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Screening and characterization of EPA - producing Arctic bacteria
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Abstract : To identify wild bacteria with high yield of eicosapentaenoic acid (EPA), gas chromatography and
2,3,5 — triphenyltetrazolium chloride ( TTC) methods were used to select 176 strains from the Arctic area. Four
EPA - producing bacteria strains were obtained and further confirmed by gas chromatography and mass spectrometry
(GC -MS). Among them, strain 6 —42 had the highest EPA content (up to 4.9% of total fatty acids) which was
identified as Shewanella baltica by 16S rDNA sequencing. The strain was named as S. baltica 6 —42. Temperature
and cerulenin effects were investigated. Results showed that in 3 wg/mL cerulenin at 0°C , the EPA content and
EPA titerof S. baltica 6 —42 reached 11.5% and 6.7 mg/g, respectively. When cultured at 10°C with shaking, 3.
6 mg/L. EPA were yielded.
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DHA B9 , ik 28 48 W ( Thraustochytrium ) F1 24
B a7 P ( Schizochytrium ) & 289 F T R AL KU A=
77 DHA, HAC 20 w56 [ Y 55 2% 5 ( Martek ) AT e
= ()57 L (Cabio) o SR, A A BLAT TR
oAz EPA f B AR Y g 77 i bk . AR, AR IR
( DuPont) iz FHAX i T 7285 B G % £ ( Yarrowia lipo-
Iytica) EPA (540 T &S 32 3) 15% B AE
] R v/ 22 A TR 52, B o PR A R R ) 7 ) e A
IO T A BT S R S PR b AT T A 2
PR DL R A7 EPA BF A R R B

ST 90 2 B A R 08 AN =571 46 5 € ( Phae-
odactylum tricornutum ) FN{H 4% BR 3 ( Nannochloropsis
oculata) ] LU 1 EPA {H [F] B 38 23 i — 2038 1 A4
SEAC AN A4 K ARG VR, Ak 2k 5 b & 5
& DHA' (R 43 B8 S 7= M) FEAE 2 EPA I DHA
MRS o VRN TR A [A) Tk SR B0, A AT A i ot
LA 25 0R A/ S AR AR, T A 30 5 2 A ) SR R
& (polyketide synthase , PKS) 124234 i, VLCPU-
FA . XZEANT G LAY P PITETE & 3 — 2B EPA |
DHA 5 ARA™ . HATCLRIE 7™ EPA (1) 41 1 {0 5
Zv B 7 ( Shewanella sp. SCRC2738) | & G T
( Photobacterium profundum SS9 ) FNN# ( Vibrio mari-
nus MP = 1) 250" TR 250 85 B TR 5 % X
A PR X AT e B T EPA AT AR Y Y
S DT 07 A 3 25 PR B 88 AR SC SR A 9
% ( Norway ) #f FL /R EL 5 ( Svalbard Archipelago ) [iif
VTR AL AR, 2200 B 4 Je il i TTC B a1
FAETE RN 7 BRI e EPA AR, JEOTSE 1 iR
A T 2R % FLNR D PR ZH 73 B 52 0, R o) & EPA &5
AL,

LA

1.1 EHRFAEFES

L1L Bk Bk a3t 6 fhussk v g gl B
FEW AR A0 ( China Center for Type Culture Collec-
tion, CCTCC) $&ft, ¥R B 9 B 30 FL /K LA & i 2
JRANHE X ( Ny — Alesund , Svalbard Archipelago, Nor-
way) o S5 —FNHE ZHER A U I 5%, AR AR
AR 78°54'N,12°06'E F1 78°53'N,12°10'E; 5 =
LR A B JER LA R LT 78°53'N, 12°09E; 4
PUFNES FLAtt>R B Stuphallet B2 W2, 2051 (7 F 78°
57.575'N,11°36.288'E F178°57.521'N,11°36. 447’
E ;% 5HE 2R B Midtre Lovenbreen 3K 1| B v 7 H X
I, fif F 78°53. 704’ N, 12°5. 262" E, K+ H
DH5q ) H Invitrogen 2\ ]

11,2 %4rk R2A 8530k (o/L) BRI
0.5g, % ik 0. Sg, W& 2 KW 0. Sg, i 2 B
0.5g, AIPEMERER 0. 5g, NAARREN 0. 3g, BEIR A —
0.3g, L/KBRAREE 0. 049¢, Tflis 18 (AR FREEL) ,
pH 7.3 £0.2,121°C K 20min, F F It 40 1) 45
9 TR A I8 o

LB ¥ 33k (¢/L) BRI Sg, B 11 10g,
AALEh 10, BEflg 18g (ARG FRHE) ,pH 7.0,121°C
KA 20min, F TR EBHETR
113 B4 R2A BEATHREIE T 20CHIRAH
B TR MR T B, R2A R RRMUCE T 10°C 48K
180r/min 4z 37 K5 3¢ F T RAR O T 1 5 58 0€ . A
¥R W 7 Z (cerulenin, Sigma — Aldrich ) & 2k K
WHO0.123 4.5 pg/mL, S E T 10°CHLHK 1801/
min §% 37 15 77 1 THEFE 808 T R X 7 EPA AR AR
TR ML FE A o K HESE R R2A WA K 77 5L 53 J31)
BT 0.5.10 .15 20°C P8 T i #5595, FH TR R
JEXS 77 EPA T PRIR IV R 2H 53 FR 5200 o
1.2 EMHIBESERE

W P R AL WRE SV T T K PR R, B S TR A
T R2A [ {RA I BCE T 20°CHRAR 5 57 , PRI
P& HEA T 4 5 R RAE

K FH 4 1 35 TR 20 $2 B0 77 &5 ( Minibest Bacterial
Genomic DNA Extraction Kit, TaKaRa ) £ B # #f 5L A
2 DNA, L 27F (5" —= AGAGTTTGATCCTGGCTCAG -
3") i1 1492R (5’ - TACGGCTACCTTGTTACGACTT -
3 k51 Yr, % F e AR B ( Phusion High - Fidelity
DNA Polymerase, Thermo ) " ## B #% 1) 16S tDNA F
Bt SOuL PCR S AR 2 o % A i 0. Spl., DNA 5
R 1L, 10mmol/L ffj ANTP 1uL, 10pumol/L 45| ¥y
% 2uL,5 x HF Buffer 10, ddH,0 %+ 55; PCR 7 Ji;
TRJF R 98°C il 75 ¥ 30s; 98°C 25 14 10s, 55°C & Pk
30s,72°C ZE fi 60s,30 43 ; 72°C £ 4 10min,
4CIRAF . Bl IS F Ak 1T Wi ) & ( Minibest DNA
Fragment purification Kit, TaKaRa) [a]1ffft PCR # 3 f=
Yy, F K v 78 e iR 5 & ( Zero Blunt PCR Cloning
Kit, Life ) $¢ [0 i () 16S vDNA F- Bt i # #] Top 0 Jit
B (R R 163 DNA B 2L, ddH,0 2L,
Salt Solution 1L, Top O Jiifr Ipl), il T # &
Omin, B 5 ¥ 6L, I 197 01 A e s 22 25 4 M
DHS o 474k 2% 5% A I 38 3 B 7 PCR A il i 26 PR
PESERE . PRECED 5 A PR s R AT (R
FHIF AU B A BR A R | 1 e T e 45 2R 1) — 2
PEG #4319 16S rDNA ¥ 5 7E NCBI %4 1% I 3F
17 BLAST [m] i1 FEXT
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1.3 7 EPA EHHRIITHIE

AR L% TTC(2,3,5 — Triphenyltetrazolium
chloride , Sigma — Aldrich ) I & F1 S A0 4. 4i% (GC)
T 7 R 587 EPA TR , B & 2 BT 41l i — b
PR 7 6 5 125 0 5 A i L e e ) i i 7
o HIGE Bs 7877 EPA Y B R 5E FR 80 A
0.1% (m/V) ffy TIC 22 KA S B Hdi T il
P I S A DT 25 7 2 7T RE ™ EPA A TR, [
AT GC E— 5 & 757 EPA,

PRIBORE DR A 9 T R e B 2255 3mL 7 fif R2A
AR SRR O H 2808, B T 10°C#% K 1801/
min 1% AL R AR, BE S 1% 1% (V/V) 3ph i 5 e =
250mL FEH, A0 [F) 55 10 T R e, i A2 K 0 O
(ODgyp =0.5 ~0.6) B 1. 5mL FHE ETCH EP &, I
A TTC BRI R 0. 1% (m/V) , B 5 1EAH
FIZ&E TREIR 0.5 ~ Th B AR b, W AR BRI
TR B, SeZid GC o3t H AR I R 4 AL , 76 58
SR A9 50 M 4544 R, LA EPA B S F5 5 ( Larodan,
Fig ) Sk BRI AR AR TR GC a3 5 EPA
T ity HE U ST T A [) sl A 5 AH T N, 900 28 A 3% R R
A EPA, BifS X BERL™ EPA R HEATE— 221y
GC - MS 734, 2 H i1 [ 15 EPA A5 il 523 1 AR [7)
DB E AR EPA
1.4 fRMER AR

VWSO P TR AR 25 V2 VR TR FS IS OB, P
LA AOTR 5 AT g 107 2 #0145 0, BRI 10mg
AR BT 4mL HIEBCRHR A, A 0. 75mL /Y
Imol/L £h R H FEE W AT 10wl ¥ Smg/mL ——¢
1% PN F7 (heneicosanoic acid , Larodan ) 3 g iR R 1 , %
P BT 80°C /K 2h, ¥ A B E RS 43 A
0.5mL () 1% (m/V) FALBKIE AN 0. 4mL {1y 1E
BeFFlEim Ry , i B R O 2R BT 2 1. SmL
B0 8 000r/min B.0> 10min, & H R AL 117 R Y
FIETR TG Serk b Al SO, AR T
T GC J GC = MS I3t N T 4Rl 2 B N5 i
PR T 20 H R ARG 7 R R4 T ik e A S 0, JBCHY i 4k

R AT 5 ISR i kSt A1) RC -2
(99% BSTFA + 1% TMCS, REGIS ) , & TF 90°C J Ji
Th, Y& 202 200 5 v] 4 T2

ARYAREL R T HEAE T8O0A AR5, &%
T K YA KG ) 28 ( Flame Tonization Detector, FID ) ;
HP — FFAP(30m x 0. 25mm x 0. 25um) @4} ; 25
N A A, BERE H 0 25 psi, ERERE 1L, 73
F 300 15 A7 THilk : WA IR 150°C L4 1min, SR 5
LL 5°C/min JHE 2 230°C %45 8Smin, #E4E O Ik

T BE 3 A3 PR 45 7E 250°C 1 280°C . % ] T AR
— IR R AR XS B 4 & B . GC - MS K
R A2 0 B A N 0 B 25 A, i T 5 ol ‘22 44
5975C,

2 HREHH

2.1 (HIEFETEK EPA BILRAR

T SE 50K IR TR ERE B 1 6 LAk
ST ESHY 176 D RRPR, 28 16S tDNA W5 4 ¢ e Il = %2
£55 24 BRAR SN B R ( Pseudomonas ) (18 Bk B AT 16
J& ( Flavobacterium) 14 #£7#F i J& (Arthrobacter ) il
10 R 128 ( Pedobacter) LA K H @ 2 14

T PE R ] TTC HR3E %8 5 J Wk i 16 7 EPA
o FERTIHIMA 0. 1% ¥ TTC 1537 — Bl A J5 &
BRSO (0 23 A= A2 Ak, a8 1 i+ HL B4,
AR P HIREL (+ + +) LA+ +) B
(+) AT -) U, LG TTC B A5 R AW
A 68 DTRR A& WA S, KPR, T Bk AL
017 BR LA (5 44 B, 7EIX 68 > B (A TE Bk P B0 I
J& 12 B BRI TR 11 AR AT R E 10 AR L 4 Bk
AR , 7T LA 82004 & S R R
e BT R AT A R R 22 R A A S

WA BARERFFIC A A +) Tl -) JREB(+ + +)
et + +)

Note : The color was marked as pink( + ), colourless( — ), deep red( +
+ +) and red( + + ) from left to right

E1 TTC 2Rk
Fig.1 TTC chromogenic reaction

N T B HIES BL EPA BOZH R, FoAT] R i it
17 GC ik, 151zl GC M 5E A 105 B 240 i It 5
EPA P iy tH I 18] BE X (181 2) , 028 2 2 15 5% A
EPA, #7 GC 45 R /x4 EPA 15 B, FRREZAE i
AT GC — MS 234 35 i 17 R o4l 2 Lo X (181 3)
R EHEAMRIE 5 77 EPA, i 1% 07 2 35 0 ok
th 4 Bk EPA TEAR, Q13R 1 BT, 3% 4 BR300 R
Nocardioides plantarum . Compostimonas suwonensis |
Flavobacterium omnivorum 1 Shewanella baltica ,10°C
T 180r/min R % A HUH , E EPA [ ST
fiZ (total fatty acid, TFA) AR N 1.1% 2.3% |
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0.9% F14.9% ,

®1 WIAAR EPA B4 BRALIRE K
Table 1 Four identified EPA — producing Arctic bacteria

RS> it 44 P TTC B4 EPA &i/%
Strain code Identified genus TTC reaction EPA content
1-1 Nocardioides plantarum + + 1.1
2 -37  Compostimonas suwonensis - 2.3
2 -42  Flavobactertum omnivorum + 0.9
6-42 Shewanella baltica - 4.9
Cl16:1
C17:1
C18:1
EPA HEEFRA
EPA methyl standard A
2 4 6 8 10 12 14 16 18 min

B2 HE#k6-42 % EPA Hfiginm GC Eif
Fig.2 Gas chromatogram of strain 6 —42
and EPA methyl standard

2.2 BEEXTS. baltica 6 —42 &5 EPA B9
A2 T B SRR TR (1) & R R e A
YIRS S, DT IE B A0 PR IR R AR A, 52
BV E 05,10 15 1 20°C TN, WF 576 A )i
JET S. baltica 6 — 42 g i IR 73 1) 254k, H EPA
AR IR 2 FoR , BEA IR REAR EPA (5 5

RIER B & 43 L 20°C B 1Y) 3. 4% %45 Tt 21 0°C
BF 1 8. 8% , AH I A B R AR 5 1 i 2. 2mg/g Tt %]
6.2mg/g. [AlM T B RS AE ) th bl = F
WG 0. Sg/L B3 0. 3g/L, [H] 1 B A7 4R FRUB 57 25
EPA 7= 575 10°C i 5 535 2. 2mg/L, #— 2247
BrECRR TR 25 2 43 A2k (3% 3) , AT LUE Hh Bl & R
JEE P 3R AT % A R i D7 IR v e R T R €120 0 Al
C14: 0 4 ey, v K455 C16: 0,.C17: 0 Al
C18: 0 sy b, ELHE 10 G I R 6 o Je 18 e v i
S I 7 1R Tt S 3 TR R 7 IR A B
B WA . BN AR R Cl6: 1 %
Pl TR R AR, SR AL AR B 2R
TURIRR IR EPA 5 Bifi 4 ik B 7y B AR S 0 K
B AT AN 7 1R 5 0 R 07 1R R Ak
A o

Ttk 6-42
Strain 6-42
&
[0}
i E L e o, 201 A5 a3a 255262 287297 311 323 345
im 8 50 o 75 100 125 150 175 200 225 250 275 300 325 350
= i
2E o0 s -
[}
~ 90
80;
70 67
gg EPA B8
10 105 49 EPA methyl standard
30 22 131
20; 145 459
[ m s M way wm w
50 75 100 125 150 175 200 225 250 275 300 325 350
3 Btk 6 -42 & EPA BEsiRfARILE
Fig.3 Mass spectrum of strain 6 —42 and EPA methyl standard
R2 REXS. baltica 6 —42 EPA & 2HE M
Table 2 Effect of temperature on EPA content of S. baltica 6 —42
T EPA H4rtb it EPA & i L 7/h EPA =4t
Temperature/ °C EPA/ TFA/ % EPA content/ (mg/g DCW) Biomass/ (g/L) EPA yield/(mg/L)
0 8.8+0.1 6.2+0.4 0.3+0.0 2.0+0.2
5 7.5+0.1 4.9+0.3 0.4+0.0 2.1+0.0
10 5.8+0.1 4.0+0.3 0.5+0.0 2.2+0.3
15 4.2 0.0 2.8+0.1 0.6 +£0.0 1.6 £0.1
20 3.4+0.0 2.2+0.1 0.5+0.0 1.1 0.1

7 : DCW Z R4l T 5 ( Dry cell weight) ; 2 H84l F mean £ SD(n =3) F/R, FA
Note: DCW, Dry cell weight. Data in mean +SD (n=3). Same as below
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Table 3 Effect of temperature on fatty acid profile of S. baltica 6 —42
JE A 1R Temperature/°C
Fatty acid 0 3 10 15 20

C12: 0 3.7+0.1 3.4+0.0 3.4:0.1 3.2+0.0 3.1+0.0

C13: 0 0.2+0.0 0.4+0.0 0.4£0.0 0.3£0.0 0.3£0.0

T, Cl4: 0 6.00.1 4.8+0.0 4.30.1 3.5+0.0 2.9+0.0

Saturated straight — chain C15: 0 0.6+0.1 1.9+£0.0 1.7+0.1 1.7+0.1 1.5+0.0

fatty acids(SCFA) C16: 0 9.2+0.2 10.9 £0. 1 13.3 £0. 1 13.8 £0.4 14.2 £0.0

C17: 0 0.0+0.0 0.2+0.0 0.3£0.0 0.4£0.0 0.5+0.0

C18: 0 0.10.0 0.2+0.0 0.3£0.0 0.4£0.0 0.5+0.0

iC13: 0 8.6+0.1 8.4+0.1 8.1+0.0 8.4+0.1 9.1+0.1

SCHEML IR TR iC14: 0 0.1+0.0 0.2+0.0 0.3+0.0 0.4+0.0 0.4+0.0
Branched — chain .

fatty acids ( BCFA) iC15: 0 14.9 0.2 14.1 0.1 12.4£0.2 13.3 £0.0 15.1 0.0

iC17: 0 0.3+0.0 0.4+0.0 0.5+0.0 0.6+0.0 0.9+0.0

AL 30H-C12:0  1.5+0.0 1.6 0.1 1.9£0.0 1.9£0.1 2.0+0.0

Hydroxy fatty 30H-CI3:0  0.0£0.0 0.10.0 0.1£0.0 0.2£0.0 0.2£0.0

acids(HFA) 30H-C14:0  0.4+0.0 0.4+0.0 0.40.0 0.5+0.0 0.5+0.0

RS Cl6: 1 39.2 £0.1 36.3 £0. 1 36.8+0.3 35.8+0.2 33.6 0.1

Monounsaturated Cl17: 1 3.10.1 4.6£0.0 4.410.1 4.8£0.3 4.8£0.0

fatty acids( MUFA) Cl8: 1 2.8+0.0 3.5+0.1 4.9£0.0 5.9+0.1 6.6+0.1

€20: 5 8.8+0.1 7.5+0.1 5.8+0.1 4.2£0.0 3.4+0.0

Others 0.4+0.0 0.9£0.0 0.8+0.0 0.70.1 0.6+0.0

ARG > SCFAs 19.8 £0. 1 21.9£0.0 23.6 0.2 23.4 0.1 22.9£0.0

Polyunsaturated > BCFAs 23.9+0.1 23.2+0.0 21.3 +0.1 22.7+0.0 25.5+0.0

faity acid(PUFA) 3 HFAs 2.0+0.0 2.1+0.0 2.4+0.0 2.6+0.0 2.6+0.0

¥ MUFAs 45.1 0.1 4.4 £0.1 46.1+0.2 46.4 £0.2 44.9 £0.1

> UFAs 54.0 0.1 51.9£0.1 51.9.£0.2 50.6 0.2 48.3 £0.1

2.3 RIEBEEXSS. baltica 6 -42 &% EPA B0
KT HITIRER EX) S. baltica 6 —42 EPA & i,
A2, E T 0.1.2.3 4 S5pg/mL &R EEFE 10°C
THATRER R, SUWE T EPA By & m ik 4 fr
7N, AT DUE R TR R AL S EPA & 4 4
o, SR R R R 3 g/ mL B IA K, EPA
di TFA &5 (EPA B TR LA AR B F7 2 B i
S AEE] 7. 6% 4. Smg/g Fl 3. 6mg/L, X} I 10°C
IF i RN PR 5 35 25, AT LU i B EPA
di TFA Z 5 f EPA 07 T3 3 i (HAR U 1%
FRAEY R, I EPA AR SR 50 s T

a2 R T IR & 41 o AR Ak (3R
5), ATLAE ), AT R I R P B B 4 BEAE 15 ik
KLV S st ign, i 15 fk DL 5 s
FISH R H C13: 0 &7 514 in, 1 C15: 0 F1 C17: 0
Fr U s LB A SCBE TR R AR T R L R Y 1 n{H S
B FER N o FREERE W7 IR B AR AR A3/, T B
ANV RR 197 R 5 1 Y020, A EPA 5 iS5G IS
o EAARR U BE R T R B B BG, BRAS T AR 1D
RO BRI R TR & AR I EPA 5 i3
AR,

R4 RWEEENS. baltica 6 -42 EPA 228
Table 4 Effect of cerulenin on EPA content of S. baltica 6 —42

R R SE/ (mg/L) EPA Hr L& EPA & i Y EPA j7 4
Cerulenin concentration EPA/TFA/ % EPA content/ (mg/g DCW) Biomass/ (g/L) EPA yield/(mg/L)

0 4.9+0.0 3.0+0.0 0.8 +0.0 2.3+0.0

1 6.3+0.2 3.7+0.1 0.8+0.0 2.9+0.1

2 7.2 +0.5 4.3+0.3 0.8+0.0 3.4+0.3

3 7.6+0.3 4.5+0.2 0.8+0.0 3.6+0.2

4 7.4+0.3 4.3+0.2 0.8+0.0 3.3+0.2

5 7.0+0.2 4.0+0.2 0.8+0.0 3.1+0.1
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RS HREEEXS. baltica 6 —42 BERFERE 5 BIZZ0A
Table 5 Effect of cerulenin on fatty acid profile of S. baltica 6 —42

N R Wi E R W E Cerulenin concentration/ ( ug/mL)

Fatty acid 0 1 2 3 4 5
C12: 0 3.2+0.1 3.7x0.1 3.9x0.1 4.1+0.1 4.4+0.1 4.6 0.0\
C13: 0 0.7+0.0 1.0£0.1 1.2 £0.1 1.4 +£0.1 1.5+0.1 1.8£0.2
Cl4: 0 2.5+0.0 4.8+0.0 6.4+0.4 7.4+£0.2 8.2+0.4 8.7+0.4
SCFA C15: 0 2.9+0.0 3.9+0.1 4.2+0.2 4.3+0.1 4.2+0.3 4.2+0.2
Cl16: 0 10.4 0.2 10.5+0.3 9.8+0.4 9.2+0.3 9.1+0.3 8.5+0.4
C17: 0 1.2+£0.0 0.5+0.0 0.3+0.0 0.3+0.0 0.2+0.0 0.2+0.0
C18: 0 0.3+0.0 0.1+0.0 0.1+0.0 0.1+0.0 0.1+0.0 0.1+0.0
iC13: 0 7.8+0.0 9.8+0.2 10.7 £0.2 11.3+0.1 11.8+0.0 12.2+0.1
BCFA iC14: 0 0.5+0.0 0.5+0.0 0.5+0.0 0.4+0.0 0.4+0.0 0.5+0.0
iC15: 0 11.6 £0. 1 10.6 +0.2 9.8+0.1 9.2+0.2 8.7 0.1 8.2+0.1
iC17: 0 0.6+0.0 0.2+0.0 0.2+0.0 0.1+0.0 0.1+0.0 0.1+0.0
30H-CI2: 0 1.9+0.0 1.9+0.1 1.9+0.1 1.9+0.0 2.0+0.1 2.1+0.1
HFA 30H-C13: 0 0.3+0.0 0.3+0.0 0.3+0.0 0.3+0.0 0.3+0.0 0.3+0.0
30H-Cl14: 0 0.5+0.0 0.6+0.1 0.6+0.0 0.5+0.0 0.6+0.0 0.6+0.0
Cl6: 1 35.6 £0.4 35.0+0.2 34.0+0.2 33.5+0.1 33.1+0.2 32.9+0.1
MUFA Cl17: 1 9.1+0.4 6.5+0.2 5.4+0.2 5.0x0.1 4.6+0.2 4.5+0.2
C18: 1 4.6 +0.1 1.9 0.1 1.4 +0.1 1.1+£0.0 1.0+0.1 1.0+0.1
C20: 5 4.9+0.0 6.3+0.2 7.2+0.5 7.6+0.3 7.4+£0.3 7.0+0.2
Others 1.5+0.0 2.0+0.2 2.2+0.2 2.3x0.1 2.3+0.2 2.4+0.2
> SCFAs 21.1+0.1 24.5+0.2 26.0+0.2 26.7 0.1 27.7 +0.1 28.1+0.3
PUFA > BCFAs 20.4£0.0 21.1 0.1 21.1£0.1 21.0+0.2 21.1+0.0 21.0+0.0
> HFAs 2.7+0.0 2.8+0.1 2.7+0.0 2.7+0.0 2.8+0.0 3.0+£0.0
> MUFAs 49.4+0.3 43.4 0.2 40.8 £0.1 39.6 0.1 38.7+0.1 38.4+0.1
> UFAs 54.2+£0.2 49.7 0.3 48.0 0.2 47.2 0.2 46.2 +£0.2 45.4 0.3

S RIEE R LR, fE 0CH 10°C N BI04 11.5% M1 6. Tme/ g5 fHIE i TR X £
3pg/mL PV E R R AL, AR 6 Fron, vl I, BT RLAE 10°C R A 3wg/mL (3% i T4 &R
VA 0C MIIA Spng/mL RUIREE W R A E TSR, R HR, AR BURE IR 2% EPA & & e o
EPA i TFA F7r s AN PR ik BlRok,  3.6my/L

FR6 BREFMRIEEEXS. baltica 6 —42 EPA & 2S00
Table 6 Effect of cerulenin on EPA content of S. baltica 6 —42

SR EPA B I A I EPA 7 i EPA It
Culture condition EPA/TFA/ % EPA content/ (mg/g DCW) Biomass /(g/L) EPA yield/(mg/L)
0C 8.8+0.1 6.2+0.4 0.3+0.0 2+0.2
0C +Ce 11.5+0.0 6.7+0.1 0.3+0.0 2.3+0.1
10C 5.8+0.1 4.0+0.3 0.5+0.0 2.20.3
10°C + Ce 7.9 £0.1 4.6+0.2 0.6+0.0 2.5+0.2
10°C = 4.9+0.0 3.0+0.0 0.8+0.0 2.3£0.0
10°C = +Ce 7.6+0.3 4.5+0.2 0.8+0.0 3.6+0.2

e+ FORIRGIESR, e i R

Note: * Cells cultured with shaking, the others were cultured instatic

TN B AE R DI 40 B o A Rk, DL B 3 L R Y
g EPA (%8 4 RUGR bR, 7RG O s ik b, 2%
I LA T VLG ~ PUFA JF A 097 Bk Ryan 550 Y —Fl TTC. 88 €5 DRt 5 16y 32, ]
22 LGSO W08 SRR SR B 45, I BB IR A I 455 BARFEINAE S (EAR X S R Y GC 5k i
W e Hh J2 it 4 DHA . (Hi T R KB R ™ 08)” EPA Wbk MBI BRI 2 Wy dsc s 3547 GC
EPA (%5 Az R 528 RY AR , A 0k A A2 9 ok T — MS ik, 15 2 PUFR EPA 77 £ 18 53 1] J& Nocardio-
I — EPA S B s H, S5 CHEN AR ides plantarum , Compostimonas suwonensis | Flavobacte-
A% VLC — PUFA @509, & B0 K 22 3 U5 T i rium omnivorum 1 Shewanella baltica , F.Hft Flavobac-
WS Y4 PR AN R bl [ AR S L SR terium, Nocardioides 11 Compostimonas J& ¥ AR 4R 18 7=
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EPA Bymtk . %fH EPA [ GUIR TR @ 43 Lo v] LB
S, baltica 6 — 42 ff) EPA 4 Bt 5, 10°C F ik 5]
4.9% , BIR(KT Shewanella pneumatophore SCRC27-
38(25% ~40% ,20°C £555) HEF S. baltica MACI
(1.5% ,10°C §%53%) , S. oneidensis MR -1 (0.57% ,
4°C g ) 0T

XoF L P A ik i 4 R, FATE B F TTC 12
ozt LW, S. baltica 6 — 42 F1 Compostimonas su-
wonensis 7 & A4 B, 1% 5 Ryan 25 Bl ik i
R 2550 T 26 57 0 DAAS SEHG 25 R A, FATTIA
N TTC 2k AR ] Spa, (H 2 R A0 GC Jr ik
o FAGEMEN TTC B (42 i T~ EPA Bk & A
AS — ARG, LB TTC 38 J5 AL TF M % A4
RN AR AT O T AN B — i
T 4 B 4% ( polyketide synthase , PKS) &% VL-
CPUFA , T AN 1 B B A/ S fl s . FRATRT
C AR IE # HAD Tl ) Shewanella sp 1 24 347 73
BT, AR % B 2510 FN it A AE G i, (HJ2 A 2 5 PKS &
FEWY pfa JEPRIEE , DRLOHCHE 00 364177 0 15 381 1) 3 ok A A7
AR AT At AL PKS 3B 4 1 EPAT

Tk P ) A8 255 Wi 2B ) I I R 93 1) 784k
— B BEAE R AR 2 AR D R 1) 5 e 2%
A BT YN, R 2 rE AR A AL AR S 7 EPA B G R
P, H EPA 55 i AR RS I M A7 A — 2 Y EE &R o
David ™ B 5L £ W bk 651 16 2°C 535 F EPA jfi
JTRR 4 b AT & R 15T 2. 6%
F10.2mg/g F+ & 12.2% 1 0. 5mg/g. Elke"" [y #f
FE BN Shewanella sp. NB72 7£ 10°C 855+ EPA &
TFA Al 30°CHT 0. 3% =% 4% . 455
ARUELFA A, EPA (5 SRR 1 79 B A B T 1A
B B R YRR AP I, 7E 0°C I s B d
FEXT 20°C B () 3. 4% F1 2. 2mg/g 32 &5 & 8. 8% F
6.2mg/ g, {HIZ T HEA il B A G, A b
BEZFEAG, B DL EPA i (B AAR R R IR A 5 i) 78
0°C-k2.0mg/L,7E 10CH i E R 2. 2me/ L, AN
IR HT S. baltica 6 42 JEWITRIG 2L, KB H
HEMLFINE DR b 1) A BE MR DT IRR 25 i Bt T3 Y AR
T34 T AR A i W TR 5 i el b, S g I R G B
B BRI TR & L, A RIS TR Sl
TR, Kb Cl6: 1 & EEHgfnm C17: 1 #1 C18
SRS 855 EPA B RARLE LS. baltica
6 — 42 {IIE T RE Wi MR 4143 928 1 5 F 0 i BT 52
SER—E, E R TZE R B 2 20°C T R F)
4°CHt, S. piezotolerans WP3 1) EPA &1 7.5% |
T2 14. 1% T B FG 7R & 22 LA B i,

B i 2 B EPA 2 il ik B T AR AE AR L T AR 32
FI B2 AR, T SNEA I EPA )5 SRR —RE 1Y)
A HEE, H DY EPA 2 A T AR K b 2R
TR o

T B R A D — b g 7 R 5 AT A5, AT A
NE Wil & B (fatty acid synthase, FAS) &% FabB
(B —ketoacyl — ACP synthases [ ) Fl FabF (B - keto-
acyl — ACP synthases 1) BTG, 5 BOR AL F A 17
R A L2 3 (E 2 0T Y 0 R ) 5
(Polyketide Synthase , PKS) x4 A 52 H 2 i, R I3
A PKS B2 0 280k W W 2R AL 3, RN
T A 7 R & A /b M VLC - PUFA & & 1
IO FRATHFSE T AR e J3 R 0 7 R S. balti-
ca 6 —42 EPA F 1520, 45 3 R In AR IE A 3=
J5 EPA 5 i XA 4 v, HOY TR R W
3pg/mL I} EPA 1343 o 8 BT I & i S BRLAE
RRREE IR R IR B by, 30 7. 6% 4. Smg/
e F13.6mg/L, HHIEF Shewanella sp 21 PKS &
TSR A L EPAT T PKS il FAS i 2 #5222
k4t A (Acetyl — CoA) 1N —FR AL B A (Mal-
onyl — CoA ) N JIRPIMKkE LI IITIR , BRI T FAS & 4%
WA S B W] RE 2[R Y 2 M T EPA 5 LA
T R NR TR AN AN YK o 3B HAb I 7R &
ALK I, BRI FNAR DR R EE S BETE 15 ik S -
AR & s hnm 15 ek B & wisib, SR ARE i
figrp C13: 0 &3 mim C15: 0 F1 C17: 0 & &I
o FREENR DR AL AR AR AL/, T BN FIR D5 R
ErYD X 5 Morita BFFT45 R —3,

LEA IR EE AR BE R R AT S. baltica 6 - 42 JEITR
ZHIF IS IR 5 PKS 3R A20K 5 i EPA, S.
baltica 6 — 42 ML N BO B W R & L EE W) Acetyl —
CoA Fl Malonyl — CoA i 4 FAS F1 PKS & 12505 &
B BENR IR AN EPA 5 7EA1 I EE F1 W 1 R 1Y
YERTR , H R i B2 20 43 A A= AH L (1 28 Ak, 7E 0°C il
10°C ] 3pg/mL 1Y ¥ i TR 28 AL 3L, R B B
ZAET EPA [ B G W5 B2 & 43 Lo RS T T &
TG A TR HA Y i K EPA B IRERE: 9%
FEO B, KT 0°C # B B IR A 3ug/mL 1y
RIER R, H EPA 1) SRR A 71 b & 2 Ay -+
T R, 200 11, 5% F16. Tme/ 23 10°C 4k 7 15
TR 3wg/mL 130 B R, AL ARG IR
EPA i 5k 3. 6mg/L, EI razak ™ 218 Hif i
%) Shewanella sp. 717 1E 20°C T $& 4 & ¢ EPA [9 &
NG TR 3 o RN AL T B & SR 8% T 9mg/ g,
22 R TREE S R T S A 5 A D 35 1 22 25%
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F46mg/g, BT FRAT 1o A 7 ) 24 T e A s 1 42 1l
pH FIE A4 5, L S. baltica 6 — 42 [ EPA
SHEAF LR,

ARSI G v H DUAR S EPA R9dLR AN, £ 5
T 77 EPA (AR M A0 B BT R . B S R SE T R R R
W TR R GG IR R AN — Bk A BUIRTA S. balica 6 — 42
A B EPA 52, I 75 FUIGI AT A2 2 EPA
A TR B AR A K 3e/mL Y T T R
EPA & HAE MR A K, 4 J5 7 EPA bk &
PRt S ARG . RIS 254 TTC W 45 31 M g
BRZH 534y BT 4EM S. baltica 6 —42 25 PKS i&42 5l
EPA, H6H G W5 B2 1% 43 B ke 9L & A 2 Fp i 5L
P R SCHE NG TR , T 55 3 26 g 7 1 1) A 40 5 s
P TR B AL L
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