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ABSTRACTS

This project has been worked out for isolation of EP A-producing bacteria from marine source of sea
water, sea sediment and intestinal contents eviscerated from some red-muscle fish such as mackerel,
horse-mackerel and spike fish. The samples were prec_ultured on the media of PPES-II glucosébroth
and then pure-cultured on Nutrient agar and P-Y-M glucose. Lipids extracted from those babterial
mass collected by centrifugation were analysed in terms of lipid class and fatty acid composition, The
results are resumed as follows ;

1. 112 strains from sea water and 76 strains from sea sediment were tested for their EPA producing
capability, but both strains of (SA-67 and SA-91) from the former and four strains(SS-35, 37, 51 and
71) from the latter have been proved to produce EPA above the level of 2% of total fatty acids. The
strains such as GS5-11, 29, 31, HM-9, 29, B-18, 33, 107, YL-129, 156, 203, 77, 104 and 256 which were
isolated from fish intestinal contents, have also produced EPA at higher level than 2% of total fatty
acids. | |

2. Contents of total lipids extracted from the cultures of these strains grown at 25°C, range from 2.8%
to 6.9% (on dry weight %5), and they are mainly composed of polar lipids(40.9~52.9%) such as
phosphatidyl glycerol{Tcardiolipin)(?) and phosphatidyl ethanolamine (33.8~40.0%), with smaller
amount of free fatty acid (11.2~20.2%).

3. EPA was isolated from a mixture of fatty acid methyl esters obtained from the lipid of each strain
by HPLC in silver—ion mode and was identified by GC-Mass spectrometry.

4. The strains of SW-91, GS-11, GS-29, HM -9, B-18 and YL-203 grown at 25°C have a level of 5%
EPA in their total fatty acids, and the GS-11 and HM-9 strains show a tendency of increase in the
EPA level with an increase of growth temperature. |
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Eicosapentaenoic acid(cis-5, 8, 11, 14, 17-Cao:s,
EPA) = K triacylgljcerols(TG)S’-} poprotein &
RS HEFoEZAN mt TGE RFo g S8 S
EAA)71 3, cyclooxygenase®} lipoxigenase i&#E-S i
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Table 1. The Composition of Media for iso-
lation of EPA-Producing Bacteria
from Marine Sources

1) PPES- I medium

Agar 15g
Tryptone 1g
Soytone lg
Yeast extract lg
Ferric citrate(1%) 100mL
Polypeptone 28
Sea water 1L
pH 7.0 £ 0.1

2) Nutrient agar medium

Beef extract 3g
Peptone 5g
Agar 15L
Sea water 1L

pH 6.8 = 0.2

3) PYM-glucose agar

Peptone 10g
Yeast extract 5g
Meat extract 2.0¢
Glucose 20g
Sea water 1L
pH 7.0 = 0.1
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237y 1% = A sy, A AR REYS &
BEEoll A SRR gERESte] £ & 0.1gr BEE
ste] 3mLe] PPES-II broth& £riEd REE &
S 1% 4°Coll A 10H B preculture A} Z T} & $53EM
2 {4 H=Z PPES-II agare} Nutrient agar plate
of] inoculatedte] 4°Ce} 25°Ceoll A 108 2 488%f &
% sl o, o7iM dojxl WL colonyE #HE
8l P-Y-M glucose #ifssg= 25°Coll A 488%H]
szaEst ). o #ERKAAM SyE st oA g P-Y

Fish intestines Sea water and Sea sediment

and their contents

N \
Grinding
¥ \’

Preculture in liquid media(PPES- I glucose broth
at 4°C for 10 days)
J
Plate media(Nutrient agar and/PPES-1 glucose
agar at 4°C for 10 days and at 25°C for 48 hrs)
A

First bacterial colony selection
P-Y-M glucose brith culture(at 25°C for 48hrs)
P-Y-M glucose agir medium(at 25°C for 48hrs) |
Second bacterial cotony selection
Shaking incubation$on the P-Y-M glucose broth
(at 25°C for 48hrs)
¥

Centrifugation for cell harvest
(3,000rpm, for 10min.)
2
Freezing for bacterial cell wall disruption
(at —40°C)
)
Freeze dry for dehydration

¥
Lipid extraction and hydrolysis

)
Free fatty acid

J
Methylation by method of CH3ONa/CH3;0OH
4
GLC

Fig. 1. A Procedure for Screening of Bacteria Produc-
ing EPA from Marine Objectives.

HBEMES FlA$ EP Aleicosapentaenoic acid) & moll o3 HEE 3

-M glucose agar mediume}} Ziiﬁit%%-a}dr] (25°C,
48A]17F) colonyE HiMEr#Est o, o] & HEas
A& Fe P-Y~M glucose #E8ZH1E 200mL Sik
3l 500mL% shaking flaskol] #fEsIGc) % s
flask & 120 strokes/min®] #E 2 shakingA] 7] A XA
25°Coll M 2H M #E3ESI o},

2. ¥ 9 AIEES Al - By

SEFH-L 300rpmol A 1050 EOEEE HEES
#% -40°COl X MBEEES BERE3le] freeze drystiTh.
o] dry cellojA] #IBEE chloroform ¥ methanol
(2:1, V/V)2 Hitisld £F2F KR TN BiEs &%
£A2) F @RES FAS mEsch HbE @R
7o —#E 10% KOH-ethanol &M O 2 ks
slof EEERRIFEE S AU

3. BER Aol HE H°

Thin-Layer Chromatography(TLC)=2M IRHE &
s HHE srEEST. & HEe] #IRES TLC plate
of #¥ FRHE 7 spottingdlt n-hexane : die-
thyl ether : acetic acid(80:20:1, V/V/V) 2} chlo-
roform : methanol : acetic acid(65 : 24 : 4, V/V/
V)e| BRBHE BREANA BERSS HES B,
%& spot: 1 Rffie} 1% frg ol IR} kst %
ERO.2 REN

4. fElHEE 3h

hksriEste] A2 EEENRIEEE-8 sodium metho-
xide#: 2.2 methylationdt #% n-hexaneS- {53l
Feli®& methyl ester& [Ek3 # Florisil columnei]
A hexane :acetone(99:1, V/V)iEik=s fEksts
Carbowax 20M¢] coating® capillary columno] #&
# ¥ gas-liquid chromatography (GLC)ZE 433}
At} GLC sr#rfgE-2 Table 29 2th

5. EPAS] R3E
% k19 chromatogramtp EPAS o ol A
AL EHG Y Rrte} A2 Hagste EEstAY, e
silver-ion chromatography2 EPAE 433l
GC-MSZ= REsA .
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Table 2. GC condition for analysis of fatty acid
methyl ester of total lipids from marine
bacteria

Instrument Hewlett Packard 5890 Capillary Gas
Chromatograph

Column A fused silica column(25mx0.32mm,
I. .D.) coated with Carbowax 20M
(Hewlett Packard, Avondale, PA,
USA)

Column Held at 175°C for 3min.,, then tem-

temp. perature programmed at 4°C/min to

205°C, and held at this point for
further 30min’

Carrier gas H2(25mL/min, split ratio 1:100)
Detector  FID.
Intergrator Young-In D5208 Computing Intergra

tor(Young-In Scientific Co., LTD,

Seoul Korea)

6. Silver-ion-HPLCOI| 2|8t EPAS| H-BY |

HEto] MEEEsEE methyl esterE silver-ion HP
LC column(ChromSphere Lipids, 4.6X250mm,
stainless steel, 5um particle size, Chrompack In-
ternational, Middelburg, The Netherlando] #£3%
H HPLC(Waters Model 440) 2 s#738}a o] w &
#ro 2 eluted]= EPAE stream-splitterE ifs}
of WikestAl SFIsIATh A HEE methanol-
acetonitrile(9:1, by volume)® 0.75mL/min® i
Fow Eon 2T light scattering detec-
tor (Sedex Model 55, Alfortville, France) 3ith.

1. GC-MS2| &+

EPA methyl ester& k% sle] Y JRDhg:

S picolinyl ester F#§s 2 7S] Florisil column
o2 5 - g 18, cross-linked(5%
methyl) silicone 2.2 coating$t fused silica capil-
lary columno] #3 ¥ Hewlett~-Packard 5970
Mass Selective Detector®l injectiondte] =Rkt RS
&: o] splitting patternollX] 1 FgisEe el o F& 2
EEAY MLEE Fol R# EiES EPAR REsh
gt} o] o carrier gas® He& AT SH, 60°Col
A 220°C7t A+ 50°C/minE FiZ 3P of7]A 250
C7tA+=  1°C/minZ i3It ¥ ionization
chamber 2} energy-é 70eVolE Tl

phenyl-

LR g -

8. B2 RN, £ LBH HMeTE
EPA# o] HBINSZ ¥& WHE sy s
o} Bergey's manual®l| wie}l HRERH, S8 i
< BEIIU

. 529} 25

1. #BEE 353

ek, vhobl 2 AR AL o], M7gel, B9 BA
=S PPES-1 glucose #g8szol] 1=k precul-
turedl fkoll, 1 EEWHES ALHE $HESIH PP
ES-1I glucose agar #2319} Nutrient agarigiiol]
streak culturedte] 4°C9} 25°CeollA| 100 2 488§
1zl T}, o] o HAE 4°Ce) 25°ColA PPES-1I
glucose agar 3Z#i= 3EEIS £& 130852 col-
onyZ} R EIA3L, wictHol M= sEaig ol BRI
o] 808xfE S| colonyE T 4 AU et AR
BABD BEE W 4°CR 25°ColA 2SS
w] Y colony®rl 1 B 2ol 1o}, Ago]
o} FAo M= 2 o && 310, 330 R 2408RFE] #
dom ol= S BRAEWOlS KIBME sl hin
go] @o] ST USS DT Uk = ZF2
sERRinEol N ol BUktol BERSIol Nutrient agar
Bt} PPES- [#2#h ol colonygiZt €4 @2 AL
FreE B MEe aEEe 2 PPES-I#gir] B
t EES ¢ 5 dtk(data AEE).

2. EPALE H¥k| #ERR

% F$9] P-Y-M glucose agar Zihol A s 5
B3t colonyol| A FRERA 0.2 MRS A S EIFsH
&& P-Y-M glucose ##8& ¥Ziboll $EfEsle] 25
Coll A 48mpRd st H£HI O3, FigiolH &
3 O 2 FElike MRS ATstel EPA &Rl 2.0

%6 Ll Lol #ukE srEEd & Wik EPA fErkag =
AT T BHKEIAT o9 2ol WAl A ‘J?%E?‘}
11218 9] sk SW-673 SW-919] 28tk EPAE
f st o, utchtlol A 58Sl 768 Bk S
SS-35, 37 @ SS-70 #tkNA T EPA £HE EX
o}. 8 5o, Aol @ ¥ 9] IBREWNA FEkE
3t Btk 5 200~—201fE 2 EiESt] 1 EPA HEET)
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213 |als|2 =¥ 8 methanol-acetic acid( o WIS HE 58S
slgl |7 - 0w Aol #i4 713 EHSH Aol ol B WIKE %
% nel 11
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iolipin®. 2 dAXE 4@lo] #IgHEe) 61.1~66.2%
2 PE9] 33.8~38.9%¢°l .3t ¥ @3ttt Table
40] R 9} o] PG &+ cardiolipin® 1 &
o] iAo uel E £R/7 Q1 wmEEE et
PEZEOl 2 £REZ vole AL B9 wshto] PE
7} PG £+ cardiolipin®.t} Z o] gty 7] b&
olgl i Eyjdr).

#AEE S TLCY EBsIY ¥d2 chromatogramo]]
anthroneiR%E> & KEAIZS v Epoz 2/HR
derv g FERRES MigEEdAM A HHEA] G
R gt

4. Silver-ion HPLCOI| i3t EPARY "~
Fig. 20]A H.+= ule} o] saturated, monoenoic
9} dienoic acid(+branched fatty acid) 7} 2&E#4
ol MEC. 2 BiE 1, 2EAAECT 5SHEQ) EPAE 29
ol EH S 7] etk

5. GC-Mass spectrometry0il 2{ &t EPAR & 22
Fig. 32 & RgolA 58St EP A9 picolinyl es-
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Fig. 2. Silver-lon HPLC Chromatogram of 5, 8, 11, 14,

17-C20:5(EPA) Methyl Ester Isolated from
Marine Bacteria.
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Fig. 3. Mass Spectrum of 5, 8, 11, 14, 17-C20:5(EPA) Picolinyl Ester Isolated from Marine Bacteria.
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ter™ o] mass spectrume|t}, 5F&E &¥E3sls m/
z 3937} BS99 2. &7]A] picolinyl residue<] 4
T& 108E " 285 fElh®s Ceo:s9] BEE JEPATH
= m/z 1649} 204(amu 40, —CH:CH=CH —), m/
z 2183} 244(amu 26, —CH=CH ~), m/z 258%}
284(amu 26), m/z 298% 324(amu 26), m/z 3383}
364(amu 26)7} ¥ & peakolm 2, 5] 2&E S ©
As &8 9 1L 12: 14, 15: 18, 19 {S'EEOI] #Eﬁg,_% o} 4= 215&5}.

6. #AEH2| fERHEL AR
EPA%L R Btke $IE e fah: HisS »d @&
EREE 195k T 2519 A7go] I AEFWNA &
#st GS-117 HM-9 Etke 1 EPA 8o &%
13.0%%} 12.7%% (25°C #23) check3 colony® %
— &&°] =3t GS-113 HM-9 #hitks sLEinE
7} Bol o uie}l 1 #IEE &4 & EPA A&k
fehx Hostg oy, Kol o] #EkES 25°Col 55
Z1S 9 Cis:ie-n, Cisan-90 FEol 36.3%, 12.5
%(GS-11)9} 32.7%, 20.5%(HM-9) o}, 5%
mEE7} Wizl e} 1 &&ol 45.7%, 38.2% 9} 43.
7%, 35.8%=% 1 & fto] &ugs) st monoenoic

acid®] kK#5r-S AHA S T
oj9}= HRSA SW-91 #itks BHEEBES KT

Q) Vibro sp.oll EPA #EWo0] 92&

LACRG RIS

o w}2} monoenoic acid®] g&o| B®mate 25°Coil
A 3#EEIINS e Ciin-99t Cis:10-n°] 46.5%}
16.0%38 2.4}, 4°CoAlM= o1 gEo] &is) ®instod
57.5%%} 21.3%0° 2Rk T} s3I S KT ol
wlg} 1 EPA 82 5.6%914 9.3%= #isHEY o
Eo] skt (Table 4, 5).

Watanabe %V 2 EPA #%#Efo] ¥ SCRC-2738
Eitke mEd e EPA £E%NS #AESIEYY, 20
°C ULT9 523 Bl Ae EPA &80l Ao —E3t
Ao, 25°CE BN A Hst7] wfEste] 27°C
A= 1 8ol RSt 30°CollAM = EPAYE A9
B A Utk skt & BEC SW-91 #kx
o]} B3 Mm-S BYTt. Kol Henderson 5%
7} Okuyama™ ¥ &= #7kolA] 588 Gram-negative
a2t o,
5°Coll A 20°C2 3534 vl -H EPA &E°] #is
e}l #@éEste] & |WEAIA ¥ GS-113 HM-9
o #RT ol B3 Mm-S HAY —fHeE &
e mEse] BE #Mpol EEd] fsled £EEsS
Bt = IRE 2] Bk NBihE: acyl® & elongation,
unsaturation =¥ branchingdla] EpigEhitolLt, B
o &4 BEY EES ety Y, bacteria
ol M= IRIE ikl ol iBRESLY) 28] = acylst

Table 5. .Changes of Lipid Class Composition of Total Lipid Extracted from Marine Bacteria Grown on P-Y-M

Glucose Broth at Various Tenperatures

Bacteria
Lipid SW-91 GS—-11 HM -9
Class 4°C 10°C « 25°C 4°C 10°C 25°C 4°C .10°C 25°C
Lipid content 6.0 5.2 47 2.2 1.9 3.1 1.4 2.0 2.8
(% dry weight)
Lipid composition
(% total lipid)
Neutral hipid 7.3 10.5 20.1 5.1 3.3 14.6 9.5 9.9 11.2
free fatty acid
Polar lipids
phosphatidyl 36.8 38.1 40.9 47.2 48.9 51.1 46.2 50.0 52.9
glycerol(PG)
+ cardiolipin(?)
phosphatidyl 55.9 51.4 38.9 47.7 42.8 34.3 443 40.1 35.9

ethanolamuine
(PE) (?)

« Grown for 4 day
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WHMES FA3% EPA(eicosapentaenoic acid) d=rkoll 33 #f%e 9

Table 6. Changes of Fatty Acid Compositionof Total Lipid Extracted frorn Marine Bacteria Grown on P-Y-M Glu-

cose Broth at Various Temperatures

Bactenia

Fatty SW-91 GS—11 HM -9

Acid £C  10°C* 25C 4°C 10°C 25°C £°C 10°C 25°C
C12:0 0.1 1.0 1.2 4.0 1.8 3.1
Ciz:1 0.6
C14:0 0.8 2.3 0.9 1.0 3.1 0.7 3.5 4.2
C14:1 0.1 0.9 0.1 0.5
C15:0 | 1.0 0.1
C16:0 1.5 3.4 4.8 4.0 8.2 13.4 5.2 6.7 12.5
C16:1(n-7) 21.3 19.2 16.0 45.7 39.9 36.3 43.7 38.2 32.7
C17:0 0.1 0.5 | 0.1
C18:0 3.7 5.1 7.9 0.7 0.9 1.6 0.1 0.5 1.4
C18:1(n-9) 57.5 55.4 46.5 38.2 30.7 12.5 35.9 30.3 20.5
C18:1(n-7) 0.7 0.5 1.2
C18:2(n-6)
C20:1(n-9) 1.9 0.1 0.1 0.2 0.1 0.6 1.0
C20:4(n-6) 0.4
C20:5(n-3) 9.3 6.5 5.6 6.2 10.9 13.0 7.3 11.2 12.7
Unknown 6.7 9.5 12.7 42 6.6 11.7 7.0 7.1 11.2
« Grown for 4 days
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