA] dgton} T Ee]
Hojx 3 FHolY BoR 4 B3 tfdRFoln amine groupl 2 3
¥ basic functional groupS Zt3l QU3 pH 2 o]3le] 4o R34
< R4rch

A 2] F8 BEF AEYeA AxAEA Y dUoE HIZol n
AE 539 F8 A EA% 3 Q& quinoid complex®] &2 R-FollA
o] &% #1513 o] ubiquinone 2} menaquinone & EF Zt3 gl.ovn} #2100 3}
#2101 52 o]# ¥ quinonid complexE UH3IA] QU= Aoz uwsAHr}
(Figure 3).

#1513 FF2} #2100 F3+2] phospholipid W £ =¥} ZA.& Table
6 ol Hart  A2olM A& wigy FFY F9 AEU FAUe g
2 AR F%2] 5.5 % 2} 4.3 %2 #$8k& HAT  phospholipide] 3k
Z}zb 26 % 9} 29 % AER Gram negative #3520 AF Y zAolgr).
o] & phospholipid vjolj-{= phosphatidyl ethanolamine (PE)o]| 7}#&} ulhe
BELE A 61 % o 50 x& FIln dgon Ocfgew we Ao
phosphatidyl glycerol®A] 19.4 % 2} 20 & A3} QUdct ojgolx &
2] lysophosphatidyl ethanolamine ©] ¢} 4 % 9} 8 % AZE| Y o] 2o
SF A Q42 phospholipidZt A% (4 % ¢t 7 %) ZA&FUrt.  Lipid ¢
3 BENAM £35S EZFY st 9 % 2 4 ¥ F=2glycolipidrt
AEHUhs AR o3yt VA2 Vibrio W} Pseudomonas 48] @3S0l



Tt E3HA| 92 BEololA deromonas 422 IEEZS A YibE it
She B2 F 572 4422 ™t 4 Ay 3ol vl A
LelutEd 53] #21008] -9 60 % ol4to] F4 AR wtAr).

ZF A UellA 2gat 24 u]&E Table 7 of BB EH #F
3131] ok dul wjdEXA (PYM-G media oA AbollAe] zIEfjeF) oA
AA 2] A it 242 #15138] 79 palmytoleic acid (16:1)0] 25 %
2 7P w3l iso-pentadecanoic acid (i-15:0)2] §tafo] 24 %2 IThe
o2 yo} o] £FHKe fatty acidZ} 50 »& X}x|3gct. Iarlgew W
2 Zlo] palmytic acid(16:0)F 15.7 % .21 EPA: 6.1 % 4] TR
2 92 AYatelgirt.  EPAx: phosphatidyl glycerolofld Al x4t of
H] -10.9 % & 1l}ElL} phosphatidyl glycerolo] EPAE J}3 wlo] 38{-3t=
zuto g uts ), Hbdol phosphatidyl ethanolamine & £3} 2.8 %2
EPAE -R3I5L olo] ol& A|WFe 2ol AA EPAYR O] 43S n|HS
AAstASIGT. 5718 AML free fatty acid FolA] EPAYako] Fg
19.7 »& st Sl o] A2 - Fuholl phospholipase A2] EE Al
APIFIL glon o]Z L free fatty acid Fol|A] palmytoleic acid (16:1)
o] 50 %& A3l FE phospholipidiof A sn-2 £]x]2] fatty acid7} free
fatty acidZ o|HHASS BETh ol AL =Y Aole 9]
7t #2100 SA X H]sSHA HAF At



Table 2. Basic characterization of EPA producing bacteria

1513 2100 2101 E.coli A B.subtilis

Colony color (Reddishbrown)

Flagella {Peritrichous)

Motility + + + + + +

Gram - - - - - +

G+C (%) 57 56 57

Growth at 4 °C + + + - L -
3BC - - - + - +

Brown pigment - + ++

0/129 - - -

0/F F F F F F 0

Oxidase + + + - +

Catalase + + + + + +

Urease - - - - - -

Lipase - - -

Indole - - - +

Citrate - - - - - +

Esculin + + + - +

Starch/Amylase + + + + + +

HeS + + + + +




Table 3. Carbohydrate utilization of EPA producing bacteria

Carbohydrate #1513 #2100 #2101 E, coli
L(+)-Arabinose + + + +
Adoni tol + + + +
Ducitol - + + +
D-Fructose + + + +
Galactose - + + +
myo-Inositol - + + +
Inulin + + + +
Lactose - + + +
D(+)-Mannose - - - +
Mannitol + + + +
Maltose + + - +
D(+)-Raffinose + - - +
a-L-Rhamnose + - + +
Salicin - - - +
Sorbitol + + + +
Sucrose + + + +
D(+)-Trehalose + + + +
D(+)-Xylose - + + +




Table 4. Aminoacid utilization of EPA producing bacteria

Amino acid

#1513 #2100

#2101

E.

coli

L-Alanine
L-Arginine HCl
L-Asparagine
L-Aspartic acid
L-Cysteine, free base
L-Glutamic acid
L-Glutamine
Glycine
L-Hystidine, HCI
Hydroxyl-L-Proline
L-Isoleucine
L-Leucine
L-Lycine, HC1
L-Methionine
L-Phenylalanine
L-Proline
L-Serine
L-Threonine
L-Tryptotane
L-Valine
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Table 5. Resistance of EPA producing bacteria to antibiotics

Antibiotic |Conc(ug/1)| #1513 #2100 #2101 E. coli
Ampicillin 1 + + + .
10 + + + +
100 + + + +
Amoxicillin 1 + + + +
10 + + + +
100 + + + +
Carbenicillin 1 + + + +
10 + + + +
100 + + + +
Cephaloridine 1 + + + +
10 + + + +
100 + + + +
Kanamycin 1 + + + +
10 + + + +
50 + + + -
100 + - _ -
Methicillin 1 + ¥ + +
10 + + + +
100 + + + +
Streptomycin 1 + + + +
10 + + + 4+
50 + + - +
100 + - - -




Table 5. continued.

Antibiotic |[Conc(ug/1)| #1513 #2100 #2101 E. coli
Streptomycin 1 + + + +
sul fate 10 + + + +
50 + + + -
100 + + + -
Sul fornamide 1 + + + +
10 + + + +
100 + + + +
Rifamcillin 1 + - + +
10 + - - +
100 - - - -
Tetracyclin 1 + + + +
10 + + + +
50 + + + +
100 - - - +
Tovomycine 1 + + + +
10 + + + -
50 + + - -
100 - - - +
Vancomycin 1 + + + +
10 + + + +
50 - + + -
100 - - + -




Table 6. Lipid composition of bacterium #1513 and #2100

#1513 #2100
Total lipid (% of dry weight) 5.13 3.41
Neutral lipid (% of total lipids) 40.3 64.3
Glycolipid 9.1 3.9
Phospholipids 26.0 29.1
Phosphatidylethanolamine (% of PL) 61.0 50
Phosphatidylglycerol 19.4 12
Diphosphatidylglycerol 10.5 8
Phosphatidylcholine ND 15
Unidentified phospholipid 5.2 8
Lysophosphatidylethanolamine 4.0 7




_ Table 7. Distribution of Major Fatty acid in different 1ipid
class in #1513 strain (TL: total lipid, FFA: free fatty acid, DPG:

Diphosphoglyceride, PG: phospatidyl glyceride, PE: phosphotidyl
ethanolamine).

FA name TL FFA DPG PG PE
12:0 .40 .20 .30 .20 .20

i-13:0 7.10 2.60 8.10 3.60 8.10
13:0 .10 .

i-14:0 .50 .20 .50 .30 .60
14:1 .30 .70 .30 .20 | .20
13.84 .10
14:0 4,20 1.70 4.90 2.50 5.20

i-15:0 24.10 6.60 28.8 15.1 29.40

a-15:0 1.90 .70 2.30 1.20 2.40
15:1 .10 .10 .10
15:0 .80 .40 1.0 .60 .90

i-16: .20 .20 .20 .20 .20
16:1(n-7) 25.0* 50.50 21.10 28.1 21.70
16:0 15.70 5.80 15.20 16.60 16. 60

i-17:0 2.10 .40 1.80 3.20 2.10

a-17:0 1.30 1.90 1.20 1.80 1.10
17:1 .10 .20
17:0 .40 .30 .60 .40
18:4(n-3) .30 .70 .40 .60 .30
18:1(n-9) 3.10 4,10 3.10 5.1 2.40
18:1(n-7) 4.0 2.50 3.20 5.50 3.50
18:0 1.10 .60 1.0 2.20 1.20

10M-18:1 .30 .30 .30
20:4(n-6) .20 .20 .10 .30 .10
20:4(n-3) .40 .30 .20 .50 .20
20:5(n-3) 6.10 19.70 6.0 10.9 2.80




Figure 3. Production of uwbiquinene and menaquinone in EPA producing

bacteria #1513,




A 4 A. EPA A FFF #15139] EPA B4t 23 =3

1) 4=2 3%

B Aol Eel¥ EPARAl FFELS YT E BolM 289 2E
omE B} AT sheol AT AES IVE FHAHOE Zasid
th #15132] 7 34 ¥ oF 20-60 % oA HF FHFE B ATt A
L zA0M il uis) AL 2 wje] AYE Boenm sl @I 100 %
U 80 % HCTEE 30 % Ujx] 40 % & 43S Hga PPARRE ulnd a4
Exole] EEsl ygten 60 % BEo i sPelA e it
(Fig. 4). #2100 &] RS ourt 314 B= A2E7} FARN & 20 %
o] oAl gRol "ol gRel uls AL 4 iy "é’e}:%'izﬁ.?_
EPARI Ol M E 20 % 34 HaFold Holighe Bl 100 % 3jes 20 %
B4 ol M) of At F=o YL HArt (Fig. 5).

Y S Ee %0 dalt €5 F¥AA sl E2jsts |
FALEL] FYAAE HAsP/I9lste) 43 d= (#1513 & F2 of 60 %
o] B4 Yol ATLEE ExE, #21009] FE 20 %)olA 3|52 NaCl]
Z8u1E 0 »7E 100 % 71x] Wels) FA|o] Z¥ EPARE S BF 3
Tl o|F% F i FF EFolA 2318 100 % sjolx ] Ag7e] 100 %
NaCl oflx&] o] tha REnjxle B¥E B3 EPAUIBNE vt &
& Vel (Fig. 6, Fig. 7). NaCl& KCIZ il ¥4 e A, &
Na ionojl tiyt JEEE U3 F=EolA NaCl 3} KC12| HFE 0% oA 100
% 7t Wt wiRBIFY S B NaClEaF 60 % o] oA £2 AL B
A3 Tojstell e 4ol A3f EHol Exolge] Na' o] 22| Wedo]
¥ glct (Fig. 8). =E¥ o]t A}E ECE NaClS FUY 4o 5%
JEEE ZABIALT 35 g9 NaClg 100%2 3182w 40 %, 5 14 g NaCl



per litere] Yatold 4% B EPARIEo] ATk Ueh} ol AMgshe3iol
ozlela ARV} (Fig. 9). 4ol si4Rr} wjakel Felsithe A}
AL sj4ule ojmyt JRo] 2 FFe) gzt olo] mE EPA Aol 4

FHQl A8 mAL o AlRFHo] HIugo gk e 4B 2HLS M
28l 7zt nja YAELS U AAT QTS (AYs4$)E S| I

ZAoA e & Wastaded BEE $FY ZAysisrt 43 3R
T} Tht B2 BAE Boj A U] nP S0l £ F5 B¥E A
S AAPlEct (Fig. 10, Fig. 11). 2t 348 3¢ LESHE|

Z3E o] & JFedE WA = Tt
ol A e EIFEY uiYel §744 sl thil NeCl 2 cfA
= 3% W EPAAtol= 2 F%0] 9SS AW AU oJ A2 ¢ u}
Y WP2E AP wFA FHFo]l AFsia F317]7F Eoly NaCl (&
F)& wiA] HIMER A8 US rie o]EE AFAETE. HAE e HEA
S 3848 PR Pt AL 3 "ol vl feutete] FHoA

ae
= gol¥ o] ohr.



Figure 4. Growth of #1513 at Heart infusion broth media containing

EPA production is

different amount (0 - 100 %) of sea water (a).

shown in (b),
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Figure 5. Growth of #2100 at Heart infusion broth media containiﬁg
different amount (0 - 100 %) of sea water (a). EPA production is

shown in (b).
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Figure 6. Growth of #1513 at Heart infusion broth media containing
different amount (0 -~ 100 %) of sea water at constant salinity

corresponding to 22 g NaCl per liter (a). EPA production is shown in

(b).,,
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Figure 7. Growth of #2100 at Heart infusion broth media containing
different amount (0 - 100 %) of sea water at constant salinity

corresponding to 14 g NaCl per liter (a). EPA production is shown in

5
& | O— 0O ASW 100% NaCl 0%
@ — @ ASW B80% NaCl 20%
A— A ASW 60% NaCl 40% ?ﬁ
44 A-— A ASW 40% NaCl 60% /-
O~—D0 ASW 20% NoCl 80%
B — 8 ASW 0% NaCl 100% /’”‘\‘@/.
Q7l
o
D 3 -+ ﬁ%.
-0
/—“‘O.——H"'
< ‘ o
2 4
‘] -+
om ' % : '
0 5 10 15 20 25
TIME (h)
b 14
12+
g 10° ; 17
< _31\\-i; 7
L - N = 7! s
= NN g
O 6 N NEZ% 2
& a&t'%f Ze
E “ N - 4// X ///: N
w4 N NS 5
ol §§E‘?.y Z
. ' —/’v‘; T 2
o § 17 «:f 1 ‘ oK ]

TIME(h)

TSN AN (100%) ESEE AN (80%) N\ AN (60%) ;
[FEE AN (40%) [L77 AN (20%) [ AN (0%) |




Figure 8. Growth of #2100 at Heart infusion broth media containing
different amount (0 - 100 %) of NaCl and KCl at constant salinity
corresponding to 14 g NaCl per liter (a). EPA production is shown in
(b).
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Figure 9. Growth of #2100 at Heart infusion broth media containing

different amount (0 - 100 %) of NaCl as the sole salt source, 100 %

NaCl is 35 g of NaCl per liter (a). EPA production is shown in (b).
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Figure 10,

each components of artifitial sea water (a).

in (b).

Growth of #1513 at Heart infusion broth media delpletting

~ EPA production is shown
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Figure 11. Growth of #2100 at Heart infusion broth media delpletting

each components of artifitial sea water (a). EPA production is shown
in (b).
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2) pH & 3%

B F3e Eelols Qirgos AgHE A4S (pH) 7 o wixE A
g3tdct. 2y Boh 3 Ay YIS LUlsistel pi 5.5 o4 9
78] H2 pH & 2WY WA E ARt BUAE 27 ©AE AY
st 22 FAY Qo 2 xlol A= YlTt (Fig. 12, Fig 13). 2
AL wlEFE of 10 A7t A wixle) pH7l BF pH 8.5 A= HzlEs
W o ez wa Fed 2 YA FAV B odE 22
27 fEA RLE HAALL  Buffer® AR3to] piE SABAS AF
pH 6 3} pH 6.5 ol AL 4L Bolx| ¢kaksl pH 7 2 pH 9 M E ¥
23 W P43 RPou pH 7.5 oA pH 8.5 Alojol N & HAE B Y
t} (Fig. 14).

3) A wix] =4

Hxo]| FFFEL Eel¥ wl AU wiAlE PYM-G uix| 2} ZoBell
WA E AREStGET ol MiAE AMSY ' wjge] AL FAY HIL
74z} 600 nuoll M) FHEZ 4 o} 2 o) EXSIHS EPAYLE 5 % L]
7% B=HTE wiA] xloloyt FFe] FAE WS 9Ist oA
xS A1PsIgEul AFRE uwjA] Zoj|A] Beef Heart infusion brothoi] A
3%zt EPARAto] 71R A YeElktt (Fig. 15). Z18L} Heart infusion
broth (£4%e] $£&E& ulix])= ula3 2712 wjxjo|22 o|8} §A}sln
7tHo]l AT A 2E & A7]91381% Heart infusion Ti4l 7}o] @yt
Yeast extract& AME3IAE Z-F (TY wjA]) FAFPo] ANFER A4S
¥Hl3lo] heart infusiong thHY ¢t o] AL 7]22] PM-G ujx]
of njs] A2 3 wjo]de] FAHE A&+ AE=ul o] wixle] 2L 24

AA
o] F+&E 10 g, tryptose 10 g 18]35 g&] AF L P85l gomg



2l

ol ol #AlY RS FAd: 7E Uolhy] 93t 4 2HE ¥
FE U3 AA 2 dEEE BHESIATE A tryptoset B S 1 %2 133}

2470 FEE2] 42 0% oM 1 %2 {3 AIFE u FAPLS 24
e 28 AW ol AL ulysly Frhgte @St (Fie.
16, Fig. 17).

ol2|¥t ZH3}= PM-G ujjx]ofl ] Al&¥ meat extract Brl A3%Fe) F
&8o] ¥ &I 4R FEEUY ok 24 o] A 8%
o] &3 2oz LG AAlETh AR FE2ELS £84 F2E
ol ¥AL #I3}] Folch extraction &2 AYFE& HAYF AHg31H
=TT ZTt dojAley oy A 4% W gdoz Ag3le
24188 F28UY £84 ZEPES U] It Aol ALEHR A
Tl X tryptosed] ¥ oML A Pole T Il Loy ¢
4 %2] tryptosedtsfollA] EPA Bato] 71 &3t (17 % of total fatty
acid) o] o|elM= 23]8 Hash= AYE RHct (Fig. 18).

2 AdoAE uix] &L &ATIed T2 FR4E ARSI A
gatg o FFs ARA BA4E AL EE Deionized water (FH7]2
L ¥2 Bl AAEE A& YAE9E oA d2HE A A filter
o ion I} A& FHAY) & AHEBlAE FEolle 2 Y] Qo=
AA o wlgAlols ol AMEY B IA A AU AR olg + A
oz2)gta A}g ).



EPA

Figure 12. Effect of initial pH on the growth of #1513 (a).

production is shown in (b).
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EPA

Figure 13. Effect of initial pH on the growth of #2100 (a).

production is shown in (b).
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EPA

Figure 14. Effect of final pH on the growth of #1513 (a).

production is shown in (b).
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Figure 15. The growth of #1513(a) and #2100 (b) at Heart infusion

media, Peptone-yeast extract media, and Tryptone-yeast extract media,
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Figure 16. Effect of Heart infusion concentration on the growth of

#1513 (a). EPA production is shown in (b).
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Figure 17. Effect of Heart infusion concentration on the growth of

#2100 (a).

EPA production is shown in (b).
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a

0.D.(600nm)

Figure 18. Effect of Tryptose content (1 - 4 %) on the growth of #1513

(a). EPA production is shown in (b).
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4) 3 4 2= :

3 78 F5% #15139] B¢ ¢ 25 °C AFolM 12 FFo] 73 mslel.
Hbo] #2100 2} #2101 o] 7ol olHr} ot A2doloj A of 18 °C 2
HolA Y PAFL Ryrt (Fig. 19, Fig. 20). E cell o] EPA 3k
25 °C oA 18 °C 5 A2ojlA vi} HEulo] u]3tey uf- AHA Uehls
A& & 4 3 53] o2 42 AR7MeT ARLE YZAFE ¢
¢l A BAY EPARRS FUIstdcl. 53] #21008] Z-9E 5 °C oA o}
23 %2] A A|YAt cjn] EPAERES Bk 5 °C & 15 °C, 2ElaL 25 °C
ol A wig¥E wie] 2 FF2] EPARTY] WS Table 8 ol EA|SHATL

ol VAL Aol P MR e AE] P AP
EXNEE FIMALEN ALY §54& 7T Y dEeR
dA gded o2y dAo] & FFAME UAHo2H £ FFE0°] EPA
& Al olfE FEAFoluul AARIFL . & & FFE2 EPA
€ AY FdY A=EXHAYAICE R31AL =l EPAS A2 7
ol Ay Mt {54E V= YN 2P UFo] FAdlEe
F3o AHHS U4 AUdrh

deut el AEEXS AP F9x: FUY 7S UEdS
Q&= B3t Fejo] EPAE AAlste] ARshe= olfe U gleu 3
B BA] A §59 Yoo & A AT A ol Y
o] ARANGolA oln] HFY HEESE A222 HA F71 MSULEH
AxE] 432 A Ex ZAFAU AlETe] zgdvte] MHste A4S
B39 up7t ded 452 = EPAS] #qro] FAF A Azl 23|
1S wustdcet.  whetd EPAY] Aikg Joit ]9l E AL 6l
ogolnt wietFE AL Ayt 2yEHEY oA tfF wjgeldle] AfEo]

el &, Z2olA e njedel vl #2282 {3t A2 I i



7t B5& 71H 7] wgolth.

5) A& 332

A
B FRES 374 uY ol £ ZAER 4¥Y s
F3ol 4ol "sHolgrh, 1 4t4 ERE YohR T[] 300 nl E
o] Atz} flaske ztz} 50 ml, 100 ml, 150 ml, 200 ml %} Bix]& YL 5o
¥ 4= A YT oRH wix] U2 AL FFE ME CTIEA -2
of M2 482 EPA BAabE A Bt} (Fig. 21, Fig. 22).
A 8] AR} EPA AdAte] R atao] FFol WYL

ded o Az £ FF71 AAFY uRdA Zel=Hddtke 3
tha e)9le] Azetu4 gtk ol 52 URel: Qi
o] Eoto] ulma we Jel2 dEA U] wEdd o
A B4 DA Y BARE APHE B9
4glch. ER EPAY AFAZE HH oleic acid (C18:1)2 FE EPAE
517 ¢l 1 32} chain elongation step (18 -> 20) 2} 4 %] 2]
desaturation AL AXo} ¥l=u] o] desaturation o= AtAe}
AD(P)H 7} 23t aerobic desaturationz} 4145 HWRET I}x] U=
anaerobic desaturation o] ¥#AUEd 4T ZF-= AR F-fol
AP AL Azt

EPAS] A4t BB E acetyl Co-A 2HE A= o] FAEEE= X3} X
Atel stearic acid (C18:0)& A|FLo2 o ¢4 EPAL] 2F AN
&3 2 linolenic acid (C18:3 n-3)71#] 3 Xx}al|¢] desaturation }HE A

:ﬁ

e B

nt?.
2

o

C18:0 ----> C18:1(n-9) ----> C18:2(n-6) ----> C18:3(n-3)
2y ol¥rt o B Aol Hi e A2 oI1FA F4H C18:3(n-3)



2 5¥ ofgA EPA (C20:5 n-3)7} B =7} sk ZoZ oo tisfiA
£t A3 d3"eb g Aol GO R A At tfale] FAshe
HAELS Axubo] B3 = dAE SUANE ¥AEL = FeUt d
o2 0 g FUNES AFE o|UHAYL HF HEVA ©d
Fog MqaEle FLU} tfFoich. & JalAle tikt FRE Gzt &
A 2Hgshe 45 WHgAo] vz "ol 2 AN wigEe
X Al FAEC] A4 BN AEZJYR {&" JHE Fd AA
th. & 5 ‘CollA widWE #-¢ A xygate] RidolA C18:4(n-3). &}
C20:4(n-3)7} AASYc} (Table 8).  H3] C20:4(n-3)8} Z-$+& wlaF
¥ EAME ¥Y BESC] EPATL o] C20:4(n-3)eld 1 39

desaturationo] &J3] F PV A|ARIZ 9lon} C18:4(n-3)8] A= AL

aj3Rt  FAle]  ApYAdelAMnt A olg¥t AMdE EPAV}
C18:3(n-3)ollA] C18:4(n-3)9} C20:4(n-3)& AHX BHEH 7Hed S ZY3HA
AlApsEaL Qlth o]z} A oj&= A6-desaturase?} elongase 1|3l A

5-desaturase?} @A|Elo] &3}l AR,

A6-desaturase elongase AS5-desaturase

C18:3 ------- > C18:4 --——---- > C20:4(n-3) ------- > C20:5(n-3)

EPA At FF2] Crude cell extractolx] o]2]¥t A6-desaturase, A
5-desaturase ¥*3& gas chromatographyE& o|-&3}c] #ERlslgdon ol& 2
B2o &4 £l BAE A% Aol A&KHA don &5 FeF ol5d
Edol Ay A9 ¢ @ol aminoacid MEE FE DG MEE #
A, dsto] EPAR o] BAH [FAREY ©Ao o]-8H o FFo|t}

EY EPAY] AZAZ AMSY 4 ok M HEE JPE A AE d4



ol d A& wWaHE HALRI $2 TR U2 tEHdct. 4§
& 32 AEY RAEM 2 FAH4EC] EPAY AT EAE YHI
Palmitoleic acid (16:1) &} Oleic acid (18:1), linoleic acid (18:2) &
& o g/t Q3 ARRF s E B3 $EE Fe 7R ssadd
o9 3o hUZ B o] HALHE Y &4A uFE A=l
AFEEIAE A Qo] B B SHola ¥Us] do] via gled o] HY
£9E BHHo 2 Sk Whdo] HlHThA EPA itz 22 4tgH o
£% Jhssteletn Al2€ch  AAE o] HAERE Mgl B FFE
e 29 FAUY AN Auyee] Fristalct. it EPARE
o] ¥Eog zgste] i EPAUZS FUISHAl AN HAER F
F223 5 palmitoleic acid (16:1) ¢} oleic acid (18:1), linoleic acid
(18:2) o o] F7Istaict.

AEHLE ozt Pol Y EPARNE ST 23 A (Heart
infusion media, 8 °C, Y¥Y 4ta FF, pH 7.5) oA A7 3 FF9
it 243-& UehlE gas chromatograms: Fig. 23 oA AA|slglon 2
A3} o]A el AlFNY AWt 24 Fig. 1 2} wlaste] ¥EY EPA
2 F7HE HoiErh



Table.8. Fatty acid composition (%) of #2100 grown at different
temperature,

Fatty acid ECL 4 T 15 T 25 C
a-12:0 11.746 0.297 0. 640
12:0 11.950 0.264 0.772 0.007
i-13:0 12. 496 2.251 3.791 3.105
13:0 12. 821 0. 264 0.504 10. 081
i-14:0 13.517 0.363 0.296
a-14:0 13.791 2.486
14:0 13.967 1.323 2.296
i-15:0 14. 492 3.560 10.701 0.796
a-15:0 14. 662 21.123
15:0 14,907 3.125 6.15 2.479
i-16:0 15. 498 0.393
a-16:0 15.752 0.077 0.135 0.141
16:0 15.932 8.028 9.471 8.112
16:1(n-9) 16.255 22.141 23.223 21.969
16:2(n-4) 16,819 1.022 1.731
a-17:0 16.677 2.898
17:0 16.997 3.313
a-17:1 16.934 1.283 1.719
17:1 17.296 2.825
17:1(n-9) 17. 314 2.966 0.121
i-18:0 17.638 0.191 0.117
a-18:0 17.793 0.316 1.437
18:0 17.919 1. 826 1. 400
18:1(n-11 18.152 0. 861 1.071
18:1(n-9) 18. 221 3.859 2.918
18:2(n-6) 18.612 0.221
19:0 18.936 0.105 0.343
18:3(n-3) 19. 149 0.644
18:4(n-3) 19.584 0. 694 0.478 0.082
20:4(n-6) 21.042 0.275 0.225 0.077
20:4(n-3) 21.454 0.632 0.358 0.255
20:5(n-3) 21.693 23.010- 11.532 1.967
Others 21.267 12.592 12. 892




Figure 19. Effect of temperature of on the growth of #1513 in heart

EPA production is shown in (b).

infusion broth (a),
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Figure 20. Effect of temperature of on the growth of #2100 in heart

infusion broth (a). EPA production is shown in (b).
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Figure 21. Effect of air supply on the growth of #1513 through the
change of the surface to volume ratio, in heart infusion broth at 18

°C (a). EPA production is shown in (b).

O

a

O— QO H 50/300m! O
97T e—ew 100/300ml
84 A~ A HI 150/300ml
A — A H 200/300ml
74 O
3 /
® ©of
<C 5 © ¢
41 °— A
3+ O/A
2+ A/ /A
14 a—*
0 i t t } ¥
0 8 16 24 32 40 48
TIME (h)
: b 14
124
g 1
<C
T
|
<<
’_
%_ £n
o H
L L1

TIME (h)

N HI 50/300ml Hi 100/300mi N\ HI 150/300mi {11} Hi 200/300m!




Figure 22, Effect of air supply on the growth of #2100 through the

change of the surface to volume ratio, in heart infusion broth at 18

°C (a).
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S$TART

# 1513

Figure 23. Gas chromatogram of fatty acid methyl ester of #1513, #2100

and #2101 after EPA production optimization_ (Omegawax 320 column at

240 °C), compare with Fig. 1.
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A 5 . DNA £g

1) Chromosomal DNA £g|

& dFolMe] EPA B4t FF9 [6Cl(%) L AP 3l
Chromosomal DNA & #2|3t%ict. o] Chromosomal DNA = 32t W=e| &3
AYQA EPARA FAHE AAst ZeEldl AZY nAES B 33
oME HQ3H EcoRIS HZt& Ao 2|3t Restriction pattern & T3}
] AEY] £7Y AEEE AMGHsUTh  EPA A FF9 [G+C] (%)
% 23S F2|H DNAE spectrophotometer & ARZ3lo] 250 nmollA &%
Wdte] wE FF=] WUE F3te] MY LS (melting temperature, Tm)
o} [G:Ch%) Tael A Aol siod AABATH (Fig. 24).

2) Plasmid £#g]

o] 2] EABHE plasnid o7l 1 uME S8e) 44 (ARl
i g, HEMEELY Bl §) el fAAE 2Ysia A
o] & EPA At n]JEME <F 25 kB BE FUE 27]9 plasnid 7} @
AF <t (Fig. 25). o] plasmids= 2} F38 25 °C o]4re] =6 uj
S e UehdA ot 12 uigolMe] EPAYEE; Zhaol o] gl
7}—‘3—’5‘0]; 9lo} (Fig. 26), E. coli HB10l¢] transformation 3}¢l& w] 4
(1-2 % total fatty acid)®] SHERA] 2 peak 7} HAEEH YO} EPAS] A
A BHEZA] ol (Fig. 27) EPARAF B {3A:= plasmidz} oy el
chromosomal DNAo] &z[3l= Zo g AlTEoe] o]& He|dls d7t AL

st} 43531 9lh.

o
o2

ol o



Figure 24. Thermal melting curve of #1513 and #2100 chromosomal DNA
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Figure 25. Isolated plasmids of #1513 (lane 1 and 2), #2100 (lane 3)
and #2101 (lane 4).




Figure 26. Thermal curing of plasmid when grown at 25 °C. Lane 1 and
8 are A DNA, lanes 2, 3, and 4 are plasmids from #1513, #2100, and
#2101 grown at 18 °C, repectively, and lanes 5, 6, and 7 are plasmids
from #1513, #2100, and #2101 grown at 25 °C, repectively,
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Figure 27.

The gas chromatogram of fatty acid methyl ester

composition E, coli HB101 grown at 20 °C transformed with plasmid

isolated from #1513. Ultra-1 capilary column, oven temperature of

195 oC, detected with FID,

@ ro 0
v o >
ey o
N o o -
NN m u? 0 ?\ .
N oy u?: ,
e o« [ 2]
~ Y
o o s
“ .
[~ o0
v
b
9
”
@
©
<
v
-¢f
N K
E ]
- o 3
~ ]
s |4 |
Y
~ n
z 2
= ~
~
™ -
o s
o
-
. )
o
o
- 2
z -
2
= @
z
2
? w
N ©
o
.
*
- 2
z
S -
@ o
a ™
-
T E3
x »

END OF SIGMAL




A4 & 31

2 e s tiy HA Je& ndE 53] e MFoeE HE
EPA 8 AAHs Rolth @l Fuloldi: o] Eofd AL ol Ry
EPAE &, e, A= £Fd HEY ch ol A#EJ wxpA

(Bolel5el olf) o ¥E 3 ¥risix AEE Qrcis SR 21
Ho] Q% Alddle] EolNT glth. E EPAS} & LEEE3} A yare)
AS Aol BAAA A3 PAE AT J12 ATLE 49HD Ak 3
2ol FUNE AR TR b B FRe JEo| A Ages

i ]

Azt El3 9o DHA (Docosahexaenoic acid)& T 7% 73} &3 7
Z3to] HA] T2RY FL Efrell A7IRE AFol AdRolx gt

3] u|dE ol A2] EPA B4H2 Fermentation 52| u|¥E F}AA w
Mg Bl A4A08 O AR FIY 4 glome offE HEY 2
Zof ¥]3] sHYPo|U +HIFY] F¥S ¥ Ui HBY dE FFE b
HAl ¥ohs oAl ¥l U8 EPA HI AN #FF9l SCRC-2738 (
Shewanella putrefaciens )1} £ @3 Az} AR #1513 FF2] AL A3
EPA ©o]2]e] ofe} EX3} At ko] Homg Fe| FAAlo vlay &
olsiti= Aol gt welM wel Mg FE7H53 EPA o] ol
2 FE Y F&o ulz] A ExjelAgt g
s BAgel Jder® uldE FH Yol T4 EPA *é‘t}‘?do} H odeelet
3 AlE¥rch

= 472 A3 3,300 4F MFFS FRIG O o|EF EPAE A
Eob 2 APAL R FAgsHE 20 F& LASYCE  o]E F 3 F(#1513)
< EPA FRE7L nie f45te] Bxi7ia] EPARIEIo] 1Y &2 Zo® U
3 dE2] SCRC-2738 H 3 (Shewanella putrefaciens ) o v|3& vt 3}

— 96—



th ER EPARAT F59] AU AAE Y AR A WY E4F,
AR B4E A HA2AS HIYSIAR 7] dFEAM EPAE Bibshke
e 53 zag dusidnh. 2 47 AE BEE AES o8
EPAZSAES] A EtE A7) AE R UdF ez MY 7Hsidol &2 EPA A
Zje] FAtE W 2 B YRY IFH FTF5UU & ST A wAR
EPA AitsRo] Hojyt 3 Fo 4FE oln] HEstdon Airg FF 3}
7] f13ted Hol B4 2394 ¥y, 2 9 e, ZA e Ay, e
3 AbE 2] vl id W EPARAte] Hojdte RAAE FeEldld RAF
33 S B3 EPAY iR AbGol U AFE VdAet FEFoE 4
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Seminar& Zil | FAT4L Y| AE A7 E3H 3o 5 AT
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BESt A& s

& 25 ANl 713 Fa% 2 712 Bl 94 s & we
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BE 5FE Aol EPA 58 35 Ex3 xuatEo] wo] X¥tEo] glo
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