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Identification of biofouling biofilms bacterium Pseudoalteromonas
iIssachenkonii YT1305-1 and analysis on chemical constitutents of
its metabolites
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Abstract: [Objective] Bacterium YT1305-1 was isolated and identified from biofouling biofilms.
As one of the dominant bacteria in biofouling biofilms, metabolites of bacterium YT1305-1 were
investigated. [Methods] 16S rRNA gene analysis, phylogenetic tree analysis and physiological and
biochemical characteristics were carried on to identify the targeted bacterium. Chemical constitu-
ents of the bacterial metabolites were purified through silica column chromatography and identified
using nuclear magnetic resonance (NMR). [Results] There existed dominant bacterial species in
biofouling biofilms. Pseudoalteromonas sp. was identified as one of the dominant species in bio-
fouling bacteria. 16S rRNA analysis showed P. issachenkonii was one the dominant bacterium. The
targeted bacterium was named Pseudoalteromonas issachenkonii YT1305-1 and 10 chemicals were
identified from its fermentation broth, including 5 Diketopiperazines (DKPs): cyclo (Gly-Ala) (1),
cyclo (Pro-Gly) (2), cyclo(Pro-Tyr) (3), cyclo(Leu-4-hydroxyl-Pro) (4), cyclo (Ala-4-hydroxyl-Pro)
(5) and uracil (6), thymine (7), thymidine (8), bis (2-ethylhexyl) adipate (9), phthalate esters
(2-ethyl caproic) (10). [Conclusion] There existed bacterial species that were obviously dominant
in quantitative terms in biofouling bioflims. Bacterium YT1305-1 was purified as one of the domi-
nant bacterium. Analysis on its metabolites identified several DKPs, which might influence the
formation of biofilms and further the development of biofouling. This investigation provides mate-

rial basis for biofouling studies.

Keywords: Biofouling, Bioflims, Pseudoalteromonas issachenkonii, Diketopiperazines
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PSR, IWMAE TS WA Pk B, A s
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YR (R 20 B AT LA S0 B e sh A 1 R TR
TET TR A PR A T U AN A5 5 20 1Y
R, BEIL TR shs B, M K T+
Wh A K e R T DR, $ 5T LR MRS rp A o 1
T 20 B LA Ak 22 1804, R B B A s Y

http://journals.im.ac.cn/wswxtbcn



1280 MAY) £ Microbiol. China

2014, Vol.41, No.7

TV BRI JRATL AR L3 A i 50 L B
1 ME5EFE&
1.1 kiR

S BT FH BRI AR 23 B8 AR 6 V30 40 A P TR
b HEASCEG S R 37°30' N, 121°26' E, Hib H
Wi 11 A, B S d, BT R E LM (Poly
vinyl chloride, PVC)#g.
1.2 IEFEMEZT(UE

SEIG P FH RGO A R GE B SR I IR,
WA M (g/L): BEEEFR S, BEEHR K 10, NaCls,
B BE KR, 1x10° Pa K# 30 min,

1%7%: BrukerAVANCEIII500 %138 S A% i th 45 %
A, Fit: Bruker 23 A,
1.3 ZWAHZE
1.3.1 EHRBEE: (1) 16S rRNA H[H ¥ PCR §~
K FF A 5y Hr s AR RIS LIS CTAB-SDS
ARHUAN A S DNA, £ PCR #7734 ¥ )5 T
16S rRNA SE[H 751 (1 L xF 4387 . PCR 51470 16S
8f (5-AGAGTTTGATCCTGGCTCAG-3") fl 16S
15251 (5-AAAGGAGGTGATCCAGCC-3")"*, 20 uL
PCR JZ WK Z U : Tag DNA polymerase 0.5 U,
Mg*" 1.5 mmol/L, dNTPs 0.5 mmol/L, iEJ5|#
0.5 mmol/L, ##x DNA 1 uL. PCR ¥ #4514 K .
94 °C 3 min; 94 °C30s, 55°C30s, 72°C 1 min,
3 30 MG ; 72 °C 10 min, PCR =¥k 248 T4
Yy TR ) B0y A5 BR A /A T, P 45 SR 4
GenBank %4 % L Xt (http://www.ncbi.nlm.nih.gov/
BLAST/)G, &M ClustalX J5 51 MEGA #f4:3#
17 R G AR 37
132 H£EENEE: N TP B Ek
RN, Fi RRANTE B % ik, iR T AR AR AL
S, X ANTE I A B A BEAE AL AT AR AY, A
FEg L QY JERIKMRICER . V-P 520 F kLT
S RECE . BRI SEE  PREEGICL | ik
M S0 | PR AR IR LI | DR S5 | W A 51
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1.33 HEKIEM AT BRI L EE R,
30°C. 120 r/min $EKEEFE 12 he KB 4 000 r/min
BDEBRER, RIS R CERANE T BES 52
4%, 45 °C JEWRYE, SR . AT oEk
FEH A TS AR LT, SR IE AR RE AT ARk
PRI TIR B, DL e/ AN [ EE TR R
KPR, #2288 50:1 (600 mL). 30:1 (600 mL). 20:1
(400 mL). 10:1 (400 mL). 5:1 (400 mL)BA 1Tk
B, 15580 8 M4, KNG LU RERALZ it —
$ores, Hopdlyr A KREREREZENT, DA
Tik/ R CTRBEREVEIN , BRI LB 50:1 15834k 5
Y19 (122 mg). A% B &I B aERAE)ZNT, L&
FH o/ FH B B R, R TAT ELA3] 20:1 15240 &9
8 (22 mg). #4r C RS ENr, A&
Jot /I RSAR BRI , BEMGRI LB 10:1 23 515 24k &
1017 mg). (k&Y 2 (16 mg); FIRFHSE A
o/ R P R, EMG R LEAs) 8:1 133k & W)
7 (3 mg). 45 D & @M B/ W IE=1:1 BERAE 2 AT
BEULEY) 4 (127 mg). 44 E & 2 RERFEZ M
KARRER AT JZ TR 259 3 (98 mg); TR
Iy% AW/ W EE=1:1 B EE RS Y
6 (8 mg). 44 F A B ekt 2T, YL@ b/
FH e B R AR 211659 5 (200 mg)-

134 LEMEMEE: KIMHbS YT 0.5 mL
AR P, S TR LR (H NMR
500 MHz, "C NMR Jy 125 MHz), ics% 'H NMR.
BC NMR. DEPT90. DEPTI35 455 EI(5H., %k
KA T 430, NI AL B i 25 Cfn o=

2 HR54W
21 BEMREESER

AEPIIRR & BT Hh o3 B A9 8) 52 BRANTE , 285 168
(RNA JEHIFFIHAPT, JEsit 49 B fBsc Bhen
W J& (Pseudoalteromonas sp.), 2 & A&k ¥ i 15 J&
(Halomonas sp.), 1 MNERHHIEJE (Pseudomonas
sp.)o TS ML E H, 4 16 BRI 16S rRNA
BEPR 9 R 485 5 5 AR TR B S B B T — BUhE =
ik 98%, W YTI1305-1 ENBFFERT S, XA &
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GEHEEM b, B 1 AR IR TR R YT1305-1 B9 16S
rRNA FEN 791 S A SCABSS FUMIRT 16S rRNA J
KPS R RGELTW LR G R B R o 2w
¥k YT1305-1 5 Pseudoalteromonas issachenkonii
(NR025139.1) HR R T —32, H 8wk 100%,
FUYE A YT1305-1 |8 FAc B g, o
VIR A FIW Hh P, issachenkonii, iz )73 He38
GenBank $& 7, 157415 K KF709699,

2.2 BiFREMRAEIRE LFE

HARB PR YT1305-1 (/)4 BLAE AL 52645 0 R
(F 1), FERYa, I JREM . MRS
B OPBENR LI R BN, JER KRR . V-P. T
A RCTRAL | S 6 S PP o BRI A A S
iz, R oa-ZLBERIEEE ™M, SCIREE A 5 3CHk[9]
FHAF, 456 RGA AT Es AL, AT LUAIBNZ

P. issachenkonii,

851 YT1305
Pseudoalteromonas issachenkonii (NR025139.1)

57| Pseudoalteromonas atlantica (NR026218.1)
Pseudoalteromonas espejiana (NR029285.1)

21

61— Pseudoalteromonas agarivorans (NR025509.1)

40
Pseudoalteromonas distincta (NR041711.1)

Pseudoalteromonas haloplanktis (NR102834.1)
Pseudoalteromonas paragorgicola (NR025654.1)
Pseudoalteromonas elyakovii (NR028722.1)
Pseudoalteromonas arctica (NR043959.1)
Pseudoalteromonas translucida (NR025655.1)
Pseudoalteromonas antarctica (NR029317.1)
Pseudoalteromonas marina (NR042981.1)
Pseudoalteromonas undina (NR044867.1)

90 26 | pseudoalteromonas nigrifaciens (NR026222.1)

Pseudoalteromonas mariniglutinosa (NR028992.1)
54 W|_— Pseudoalteromonas prydzensis (NR044803.1)
Pseudoalteromonas aliena (NR025775.1)

| Pseudoalteromonas citrea (NR037073.1)
100 | Pseudoalteromonas aurantia (NR026219.1)
Pseudoalteromonas rubra (NR026223.1)

Pseudoalteromonas piscicida (NR040946.1)
79 100 Pseudoalteromonas flavipulchra (NR025126.1)

32 30 Pseudoalteromonas maricaloris (NR025009.1)

Pseudoalteromonas luteoviolacea (NR026221.1)
Pseudoalteromonas byunsanensis (NR043466.1)

,— Pseudoalteromonas spongiae (NR043172.1)

N Pseudoalteromonas ruthenica (NR025140.1)

86

45

81

1
32 3

91

74

Pseudoalteromonas denitrificans (NR044866.1)

0.005

1 16S rRNA EEFFIR R G L B R
Figure 1 Phylogenetic tree of 16S rRNA gene sequences
HE: 0.005 104 17200 BEALER B ST G35 BIEUEICE A% 1000 IKINZER ;55 47500 GenBank %575
Note: Scale bar: 0.005 nucleotide substitution per 50 nucleotides of 16S rRNA gene sequence. Nuerals on branches are the supporting
percentage by 1 000 replicates. Serial numbers in parentheses are GenBank accession numbers.
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R 1 BREWREEIRSE LHFE

Table 1 Physiological and biochemical characteristics of targeted bacterium

SEYs I H ZE SEg I H ZE

Test item Results Test item Results
HZ Y fE Gram staining = filEESCIE Catalase test +
TERY K fRSEES Starch hydrolysis test + HIREL A JFSLE Nitrate reduction test -
V-P 5216 V-P test + BIBEASSEES Lecithin test -

FIEZTSEEG MLR. test _
PAESELG Pellicle test +
IR AL 3256 Gelation liquefaction test +

JRZBHSES Urease test -

PEEEMFSLES Glycolysis test
Hi%iHE Glucose _
o-FL¥% a-Lactose +

HERE Sucrose 4+

W o+ BHEE; - B

Note: +: Positive; —: Negative.

23 KRigMMEHLERE

PR A AR B AR X i 20 B Ak B b AT 45
%oE, kA HE . PCEEdRIT .

&Y 1. IREGFEA, 'HNMR (DMSO-ds,
500 MHz) y: 8.14 (1H, s, NH-6), 7.95 (1H, s,
NH-3), 4.10 (1H, m, H-2), 3.17 (2H, d, J=5.2 Hz,
H-5), 1.25 3H, d, J=6.7 Hz, H-7), “C NMR
(DMSO-ds, 125 MHz) dc: 170.8 (C-1, C=0), 167.0
(C-4, C=0), 50.1(C-2), 44.9 (C-5), 19.1 (C-7).
&Y 1 Bt B 425 SCER[10]06 B, AR —3,
P A CH IR - 2R, 50 F2Uh CsHsN,Os

fk&® 2. AE@Ek., '"H NMR (CDCl;,
500 MHz) dy: 6.59 (1H, s, NH-8), 4.09 (2H, m,
H-6), 3.92 (2H, m, H-9), 3.59 2H, m, H-3),
2.40 2H, m, H-5), 1.94 2H, m, H-4), *C NMR
(CDCls, 125 MHz) 6¢: 169.7 (C-1, C=0), 163.4
(C-2, C=0), 58.5(C-6), 46.6 (C-9), 45.3 (C-3),
28.4 (C-5), 22.4 (C-4). L&YW 2 HREEHE S5
BRI BRI AR — 30, wi % MR AR - &
12), 7+ C7H oN2Oso

&9 3. EEEA, "H NMR (CDCls,
500 MHz) 8y: 7.06 2H, d, J=8.4 Hz, H-2', 6'),
6.81 (2H, d, J=8.4 Hz, H-3', 5'), 6.63 (1H, s,
NH-8), 4.12 (1H, m, H-6), 4.09 (1H, m, H-9),

http://journals.im.ac.cn/wswxtbcn

3.56 (2H, m, H-3), 3.45 (2H, m, H-10), 2.35 (2H,
m, H-5), 1.92 (1H, m, H-4). “CNMR (CDCls,
125 MHz) d¢: 170.5 (C-1, C=0), 166.4 (C-7, C=0),
155.9 (C-4"), 130.3 (C-3’, 5'), 126.8 (C-1'), 116.0
(C-2', 6'), 59.1 (C-6), 51.2(C-9), 45.4 (C-3), 36.0
(C-10), 28.3 (C-5), 22.4 (C-4). L&Y 3 L
G SCHRI12D00 BB — B0, 94 Sl 9 (i 24 e - T
BIR), 7 FAA CuHsNOs.
&Y 4. WRE@HR, '"H NMR (CDCl;,
500 MHz) dy: 6.10 (1H, s, NH-8), 4.51 2H, m,
H-6), 4.08 (IH, m, H-9), 3.71 (IH, m, H-4),
3.57 (2H, m, H-3), 2.40 (2H, m, H-5), 1.79 (2H,
m, H-10), 1.52 (1H, m, H-11), 1.01-1.02 (6H,
m, H-12, 13). "C NMR (CDCls, 125 MHz) d¢: 170.4
(C-1,C=0),166.2 (C-7,C=0), 68.5 (C-4), 57.4 (C-6),
54.3 (C-3), 53.4(C-9), 38.5(C-5), 37.4(C-10), 24.7
(C-11), 232 (C-12), 212 (C-13). tb&¥ 4 Biwid
5 SCHR[ 1310 B IEAR— 35, W2 IR (4-FR -
AMR-AM), 571208 CiHsNOs.
k& 5. H@EA, 'TH NMR (DMSO-ds,

500 MHz) dy: 8.14 (1H, s, NH-8), 4.37 (1H, m,
H-6), 4.14 (1H, m, H-9), 3.52(1H, m, H-4), 3.24
(2H, m, H-3), 1.95(2H, m, H-5), 121 (3H, d,
J=6.8 Hz, H-10), “C NMR (DMSO-d;, 125 MHz) dc:
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170.8 (C-1, C=0), 167.1 (C-7, C=0), 67.5 (C-4),
57.7 (C-6), 54.2 (C-3), 50.5 (C-9), 15.7 (C-10).
REHEE I 5 SCHR[ 1410 BEBEAR— 30, BB 5 %
ERF@G-RE-MEAR-WAR), 71+ H
Ci1HisN>O3,

&Y 6. AMEAR, '"H NMR (DMSO-d,
500 MHz) 6y: 11.00 (1H, s, NH-1), 10.81 (1H, s,
NH-3), 7.39 (1H, d, J=7.6 Hz, H-6), 5.44 (1H,
d, J=7.6 Hz, H-5), *C NMR (DMSO-d;, 125 MHz)
Sc: 164.7 (C-14, C=0), 151.9 (C-7, C=0), 142.6
(C-5), 110.6 (C-6). L&) 6 H%MEE M 5 CHR[15]
PR AR — 8, g o IRmERE, ST
C4H4N,O,0

&4 7. FalEik, 'H NMR (DMSO-ds,
500 MHz) 6y: 11.00 (1H, s, NH-1), 10.58 (1H, s,
NH-3), 7.24 (1H, s, H-6), 1.76 (3H, s, H-7).
3C NMR (DMSO-ds, 125 MHz) 6¢: 165.3 (C-4,
C=0), 151.9 (C-2, C=0), 138.1 (C-6), 108.1 (C-5),
12.2 (C-7). tLEW) 7 BREEHE 5 TR 164 B
— 3, P MR, 43R CsHNLO,.

& 8. @ik, "HNMR (DMSO-de,
500 MHz) dy: 11.27 (1H, s, NH-1), 7.69 (1H, s,
H-6), 6.18 (1H, m, OH-5"), 5.24 (1H, d, J=4.3 Hz,
OH-3'), 5.04 (1H, t, J=5.2Hz, H-1'), 4.23 (1H,
m, H-3), 3.75 (1H, dd, J=3.2 Hz, H-4"), 3.55 (2H,
m, H-5"), 2.06 (2H, m, H-2'), 1.77 (3H, s, H-7),
B3C NMR (DMSO-dg, 125 MHz) dc: 164.2 (C-4,
C=0), 150.9 (C-2, C=0), 136.5 (C-6), 109.8 (C-5),
87.7 (C-1"), 84.2(C-3"), 70.9 (C-4"), 61.8(C-5"),
39.4 (C-2"), 12.7(C-7). tb&W 8 K Eda 5 Sk
(1710 REEAR — 3, e 45 Ay oo it s g JOt A% 1T
M CioH14N, 055

&8 9: LA EWHIR., "HNMR (CDCls,
500 MHz) dy: 4.00 (4H, m, H-4, 4'), 2.35(4H,
m, H-2, 2, 1.68 (4H, m, H-1, 1), 1.58 (1H,
m, H-6, 6'), 1.23-1.34 (12H, m, H-7, 8, 9, 7',
8, 9, 091 (6H, m, H-11, 11’), 0.89 (6H, m,

H-10, 10), '*C NMR (CDCl;, 125 MHz) 5c: 173.5
(C-3, 3", 2x C=0), 66.8 (C-4, 4), 38.7 (C-6, 6),
34.0 (C-2, 2'), 30.4 (C-7, 7'), 28.9 (C-8, 8), 24.4
(C-1,1'),23.7 (C-11,11"),22.9 (C-9,9"), 14.0 (C-10,
10", fbAEY 9 BREE s 5 SR [ 180 FE A —3,

W E NS R Q- 2HEHEE, TN
CHy040

e 10. JLaEW k. "H NMR (CDCl;,
500 MHz) 6yy: 7.72 (2H, m, H-2, 5), 7.53 (2H,

m, H-3, 4), 424 (4H, m, H-1', 17), 1.72 (2H,
m, H-2', 2"), 1.27-1.51 (16H, m, H-3', 4', 5',
7', 3", 4", 5", 7", 0.96 (6H, d, J=7.5 Hz, H-6',
6"), 0.94 (6H, d, J=7.2 Hz, H-8', 8"), *C NMR
(CDCls, 125 MHz) 6c: 167.9 (2 x C=0), 132.6 (C-1,
6), 131.0 (C-3, 4), 129.0 (C-2, 5), 68.3 (C-1, 1"),
38.9 (C-2', 2™), 30.5(C-3", 3"), 29.1 (C-4', 4",
23.9(C-7, 7"), 23.1(C-5', 5"), 142 (C-6', 6",
11.1 (C-8', 8"), L&MW 10 k% s % 5 SR [19]
Xof HREEAS— 2, % AR TR —(2-23k2)
M, 731300 CHis040

&Y 1-10 Z540 0001 2 Fis .
3 e

SR R SR S (A T IN= Y S = N 7 I 2527 S 2
BeRe i, (V vE e W B 7 AR S TR A AR W i
PER IR =9 J1 B0 T AN R A P PR P 43
ATz, 2R e s A e B O RGP R 1k
G, B, KW Bacillus cereus 57 4)
H oA R 2 MRS AR e, SR R s
PRI AP, Mondol % )\ Bacillus sp. 091D194
AR B 4 D RENTRR IS B G) , XA E 2
AT . KM A T 34 A o o 8 9 A 35 22
Yonezawa 55 A — Wk 25 F1AF B b 40 15 380 S 1Y)
DKP K644, Xt il & EL AT 78 A Alim
% M Pseusoalteromonas phenolica I -H 43 25153
PRGN EY), RIZ S E
1Y Staphylococcus aureus AT BAFIIARBEERRY,
Franks %5 M\ Pseusoalteromonas tunicate fCifH 4 &
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Figure 2 Structures of compounds 1-10

T AE W HsZE AL A ) Tambjamines, EAHIE R
VERD, AT AR A sh i o0, e i e
WA IR R L, S5, R B R
Vi, BLE B KR b — KA

A= 5 R R N2 ST sl i — MR, B
BT A5 GG, A s AT
W58 1545 A TE I B B A A 3 B0 52 ) 22— o A
LR TSP A W B A B 0 235 4 2 i S A G T )
PR JE S5 I E WM I EZE R E . Crews
SR TE A W R KBS B B R B A o AR
A Wnk, AT LABD R A A M A A K, XA A
By A Wy 5 e 0 A R B R Y, X
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FEEHANTA AT LRI B B 00 A ke g 4 £ W i 1)
FETE45H . Stanley S5 FIHEFR A 22 G E
P& 21 AN () A= P TR A PRI, 7B JR S a7
TIE A S AR 2 TR A P A i o S A K
AT TS R T IR 225, A (0 i F
WA 25 7 i — 240 A A RS b T SR A A R
U % B o T a6 1 B 25 P ARV R 70 Fiee Z549F
I8 T YA R L WO A AR S R B AT
SR FZ I GIE B A0 e A A RE IS 5 | K K g
IR, IR R B AR AR B AR AEXT X R b5
W 4 SRS 2R 555 Harder 45 A2 90 440 T
2 TRV R A TOAS 1) ) KL B 0 % A S A5 gy e i
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W A U5 UESE A R A i AT DA™ A Bk
PR AR LR A R AR S R T DRk A
I 48 T L S S Ay e 40T 5 2 B T A g s 4
VE R ) S P PR

A8 B M PR e — 1> 1995 43 4 37 1 T 1 2
R, A SCRARIE R, B PR B A AT REME
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