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In the previous reports, the authors isolated two strains of marine bacteria, Shewanella sp. SR-14, which has Chaetoceros sp. growth
inhibition activity, and Vibrio alginolyticus, that did not affect growth of the alga. In the present study, fatty acid compositions of
diatoms, Chaetoceros calcitrans and Skeletonema costatum, and marine bacterla, Shewanella sp. SR-14 and V. alginolyticus, were
analyzed. Changes of fatty acid composition in the diatoms grown with the marine bacteria were also determined. Major fatty acids
of Shewanella sp. SR-14 were 16:1n-7 (29.4%) and 16:0 (19.2%) during incubation in peptone broth at 20C for 3 days. The
compositions of V. alginolyticus detected were 16:0 (23.7%), 16:1n-7 (27.7%) and 18:1n-7 (21.0%). C. calcitrans consisted of
16:1n-7 (33.3%), 16:0 (27.1%) and 14:0 (12.1%). S. costatum mainly contained 16 1n-7 (28.9%), 16:0 (21.6%) and 20.5
(19.8%). When halves of cell numbers of C. calcitrans were moribund cells by Shewanella sp. SR-14, the C. calcitrans and S.
costatum simultaneously cultured with the bacteria were harvested by filtration with GF/D glass microfibre filter. In the fatty acid
composition of both diatoms, saturated fatty acid contents in both diatoms grown with Shewanella sp. SR-14 were decreased, but
unsaturated fatty acid contents were increased. The differences were greater in C. calcitrans than those in S. costatum. During the
growth of diatoms with V. alginolyticus, C. calcitrans showed increase of saturated fatty acid contents and decrease of unsaturated
fatty acid contents; however, S. costatum did not show sharp difference in fatty acid content. In this study, Shewanella sp. SR-14,
which showed growth inhibition activity against C. calcitrans, influenced on the changes of fatty acid contents in the diatom. It was
suggested that increased unsaturated fatty acid was synergistically activated algal growth inhibition activity of Shewanella sp. SR-14.
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A 2 ARNA AAEL F2F Chaetoceros spp.s AHE A=
S| FAT Shewanella sp. (B4 Alteromonas sp.) SR-14% &

fAzfFS AFe FA4 AdANN FHez 7B g 48 5o, of 78 YAES 443 1 48¢ Adde L

TE o|Fx Jlon o A A3 FEE AAM MY . 2 Bad vk dg (Kim et al, 1999a; 1999b; 1999¢). 2138 She-

Ade] plAzRd PlXe o8 A 9% F A% AHEE wanella sp. SR-149] 21§ Chaetoceros calcitrans® A&Ad <

o] &3 Az WAQT} A2 23] AU A5 AZFE  dAE (G d) g ALE AR Ado) FEIE S

Agfgol RuEn Yok (FK, 1991, AH, 1994). Aol vz o I E4o] Wy Zate MFo] H4gte AHAEH oj9f9 &

7 A% vAe AfrirEe AP 34F dAdEd 98 vAY 7137t #43tn Y& teAel AAEAG (Kim et al,
*gwxisﬂ T UM #3e] &HA Alt} (43, 1994). ©] ¥ WA 1999c; 2001a).

ol 943 AZF AdFE S EHT Fo NS AN EY LS ¥4, Adest okl 539 mHzR7E 9E AzFd 4
‘4’5}1417‘:- A7t %ot host range7t B AE AP THE A K& FAHAY 3L Afdte EIEA (allelopathy) & €A
TEG A& H2LAE 98 oJfHAXE ool Aot 2 Jled, o] & XA EXAPNo] B o2 O

Aol AAde HAZF ASAN B2 nEAERY ©ud F 23Ho gloy (Arzul et al, 1995; Imada et al, 1992; Mu-
A BaF 109Da A=Y ARA EAe ol27|17A ggsitt rata et al, 1989; &% - &I, 1992) A Zd &g HZF VS A
(Baker and Herson, 1978; &3k - FH, 1995; &R - B, 1994 oA A 249 W3t 2 O 982 AY HEHA ZIHYoh

Kim et al., 1999¢). B 97+ Shewanella sp. SR-149 2% Chactoceros spp. A
SAH 9 AP J%E Fohs) 9P 979 gBes
*Corresponding author: kimjh@ nfrdi.re.kr AY (Kim et al, 1999a; 2001b) ol A} £2] 8 A zF HSAF
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Shewanella sp. SR-149+ A% Az &A o] AN Vibrio alginoly-
ticus® A 2 & SASL olg TF FE2FE TG
%< 9 Shewanella sp. SR-149 Z44< C. calcitrans$} B}7H4
X< Skeletonema costatum®] A 249 W3E AHag

JER

AEZFE, OiMZR L x|

A QFF Shewanella sp. SR-148F V. alginolyticus, 283
25 C calcitrans CCMP 1315} S. costatum CCMP 775€ AR
(Kim et al, 1999a; 2001b)¢} #& A& A&t 2282 AT
T F2F g A8 A= AT 3% peptone broth (Kim
et al, 1999a)°] AR, PlAzF9 ZA$d= Conwy WA (Walne,
1979) ol At

A3t O(MEF HHSETAUD 3|

EFu g AEEe AW 2AENE A8 Shewanella sp.
SR-14%} V. alginolyticus+= peptone brothoA] 20CE 3UZF F A
e F d%e mARF wjgdel FIao TG,
UnA A ilgde QEHA A ko] 4CAA 8,000 pmo 2
4087 9483 (Kontron Inst, Model Centrikon T-324, Italy)
st Agdanh AT A 9T A2 4dsE 33 AR ¥
AR E peptone broth i TA o AFA £4 A5 33, U
HAE Conwy ¥MlAd] thA HFdA nMzHF wFzdoA 24
Az ugs F 5Y d4¥e 2322 IZEHA Conwy WA
wiok FAY At 244 Ag2 9T (Fig 1.

AE M ZF C. calcitrans® S. costatum< Conwy H] %] o] A]

571 (ODws=<F 0.10)7hA AMjdd F 2d=A A 448
g (8000 pm, 308, 200)2 ZXAE =& ¥ 4 Yz79 %
Ay NPT FEG MEE Conwy ¥4 FF&Ach 57 79
A @ Fole Shewanella sp. SR-14 £ V. alginolyticus T94&
HAxF47t ¢ 10°CFUMLHES FF33, dzTole 2943
T %9 peptone brothE FY3t A v gt of o WA=
29 EEAL L5 2041, 25 o 40001ux, $37 12 Light
112 Darkl A A e Fstgch Ads EFuRd A9 AP
N2 9% nlHZHFE Shewanella sp. SR-147} H%E C calci-
trans A XE ¥rj7 oz #&so FA ZFAETY o 50%
A AE JEEo] 2457 AT d (4N F) F APT &
Hz7Y ZFE o7 &gk &, vAzF BFdL 4507,
4217t A28 GF/D glass microfibre filter (Whatman)2 ¢33}
o ZFAEE 3433, pore size 02 ume] membrane filter2
oA g F 47 84 300mLE MAZN BHARE dte] §Y
20z WY A5 W27 279 AW 24T ¥aEI}ASG
(Fig. 1.

R|ghAt M

A GFH v M 259 AL Folch et al. (1957) 3 BEFF (1980)
o W2 AEste] Z A8 (¥ 1g)el chloroform: methanol
(2: D% 10mL #7138t &34 28 AZE HS0. to-
luene  methanol (1:10:20) €51 & AJFSE 100TAA 412 7}
g3t methylation¥ THE, hexane 02 0|3 A|F|1, hexane
%28 2 FFF=E 33 ARE OE FEE AAR2 75
&te] Table 13 £ XL 2 gas chromatographyl o3} 2%
S B ARy AW 2L A BF (Sigma) &

Shewanella sp. SR-14 or C cdcitrans or
V. dlginolyticus S. costatum
Culture in Peptone broth . .
at 20 T for 3 days Culture in Conwy medium
Centrifugation Adding of peptone Adding of Shewanella Adding of V.
{8,000 rpm, 40 min., 4 T) broth sp. SR-14 alginolyticus
Re-culture in Conwy Culture
medium 2141 T, 4,000 lux, 12D:12L
Centrifugation Cell harvest by filtration
8000 rpm, 40min., 4 C GF/D glass microfibre filter
Bacterial cells . . Algal cells mixed Algal cells mixed
cultured in peptone | | Bacterial cells cultured in Atgal cels pure cultured with cultured with V.
broth wy Shewanella sp. SR-14 alginolyticus

Fig. 1. Bacteria (left) and microalgae (right) culture procedures for fatty acid analysis.
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Table 1. Operating condition of gas chromatography for fatty
acid analysis

Gas chromatography Hewllet Packard 5890 Series II

Column HP-1, 25 mX0.32 mm ID, 0.17 um
Packing 100% dimethyl-polysiloxane (gum)
Carrier gas Helium (20 cm/sec.)

140C (7 min.) to 240C, 2C/min.
220C, Split 100:1
FID, 250C

Column temperature
Injector temperature
Detector temperature

o] &3ko] 2}2ke] A1 retention timed ¥l T3l TAH, 22
peakel ¥ WAL WESR Yegon, 7 Aaue 33 &
Ne 239 2A2 YR,

e ot

A8 Shewanella sp. SR-14%} V., alginolyticus®| Xt . ..

z=H

Peptone brotholl A 20C, 397t ¥] k3 Shewanella sp. SR-14%}
V. alginolyticus®] A3 243, o] A& Conwy HWIAZ 7|4
Z2F W FZAAM 4A T A FEAL Qo AP 249 A
3}E Table 2o JehA AT}

Peptone broth®| A ¥ %¥& Shewanella sp. SR-149} AWAF 2
AE ZAPA] 373%, 17 B WAbe] 516%, U7t BE
FARde] 43%0102H, 10% o1FE AAFE Fo AWl
16:1n-7 (294%)9} 16:0 (192%)0I%th. 4, FAZANA )
F3 V. alginolyticus®] At 2L XA HALo| 380%, 17F
XA LEe) 570% Ut EXSALAR) 16%0)32H, F8
A WAt & Shewanella sp. SR-14% 4¢3} olA7tAZ 16:0%
16:1n-70] 242 237 2 277% 2 £& H &L AANG AL 2L
Aol 18:1n-70) 21.0% & AAF H Zo)7t Uit A
AHoz B o T AN At 249 Aol Shewa-
nella sp. SR-147} V. alginolyticus 5.0+ 17} EE 3 A H4ke) v] &
< o7t wo} vyl EXSADLATY v &L 9oz 4 &
e

34, peptone brothol A vl APF-E Conwy BAINA A
w3 Ae o AWt 24L& Shewanella sp. SR-149) 4% X3
Ao 390%, 170 SXAI0) 489% 282 trt #ES
Aake) 29% 01021, V. alginolyticuse 42+ 393%, 54.1% 2
25% 2 Ueth o83 AYE peptone brotholl A ¥ & A}
i EA WA 171 BESA Y] 2% W9 24 F
AT 2 Ao ort oyt BXAWALE Shewanella
sp. SR-149) A% 4% ¥ V. alginolyticus® 23S $7+% A
2 Zol7t gt 28 At FF] wel = Shewanella sp.
SR-14¢] 7% peptone brothol A ¥l FA o vl 16:03
16:1n-79] H o] o 5% F7hd W 24119 vl &o] O 4% Z
A3e 5 79 Hast IR eY V. alginolyticusS BS%= &
w37k g

Table 2. Fatty acid composition of Shewanella sp. SR-14 and
V. alginolyticus cultured in peptone broth or Conwy

medium (Area %)
Vibrio alginolyticus

Shewanella sp. SR-14

Fatty acid Peptone  Conwy Peptone  Conwy
broth medium broth  medium
Saturates
10:0 0.20 0.29 0.14 trace
11:0 trace 0.15 trace trace
12:0 271 501 2.38 1.99
13:0 0.33 025 0.10 0.11
14:0 274 1.82 5.00 529
15:0 1.23 144 1.57 1.77
16:0 19.23 24.49 23.68 2478
17:0 1.62 2.03 208 2.12
18:0 434 243 226 1.79
19:0 0.20 0.55 0.62 132
20:0 0.13 045 trace trace
22:0 trace trace trace trace
24:0 3.96 0.10 trace -
Sum 37.30 39.03 37.98 39.34
Monounsaturates
1471 trace trace trace 0.11
16:1n-7 29.35 34.85 2774 29.27
16:1n-9 141 1.65 3.67 249
17:1 4.56 527 1.65 1.63
18:1n-7 372 042 21.04 1836
18:1n9 6.07 6.29 261 208
19:1 1.24 0.15 0.13 0.12
201 0.12 0.17 trace trace
22:1 097 trace trace trace
24:1 413 trace trace -
Sum 51.61 48.94 56.96 54.08
Polyunsaturates
18:2 027 027 trace trace
18:3 1.58 1.94 098 1.92
20:2 0.26 0.24 trace trace
20:4 trace trace 0.12 0.12
20:5 0.19 trace 022 0.34
22°3 143 0.15 trace trace
226 045 0.17 trace trace
Sum 4.25 2.87 1.57 2.53
Unknown 6.84 9.16 3.49 4.05
Unsaturate/Saturate 1.50 1.33 1.54 1.48
trace, <0.1%.

A8 Dl ERY XHM =4

C. calcitrans @ S. costatum™ Shewanella sp. SR-14 £ V.
alginolyticus& 247t £ F3HAA Shewanella sp. SR-149} &
Bl C. calcitrans W FZA 9] o S0%olA WEEo] 245
71 NEFE o g APzF Y 248 e 2

¥ w3t} Table 3o Ve Ach.

1) =gk DMZFel XM =M
Sl g oA 2Fe WA 248 C calitrans®) 3§ ¥
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Table 3. Changes of fatty acid composition in C. calcitrans
and S. costatum cultured with Shewanella sp. SR-14

and V. alginolyticus (Area %)
C. calcitrans §. costatum
Pure Mixed culture Pure Mixed culture
Fatty acid clure g altie "o -
’ tﬁzllll?:p V. a n‘?lllZW:p V. agi
SR-14 nolyticus R4 nelyticus
Saturates
10:0 021 0.46 0.18 012 026 0.20
11:0 trace  trace  trace trace  ftrace  trace
12:0 0.10 219 0.12 trace 032 trace
13:0 trace 010  trace 011  trace trace
14:0 1214 571 1256 344 374 416
15:0 0.82 0.80 0.83 0.18 027 022
16:0 2113 1829 2994 2061 1705 2275
1720 trace 066  trace trace  trace  trace
18:0 0.98 318 0.76 112 1.00 0.73
19:0 - - trace - 0.13 -
2000 0.12 022 0.12 0.12 014  trace
2:0 0.70 1.64 0.62 022 0.19 0.15
240 0.34 - 0.32 - - trace
Sum 4265 3335 4553 2703 2323 2855
Monounsaturates
141 trace  trace  trace - - -
16:1n-5 525 982 6.07 421 560 28
16:1n-7 3328 2610 3267 2885 2858 3094
16:1n9 357 138 12 162 N 336
16 1n-11 1.28 368 1.19 1.06 113 0.62
17:1 trace 217 trace trace 034  trace
18:1n-7 041  trace 0.30 203 094 193
18:1n-9 0.48 364 042 075 071 0.83
19:1 trace 030  trace 0.16 020  trace
20:1 0.11 0.1 0.13 0.30 0.23 0.17
2:1 trace - trace 0.52 0.56 0.56
41 - - trace - - 040
Sum 4459 4784 4223 39.57 4000 4180
Polyunsaturates
18:2 0.54 029 043 1.59 129 1.67
18:3 048 146 0.52 147 118 1.35
20:2 0.66 0.79 0.25 0.75 097 092
20:4 0.38 0.29 0.22 0.30 1.20 1.06
20:5 6.79 741 739 1980 2158 1623
2:3 0.10 042  trace 0.25 0.13 0.1
226 1.06 176 099 0.33 021 011
Sum 1001 1242 9.89 2499 2656 2145
Unknown 275 6.39 2.35 841 10.21 8.20

Unsaturate/Saturate 1.28 1.81 1.14 239 287 222
trace, <0.1%.

sl dhato] 427%, 17} BX 8 A WAte] 446% 13 Oyt EX
3} 2 uFAko] 10.0%0lNe™, S costatumS 42 27.0%, 39.6% 1
2 250% 2 S, costatum®] C. calcitrans®l ¥|3le 7l EX3
ukAbel v go] A EStth 10% o3& AAde Fa A4
7T C calcitrans® 3% 16:1n-7 (333%), 16:0 (27.1%)

RN S G < T -

2 14:0 (12.1%) o)A, S costatume 16:1n-7 (289%), 16:0
(21.6%) % 20:5 (198%) 2 Vet F2F YANE Fol we}
At zA6) FERE 3folzt AU

2) MIz EgufYs ojMxFe XLt =4

A EFuFd vAZFY AE 24L Shewanella sp.
SR-14%} E¥M I AE W C cakitransd 7% XA ko]
334%, 17} BX3Ate} 47.8%, tvl BX A0l 124% 2
TG 2A ) vidte XAYAY B & FiFGot B
ALY v &E F713T o] o Xsix|Wite] dig £ ¥
ALY v g e g ZAGAE 128012 THNF
g AolAe 1812 144 F713tAth At FREEE 160 1n7
(333-261%), 16:0 (271> 183%) 2L 14:0 (12.1>58%)9]
S vt & o2 FAHYn 1 9o A 244
£ e 7ol AU S costatum? AT EIAEALe]
232%, 17} BX3Aabe] 400% 12lx trb X3 HHte]
266% 2 XA dF BXZIAPLY v gL g
A% 239904 ST A 2872 1280 Mo AW
ZHUZE 16:00] & 5% P4 AL AJsd dE AWty
HEZL A,

¥ AN FEZFE V. alginolyticusSt EFMFIAE we
A 248 C calcitrans®) 35 XA HAke] 455%, 171 B
E3pjubabe] 422%, Ut BX A0 99% 8 FAFS &5
v okst A 9} ¢f7he] Aol & Yo, A TELE 1T
vhe BY A aae Zaste 4FE e 281 S cos
tatum® A$E EZAIAY) 286%, 171 EXAWAL0] 41.8%
g3 gyt XA 215% 8 47 A s &5 ugd
ZA G & AolE RolRA 4tk EF V. alginolyticusSt ¥
F8 C calcitrans® S. costatum ZA 9 E3HA WA QE B X
$ARAY v &L 4F 1148 222, EFUGE ¢ 128%
2399) w3t Zzh of 0.189] HEA HAY FAE el
Shewanella sp. SR-14%} TR} ¥ Ao 99 FFIUT.

il &

A At 24L& %o weh 243 S 7ML Yo
B4 Adl 2% A87t HU|x gk £ AYddA Jehd bis
Zo] V. alginolyticus 5 Gram 49 S FHTFANE 1610, 16:1
2 18:10] FF5Fo2 Bo| A& HE oE B1uHY gl (Oli-
ver and Colwell, 1973). Bertone et al. (1996)2 ¢4 o tjd
AarzA BHM Alteromonas spi= 16:00] 185%, 16:1°]
178% 283 18:1°1 128%™, Vibrio spt 4% 167%,
3L1% 2 195% 8 AAHHR Euste £ APAA vebd
A% {AE Aol 28 Oliver and Colwell (1973)&
V. alginolyticus®} A¥4at ZA4o] 16:19] 500%, 16:0°] 13.1%
2 18110} 312% 1Atk Bt & 43 Aigde 439
o) g Jepdded ole wAzA, WPVt T YA A
o] e A2R AEHD
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AT atA7tA 2 v zFY A 24 =8 o gl 2
oj7} loH FLH Fd glAE WFex, wA, st =
E 5 gz g die Aolrt g Ao BuHo g
(Brown et al, 1996; Thompson et al,, 1992). & @A Ap&3
C. calcitrans$} S. costatum®) AMAF =4 w£§ wjgz A wet
atol7h glovt Fad ApPE FL 16:1n-7, 1610, 14:0 2015
olgtal BuHe] 9lon (Ackman et al, 1964; 1968; Fernandez-
Reiriz et al, 1989), € 979 A% 2 AF|Ad.

A, Ag7tA Mol A% nAzRF KA AT Aol 4
Aote AdEde d¥ds e IRAZERY EAF 109Da
Az ARA o2 A dgdt Aoz ¢ A o) (Baker
and Herson, 1978; &k - A, 1995; & E - BE, 1994) AHake]
dge A9 ¢EA A ¥tk add gAZFAAN FdsE A
Wwde] & nAzRY A5E Af@de Aol o Hige
o, ogd ATHAAESL T Bl Aie nAzF
Afgde e 37 L U nHAEFY Fo 0 o)}
glovt I3A e A AFBAo] fln, BX3 Auite] A
AEAHE 7HAn] 53] A= EIXFA LA A Aoz A
Ak (Arzul et al, 1995; Imada et al, 1992; Uchida et al,, 1988;
R, 1988; &k - BJIl, 1992).

£ d7dNE HA nAzF AXANGA ] e AdH 1
22 g A, 283 olE AFE vAZF ASAH Jehd
© 27402 wFaHE o At Ao o RA WHIFEAE Al
@3ttt A8 TS peptone brotho] Al B3R o it =
& C calcitrans AT Shewanella sp. SR-14T ZHAH
A G ol 9l V. alginolyticusdl ¥13te] 18:3,22:3 5 LEE
A v Eo] i =9tk 28y o] A¥TL Conwy
HAZ o A2F fF2AGA AuEsAe o o] Aty v
&2 A9 HSA HAL, 17 BEGA P v gL 238 V.
alginolyticus7} © £tk (Table 2). o1&|& AT A& FA
o A 247 AAzFY A5AHdE £ FHo] gle
Aoz Atgdth

39, HE (Kim et al, 1999c)ll 4] Shewanella sp. SR-149] C.
calcitrans A& AF G dA4E () E) Ao FE
e A% 2 840 A B Ade] e AHED By
ofdzt 4 [ A g 7|77t B} g 7MedE AAME b
Ak B dFAAE 2 7hsA Y R Aty 48S dety
24 AdFH v z2FE EFNFSAE of At 249 HEE
ZA89h 1 23 2/ ASAHEA o) YA V. alginolyticus
o AZFE EFNIINAL dole =AY EEFADIL v &
o] Z718tA ¥y C. calcitrans {5 AT Shewanella sp.
SR-149F Eul ¥ A A9 A 2460 BXaA WA
o Hlgo] Frtstgen, o] of F7H&L o] Fel ¥jHF4A S
costatum BT+ 7549 C calcitrans} A oh4& ¥t (Table 3).
I3 A (Kim et al, 1999b; 1999¢)} 1 A Shewanella sp. SR-14
£ peptone brothol A &5 k3ld 25CANE C calcitrans A
NEDE AAFSHAT, Conwy MANM C calcitrans 9t E5H
F3Re fole LX) g 3ozt o 10~20TH e 2E7}

GE4E ZFAS A g o) At 2 25T o) gl E
ATy 4 SLFASAE 259 45 4L 71A %
gt 2xd g nAzFY Aerise Wt AXEe Aoz
238 b} At (Kim et al, 1999b). 286l A, vlAzF, ol F
T EE AEL A%z Adetd BA e homeoviscosity S
FA87) fgted AW BEIFAPALY v &o] FIHe RLE
By gt (Oliver and Colwell, 1973; Thompson et al, 1992;
A, 1991). = & A 8olA ALE T2 22 F< S costa-
tume A7t A% AHEAA BEIALA (15-hydroxyeicosa-
pentaenoic acid)& AF37NE e, o] AP NI o}
A& dde AX W $FH doy ={7F APEEE AE
92 343 fddda a5 g (Imada et al, 1991). 2
23 o)gA BXAHto] nAZF ASAYH €4S YEld®
Ae Aurate] AgArstdlA A EE free radical WEojghe &
1% 3t} (Murata et al, 1989).

o] 42] ZAo)A Shewanella sp. SR-1491 A& C. calcitrans
7179 die gd 2o FAHUL F, A7y A3
98t C calcitrans®] AW ZA A B X3} uHAbo] 2R3k
Higo] ZolAn 1 Y5 YoM ebd v} o] AP A
ZA A FE = AFAs Foll Jste] YPH free radicalol
Aol Addte AZFANEA & 279 4&5A9 HEo
AEERE Jed Ao FHED o] o WYt BEFE
TFEFAA BESFAYL v go] Eolx AE5AHT} B &2
© A22 F3E 7 dded AAFE 717 dfMe B o
A77F glojok & Ao g ARHT

o ot
hd =
725 C calitrans$} S. costatum, 183 Chaetoceros spp.

A& B4 & 7tAe A SA T, Shewanella sp. SR-149%} 2 A
s&4dol Qe V. alginolyticus®] ABY 24& A3 o

C AT FZFHE AL ERNGERE O A2 FY A

Z4WsE 2389

Peptone brotholl A 20C, 393t vl %3 Shewanella sp. SR-149]
F8 At 242 16107 (294%) 3 16:0 (192% )02},
V. alginolyticus® 79 16:0 (23.7%), 16:1n-7 (27.7%) %
18:1n-7 (21.0%)0} o™, o|& MFE Conwy ¥l A NA Au) ¥
FA9E W 1 4L peptone brotho| A s gg TA 9 <F7te
w3l A,

g3 nAzFe Fo AL C calitrans® 3%
16:1n-7 (333%), 16:0 (27.1%) 2 14:0 (121%) 0N, S. cos-
tatum< 16:1n-7 (289%), 16:0 (21.6%) 2 20:5 (198%) oI Ao

A SRS 7279 AEA 2492 Shewanella sp. SR-
149} st He gy ZA ) vste FapAptade
Hl 42 ZHAgg oy BEXSA P &L St glen, 19
28¢& C calcitrans® A$7} S. costatum BT} E4Th 28y V.
alginolyticus$} EFM ST A4 C. calcitrans© XA b0l 571
3ot BEIAPE adhe A YENIL, S costatumE
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4 g 2AYg & Aolg HolA gt IHAM C caleit
ranse Shewanella sp. SR-14¢ 9]3te] B SA WA 24|
Z7v5 3, ol Aate o] #o] A4 2FFH HAEL
I AsAoz ZE3d g 259 F4o] JAHE Aoz A
AFE STt

HAe =

2 ATE TRFIBAY LHAY
p=4

d BEANEATH R £
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