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Abstract

BACKGROUND: Although antibiotics have contributed
to treatment of bacterial infection, the antibiotic abuse can
lead to antibiotic resistant bacteria. Impact of human ac-
tivities on distribution of antibiotic resistance has been in-
tensively issued and occurrence of antibiotic resistant
bacteria in contaminated environments would not be a
surprise. Nonetheless, anthropogenic contamination with
the dissemination of antibiotic resistance along uncon-
taminated environments has been less considered. The
aim of this study is to investigate antibiotic resistant bac-
teria across Ulleungdo, known as antibiotic resistance free
and anthropogenic pollution free environment in Rep. of
Korea.

METHODS AND RESULTS: Antibiotic resistant bac-
teria in coastal seawater of Ulleungdo were investigated in
July 2021. Antibiotic susceptibility test using the disk dif-
fusion method was applied with six drugs according to the
Clinical and Laboratory Standards Institute (CLSI) guide-
line. Total 43 bacterial isolates were tested and 20 isolates
among of them showed multidrug resistance. Particularly,
the number and ratio of resistant bacteria were relatively
high in a densely populated area of Ulleungdo. The bacte-
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rial communities were investigated using 16S rRNA gene
metabarcoding approach in the coastal seawater and soils
of Ulleungdo. In the bacterial communities, Firmicutes
were selectively distributed only in seawater, suggesting
the possibility of anthropogenic contamination in coastal
seawater of Ulleungdo.

CONCLUSION(S): We found antibiotic resistant bac-
teria in a populated area of Ulleungdo. The occurrence of
antibiotic resistant bacteria in Ulleungdo seems to result
from the recent anthropogenic impact. Consistent mon-
itoring of antibiotic resistant bacteria in the uncontami-
nated environment needs to considered for future risk as-
sessment of antibiotics.

Key words: Antibiotic resistant bacteria, East Sea, eDNA,
Metabarcoding, Microbial communities
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Fig. 1. Map of sampling sites in Ulleungdo. Details are
described in Table 1.

Table 1. Information of sampling sites in Ulleungdo

Source Site GPS Area. .
(population®)
Ul 37°29'35"N 130°54'44"E
U2 37°28'55"N 130°54'31"E A(6,418)
U3 37°27'38"N 130°52'37"E
U4 37°27'49"N 130°52'41"E
Seawater
U5 37°28'41"N 130°48'32"E B(1,361)
U6  37°31'37"N 130°49'37"E
U7 37°31'35"N 130°49'31"E
C(1,303)
U8 37°3225"N 130°5221"E
U9 37°28'53"N 130°54'32"E A
U10 37°30'38"N 130°47'58"E B
Soil Ull 37°31'14"N 130°52'14"E
Ul2 37°31'12"N 130°52'17"E C

U13 37°31'14"N 130°52'30"E

*Population: peoples lived in certain area.
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33l PCR HFg> Solg™ 2X Taq PCR Pre-Mix
(SolGent Co., Ltd. Korea)E AF&-3}¢] denaturation 95°C
o|x] 20%, annealing 55°C°lIA] 40%, extension 72°Cel|4]
13-9] 23100141 30 cycles 33I3ith Bacterial 16s rRNA
gene®] PCR M Genomic Gel purification kit
(Bioneer Co. Korea)E ARgato] A & ¥, 1% agarose
gel 1719 F % 1.4kbe ERIISITE YAISh bacterial 16s
RNA geneS-2 71 Z4(Korea)oll 2J#3lo] 471 £4
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HiFi Hotstart ready mix(Roche, Switzerland)E 12.5 pL,
Bakt 341F¢} Bakt 805R primerE 7} 2.5 uL, D.WE 5 L,
T12]3l eDNAE 25 pLE 37Fste] 213sk3itk. Amplicon
PCR9] HFg- 272 denaturation(95°C A4 30%), anneal-
ing(55°CIA] 30%), extension(72°Cell4] 30%) H4-& 25
cycle® G833tk ©]% Amplicon PCRO 4He& 53
(template) © & 3}°f, Illumina Nextera XT Index KitE
A3 Index PCRE AAISHIH Index PCR- Illumina
Nextera XT Index KitE AREste] Z&skqleh 7492 2X
KAPA HiFi Hotstart read mixIndex 25 pul, Nextera XT
Index primer set= 7t 5 pL, Amplicon PCR 4Hz 10 pL
£ A7kste] 78a10dc) Index PCR2) AHE-SHIACCUBEAD
(AccuGene, Korea)E ©]8-3t] AAIst 7, 1% agarose gel
A719E 0= gRIEIth o] F 13702 Al=ell theh Index
PCR9] 5 %% Qubit(Invitrogen Qubit 4, Thermo Fisher
Scientifric, USA) 2% Z743}e], 71712 Index PCR AHzo]
Mz Fdst sE7F HES skl Miseq platform
(Ilumina, USA) library S 8|8k 7 mRa2400] NGS(Next
Generation Sequencing) 41 2JF|5ISIT

NGS X224 H SHEH

NGS datat Mothur software(version 1.44.3, https:/ /
mothur.org/)9 MiSeq SOP[17]5 #arsle] #4313it).
NGS vlo]8 #4]2 1) Sequencing error/Chimera/Low
quality sequence A7, 2) Singleton 7|7, 3) ASVs(Am-
plicon Sequence Variants) Clustering, 4) Alpha/Beta
diversity 74t 12]31 5) Silva.seed_v132 HOJE] H|o|AE
©]-8-3t taxonomic classification®] A& A 3sict. w28
= T3¢ alpha diversityv ASVE 7]5°2% Chaol¥
ACE A& Al4tset3l o™, Beta diversity:= NMDS(Non-
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age°llA| “prcomp’ &TE ©]-&31%4, Principal Component
Analysis(PCA)E T3F3ich
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Table 2. Measurement of environmental factors in seawater

Site Temp. Salinity eDNA DO? SiO;, NH, NO,+NO; PO,
(°C) (psu) (ng/ul) (ppm) (ppm) (ppm) (ppm) (ppm)
Ul 26 33.2 11.9 8.5 13.1 3.9 0.7 3.2
u2 25.6 33.8 27.2 9.7 30.6 48.1 43 9.5
U3 257 33.9 3.07 10.9 47 2 05 12
U4 26 327 1.32 6.1 6.2 25 0.6 1.8
U5 25.9 33.8 2.67 7.4 3.8 15 03 0.8
U6 274 33 4.03 7.4 13.6 22 0.4 1.1
u7 28.6 333 4.85 6.5 2 13 03 03
U8 26.4 33.9 6.8 7.4 37.7 29.9 26 16.5
* DO: Dissolved Oxygen
us P E(Salinity), §FEA(DO), eDNA, THIA(SIO), it
“us POy, (SHAHANONO,) 2 SFELSHNH) ) 5412
: 4% A7 Table 2), £%(26.5+1.0°C), FH-%(33.540.5
psu), §-EA(8.0+1.6) 9] ghollM= A= F31g Ajol7h o
Sty w2 QT SN P EAreM= A, (ehAAY,

0.254
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Fig. 3. The number of bacterial isolated in seawater at Phylum level (A) and at Genus level (B).
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Table 3. Number of bacteria isolated on Mueller-Hinton
agar

Table 4. The number of antibiotic resistant bacteria
isolated from the seawater

Bacteria isolated(N=43)
VibrioN=13)
Pseudoalteromonas(N=6)
AchromobacterlN=4)
Rheinheimera(N=4)
Alteromonas(N=3)
Halomonas(N=3)
Cobetia(N=2)
Epibacterium(N=1)
Tenacibaculum(N=1)
Enterobacter(N=1)
Pseudoalterom(N=1)
Paracoccus(N=1)
NautellaN=1)
Bacillus(N=1)
Microbacterium(N=1)

Gram staining type

Gram positive(N=41)

Gram negative(N=2)

SoIRE 43719 #FES o] Vibrio(N=13)% 573
tHTable 3). 4719 437 #FEL 41709 183473}
2709 g o R BRE e, ey aESAd
#EE o s A 4 A8E e A9 7 45
S AL 36719 wtFelA s o] A U B
otk A9 o = FAA Wit = A(Ze; N=17) A
olo] 7p¢ wekon, B(AW; N=12)¢} C(29; N=7)<] A9
AR B gom, Ao wioke #5o] YA U
2 HlEE FUs AE UERGTHTable 4). Ulide] w2+

Table 5. Number of antibiotic resistant bacteria in seawater

Number of bacterial Number ARB

Area Site isolated on MHA? of ARB® ratio(%)

Ul 5 5

A 12 7 5 89.5
U3 7 7

B Ul 2 2 88.9
U5 7 6
[8[3 4 4

c Uuz 4 3 73.3
Uus 7 4

Total 43 36 -

* MHA: Mueller Hinton Agar.
® ARB: Antibiotic Resistant Bacteria.

3670 = A M2 STRIN=32)°IA 71 22 UAS
Hgom, AMX(N=11)°4 7P A2 Wids depdslct
(Table 5). 37 o]’3e] Al FAlel Ud-& b oA
UATre] = F 20702 vER e, XA 0 A(ERES;
N=9)¢} B(MH; N=8)l*] C(3'; N=3)l vl =] ek
W CHTable 6).

i ¥ EY 0|ME 23 24M

5= dl5(U1-Us) <} E°<}(U9—U13) oM Az gk 1374
AgzollA F 563,153719] sequenced W] om, A
sequence®llX| Proteobacteria(38.6%)2] 37t V¢ =A
YUERIT). Proteobacteria®)l -3 3197(40.549.1%) 9} EQF
(26.0+4.8%) 1A 17t tk=ZA] Yepskom, o]&=

PBacteroidetes

Zone of

ontrel Antibiotics Py nbiton (o) (o) (o) (o) (o) (Nt (Nt () To%
Chloramphenicol(CHL) 30 <12 - - - - - - - - -
Trimethoprim- 1.25/ ) ) ) ) ) ) ) ) ) )

Gram sulfamethoxazole(TRI/SUL) 23.75

positive Amoxicillin(AMX) 10 <16 - - - - - - - - -
(£. faecalis) Streptomycin(STR) 10 - - - - - - - - - -
Tetracycline(TET) 30 <14 - 1 - - - - - - 1
Erythromycin(ERY) 15 <13 - - - - - - - - -
Chloramphenicol(CHL) 30 <12 0 1 4 1 6 0 1 1 14
e LS00 s w2 6 s 0 s om
negative Amoxicillin(AMX) 10 <20 1 1 4 0 2 1 2 0 11
(E. coli) Streptomycin(STR) 10 <11 5 4 7 1 6 3 3 3 32
Tetracycline(TET) 30 <11 0 1 3 1 6 0 1 0 12
Erythromycin(ERY) 15 - 1 4 5 1 6 1 2 0 20
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Table 6. Profiling of antibiotic resistant bacteria in seawater

Area(N=20)

Taxa(Class/Genus) CHL

TRI/SUL AMX STR TET ERY

A(N=9)

!

Gammaproteobacteria/ Rheinheimera
Gammaproteobacteria/ Pseudoalterom
Gammaproteobacteria/ Rheinheimera
Gammaproteobacteria| Achromobacter
Gammaproteobacteria] Achromobacter
Gammaproteobacteria/ Achromobacter
Gammaproteobacteria/ Enterobacter
Gammaproteobacteria/ Pseudoalteromonas

Bacteroidia/ Tenacibaculum

R R R

Sb

R

B(N=8)

Gammaproteobacteria/ Vibrio
Gammaproteobacteria/ Vibrio
Gammaproteobacteria/ Vibrio
Gammaproteobacteria/ Vibrio
Gammaproteobacteria/ Vibrio
Gammaproteobacteria/ Vibrio
Gammaproteobacteria/ Vibrio

Gammaproteobacteria] Achromobacter

C(N=3)

Gammaproteobacteria/ Cobetia

Gammaproteobacteria/ Vibrio

w " R R AR R AR O n n BRI AR

Alphaproteobacteria/ Epibacterium

v " »nwl” R ™A R R AR AR ™R N X” R R
7~ I Vo IV, B IV RV B B ¢ s Vo B~ B~ B~ I IV R~ I~ B~ B¢ > BV > B s B V)
A "R R|lR”® ”®R ” R " A R R IR ”R ™A R A AR A

»w o »n BRI R ™A R R AR N n n n "B IR A

= »w BB A R AR A A A nR”R A XA R A A RA

* R: Resistant to antibiotic; ® S: Susceptible to antibiotic.

Relative abundance

100% e —

u2

@
8

2
2

™
?

5

0%

B Proteobacteria B Bacteroidetes
Firmicures m Planctomycetes
m Verrucomicrobia B Bacteria_unclassified
B 4cidobacteria B Epsilonbacteraeota
B Chlamydiae B Gemmatimonadetes
Fusobacteria B Marinimicrobia_(S4R406_clade)
B Nitrospirae B Minors

B Cvanobacteria
m Patescibacteria
W _{ctinobacteria
m Chloroflexi

B Syner gistetes

B Dependentice

Fig. 4. The relative abundance of bacteria communities at Phylum level in environmental samples (U1-U8: Seawater; U9-U13: Soil).
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Table 7. Gene bank accession number of 16s rRNA gene sequence
No. GenBank no.Accession Sample ID No. GenBank no.Accession Sample ID
1 0Q101820 Ul-1 49 0Q101737 U5-1
2 0Q101760 U1-2 50 0Q101738 U5-2
3 0Q101761 U1-3 51 0Q101739 Us-3
4 0Q101762 U1-4 52 0Q101740 Us-4
5 0Q101763 U1-5 53 0Q101741 U5-5
6 0Q101809 Ul-6 54 0Q101825 Us-6
7 0Q101810 U1-7 55 0Q101742 U5-7
8 0Q101811 U1-8 56 0Q101788 U5-8
9 0Q101821 U1-9 57 0Q101789 Us-9
10 0Q101812 U1-10 58 0Q101790 U5-10
11 0Q101819 Ul-11 59 0Q101791 U5-11
12 0Q101813 U1-12 60 0Q101787 U5-12
13 0Q101749 U2-1 61 0Q101732 U6-1
14 0Q101750 U2-2 62 0Q101733 Ue6-2
15 0Q101822 U2-3 63 0Q101755 uUe-3
16 0Q101751 U2-4 64 0Q101754 U6-4
17 0Q101769 U2-5 65 0Q101772 Ue6-5
18 0Q101759 U2-6 66 0Q101773 U6-6
19 0Q101770 U2-7 67 0Q101774 Ue6-7
20 0Q101804 U2-8 68 0Q101775 Ue6-8
21 0Q101805 U2-9 69 0Q101776 U6-9
22 0Q101806 U2-10 70 0Q101777 U6-10
23 0Q101807 U2-11 71 0Q101827 Ue-11
24 0Q101808 U2-12 72 0Q101778 U6-12
25 0Q101744 U3-1 73 0Q101734 U7-1
26 0Q101745 Us-2 74 0Q101735 U7-2
27 0Q101746 Us-3 75 0Q101736 u7-3
28 0Q101747 U3-4 76 0Q101758 U7-4
29 0Q101748 U3-5 77 0Q101779 U7-5
30 0Q101767 Us-6 78 0Q101780 U7-6
31 0Q101768 u3-7 79 0Q101781 u7-7
32 0Q101800 U3-8 80 0Q101782 U7-8
33 0Q101801 Us-9 81 0Q101783 u7-9
34 0Q101802 U3-10 82 0Q101784 U7-10
35 0Q101823 U3-11 83 0Q101785 U7-11
36 0Q101803 Us-12 84 0Q101786 U7-12
37 0Q101743 U4-1 85 0Q101752 Us-1
38 0Q101766 U4-2 86 0Q101753 Us-2
39 0Q101792 U4-3 87 0Q101771 Us-3
40 0Q101793 U4-4 88 0Q101764 Us-4
41 0Q101824 U4-5 89 0Q101765 Us-5
42 0Q101794 U4-6 90 0Q101756 Us-6
43 0Q101795 U4-7 91 0Q101757 us-7
44 0Q101796 U4-8 92 0Q101814 Us-8
45 0Q101826 U4-9 93 0Q101815 Us-9
46 0Q101797 U4-10 94 0Q101816 U8s-10
47 0Q101798 U4-11 95 0Q101817 Us-11
48 0Q101799 U4-12 96 0Q101818 Us-12
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Fig. 5. Alpha diversity index (Chaol and ACE) of environment samples (U1-U8: Seawater; U9-U13: Soil).
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