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#9 16S tRNA B 5 7| A0k 98.65% 1A T A4 B EFHARIE, 2 BIFR AR T EA 69 A B E
FH, BE 19 NEEFA, SBAEFFRGNIZREAA RA BHRE. 12 R2A BHRAUE 12
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Abstract: [Objective] Antarctica is a unique habitat harboring diverse microorganisms
because of its extreme environmental conditions. The aim of this study is to promote the
growth of microorganisms that are difficult to culture by changing the culture conditions to
isolate lesser-known microorganisms. This study provides a better understanding of the unique
microbial groups and their diversity in Antarctic cryoconites and provides guidance for the
development of culture methods for uncultured microorganisms in the extreme environments of
Antarctica. [Methods] We added resuscitation-promoting factor (Rpf) in different media to
improve the culture efficiency of microorganisms from the cryoconite of the Collins Glacier,
Antarctica, and explore the diversity of microorganisms in this habitat. Four media with
different nutrient levels were used for strain culture, and Rpf was added in parallels. After
isolation, purification, and 16S rRNA sequencing, the diversity of culturable microorganisms in
the cryoconite and the influence of culture conditions on the diversity were analyzed. [Results]
A total of 407 bacterial strains were isolated and cultured, covering 29 genera, 18 families of 5
phyla. Actinomycetota, Microbacteriaceae, and Lacisediminihabitans were the dominant
phylum, family, and genus with the relative abundance of 72.73%, 69.78%, and 45.70%,
respectively. According to the number of strains cultured, different media followed the trend of
R2A medium (188 strains)>1/2 R2A+Rpf medium (144 strains)>1/2 R2A medium (46
strains)>R2A+Rpf medium (14 strains)>TSB+Rpf medium (9 strains)>TSB medium (3
strains)=LB medium (3 strains). No microorganism was cultured in LB+Rpf medium.
According to the threshold of 16S rRNA sequence similarity below 98.65%, which indicates
potential new species, 69 out of the isolated strains belonged to 19 potential new species. The
media with high isolation rates of potential new species were R2A, 1/2 R2A, and 1/2 R2A+Rpf.
[Conclusion] Eight different media were used to recover bacteria from the Antarctic cryoconite
samples, and the addition of Rpf can generally promote the growth of strains. A relatively
diverse collection of strains including several putative novel species has been isolated, which
inspires the future use of different media for the isolation of microorganisms difficult to culture
in extreme polar environments.
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1.1 R
1.1.1  RHERIRE

Irif F 5 (King George Island)J2 P4 /g % B
VAR IR0, 7T 62°23'S, 58°27'W.,
FIMRETK A TR 5, HIriEZ 1250 km®,
SEIJEREZ) 2 000 mo FEATARIBT K EAFTE R
FKARIE A ORAER |, 3 BCH Hh — b vk 35 7 55 SR 4
JEE 118 il SR R AR YR B AR R A A
1.1.2 #RIERE R Bk R

EPWER N et E A PN |
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fE, 325 E N SR = TR AR B R

WITE BRI IE I E B R
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YA 7 B 7 3 (Iysogeny broth B ##3E, LB £%
FRAE), X 2 FERENERNSFE, TS
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2 1 L), Horbal e by RE % W b 40 1 A 2R AL
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1.3 EMEE

X T IR R E bR T RN S LA
PR PREE N 4] DNA BT 16S rRNA JE[N ¥4
PEATIRSN Y . BARS R - AR &
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Chromas FA4HrlF 453, KB AN
AL S5, KPHERZ 1 350 bp KERFHILE
EzBioCloud (https://www.ezbiocloud.net/) % %
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{EXT I 16S rRNA AHRIESN 98.65%, A LIMEN
TERAE 0 ol 0 DRI o DI b b 235 SR AR DL
T 98.65%, MITA Ak 5 H AR i T 2 ()
Flr; BARE/NTET 98.65%, WA HIZHE
AT
1.4 EHRRZLBESH

T EzBioCloud (i LUXTZE AL, T #8K
Pt 2 v 5593 B B AR S AR U BR HE TR 16S TRNA
KT 5, B A 53 25 TR P B JHL S5 A I A 1 AT 1
16S rRNA J:[H 74455 FASTA U T
JE Lt o K FASTA %85 5 A MEGA X #X
P AR R Bis IR B 1 000 I R Gk
HH

2 BRS04

2.1 EHRZHEMEST
AL B el AL A TE 407 Bk, FiRKEFRIE
430 43 B A B B B AR AN B LA T TE 1) D A AL
=1,
2 16S tRNA BHJPH %€ KRG K T 57
Br, X 407 #REHEET S AT, 18 ANEE, 294
J& o 1K L, R (Actinomycetota) b7 K

*1 AREEFESBHER

Tablel Strains isolated from different media

Medium Number of strains Number of strains
belonging to potential novel
species*

R2A 188 25

R2A-+Rpf 14 9

1/2R2A 46 14

1/2R2A+Rpf 144 10

TSB 3 1

TSB+Rpf 9 6

LB 3 3

LB-+Rpf 0 0

*: The classification criterion of potential novel species was
that the 16S rRNA gene similarity of its most similar species
was less than 98.65%.

<l actamicro@im.ac.cn, & 010-64807516

1 72.73%, R 2B [ ] (Proteobacteria) i i
By 23.10%, JEBER ] (Firmicutes) i BB AY
1.97%, FTEET 1(Bacteroidota) 5 B0 1.47%, 7
i BRI - W FTE ] (Deinococcus-Thermus) /5 2\ 51
0.74% (B 1A), BUKF- 1, 53R T 18 RL, $de
W2 3 MR HIEFTFE R Microbacteriaceae)
M\ & 5 it 5 B (Comamonadaceae) F1 5 Bk T#
(Micrococcaceae), F:p5 BET) 58% (K 1B). JE/K -
b, HEEFET 2918, BATEE(Cryobacterium)Fil
Lacisediminihabitans J& 7 FE 1047, B8 Fr i L
BIERTE 15%LA o HoA Lacisediminihabitans J& 5
s, 20 BE00 46%. LT ILAYES
WAS T —HKE : Hymenobacter |& . Janibacter J& .
Paracoccus J& . Pseudarthrobacter J& . Roseomonas
J&FN Haematobacter J&(K 1C), VL FZERUERH, A
WL OKEERAE S P AT R AE Y R A B i 2
FEPES

22 AEEFESESINNMEDZEMN
L3R

ARWEFE 8 FEE IR 7B A T P, AR K
FEELM A . DUB K286 : R2A
KRR & Lacisediminihabitans &, 1/2
R2A REFR LWL 8 & Cryobacterium Jg& F
Sphingomonas J&, TSB 1533 H s H—1 8
Parafrigoribacterium J&, LB EiFERErp %A s
B B IR, R2A+Rpf 8535 BL ik g &
Polaromonas &, 1/2 R2A+Rpf 1557 h AL
J& & Lacisediminihabitans J&, TSB+Rpf }K57FHk
IR s S Parafrigoribacterium J& . FoHp
LB+Rpf 37 H AR 3 B 2R PR (B 2).

I3 AT 3 B TR AR s B U 2
R2A 55 5L (188 k), 1/2 R2A+Rpf #5FF 5t
(144 #k), 1/R2A KiFiJk(46 #), R2A+Rpf Hift
(14 ¥k), TSB+Rpf 55354559 ¥k), TSB 55554
(3 #%), LB }EiFRH(3 #k), LB+Rpf (0 #k) (& 1).
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B Oxalobacteraceae B Comamonadaceae

M Caulobacteraceae W Lysobacteraceae

@ Proteobacteri . 1
oteobacteria B Microbacteriaceae T Acetobacteraceae;

B Actinomycetota B Deinococeaceae W Sphingomonadaceae
B Deinococcus-Thermus

B Bacteroidota

B Hymenobacteraceae @ Staphylococcacea
B /nirasporangiaceae O Flavobacteriaceae;
B Firmicutes B Micrococcaceae W Bacillaceae

W Moraxellaceae O Enterobacteriaceae

B Rhodobacteraceae W Sphingosinicellaceae
Total=407 Total=407

B Actimicrobium O Pseudarthrobacter
B Brevundimonas B Pseudomonadota

B Cryobacterium B Roseomonas

B Deinococcus T Sphingomonas

B Hymenobacter B Staphylococcus

B Janibacter O Haematobacter

B Massilia B Pargfiigoribacierium
B Micrococcus O Rhodanobacter

W Moraxella B Polymorphobacter
B Paracoccus B Simplicispira

W Polaromonas M Salinibacterium

B Halpernia B Arthrobacter

B abedella W Microbacterium

B Bacillus B Caenimonas

W Shigella W /acisediminihabitans

Total=407

El1 Jk$ERRAEF AERHREM
Figure 1 Composition of culturable bacterial community in the cryoconite. Community composition at the
levels of phylum, family, and genus is depicted in A, B and C, respectively.

200
L == Cryobacterium Rhodanobacter
== W Brevundimonas mm Pargfiigoribacterium
W | gbedella Haematobacter
150 — = Caenimonas mm Staphylococcus
2 = W )Microbacterium Sphingomonas
'z mm Arthrobacter Roseomonas
E 100 L W Sqlinibacterium m Pseudomonadota
e w= Simplicispira Pseudarthrobacter
2 — = Polymorphobacter == Polaromonas
g mm Shigella W Paracoccus
z sob . Bacillus = Moraxella
-_— e W [ gcisediminihabitans W Micrococcus
| | = Halpernia mm Massilia
= == Hymenobacter W Janibacter
[ m Deinococcus W ctimicrobium

%
FF &P Q8
N

/e

Media combinations

B2 AREFESBESINMEMBKFRESE

Figure 2 The distribution of genera isolated by using different media.
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AJ LI H R2A B53E3EH0 1/2 R2A+Rpf F5 47k Lacisediminihabitans JBWANF % , 4458005

BRI AN B B 2 T ARG SR L8] 2) LB 1y A bbb 5] Horh— LG 3R L A8 70 15 AL
FRHEA TSB WiFRFE vt 3 4k, i TSB i SREEEIARINE, 40 LB RigedEh e iy 3 4>
FRAPEFE 3 KRB K AR —1)E  JEJanibacter. Pseudarthrobacter. Micrococcus)A:
(Parafrigoribacterium), R2A F5FRBErpirgsiing 7R HMIE R B 5 2.

A

65 |

Proteobacteria

100 — Niallia taxi M5HDSGI1-1T7 (MK355518) [Surface-sterilized root|
og [ L 72-25-RR06 (2)
] Bacillus zhangzhouensis  DW5-4T (JOTP01000061) [South China Sea sediment]

100! 72-RR53 (1)
Staphylococcus ureilyticus ATCC 49330 (AB009936) [Humans]

—]{)OE 72-15-TR11 (4)

98 — Pseudarthrobacter siccitolerans 4127 (CAQI01000001) [Dry soil]
100 [ 72-15-L01
Arthrobacter livingstonensis LI2" (GQ406811) [Antarctic soil]

100

97|  —Jool72-R378
Micrococcus endophyticus YIM 562387 (EU005372) [Plant roots]
Micrococcus luteus NCTC 26657 (CP001628) [Infected leaves of Mangifera indica]
72 1001 72-25-R02
97 -72-25-R12
Janibacter indicus CGMCC 1.125117 (FWXN01000022) [Human ear skin]

100 72-25-L01
100 100 —Mierobacterium oxydans DSM 20578T (Y17227) [Plant roots]
72-R390

99

100

Salinibacterium xinjiangense 05437 (DQ515964) [“China No. 1 glacier”]
72-R103
Lacisediminihabitans profunda CHu50b-6-2" [Freshwater sediment]

96 —Cryobacterium breve TMT4-23" [“China No. 1 glacier™]
98 11 72-15-TRO6 (66)
Cryobacterium psychrotolerans 0549" [“China No. 1 glacier™]
72-R07 (10)

72-15-1-2-RR21 (186)

4
6313 72-15-1-2-RR08

99

72-15-1-2-RR16

72-15-1-2-RR22

72-R105

Parafrigoribacterium mesophilum MSL-08" (EF466126) [Korea Saline soil]
72-15-TRO4 (44)

72-15-TRO8

72-15-R22

72-15-TRO7

72-15-R20

72-15-T11

72-15-T07

100 — Deinococcus rubellus Ant6" (KX036987) [Antarctic muscle of a fish]
L 72-25-1-2-R06

100 —— Deinococcus antarcticus G3-6-20" (KC494323) [Antarctic soil]
100! 72-R04
100—— Hymenobacter arcticus R2-4" (KC213491) [Glacial till]
L——72-15-R02(3)

100 — Halpernia marina IMCC3228" (EF554366) [Antarctic seawater]
100 72-15-1-2-RR05(12)

ey 99 —72-15-R07

0.050
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B 44 ;Sphingomonas panni C52" (AJ575818) [Cloth]
70 | 72-R282
100[L72-R361(1)
19| LSphingomonas hankookensis ODNT" (F1194436) [Wastewater]
Sphingomonas aquatilis JISS-7"(AF131295) [Mineral water sources)]
8800!72-25-RR05(1)
Sphingomonas palmae JS21-17 (KX893410) [Palm tree]
72-25-1-2-R15(1)
Sphingomonas oligophenolica JCM 12082" (AB018439) [Soil]
72-25-R04(1)
Sphingomonas psychrolutea MDBI1-A" (KR258737) [Midui Glacier ice]
100 72-R235
87 | (Sphingomonas glacialis C16y" (GQ253122) [Alpine glacier cryoconite]
100'72-25-RR0O1(3)
g2  Polvmorphobacter glacialis B555-2" (KP013180) [Muztagh Ice core]
Polymorphobacter fuscus D40PT (KF737330) [Permafrost soil]
671 100| ,72-15-1-2-RR09
100/72-R191
Paracoccus yeei ATCC BAA-599T (JHWHO01000002) [Clinical specime]
o[ 172-25-R11 i
Haematobacter massiliensis CCUG 47968" (DQ342309) [Septicemic patients]
100 100'72-15-R11
17 Brevundimonas vesicularis NBRC 12165 (BCWMO01000033) [Surface soil]
72-25-1-2-R07
100 Brevundimonas faecalis CS20.3"(FR775448) [Sewage water]
100L72-25-1-2-R14
Roseomonas mucosa NCTC 132917 (UGVNO01000001) [Bloodstream of pediatric patient]
100172-25-1-2-R12
99 Shigella flexneri ATCC 299037 (X96963) [Vegetable]
98 [72—R91(4)
Moraxella osloensis CCUG 350" (CP014234) [Textile effluent-contaminated site]
10()[ 72-25-1-2-R11(4)
Rhodanobacter ginsengiterrae DCY1127(KY694397) [Ginseng rhizospheric soil]
72-RR138
[Rhodanobacter ginsengisoli GR17-7T(EF166075) [Ginseng rhizospheric soil]
Tool 2 1001 72-15-TR02 X ‘ .
Pseudomonas geniculata ATCC 193747 (AB021404) [Uncontaminated vertisol]
—g0172-25-TRO1
Massilia oculi CCUG 43427A" (FR773700) [Clinical specime]
8 72-25-R09
89| Massilia eurypsychrophila JCM 30074" (PDOCO01000073) [Plant roots]
100L 72-15-RRO1

Actimicrobium antarcticum KOPRI 25157"(HQ699437) [Coastal seawater]
100—72-25-R03(2)
Polaromonas glacialis Cr4-12" (HM583568) [Alpine glacier cryoconite]

100 g3 [172-15-RR03(1)
4&0{[72-15-1125(2)
Polaromonas eurypsychrophila B717-2" (KP013181) [Muztagh ice core]
Caenimonas terrae SGM1-15" (GU181268) [Korea soil]
100 72-R353
83 Simplicispira psychrophila DSM 11588 (JHYS01000032) [Industrial wastewater]
66 Simplicispira piscis RSG39" (KC884002) [Gut of a Korean rockfish]
100] ,72-R44(1)

100172-15-1-2-RR13(1)

3 ET 16S rRNA EEFIIMEIKHERIEFHENRRL BN

Figure 3 Phylogenetic tree was constructed based on 16S rRNA gene sequences. Numbers in parentheses
indicate the sum of additional strains sharing higher than 98.65% 16S rRNA gene identity. The isolation
environment of the type strains is indicated in braces. A: The complete phylogenetic tree with Proteobacteria
compressed. B: The expanded branch of Proteobacteria.

2.3 JKHER R E RS Y E R I 16.95%, KZ B & Lacisediminihabitans J& VA

AHIETE T 53 25 10 407 RRAH TR SE AL G R WK 3 K Parafrigoribacterium J& , 775\J& T 12 1B (El 4).
s, Hor 69 MRS HEAR AT 16S IRNA A4 16S rRNA FEF FLATZER, WIEHE I 69 Bk
BENFHUEEAR T 98.65%, MIEAERTA, M WBAEHR IS0, AR 52 #k, B
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Figure 4 Number of strains belonging to potential novel species.
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