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Culturable bacterial diversity in soils of Inexpressible Island,
Antarctica
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Abstract: [Background] The environment in Antarctic is harsh and few plants coverage. The ice-free area
only accounts for 0.4% of the total area, but accompanied with abundant microbial communities in the
soil. Polar microbial resources need to be further explored. [Objective] This study was to obtain
information on the diversity of culturable bacteria in soils from Inexpressible Island, Antarctica.
[Methods] We isolated bacteria in the five soil samples from Inexpressible Island, Antarctica. Three
different cultivation methods were applied, including directly spreading, microaerobic enrichment and
aerobic enrichment method. [Results] A total of 144 culturable bacteria were obtained. These culturable
bacteria belonged to 30 genera, and divided into 5 phyla, which consisted of Proteobacteria (38.9%),
Actinobacteria (34.0%), Firmicutes (22.2%), Deinococcus-Thermus (3.5%) and Bacteroidetes (1.4%).
Diversity of culturable bacteria in different soil samples was different. Bacillus dominated in soil from
Penguin activity area. Pseudomonas and Streptomyces dominated in soil from mosses and lichens coverage
area. Psychrobacter dominated in lakeside soil, with Flavobacterium and Chryseobacterium were isolated
only in this sample. Actinobacteria were dominant in dry soils, such as Pseudarthrobacter, Rhodococcus
and Microbacterium were isolated only from dry soil samples. It was suggested that 2 isolates were found
to be potential novel species for their low 16S rRNA gene sequence similarity. [Conclusion] There are
exploitable bacterial resources in the soil of Inexpressible Island, Antarctica. This paper also provides
some basic data for the study of bacterial diversity in this area.
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FEPES, G I B R R SRR 5 TR AT 22 T A [] 5
TR, SO RE S AT A R AT AL BEAE 7 v, 3R
137 — BRI A, iRt TR BAT
R/ IDR N DI N AP 1 i T B B B =
A T e — R b e T AR W oA B AT ik
PEo TR EZ AT B SRR, AT ]2
TAFER IRk, A E R . BRI
HEW AR I R SR IRBE 0 I b 2 41

A TR) X358 22 1) DX B PN ) A TR R R A 2
S, Bl AN T S PR S R U AR 2 R A A
X TR B AT VE 2 R RN B Y) A5 KA, TS
i Z2 ) b X - S A W ate v ARG BF O 2
BT FEYF ). Lee U] 454 R0
WP 5 ¥R 9 22 50 22 T 4 b IX ) AR W e v 21
B, B RWR A AR ) K E A
Actinobacteria . Proteobacteria . Acidobacteria
Firmicutes . Deinococcus-Thermus . Bacteroidetes 1
Gemmatimonadetes %5 ; Niederberger 254z FHBR
TE W VI i Bt K B £ 25 PE (restriction  fragment
length polymorphism, RFLP)%3#7 7 1250 Hr 4 Z #1]
SEHBACTS 4 AR5 -3 b A MRS A,
## 16S rRNA HE (K 58 B SCE K B Deinococcus-
Thermus F Bacteroidetes F2AE T4 AREFREE L35
WAELE, T Verrucomicrobia . Gammaproteobacteria
v # B PR (A T S R I Alslabie 25
WF9E 2 it b X 5 2638 T AN G RF I 2H 8, 2o
16S rRNA JE[A ) RFLP 73 #r i ik AL, RS
L) 3P Firmicutes . Gammaproteobacteria
) Psychrobacter NALHIEHE, T Actinobacteria
M Gammaproteobacteria " [¥] Rhodanobacter .
Dokdonella 55 JGTEAEANRE R A 5 £ Tl

ARCUMEGREFITE I, R IR Tr
TR F R R TR B Y 5 A T IEREA IR T AN T
OrERETE, LG EZorEbk, Jhilid 16S rRNA
FEFP A1 3 B34S Al > B MR Z R, B TR 9 X
PR DA ) 2 AR AR, (RNt S I & A

PRI ) B B DR AT

1 MRS

1.1 #EEE

HESE 34 KRB H 0, 5
R A R e B £ 5 (74.83°-70.95°8
163.58°-163.76°E), i T4 ZH)WHsILFB . Frhiis
FLSMHR . 7E 5 A REE S BIH I/ NBR %
2 RONT T, 42B50-100 g RS TCE R
ETE—20 °C VKAR. RAEFALE . SRARI ] K Bl
PERT L 1,
1.2 FERFFMBRIEFE

16S rRNA BEK 4381514 . W0, AT
AW T AR e A B A W) 5 240 T 5 IS 2 R B
G E B REWEEE I ORI r, RARAE AR
AEO)AEBR AR, PCR AL, FEBR G /RBHE ()
EHIRATE; EiRIEZ %S, Scientific Industries 22 F) ;
K- 3K AY, Bio-Rad 23] .

2 MR NA 55320600 R2A S50
1 2216E 153" 1/10 NA F1 1/10 2216E K555
BN FIRBR SRy 1710 Pl W AR
me " (g/Ly: EEME 0.2, EEEERY 0.2, NHLCI
1.0, MgSO,H,0 0.2, CH;COONa 2.0, 4N
1.25, EDTA 1.0, KH,PO, 0.2, NaHCO; 1.0, %5
FIK 1L,
1.3 #HmaBEERAE
1.3.1 EBHRERMIESR

TR, R g B3R AT REAT
9 mL JCEAEHERKMIRE T, 7ERRIRG#
ARG 5 min, A Y AT IR 2
RAPRE, RIIREEZR 10, 1072, 10° =%
FERREE, AR 4R HIEL 100 pL WA E] 1.2 ThY
SPHESFRILF E . BT 15 CCRFRMRE IR 15,
PR 7 T8 B A 2 500 SR R AT O f R £
alifk.
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x1 BERERRMHRIERTIREEUMR

Table 1 Geographical coordinates and geochemical parameters of soil samples from Inexpressible Island

Feim REEHE FRAE LSRRl B
Geographical Soil type Moisture TOC
coordinates (%) (ng/g)

Sample Date

AN SANLA £k
TON NH, -N
(ng/z)  (nglg) (ng/g)  (nglg)  (ngle)  (nglg)

REEREL  fHEREL  WERRER  WaHERE: pH
SiO4*-Si NOs; -N PO, -P NO, -N

InS2 20180201 74.901 81°S, Penguin 0.60 12.246
163.724 23°E activity area
InS3 20180201 74.909 88°S, Vegetation  4.00
163.714 52°E coverage
InS4 20180201 74.896 71°S, Freshwater 2.20
163.724 74°E lake
InS5 20180201 74.906 83°S, Typical 1.00
163.727 04°E geological
landform
InS6 20180201 74.915 78°S, Rare 0.00
163.710 59°E biological
background

0.132 4

0.573 6

0.105 7

0.154 8

0.006 6

0.044 5

0.0197 49.1449

0.023 5

138.212 06 14.0504 4.099 06 4.85026 3.2634 6.35

0.026 83.83508 3.941 84 0.84126 37.702510.3444 7.04

98.371 14 4.34168 42196 31.445470.086 66 6.81

4.260 76 0.78246 29.437290.23478 7.35

17.958 64 5.90268 0.60172 16.788 670.073 92 7.71

132 WHPFEEfRAEHIESR

FREL 5 g H3HE, INASEA 2/3 KEEEERM
100 mL ¥ 7, PR & SR FI A 1/3 (RBAR
W, TR IR, 15 °C #rE s R, 15,
30, 45 #1160 d J54rHI0H, B 1 mL ¥R R 95
BEZE 107", 107, 10° AR AT R2A i3k
oV, BT 15 °C B3R 7-15 d, PRBUESfAES
PVETE R2A P b iEf TR 2 slifh.
133 BEREERHESR

FREL3 g THEMENL, IAZEA 100 mL LHH
WY 300 mL TR, A FTE 15 °C.
150 r/min PEPREGFE, 10, 20, 30 dJ54r5I0FHH, HL
1 mL B REE 107, 1072, 107 =MKEHS
FEJRWAT T R2A BEFREFEA, BF 15 °C Kigt
7-15d, PRBUBSA 2 7 HVETE R2A AR Eif 731
alifh.
1.4 BFHRE. HH 16S rRNA ERNFRHE
S
141 ERACREE

XFFAE 15 °C AR Ia Pk ER
MDA TR, MRS /N L B R A SRR
Ffak, BRIBUE & 22 58 R0 BV E AT R0 4k 4l
b, %' o K sliAb e B B TR U HE P A IR B %
$E, 15°C. 150 t/min 8535 5-7 d 5, WU RA
e 20% H A, PR F-20 °C. [RIBS B IRZY

20 uL F 0.2 mL EL.08H, &Pk 10 min J5, 25 °C
T 5000 r/min #.> 3 min, B 3% 2 pL /5 PCR
it ; Joik WIS R A DNA MR RY,
SR FH /I 2 40 B 56 PR 2 e ekt 4 BBt ) 6 B B A
DNA, HU1-2 pL fE itk , X5 16S rRNA K
K 3#4T PCR 714, 16S rRNA JE #5140 27F
(5-AGAGTTTGATCCTGGCTCAG-3") #l  1492R
(5-GGTTACCTTGTTACGCTT-3")?"1, PCR w4
% (25 pL) : 10xBuffer 2.5 pL , dNTPs Mix
(2.5 mmol/L) 0.5 uL, 5[4 27F Fl 1492R (10 umol/L)
£ 0.5 uL, BSA (20 mg/mL) 0.5 uL, rTaq (5 U/uL)
0.5 uL, DNA #itl 2 uL, JCHERETK 18 uL.
PCR [ W 2644 95 °C 5 min; 94 °C 45 s, 55 °C
45s, 72°C2min, 30 ME¥; 72°C 10 min, PCR
PR oA G alife s, EHE] pMD18-T #
L, PSR AL E KT DHS o a2 2540
M, ZEIRRFIRRATE S 100 pg/mL N E R
/) LB B3 b, 37 °C Bigeadie, kBt vaik
T, T #HiEm A5 M137 (5-GTAAAACGACG
GCCAG-3") fl M13~ (5-CAGGAAACAGCTATGA
C-3NRMFS 2 PHM: e . 4 °C (17, BEATAE
Y TR () e A7 R w1
142 REEBEHH

B FTINAE ) 16S rRNA F [H 3751 7E EzBioCloud
(https://www.ezbiocloud.net/) Fb X}, HASFAHI AL =5
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FG A 6 A5 20 B bR 16S TRNA JE [H] 41, i T
ClusterX 1.83 Al MEGA 6.0 /3 W R Z AT
B B TERE 16S rRNA JEK 5514t 4 52
A% NCBI #ils 1, BH SR8 n &
2R MEAGE B — AT B, RIS ESRS N
MN315387-MN315460.

2 R4
2.1 FIIEFREEMNZHERRGELAESN

Hi 0 S 00 R ] B IR A 3, FRICE il 3
L, B BV A ZRWET, TR
LRAb SNy, RIAE 3 FEAR o B AR 8 1) e s
BN R2A (14 15)>NA (10 1M)>2216E (541, Jil)
EREREIRIRATIE ] R2A FAR

5 Oy IR P AR 144 BRATEESRAN
B, RES kL 16S tRNA JE[F#EfF PCR 9734 |
WFFIF IR, RBXEEHEMREH 5 AT, 4
ATE 30 & 52 MR 2). Wl 1 B, EMW
RAILTE] 56 R, IBFEIBIARAY 38.9%; HIK
FERURTATT 49 Bk, L 34.0%; JERERE ] 32 Bk,
bR 22.2%; SEEEREE-EATE T 5 Bk, B
B 3.5%; AR &R, (U 2k, b Ss
1.4%. K 16S rRNA Ft [ 745 R 7E EzTaxon £
FER LIRS Z2 %741, N MEGA 6.0 {42
TIRGERBER, SRR IME 2 PR, NRSE
RENNTEE R LUEH, AR TR
BB 18 J® (Streptomyces) 14 t#F, HIRZ T EE

*2 TRAHERSBHEHE RS HME

Table 2 The number and diversity of bacteria isolated

from soil samples

e rEHEE JR/AEE BB H

Sample The number The number of The number of potential
of isolates  genera/species novel strains

InS2 20 10/14 1
InS3 46 16/18 0
InS4 36 12/16 0
InSS 20 13/15 0
InS6 22 9/10 1

Bacteroidetes

Deinococcus-Thermus
3.5%

1.4%

\
Firmicutes

22.2%

Actinobacteria
34.0%

Proteobacteria
38.9%

1 SBEERETKELSH
Figure 1 The distribution of bacterial isolates at phylum
level

(Arthrobacter) 7 ¥k, /WK A AW H &
(Paeniglutamicibacter) . Ji v, 1 J& (Kocuria) Fl 5
4 TJ&E (Kribbella)$ 1 ¥k ZIEHT T34 a. B
Moy =AW, o ZIREL &KZ W E
Aureimonas, A1 7 ¥R; B BILHIE N A TR
(Variovorax); y ZZIE R 1H 2 2B FF# 8
(Psychrobacter) (22 k), H &R ¥ i 7 )8
(Pseudomonas) (15 ¥8). X} 144 RREGHEI LB,
A2 BRIEQ BB TAIERT], 1 #RE T T)
[ 16S rRNA P FE SR /NT 97%, ATRLA
TR R P S R TR B R O TR RR A R T
VEIEZESEA T
22 AREFRAEERMERREGAEFRER
oEg =3k

N T AT B SR A AR N, ARSI
T3, R EERAE SR . MRS
A AU s ETEA R [ B A 15 2. 3 Moy (e
R2A -z b 4025 31 10 0T 855 77 20 11 1 B 2 DX 31
HIERAMEEER1AE, MAT 1M E; A%
BESERHOANE, WA 5N E; MR E
MAE 2 NE, B AlJE Paeniglutamicibacter
Acinetobacter, FRZRVIIITE R2A VAR |, A%
HAEMIA S B GAE, AASERMYS
HERMEIAWE 4 4, W45 Staphylococcus
Rhodococcus . Pseudarthrobacte F Arthrobacter, i
U AR AT B SR A R AP A (] 3),
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A 98- InS627 (MN315459)/5 3
801l pseudarthrobacter oxydans DSM 201197 (X83408)
Paenarthrobacter nicotinovorans DSM 420" (X80743)
88 InS508-1 (MN315439)/2
InS430 (MN315433)/7
100 LArthrobacter livingstonensis L12T (GQ406811)
InS224 (MN315399)/1
100'Paeniglutamicibacter antarcticus SPC26" (AM931709)
InS428 (MN315431)/1
100 'Kocuria rhizophila DSM 11926 (Y 16264 )
InS605 (MN315452)/6 Actinobacteria
100 'Microbacterium paraoxydans NBRC 103076" (BCRH01000180)
— InS518 (MN315447)/14
100 —Streptomyces malachitospinus NBRC 101004 (AB249954)
100 EInS606 (MN315453)/4
100 —Pilimelia columellifera subsp. pallida MB-SK8" (GU269552)
57 I—InSSlO-2 (MN315441)/4
100" Rhodococcus fascians LMG 3623" (JMEN01000010)
| InS522 (MN315449)/1
93 T00L Kribbeila ginsengisoli Gsoil 0017 (AB245391)

98 {In5609-2 (MN315455)/4 )
100 Nocardioides houyundeii 78" (MG209819)
1InS329 (MN315412)/5 }Deinococcus-Thermus
0

100

100 'Deinococcus marmoris DSM 12784 (JNIV01000230)
r InS504 (MN315437)/4
100t Paenibacillus lactis MB1871T (AY257868)
rInS203-1 (MN315400)/2
100'Brevibacillus panacihumi JICM 150857 (RHHT01000054)

|—InSS 17 (MN315448)/7

i 53 100 'Staphylococcus cohnii subsp. cohnii ATCC 29974 (D83361)
[InSZlé (MN315392)/7 Firmicutes

100 Bacillus safensis FO-36b" (ASJD01000027)

InS346 (MN315418)/7

100 Lysinibacillus macroides DSM 54" (LGCI01000008)

L—InSéZS (MN315460)/3
100 “Sporosarcina aquimarina SW28" (AF202056)

99 [InS327 (MN315410)/2 )

100-Planococcus antarcticus DSM 14505" (CP016534)

rInS423 (MN315429)/1

100 -Flavobacterium degerlachei DSM 157187 (JGJ.1107974) \ pucteroidetes

100 I_—InS411 (MN315423)/1
0.02 100—Chryseobacterium jeonii DSM 17048" (JSYL01000002)

97

99

95

B 1001 InS519 (MN315450)/1 )
99 Acinetobacter nosocomialis NIPH 21197 (APOP01000014)
97 InS424 (MN315430)/22 b
100 —Psychrobacter glacincola DSM 12194T (AJ312213)
79 rInS319 (MN315408)/15
100t Pseudomonas graminis DSM 11363" (Y11150)
—InS222 (MN315398)/3
100 'Stenotrophomonas pavanii DSM 251357 (LDJN01000038)

r—InS341 (MN315416)/1 . .
100 Variovorax boronicumulans BAM-48" (AB300597) b ereconsize

100 r InS312 (MN315405)/5
Sphingomonas aerolata NW12T (AJ429240)
—IOOL— InS340 (MN315415)/1
100 -Brevundimonas vesicularis NBRC 121657 (BCWMO01000033)

6_7 100 InS310 (MN315403)/1 o
Devosia limi DSM 17137" (LAJF01000157)
0.0l 79l__r InS219 (MN315396)/7
100—Aureimonas glaciei B5-2" (KU253627) D,

2 S EEHK 16S rRNA EE F5 SiRERF IR A B EWEN AR R EN

Figure 2 Phylogenetic dendrogram of bacterial 16S rRNA gene sequences were inferred using neighbor-joining analysis
TE: 55 HE 16S RNA SN PR ; BT RAER AP0 BRI 2 BB H 5 7050 XU 08 Bootstrap fH; AR RN
FEAZ IR S AL B A A BRG] JREER ] U A0S i PR -WAR )5 B TR ).

Note: GenBank accession numbers of 16S rRNA gene sequences are given in the parentheses; The number of the same strains at genus level

are given after slash; Numbers at the branch points indicated the bootstrap value; Scale bar indicates the estimated number of base changes
per nucleotide sequence position. A: Actinobacteria, Firmicutes, Bacteroidetes and Deinococcus-Thermus; B: Proteobacteria.
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Aerobic enrichment method 5

Microaerobic enrichment method

7 Directly spreading method

B3 3MIERTEE RABFRELGIAEERKTHEFR

Figure 3 Venn diagram of the number of bacterial genera among three culture methods using R2A medium

23 AEXHESEAIEFME SR X )

TENK b, A Wik b A8 TE T T W i 2
(38.9%), HIRKIE L T (34.0%) . FAFFET ] 41 Y
7E InS4 FEEHH B, InS6 Ffah A /B35 5+
HERTA- AT 1 (8] 4).

TEJEAKE B, 5 AFER S SR IR A R
30 Mg, Hir itk KER v BIEEWT 1Y
Psychrobacter, TEFES InS2, InS3., InS4 H¥44 8
53], mHZE InS4 Ry PLRESERE . JRRERTTHY
Bacillus . Lysinibacillus 1 v 728 J& W ] ¥ 19
Pseudomonas N5 KA -WAET 1/ Deinococcus
TE 4 A PR 230 A1

LS FTLAE S, AN[ERAEHE o 251530 1 w] 45

¥ Bacteroidetes M Deinococcus-Thermus
Actinobacteria W Proteobacteria W Firmicutes

1007
3 - = o -
g 90}
2 _ 80
4‘%‘32\‘170-
r‘(g%eo—
E 22 507
i £ § 4ol
%8%
=< & 30
2 ® 20
S 10}
&

S

InS2  InS3 InS4  InS5 InS6

B4 FHEFMEREIIKF LS HERKE
Figure 4 The community structure of isolated bacteria in
5 different soils at phylum level

FrMATEE AR AT 225 0 InS2 SRAE fiJe S A 5)
YA IS S X, P RS, BRAE
E R il T 2 HE
Stenotrophomonas F1 Sphingomonas WK%, H

Bacillus

Stenotrophomonas pavanii F1 Paeniglutamicibacter
antarcticus JEZFEG T EIFFA T . InS3 FESL7ERE
B DX, 0 A AR R AR T TR TD A A A
%, iK% 48.9%, 7B RIRIAE ZAEIELE 5 R
A PEREE, SMGTE 16 D&, IZFER TR
Streptomyces Fll Pseudomonas, F%J& Pseudomonas
graminis Fl Streptomyces fildesensis. InS4 ¥ ik
R K W L% g, KW,

Chryseobacterium . Flavobacterium Fl Kocuria &%
e BIREA 8, B35 Flavobacterium degerlachei .

Chryseobacterium jeonii l Kocuria rhizophila T .

InS5 FE i RAE T MY BT AR X, 43 B TR R 43
M 12 Na, BB A Acinetobacter F
Kribbella , 575 Acinetobacter nosocomialis
Kribbella ginsengisoli T8 . InS6 i At RAR b H
T, EEYROIARKX, P aERew
Bk, o> BRIk R BT A R, A
72.7% o Microbacterium . Pilimelia . Nocardioides
f£ InS6 FEhh h o B AR Z , EBA Pilimelia

columellifera subsp. pallida . Microbacterium

paraoxydans F1 Nocardioides houyundeii.,
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Figure 5 The community structure of isolated bacteria at genus level
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Note: A: The genus in Firmicutes, Deinococcus-Thermus and Actinobacteria; B: The genus in Proteobacteria and Bacteroidetes.
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