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Screening, identification and characterization of marine
antimicrobial actinomycetes Y15

ZHANG Meng WANG Yan-Ting WANG Li-Ping" WU Ruo-Ming CHANG Shuai-Shuai

(College of Food Science and Technology, Shanghai Ocean University, Shanghai Engineering Research Center of
Aquatic-Product Processing & Preservation, Engineering Research Center of Food Thermal-processing Technology,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: [Objective] This paper aims at screening marine actinomycetes with broad-spectrum and
producing efficient antimicrobial active substance, to lay the foundation for the development of new
antibiotics. [Methods] Using Staphylococcus aureus, Escherichia coli, Bacillus subtilis and Listeria
monocytogenes as indicator bacteria, target bacteria from sea mud samples was primarily screened
with agar block method, and further screened with punching diffusion method; twenty indicator
bacteria were used to examine the antimicrobial spectrum of the new isolates Y10, Y11, Y15, Y16
and Y21; taxonomic status of the strain Y15 was determined by morphologic observation and
16S rRNA gene sequence analysis; mode of action of antimicrobial active substance to Listeria
monocytogenes was studied according to indicator bacteria ODgoo value; the antimicrobial activity
was used as an index to study the physical and chemical properties of antimicrobial active substances
produced by Y15. [Results] A total of 12 strains showing antimicrobial activities to antagonistic
strains were isolated; wherein Y15 had the widest spectrum, and could be against 18 of the 20 kinds
of indicator strains, and on four media it could produce antimicrobial active substances. The 16S
rRNA gene sequence analysis showed that Y15 had closest relationship with Micromonospora
endolithica. Activity of Y15 antimicrobial metabolites reached a maximum of 480 AU/mL in 144 h,
maintained 320 AU/mL from 168 h to 216 h. The action mode of Y15 antimicrobial active substance
to Listeria monocytogenes was sterilization. Antimicrobial activity of Y15 antimicrobial active
substances remained stable from —20 °C to 60 °C, and gradually declined from 80 °C to 120 °C, but
still retained 37.5% at 120 °C for 30 min; antimicrobial activity remained stable from pH 7.0 to 10.0,
and from pH 2.0 to 6.0 and pH 11.0 to 12.0 antimicrobial activity declined; Y15 antimicrobial
substances processed in the UV and four kinds of enzymes (Proteinase K, Trypsin, Papain and
a-Amylase) were stable, there were non-protein and non-peptide antimicrobial substances.
[Conclusion] The active substances produced by Y15 showed good antimicrobial spectrum and
activity, and were relatively stable, indicating a high application value in the future.

Keywords: Marine antimicrobial actinomycetes, Metabolites, Physicochemical properties,
Antimicrobial spectrum, Micromonospora
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(Salinospora) (Proteinase K) (Trypsin)
(Papain) - (a-Amylase)
[11-12] 27F (5-AGAGTTTGATCCTGGCTCAG-3")  1492R
(5'-GGTTACCTTGTTACGACTT-3")
1.1.3 EFE: (
[13-14] )
Kock [ ( )i F1
( ) F2 (
g/L) 20.00 2.00
Fiedler 5.00 0.50 0.50
(16] Verrucosispora 20.00 pH 7.2 F3 (
g/L) 45.00 25.00
0.20 1.00 0.10
Asolkar 17! Salinispora arenicola 0.01 3.00 pH 7.2 F4 (
g/L) 20.00 15.00
Arenimycin  Song ¥ 5.00 2.50 1.00 pH 7.2
Streptomyces niveus SCSIO LB (g/L) 10.00
Marfuraquinocins 5.00 10.00 10.00
A-D MRSE TSB-YE (g/L) 17.00
3 3.00 6.00 5.00
2.50 2.50 10.00 pH7.3
" MRS (g/L) 10.00 10.00
5.00 2.00 20.00
(80) 1.00 5.00 2.00
0.58 0.25 10.00 pH 6.5
= 114 EEUE
PCR
1 MRSk UVP
11 SRR 12 SEEMERAEGHL
111t 121 BEFERZESE: 25¢g 225 mL
(30°52'9.5"N 121°56'30.4"E) (0.90% NaCl 0.04% CaCl, 0.04% KCI)
1.1.2 FERF: K 1 5 min (10 /s) 55 °C
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[22] 107 100 pL

( 0.22 pm
50 mg/L 25 mg/L
2323 28 °C 7d

6 min

3
122 BFENEMREKEVG:
(Staphylococcus aureus)
coli) (Bacillus subtilis)
(Listeria monocytogenes) (

10® CFU/mL)
[26] [27] (

(Escherichia

7 mm

) 37°C 12h

123 BFENENLZENERR:

28 °C 180 r/min
100mL 4

10 mL

72 h 5%
28 °C 180 r/min 7d
4 °C 12 000 r/min
0.22 um

20 min

10® CFU/mL) ( 7.00 mm
50 uL)
(28] ( 50 pL
)y 37 °C
12 h

1.3 HIEIERIE

1.2.3 Y10 YII YI5 Y16
Y21 ( F2 F2
F1 F1 Fl) 20

1.4 EMWEE

16S rRNA
[29] NCBI
BLAST EZBioCloud
MEGA 5.0

1.5 Y15 {EEMIR~A% . MTEMLER
& pH 5FfEIBY X F

Y15 5% 200 mL
F1 28°C 180 r/min 48 h
10 mL pH
( ) 24 h
288 i3 (AU/mL)

(AU/mL)P"?
1.6 Y15 HIEFEHEMRMETFHIEAAR

TSB-YE
3 h (ODgyy 0.021) 7 h (ODgy
0.435) 20 mL
320 AU/mL Y15
F1 l1h ODgo
14 h[33-34]
1.7 Y15 EESEYRIBUERAR
1.7.1 REREME: 320 AU/mL
Y15 -20 0 20 40 60
80 100 °C lh 2h 120°C 0.5
1 2h [35-36]
1.7.2 pH f2E%: 320 AU/mL
pH 20 30 40 5.0
60 7.0 80 9.0 100 11.0 12.0 37 °C
2 h pH 7.8
[37]
1.7.3 HIMEE: 320 AU/mL
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30 W 10 YI0 YII YIS Y16 Y2l
20 30 40 50 60 min YIS Y21 4
B8] Y10 Y16
1.7.4 BR/KEFEZEM: 320 AU/mL Y10 Y11 Y15
1 g/L Y16 Y21 5 Y5 4
K o- F1
pH 2h Y10 Y1l Y6 Y21
pH 7.8 el 5 3
2 ER540H YIS Y10 Y1l YI6 Y21
21 BNEEEENAE L YIS FI F4
4
2 F3
[25,39] 3
1 Fl F4 Y15
F2  F3 F1

F4

F1 BFNERAEEFRRBEFRERONERR

Table 1 Inhibition effect of marine antimicrobial actinomycetes in different fermentation media

Strain Fl F2 F3 F4
number S E B L S E B L S E B L S E B L
Y1 4= = = = 4= = = = = = = = A = = =
Y2 - +++ - +++ - ++ - ++ ++ - = = AHF = = ++
Y3 ++ - - - ++ - - - =+ - - - ++ - - -
Y5 ++ = = = = = = = =+ - = = HE = = =
Y6 - - - ++ - - - ++ - - + ++ - - - ++
Y9 dHE dEE HE — — — = — = = — = — — = =
Y10 - - - - = = H+ =+
Y11 - - - - H+ A A — H+ - H+ -
Y15 dHHEEE O aEE dEHE dHHEE +++ = HE dHEE REE = dEEE dEEE dHEEE dEE dEER dEERE
Y16 H+ = - - - - A = S HH -
Y21 HEEE AR dHEEE AEEEE = = = = AHEEE AR dEEE dEEF = = = =
Y22 ++ - - - - - - - =+ - - + ++ - - +
F1 F2 F3 F4 4 .S E B L L
20 mm +++ 15-20 mm ++ 10—-15 mm + 10 mm -

Note: F1, F2, F3 and F4 represent four kinds of fermentation medium. S: S. aureus; E: E. coli; B: B. subtilis; L: L. monocytogenes. ++++:
Inhibition zone diameter greater than 20 mm; +++: The diameter of inhibition zone between 15 mm to 20 mm; ++: The diameter of
inhibition zone between 10 mm to 15 mm; +: Inhibition zone diameter less than 10 mm; —: No obvious inhibition zone.
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2.2 HNEIE ATCC13932

Y10 Y11 YI5 Y16 Y21 23.00 21.50  21.40 mm
12 (G
8 (G) 5
2 2 Y15 22.35 mm

12
13.45 mm Y15
ATCC19112 Y10

£2 Y10. Y11. Y15. Y16 1 Y21 B9 E B2

Table 2 Diameter of inhibition zone of Y10, Y11, Y15, Y16 and Y21 (mm)

. . Y10 Y11 Y15 Y16 Y21
Indicator bacteria

L. monocytogenes ATCC19112 15.34+0.02 0.00+0.00 23.00+0.28 20.33+0.57 20.09+0.03

ATCC19114 14.25+0.35 0.00+0.00 16.55+0.35 16.50+0.70 16.50+0.00
L. monocytogenes ATCC19114
ATCCI19117 14.75+0.35 0.00+0.00 17.50+0.00 18.65+0.49 18.10+0.14
L. monocytogenes ATCC19117
ATCC13932 14.80+0.28 0.00+0.00 21.50+0.70 21.20+0.28 21.25+0.35
L. monocytogenes ATCC13932
ATCC19116 14.50+0.70 0.00+0.00 14.35+0.21 15.25+0.35 14.70+0.42
L. monocytogenes ATCC19116
S. aureus 20.23+0.23 19.90+6.17 21.40+0.14 19.60+0.55 20.17+0.76
B. subtilis 21.97+0.05 20.73+0.92 18.70+0.42 23.60+0.17 18.23+0.04
F1-5-10 17.85+0.49 13.90+0.57 15.90+0.42 17.90+0.57 14.50+0.71
B. cereus F1-5-10
S. lugdunensis 18.50+0.71 17.35+£0.21 19.35+0.21 17.25+0.35 17.00+0.70
K. rhizophila 21.75+1.06 15.40+0.28 18.25+0.35 14.30+0.42 0.00+0.00
L. acidophilus 13.60+0.85 0.00+0.00 13.45+0.07 13.35+0.21 0.00+0.00
L. delbrueckii 12.40+0.85 0.00+0.00 14.15+0.21 14.50+0.70 0.00+0.00
N. subflava 0.00+0.00 16.75+0.35 18.10+0.14 0.00+0.00 16.25+0.36
E. coli 0.00+0.00 21.13+0.35 12.75+0.35 0.00+0.00 11.15+0.13
A. veronii 0.00+0.00 18.25+0.35 22.35+0.21 0.00+0.00 18.25+0.00
P. brassicacearum 0.00+0.00 10.50+0.42 14.25+0.35 0.00+0.00 11.00+0.70
Y1 S typhiY1 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
L3 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
C. amalonaticus L3
33847 0.00+0.00 0.00+0.00 13.10+0.24 0.00+0.00 0.00+0.00
V. parahemolyticus 33847
33802 0.00+0.00 0.00+0.00 10.75+0.24 0.00+0.00 0.00+0.00

V. parahemolyticus 33802
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Y15
21.97 mm EZBioCloud Y15
Y11 5 MEGA 5.0
4 (Neighbor-Joining method)
Y10 Y16 1 Y15 M. endolithica
Y21
10 4 24 Y15 EEEHRSE . ARETEMNLE
ATCC13932 & pH 5Ef[EIEYXH
21.25 mm Y15
Y15 ( 2 pH 48 h 24 h
1 2 Y15 YI0 Y11 Y16 288 h 2
Y21 2 48—144 h
Y15 2 96—120 h 320 AU/mL
Y15 144 h 480 AU/mL 168-216 h
320 AU/mL
23 ERLE 48-216 h
Y15 (0.73 g/100 mL) 48-216 h Y15
216288 h pH
Y15 16S rRNA PCR 48 h 168 h
GenBank 168-216 h 216 h
KUS517850 Y15 Y15
BLAST Y15 216 h
(Micromonospora)
M. endolithica 98% pH
Micromonospora sp. Y15 (KU517850)
Micromonospora endolithica DSM 44398* (AJ560635)
Micromonospora narathiwatensis BTG4-17 (AB193559)
65 Micromonospora chaivaphumensis MC5-17 (AB196710)
Micromonospora equina Y22" (JF912511)
Micromonospora sediminicola SP206-17' (AB609325)
Catellatospora citrea NBRC 14495" (D85477)
0005

1 ET 16S rRNA EEFIMEH/NBRERFLER
Figure 1 Phylogenetic tree of constructed based on 16S rRNA gene sequence
1 000 GenBank 0.005

0.5% 16S rRNA .
Note: The bootstrap values (%) presented at the branches were calculated from 1 000 replications; Numbers in parentheses are GenBank
accession numbers; The scale bar 0.005 represents 5 nucleotide substitutions per 1 000 nucleotides.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



520 WA 384K Microbiol. China

2017, Vol.44, No.3

—=— Antimicrobial activity (AU/mL)

3 500 .~ Dry weight (/100 mL) PN
£ f—-eH < oy
2 =)
= 400} los 2
z 18.0 £
Z 300 1053
- {78 & 104 =
g on
= 200 Jos 3
g 17 A S
g IOO% l 102 5
E 10.1

< 04 . X . ) ) 74

48 96 144 192 240 288
1 (h)

2 YISHIEFRMEMRSE . B TEMARGpH 5
A 18] % A% A 2%

Figure 2 Change of antimicrobial substance, dry cell
weight and pH during Y15 fermentation

2 Y15
Y15
[40]

Govindarajan !

168—216 h

25 YISHIEEMYRMEREER AN
3 Y15

(0D600:0.43 5

1.13x10° CFU/mL )
320 AU/mL Y15
ODgoo 14 h ODyg
0.200 ( 1.42x10° CFU/mL
4 )
ODegop
Y15
. ODgo

(ODg0p=0.021) Y15

ODspo (ODgpp=0.01)

0.8 |

0.6 -

OD 600

0.4+

02+

0.0

3 Y15 HIETE IR AR E A R RAER AR
Figure 3 Action mode of antimicrobial substance of Y15
against L. monocytogenes
C L
(ODgpp=0.435).

Note: C: Control; L: Low concentration (ODgy=0.021); H: High
concentration (ODgp=0.435).

(OD(,()():0.0zl) H

Y15
ODyggg Y15
Todorov 3! Abrams
2.6 Y15 HIEE M REBA R
2.6.1 REREM: YIS 4
—20-60 °C 80 °C lh

2 h 240 AU/mL 160 AU/mL
100 °C 1lh 2h 120 AU/mL

O

b

£ s00f 02

3 22 30 min

=

Z 200

2

g

5 1007

£

£

< 0

20 0 20 40 60 80 100 120

Temperature (°C)

4 REX Y15 HIEEEYRAE N
Figure 4 Effect of temperature on activity of antimicrobial
substance of Y15
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80 AU/mL 120 °C lh 2h
120 °C 30 min 37.5%
4 Y15
2.6.2 pH F2EM: 5 Y15
pH 7.0-10.0
pH6.0-2.0 pH11.0-12.0
pH 20 120
2h 25%  50% Y15
pH
7.0-10.08
2,63 KR TEE:
(38] 6 Y15
1h Y15
2.6.4 [E/KERTEE: 7 Y15
3
Y15
(36] Y15 0-

3]
(=
(=]

200

100

Antimicrobial activity (AU/mL)

0
Control 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.010.011.012.0
pH

El5 pH Xt Y15 #EE MY RAIZNE

Figure 5 Effect of pH on activity of antimicrobial substance
of Y15

300
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100 |

Antimicrobial activity (AU/mL)
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El6 ZINXT Y15 MEEHEM R
Figure 6 [Effect of UV on activity of antimicrobial

substance of Y15
& S

o o N Nl
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Enzymes

B7 B3 YIS MEEEMRAIE M
Figure 7 Effect of various enzymes on activity of
antimicrobial substance of Y15
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