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Abstract

To identify the diversity of halophilic bacteria from fermented seafoods, 86 strains were isolated and a phylogenetic
analysis was carried out based on the results of 16S rRNA gene sequencing. The isolated strains were divided into
3 phyla, 7 families, 9 genera, and 24 species. Bacilli class, the main phyletic group, comprised 84.9% with 4 fami-
lies, 6 genera, and 19 species of Bacillaceae, Planococcaceae, Staphylococcaceae, and Enterococcaceae. The strains
were tested for amylolytic, cellulolytic, lipolytic, and proteolytic activity and 55 strains showed at least one enzyme
activity. Furthermore, auxin activity was determined in two strains. These results indicate that the isolated strains have
the possibility for application in the food and feed industries and of being important genetic resources in Korea.
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et al, 2017). FAPE G2 FA FE S THAY =S
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Ak Mg B4 79 5 EE A7k $AED
S THGiyatmi and Irianto, 2017; Zang et al., 2020). Protease
woohE, Pl 4E fd) BAE olgShe AUH S8
e F7h AFA ROk G4 FgolM ARE AT o]

of 21F okl thek Ao g 2 v7FL ofel &40
ARG AF BE, AFRA TH, = vk, A" ke,

&, A, AT, Al Alx, F7] 3
oAz, BF 5 e U8, U, $EAE T B T
ofo] o] &% ATh(Singh et al., 2016). AF3F Fop# of
Uzt Aol BE AFHd Fooll Ao BE, 7H, Ax
g 5ol oAl protease, amylase, lipase 22 -85
ol o‘E}(Mayuri et al., 2019).
ATl = E}ohﬂ YFNFORTE THAY M4
ES £ By & AFHoE 28 UHEe a4 4%
(amylase, lipase, cellulase protease)®] &S HASHITH
T3 A2 AEE T8k 75 FoeEN s S
A ks P EH R R &85 913 auwin AAbs 4
S Aol 394 mAE Ade] 7HAE AlaLskaL Ak
24 AE AEFS ¢ mAEHIE A7 712 A
A& &go] 7 Aoz o /gt

b 0130 ml
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S g3 98 4 AES ¥ 0.85% saline solution
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oS =Sl 25, 37, 50°ColA 3714w SHVIES
vk & AeH o g w1 el Yehte w2 27], Y,
Az 5 e Rl wet sd AR o] F7H
© 2 single colony isolationg G 3t T &9 ul =] o A €]
AL 7HeAS Flslr] Q8 o4 E2lE HFE5 nutrient
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A7IAE e A4S o= on A 16S IRNA A 714
G2RE 7P AR 29 #79 E81S fske @dH
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0]-8-3}o] phylogenetic treeS 2 3131 TH
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WA & ALE-SFA Y. WA amylase 42 0.2% soluble
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Table 1. Isolation and identification of halophiles isolated from the fermented seafood

* *

No Source  Isolate ~ NA* R2A TSA MA No Source  Isolate ~ NA* R2A TSA
pH5 pH7 pHI pHS pH7 pH9

1 GS-BC 1A + o+ o+ 4+ + + 44 3 GS-BCIA + +  + + ¥ T
2 GS-BC6A  + + + - + - 45 9#Ho]GS-BC6A  + o+ o+ - + -
3 GS-BC7A  + + + - + - 46 A% GSBCTA o+ o+ o+ - + -
4 GS-BCoA  + + o+ - + - W GS-BC9A  + + + - n -
5 Hﬁfa] GSBCIB - + + -+ - 48 GSBCIB - + o+ -+ -
6 4 1 GS-BC2B + 0+ + - + - 49 GS-BC 2B + o+ o+ - + -
7~ "7 Gs-BC3B + o+ F - + - 50 GS-BC 3B + o+ 4 - + -
8 GS-BC 4B -+ F - + - sl GS-BC 4B -+ o+ - + -
9 GS-BC 5B + o+ F - + - 52 GS-BC 5B + o+ o+ - + -
10 GS-BC 1C - + 4 - + 4+ 53 GS-BC 1C - + - + o+
11 SB-SC 1A + 4+ P+ + 54 SB-SC 1A . S R
12 SB-SC2A + o+ F - + 4+ 55 SB-SC 2A + o+ 4 - + o+
13 SB-SC 3A - - - - + o+ 56 SB-SC 3A - - - - + o+
14 SB-SC4A + o+ F - + o+ 57 SB-SC 4A + o+ 4 - + o+
15 SB-SC 5A + - - - + + 58 = SBSCSA + - - - + o+
16 SB-SC6A  + + + - 4+ + 59 213 SB-SC6A  + 4+ 4+ - 4+
17 SB-SC 7A + - - - +  + 60 iy SBSCTA + - - - + o+
18 SB-SC 8A + o+ F - + o+ 6l SB-SC 8A + o+ 4 - + o+
19 SB-SC 9A - - - - + o+ 6 SB-SC 9A - - - - + o+
20 SB-SC10A + + + + + + 63 SB-SC10A + + + +  + +
21 SB-SC 1B - -+ + - 64 SB-SC 1B - -+ o+ o+ -
22 SB-SC 2B - -+ + - 65 SB-SC 2B - -+ o+ o+ -
23 2=z1m SB-SC3B - -+ + - 66 SB-SC 3B - -+ o+ o+ -
24 7v7 SB-SC4B + 0+ + o+ o+ - 67 SB-SC 4B + o+ o+ o+ o+ -
25 A% SB-SC 5B - + 4+ o+ + o+ 68 SB-SC 5B - + o+ o+ o+
26 SB-SC 6B - -+ - + ) SB-SC 6B - -+ - + -
27 SB-SC 7B - + o+ o+ 4+ 4+ 70 SB-SC 7B - + o+ o+ o+ o+
28 SB-SC IC + o+ F - + o+ Tl SB-SC 1C + o+ 4 - + o+
29 SB-SC2C + 0+ + + + o+ N2 SB-SC 2C ¥  +  +  +  + +
30 SB-SC4C - - + o+ o+ o+ 73 SB-SC 4C - - + o+ o+
31 SB-SC 5C - + 4 - + o+ T4 SB-SC 5C - + 4 - + o+
32 SB-SC 6C + 0+ +  +  +  + 75 SB-SC 6C + o+ o+ o+ o+ o+
33 SB-SC 1D - + 4 - + o+ 76 SB-SC 1D - + o+ - + o+
34 SB-SC 3D - + 4 - + o+ 77 SB-SC 3D - + o+ - + o+
35 SBsSC4D - - -+ o+ o+ B’ o‘]j* SB-SC4D - - -+ o+ o+
36 SB-SC 5D + o+ F - + - 79 T SB-SC5D + o+ 4 - + -
37 SB-SC 6D + o+ F - + - 80 SB-SC 6D + o+ 4 - + -
38 SB-CC 1A + o+ F - + -8l SB-CC 1A + o+ o+ - + -
39 SB-CC2A + o+ F - + - 82 SB-CC 2A + o+ o+ - + -
40 ?idi %k SB-CC 3A + - - - + - 83 SB-CC 3A + - - - + -
41 24"7; SB-CC4A o+ F - + - 84 SB-CC 4A + o+ 4 - + -
42 7T SB-CCS5A + o+ 4 - + + 85 %9 SBCCSA r  + = - FR——
43 SB-CC7A + o+ F - + - 8 m=x A SB-CCTA + o+ 4+ - + -

"Nutrient agar

*Marine agar

*Well-growth

*No growth

NAE E S6EFE o4 %
2RE 7P Be 27357} FeHr. of
£ 9z ne 294

° AFZ ot B3k Fa Aol FI]90RE o]Fox
a7 marine agar ¥R = S| PIAYE vl fElg wjA]o]7]
SHAl YRt of 24 &&IsAES Elskr] flste] i wid ol
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Bo] &85+ T A (nutrient agar, R2A agar, tryptic
soy agar)ollAe] 2] #7594 A5 7S gelg 4
I 86T T 6w = AT 80FF(93.0%)7F HA 1F
Foolde] &3t uiF| oA o] 7heet A glsk
ol Yl HEAHES 94 FAE FAd JlojA
2] w8 FAE] o= A TS PX= AR
AZtEm, £ AT 2345 R R s ful HEAE
SHA vAE EEE 9% H 3 ¥iA= marine agar
A2 vebstth 23 HA o] S pH 21E <16
sted pHE 5, 7, 92 Z+ZF A3 marine agar B A 9]
g A5 AFS gls & A £8E 45
Staphylococcus epidermidis CTC-1-2-25 A|9|3 RE HF
7F pH 7914 B&o] kst en ©F 31dF+= pH 590
M= Ago] 7FEstem pH 99llM Afol 71 #F
= 45T F A TH(Table 1).

oN fr o Z

16S rRNA RZIXt DNA 7 (MA2| HISsHH 24
=] tddt sl el HEAEREE 3o B
219 86772 16S rRNA €714 €S vl o= NBLAST
program3} EzBioCloudE AM&-3le] HIAE TS 4AAl
st A3 AA 3% 55 7 9% 24F 02 UEyoH
(Table 2), ¥ #F9 <A o+F 2 454 S Table 3
of Jepidlct. gt w8 3 E 475 7He A

E 3] {8t AlTTE 2 st th(Fig. 1). Table
204 B ule} 7+o] Firmicutes (Bacilli)?} 84.9%% 7}
A -7 =93, Actinobacteria 1.1%, Proteobacteria
(Gammaproteobacteria) 14.0%% el 718 - =7}
%<2 Firmicutes -2 Bacillaceae 63.0%, Staphylococcaceae
30.1%, Planococcaceae 5.5%, Enterococcaceae”} 1.4%=
TAEROH, F 43 65 19F°] EHAT B A9
A 7hd Wol E2]® Bacillaceae?H = Bacillus sp.©] 3 %
AE FAAE Hofoa Fol Eaj=r da2F Sl
ME AZdFAA T2 FE ke 2ol &8 A 7] sl
& e BEARES] vAlE FFoA 7P Bl 2EE A
o2 o E th(Yang, 2005; Hur, 1996; Lee, 1969; Nam,
2012). B3t metagenome A1) 71WHS F RIS 4
o] AFLarFol AE&HAA 7E S FHll FEAF
Arol] A R]A] ¥ Staphylococcaceae?}t Staphylococcus
0] 22%0] FlEATHGuan et al, 2011). °J& 5+
coagulaseE Y AFHA] ol A F L8+t Staphylococcus
aureus®t =W, FAA WAel Uiz, Y-S HALE]
A & coagulase-negative staphylococci (CNS)Z &7¥
t}(Blaiotta et al., 2004). Actinobacteria oA 15 1%
(Micrococcus luteus)®] 2] = 2™ Proteobacteria -l 4]
2% 4%o] EY =T B3 28 #F T 2 79
16S tDNA H71X <Y ZdE7d0] S 10+5(98.7% °©lsh=

Table 2. Taxonomic analysis of halophiles isolated from the fermented seafood

Phylum Class Order

Family

Genus Species Number

Actinobacteria  Actinobacteria c Micrococcales

Micrococcaceae

Micrococcus Micrococcus luteus 1

Firmicutes Bacilli Bacillales

Planococcaceae

Staphylococcaceae  Staphylococcus

Lactobacillales

Bacillaceae

Enterococcaceae

Bacillus altitudinis 20
Bacillus licheniformis
Bacillus mojavensis

Bacillus

Bacillus paranthracis
Bacillus pumilus

—_— = = W

Bacillus vallismortis

—_
w

Bacillus velezensis
Oceanobacillus  Oceanobacillus kimchii
Oceanobacillus manasiensis
Paralkalibacillus Bacillus clausii

Bacillus rhizosphaerae
Planococcus Planococcus citreus
Planococcus plakortidis
Staphylococcus epidermidis
Staphylococcus equorum
Staphylococcus saprophyticus
Staphylococcus sciuri
Staphylococcus warneri

Tetragenococcus  Tetragenococcus halophilus

Proteobacteria

Vibrionales

Gammaproteobacteria Pseudomonadales Moraxellaceae

Vibrionaceae

Psychrobacter  Psychrobacter celer
Psychrobacter marincola

Vibrio Vibrio litoralis

0 = = N|= B W WL 0N W= —= N = N

Vibrio rumoiensis
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Table 3. Characterization of halophiles isolated from the fermented seafood

ol

No Isolate Name Closest strain Closest strain ~ Identity  Extracellular enzyme activity e Deposited
number (%) Amy* Cel’ Lip° Pro number
1 GS-BC 1A  Staphylococcus saprophyticus ATCC 15305 100.00 - - - - - NMC4-B234
2 GS-BC6A  Bacillus clausii DSM 8716 9939  ++ - - +++ - NMC4-B238
3  GS-BC7A  Bacillus altitudinis 41KF2b 100.00 - - - - - NMC4-B239
4  GS-BCOA  Bacillus vallismortis DVI-F-3 99.80  +++ - - - - NMC4-B240
5 GS-BC 1B Bacillus altitudinis 41KF2b 100.00 - - - - - NMC4-B241
6 GS-BC2B  Bacillus altitudinis 41KF2b 100.00 - - - - - NMC4-B242
7  GS-BC3B  Bacillus velezensis CR-502 99.79  +++ - - - - NMC4-B243
8 GS-BC4B  Bacillus altitudinis 41KF2b 100.00 - - - - - NMC4-B244
9 GS-BC 5B Bacillus mojavensis RO-H-1 99.93  +++ - - - - NMC4-B245
10 GS-BC 1C  Bacillus clausii DSM 8716 99.39 + - - - - NMC4-B246
11 SB-SC 1A Planococcus plakortidis DSM 23997 99.65 - - - - - NMC4-B198
12 SB-SC2A  Staphylococcus sciuri DSM 20345 100.00 - - - -+ - NMC4-B199
13 SB-SC3A Vibrio rumoiensis S-1 100.00 - - +++ - - NMC4-B200
14 SB-SC4A  Staphylococcus sciuri DSM 20345 100.00 - - - - - NMC4-B201
15 SB-SC5A  Planococcus plakortidis DSM 23997 99.65 - - - +++ - NMC4-B202
16 SB-SC6A  Staphylococcus sciuri DSM 20345 100.00 - - - -+ - NMC4-B203
17 SB-SC7A Vibrio rumoiensis S-1 100.00 - - +++ - - NMC4-B204
18 SB-SC8A  Staphylococcus saprophyticus ATCC 15305 100.00 - - - - - NMC4-B205
19  SB-SC9A Vibrio rumoiensis S-1 100.00  +++ - +++ - - NMC4-B206
20 SB-SC 10A  Staphylococcus equorum ATCC 43958 100.00 - - - - - NMC4-B207
21 SB-SC 1B Vibrio rumoiensis S-1 100.00  +++ + - - - NMC4-B208
22 SB-SC2B Vibrio rumoiensis S-1 100.00  +++ - - - - NMC4-B209
23 SB-SC 3B Vibrio rumoiensis S-1 100.00  +++ + - - - NMC4-B210
24 SB-SC 4B Staphylococcus saprophyticus  ATCC 15305 100.00 - - - - - NMC4-B211
25 SB-SC 5B Planococcus plakortidis DSM 23997 99.65 - - - +++ - NMC4-B212
26 SB-SC 6B Vibrio litoralis MANO22D 100.00 - + - - - NMC4-B213
27 SB-SC 7B Planococcus citreus DSM 20549 99.93 - - - +++ - NMC4-B214
28 SB-SC 1C Staphylococcus saprophyticus  ATCC 15305 100.00 - - - - - NMC4-B215
29 SB-SC2C Psychrobacter celer SW-238 100.00 - - A +  NMC4-B216
30 SB-SC4C Vibrio rumoiensis S-1 100.00  +++ - - +++ - NMC4-B217
31 SB-SC5C Psychrobacter celer SW-238 100.00  +++ - +++ - - NMC4-B218
32 SB-SC 6C Staphylococcus equorum ATCC 43958 100.00 - - - - - NMC4-B219
33  SB-SC 1D Oceanobacillus kimchii X50 100.00 ++ - - - - NMC4-B220
34 SB-SC3D Oceanobacillus kimchii X50 100.00 - - - - - NMC4-B221
35 SB-SC4D Vibrio rumoiensis S-1 100.00  +++ - - - - NMC4-B222
36 SB-SC5D  Staphylococcus saprophyticus ATCC 15305 100.00 - - - - - NMC4-B223
37 SB-SC 6D  Psychrobacter marincola KMM 277 100.00 - - - - - NMC4-B224
38 SB-CC 1A  Bacillus altitudinis 41KF2b 100.00 - - - - - NMC4-B225
39 SB-CC2A  Staphylococcus equorum ATCC 43958 100.00  +++ - - - - NMC4-B226
40 SB-CC3A  Oceanobacillus manasiensis ~ YD3-56 100.00 - - - ++ - NMC4-B227
41 SB-CC4A  Staphylococcus equorum ATCC 43958 100.00 - - - - - NMC4-B228
42  SB-CC5A  Bacillus rhizosphaerae SC-NO12 100.00  +++ - - - - NMC4-B229
43  SB-CC7A  Staphylococcus equorum ATCC 43958 100.00  +++ - - - - NMC4-B230
44 SB-CC 1B  Staphylococcus equorum ATCC 43958 100.00 - - - - - NMC4-B231
45 SB-CC2B  Staphylococcus equorum ATCC 43958 100.00 - - - - - NMC4-B232
46 SB-CC3B  Staphylococcus equorum ATCC 43958 100.00 - - - - - NMC4-B233
47 OGH-1 Bacillus licheniformis ATCC 14580 9891  +++ - - - - NMC5-B213
48 OGH-2 Bacillus velezensis CR-502 99.71  +++ - - - - NMC5-B214
49  OGH-3 Bacillus altitudinis 41KF2b 99.09  +++ - - - - NMC5-B215
50 OGH-4 Bacillus velezensis CR-502 99.62  +++ - - - - NMC5-B216
51 OGH-5 Bacillus velezensis CR-502 98.57  +++ - - ++ - NMC5-B217
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Table 3. Characterization of halophiles isolated from the fermented seafood

No Isolate Name Closest strain Closest strain Ide(? tity _ Extracellular enzyme activity Aux® Deposited
number () Amy* Cel” Lip* Pro number

52 OGH-6 Bacillus altitudinis 41KF2b 98.53  +++ - - - - NMC5-B218
53  OGH-8 Bacillus velezensis CR-502 99.62  +++ - - +++ - NMC5-B220
54 OGH-9 Bacillus altitudinis 41KF2b 98.45 - - - ++ - NMC5-B221
55 OGH-10 Bacillus altitudinis 41KF2b 99.18 - - - ++ - NMC5-B222
56 OGH-11 Bacillus velezensis CR-502 98.44  +++ - - + - NMC5-B223
57 OGH-12 Bacillus altitudinis 41KF2b 98.44  +++ - - - - NMC5-B224
58 OGH-13 Bacillus altitudinis 41KF2b 98.53  +++ - - - - NMC5-B225
59 OGH-14 Bacillus altitudinis 41KF2b 99.18  +++ - - + - NMC5-B226
60 OGH-15 Bacillus altitudinis 41KF2b 99.46 - - - - - NMC5-B227
61 OGH-16 Bacillus altitudinis 41KF2b 98.83 - - - - - NMC5-B228
62 OGH-17 Bacillus licheniformis ATCC 14580 99.55 - - - - - NMC5-B229
63 OGH-18 Bacillus velezensis CR-502 99.81  +++ - - +++ - NMC5-B230
64 OGH-19 Bacillus licheniformis ATCC 14580 99.54  +++ - - -+ - NMC5-B231
65 OGH-21 Bacillus altitudinis 41KF2b 99.46 - - - + - NMC5-B233
66 OGH-22 Bacillus altitudinis 41KF2b 98.91 - - - ++ - NMC5-B234
67 OGH-23 Bacillus altitudinis ASJC01000029  97.99 - - - - - NMC5-B235
68 OGH-24 Bacillus velezensis CR-502 99.43  +++ - - +++ - NMC5-B236
69 OGH-25 Bacillus pumilus ATCC 7061 99.82 - - - -+ - NMC5-B237
70  OGH-26 Bacillus altitudinis ASJC01000029  99.10 - - - - - NMC5-B238
71  OGH-27 Bacillus altitudinis 41KF2b 98.44  +++ - - - - NMC5-B239
72 CTC-1-1-1-1 Bacillus velezensis CR-502 99.62 ++ - - +++ - NMC6-B15
73 CTC-1-1-2-1 Bacillus velezensis CR-502 99.62 + - - +++ - NMC6-B16
74 CTC-1-1-2  Bacillus velezensis CR-502 99.71  +++ - - - - NMC6-B211
75 CTC-1-2-2  Staphylococcus epidermidis NCTC 11047 99.28 - - + - - NMC6-B212
76  CTC-1-3-2  Bacillus velezensis CR-502 98.09 - - - +++ - NMC6-B213
77 CTC-2-1-1  Bacillus altitudinis ASJC01000029  99.01 - - + - - NMC6-B64
78 CTC-2-1-2  Staphylococcus epidermidis ~ NCTC 11047(T) 99.28 - - - - - NMC6-B264
79 CTC-2-2-1  Staphylococcus warneri ATCC 27836 99.10 - - - - - NMC6-B65
80 CTC-2-6-1  Bacillus velezensis CR-502 99.15 + - - +++ - NMC6-B67
81 CTC-2-7-1  Staphylococcus warneri ATCC 27836 99.35 - - - - - NMC6-B68
82 CTC-3-1-1  Staphylococcus warneri ATCC 27836 99.36 - - - - - NMCo6-B124
83 CTC-3-1-2  Micrococcus luteus NCTC 2665 98.23 - - + +++ + NMC6-B331
84 CTC-3-2-1  Bacillus paranthracis Mn5 99.37 - - ++ +++ - NMC6-B125
85 TY-AC 3B Staphylococcus warneri ATCC 27836 100.00 - - - - - NMC4-B196
86 TY-AC IC  Tetragenococcus halophilus DSM 20339 99.93 - - - - - NMC4-B197
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Fig. 1. Evolutionary relationships of taxa by using the 16S rDNA sequences of bacteria from the fermented seafoods. The
evolutionary history was inferred using the Neighbor-Joining method (Saitou and Nei, 1987). The optimal tree with the sum of branch length
= 0.90619112 is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000
replicates) are shown next to the branches (Felsenstein, 1985). The evolutionary distances were computed using the Maximum Composite
Likelihood method (Tamura et al., 2004) and are in the units of the number of base substitutions per site. This analysis involved 86
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each sequence
pair (pairwise deletion option). There was a total of 973 positions in the final dataset. Evolutionary analyses were conducted in MEGAG6

(Tamura et al., 2013).
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