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Summary

I. Title

Securing useful arctic biological resources: Isolate and Characterization of Psychrotolerant
Predatory Bacteria

II. Purpose and Significance of Research

The aim of this study is to discover low-temperature predatory bacteria in polar regions,
isolate and identify them, and deposit them to secure unique biological resources.

Based on a distinctive ’‘predatory bacteria’ cultivation method that significantly differs
from conventional microbial cultivation methods, this research aims to introduce a novel
methodology for polar microbial studies through the identification and isolation of
predatory bacteria in polar regions. The ultimate goal is to establish foundational
resources for future research on polar predatory bacteria.

. Content and Scope of Research

This study is structured around the following three main research contents:

[] Isolation of Predatory Bacteria in Polar Environments

- Attempted the initial isolation of predatory bacteria in polar environments.

- Confirmed the presence of predatory bacteria through metagenomic analysis and
selected prey bacteria.

- Actively collected samples from Antarctica and isolated and identified predatory bacteria
from these samples.

[] Characterization and Analysis of Isolated Predatory Bacteria

- Investigated the morphological characteristics of polar predatory bacteria.

_6_



- Examined the external features of polar predatory bacteria.

- Unveiled the predatory mechanisms of polar bacteria.

- Compared and analyzed the prey spectrum of polar predatory bacteria with that of
existing predatory bacteria.

[] Acquisition of Biological Resources Through the Uniqueness of Polar Predatory Bacteria

- Conducted genomic analysis of cold-adapted proteases and enzyme-related genes in
polar predatory bacteria.
- Biosourced valuable bacteria, genomes, etc., through depositing or patenting.

IV. Research and Development Results

[] Metagenomic Analysis and Optimization of Predatory bacteria Isolation Process

- Based on polar samples obtained by the Korea Polar Research Institute, metagenomic
analysis was conducted, confirming the potential existence of predatory bacteria.
Various protocols were applied to optimize the process of isolating cold-adapted
predatory bacteria. During the optimization of the predatory bacteria isolation method
using the secured eight types of polar samples, three candidate predatory bacteria
(Candidate 1, 2, 3) were successfully isolated. Comparative analysis between successful
and unsuccessful samples was performed to explore potentially advantageous or
disadvantageous conditions.

[] Analysis and Deposit of the Novel Predatory Bacteria Bdellovibrio svalbardensis Sp.
nov.

- In-depth analysis results are presented for Candidate #1 strain, identified as Bdellovibrio
svalbardensis sp. nov. Following isolation through a single culture, the strain underwent
taxonomic identification, Whole Genome Sequencing (WGS), and characteristic analysis,
confirming it as a novel species within the Bdellovibrio genus and named Bdellovibrio
svalbardensis sp. nov. str. PAPO1. The analysis results have been published in the [JSEM
journal. WGS information has been registered with NCBI, and the PAPO1 strain has
been deposited as the Type strain to biological resource banks in both South Korea and
Germany, respectively.

] Through two visits to the Sejong Science Station, over 165 predatory bacteria isolates
and more than 200 non-predatory bacteria isolates were secured from various locations
in Antarctica. Ultimately, three novel predatory bacteria (with dozens of sub-species)
were isolated and identified, and six novel non-predatory bacteria were isolated,



identified, and deposited

During the first visit to the Sejong Science Station, sampling and isolation identification
were conducted for 24 days. A team member was dispatched for sampling at 14
different locations, and the samples were transported to Korea for further analysis.

From these samples, predatory bacteria cultures (PAP05, PAP06, PAP07, PAP08, PAPQ9,
PAP10) were obtained. Among them, PAP07 and PAP0O8 were successfully isolated and
identified. The 16S rRNA analysis revealed a low similarity of 91.03% with the most
closely related species identified as Mucilaginibacter daejeonensis within the
Sphingobacteriaceae family, despite having high similarity with Uncultured bacteria. This
indicates the isolation of a completely new bacterial unit at the ‘family’ level. PAP05
exhibited a growth pattern different from typical predatory bacteria, showing potential
association with Candidate Phyla Radiation (CPR). Further research designs are
underway to focus on this unique aspect.

During the first visit to the Sejong Science station, non-predatory bacteria (PPAP05, 10,
11) were isolated. The 16S rRNA analysis revealed that these three cultures are closely
related, with PPAP10 showing 98.15% similarity to Polaromonas jejuensis NBRC 106434.
It was named Polaromonas potterensis SMO1, and the process included Whole Genome
Sequencing, characteristic analysis, and the deposition of the strain.

The second visit to the Sejong Science station involved sampling and isolation
identification over a period of 57 days. Building upon the successfully collected data
from the first year, the research scope was expanded. Two experts visited (from 1 to
2 individuals), diversification of sampling locations (from 14 locations in the Barton
Peninsula to 86 locations in the Barton Peninsula and 2 additional areas), diversification
of prey strains (from 2 to 10 strains), and optimization of cultivation methods (from
solid medium to liquid medium) were carried out to conduct High-throughput screening.
As a result, a total of 159 predatory bacteria cultures and over 200 non-predatory
bacteria cultures were obtained from 86 sampling locations.

Thirteen representative predatory bacteria were selected, and 16S rRNA analysis
revealed that the majority were closely related species. Additionally, proof of distinct
differences based on the gyrB gene and predatory characteristics was provided, leading
to the division into clusters. Two bacteria were ultimately selected for reporting as
novel species: Bacteriovorax antiarcticus PP10 and Halobacteriovorax antiarcticus
VP107.1.

Six novel non-predatory bacteria were identified from directly collected Antarctic
samples, and their respective names and deposit numbers are as follows:



Flavobacterium ardleyensis PL02 (DSM 116602) - Derived from Ardley Island

Formosa sejongensis PL04 (DSM 117045) - Derived from Sejong Science Station
lodobacter frigidoviolaceus CM08 (DSM 116981) - Low temperature, violet pigment
(Violacein) production

Polaribacter ardleyensis PL03 (DSM 116992) - Derived from Ardley Island
Polaromonas potterensis SMO1 (DSM 116566) - Derived from Potter Sound

Rhizobium antarcticum PLO1 (DSM 116244) - Derived from Antarctica

A detailed analysis of the characteristics of the six non-predatory bacteria was conducted.

[ Development of a Short-Term Biological Activity Measurement Method for Analysis of
Non-Culturable Polar Predatory bacteria

- Analyzing Antarctic predatory bacteria often posed challenges as conventional methods
for predatory bacteria analysis were not applicable. The quantification was difficult due
to excessively slow growth rates or the absence of plaque formation. To address this,
a process that previously took 3 to 7 days or more was streamlined by introducing the
Resazurin analysis method. A novel method for calculating bacterial viability was
developed, enabling the quantification of predatory bacteria within just 15 minutes. This
innovative approach was actively employed in the study of PAPO08, which had difficulty
forming plaques stably.

[ Through this research, the following expected effects can be anticipated

- Successful isolation of predatory bacteria in polar regions in the first time.

- Establishment of standard research methods for cultivating predatory bacteria in the
future, through the development of culture methods optimized for polar environments

that differ from conventional microbial cultivation methods.

- Training of research personnel in the study of diverse environmental predatory bacteria
and laying the groundwork for additional research.

- Anticipation of securing the genomes of various cold-adapted enzymes, given the
diverse characteristics expected in predatory bacteria.

- By securing a variety of beneficial predatory bacteria, it is anticipated that the polar
predatory bacteria themselves can be utilized in the future in industries, medicine, and
health, or contribute to fundamental research in these areas.
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_ Total bacteria | Rhodopseudomonas bdellovibrio

OA_C1 18 M 623 k 3.46% 168 k 0.93% 24 k 0.13%
OA_C2 19M 514 k 2.711% 135k 0.71% 16 k 0.08%
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B #1 4371 A5t Plaque(Lysis zone). &3

a2 4 &l
SH #2 A3’dst Plaque. 9%t Plaque ¢ofl 22Y7F 3
343t Plaque. TfF3st Contaminant HHO|| H]Z g2l Plaques F/dst= EA.

O %X #1 (Candidate #1)
- Svalbard Midtre Loven Foreland Biocrust(2021) 15° C, 20° CollA &3 vt o}
- B 28A% 5, Holu| W& E colil ML35, P. putida KT2440
- 71€ 22 vAEH Bg A4S B9
- 16s rRNA &4 A3 Bdellovibrio®t AR AFOoE FRIE o, oo EA tht
AHAS BE AP B B4 Y8Le 2doA thE.

O FH #2 (Candidate #2)
- Svalbard Adventdalen Biocrust(2021) 15° C, 20° C, 30° CollA &3+ ule g o}
- g 28R 7Y, Holu| A= E coll ML35
- 7€ 24 vAEH 28 colonyg AT
- colony F=HO 2 cell lysisE Holm olHg As2 15° C, 20° CollA © z #A=H.

O ¥X #3 (Candidate #3)
- Canada Cambridge Bay(2018) 15° C, 20° ColA E&gt Hhg 2o}
- 28 &8 A 10~20¢, Holm|BE E coll ML35
- B3¢ plaque Hl, 71 EA7]7HS 7FAAL )0l g<14.

welgo] 201849 olFo] ATeIA HAHYL. Fre] wH
eErb P8 20° €A HE WY W) AT AL FV|HFo| T vgBe Rejo| o

N
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A 24. 3B #1 &5 - Bdellovibrio svalbardensis sp. nov. ¥4

O #19 Al $HAF T FE #] FFo tig A3 E4S APstAS. G vig olF 5F
S 2 323 6‘}51 Whole genome sequencing(WGS) ¥ &4 #4& w3, B #F+ Bdellovibriog

OP

o =2 3= AT dF2 S H oW, Bdellovibrio svalbardensis sp. nov. str. PAP01S. 2

osk (%2, Z19E5)

- 33 A5+ A= International Journal of Systematic and Evolutionary Microbiology A
dol| Fa50o] 2024, 01. 12. ¥R =2 Accepted ¥ (JSEM-D-23-00550R2)

- T =9 A= ‘Bdellovibrio svalbardensis sp. nov., a newly described predator

isolated from Svalbard, Norway’ .

WGS A X = NCBIol 5553+ (Accession: NZ_JANRMI000000000.1).

Type strain.2A 718 S8R, 5Y). 719 PAP01"T (=KCTC92583"

1__

od l‘L]

=DSM115080™).
Reference Strain Accession Number dDDH C.l. ANI AGC
Score (%) (%)
(d4,o/c') (d4’%)
Bdellovibrio bacteriovorus HD100" NC 005363 18.5 [16.4 - 20.9] 72.81 4.96
Bdellovibrio reynosensis' NZ CP093442 19.1 [16.9 - 21.5] 72.36 2.57
Bdellovibrio sp. NC01 NZ CP030034 19.5 [17.3 - 21.9] 75.59 1.23
Bdellovibrio sp. ZAP7 NZ CP030082 19.4 [17.2 - 21.7] 73.33 0.35
Bdellovibrio sp. KM01 NZ CP058348 19.3 [17.1 - 21.7] 73.48 0.22
Bdellovibrio sp. SKB1291214 NZ CP106855 19.0 [16.8 - 21.4] 73.08 0.91
Bdellovibrio bacteriovorus str. Tiberius NC 019567 18.7 [16.5 - 21.1] 72.8 417
Pseudobdellovibrio exovorus JSST NC 020813 18.5 [16.4 - 20.9] 67.9 3.77

H 2 Pairwise comparisons of the genome of Bdellovibrio svalbardensis sp. nov DSM 115080"
against other predatory strain genomes using TYGS (https://tygs.dsmz.de/) and ANI
(www.ezbiocloud.net/tools/ani). Bdellovibrio svalbardensis sp. nov DSM 1150809} T2 ZAl O]AH
=719 RAMd 4%, dDDH 70%0°]3}, ANI 95%0°]5}Ql 3¢ AlEoz (had.
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https://tygs.dsmz.de/
http://www.ezbiocloud.net/tools/ani

Bdellovibrio sp. ZAP7 (CP030082.1)

Bdellovibrio sp. KM01 (CP058348.1)

Bdellovibrio sp. SKB1291214 (KT852580.1)
Bdellovibrio svalbardensis P.-\PUIT(ORGQSQQS.I)
Bdellovibrio sp. NC01 (CP030034.1)

Bdellovibrio bacteriovorus strain EC13 (LUKD01000010.1)

e bac strain BEP2 (AF148938.1)
25 100
Bdellovibrio bacteriovorus strain BRP4 (AF148939.1)
Bdellovibrio bacteriovorus strain BER2 (LUKF01000014.1)
" ‘T Bdellovibrio sp. W (AJ292518.1)

3 B

dellovibrio reynosensis LBGOO!I(O.\'l 52670.1)

Bdellovibrio sp. clone NJFU SLX-S176 (KJ128017.1)

Bdellovibrio sp. ETB (DQ302728.1)
o7
Bdellovibrio bacteriovorus SRA9 (AF263833.1)

43 Bdellovibrio bacteriovorus strain RO (LUKE01000007.1)

Bdellovibrio sp.L (AY294214.1)

Bdellovibrio bacteriovorus JSF1 (EU884925.1)

100 Bdellovibrio bacteriovorus SRET (AF263832.1)

Bdellovibrio bacteriovorus str. Tiberius (NR102470.1)
9

Bdellovibrio bacteriovorus HD1 Ul)I(AJ 292759.1)

100
Bdellovibrio bacteriovorus angelus (GQ427200.1)

Bdellovibrio bacteriovorus 109 (CP007656.1)

Bdellovibrio sp. clone L1-86 (JF703522.1)

io exovorus JSS'(NR 102876.1)

starrii strain AS.IZT(NR 024943.1)

stolpii strain Uki2'(NR 115142.1)

- i marinus strain ST(NR102485.1)

99 it litoralis strain JS5T(NR 028724.1)

—_

0.050

2 5 Bdellovibrio svalbardensis sp. nov DSM 115080(str. PAPO1)?} T2 T Al 0]RPE 719 A&
A

SN

S LR

= + Midtre Loven Foreland Biocrust, Svalbard, Norway
Fol A E&] widE 3HA 2] A Eo]H(Norway Tromsooll A 2% Ee] djtd n}
=), AFOEAE IHAE &<

- 71¥ Bdellovibriost #o] theFsk Hol mAES A st= AL #ERISASY Type
strain tj¥] o] A& =HE ZTAStE=E AL 33 (1H6)
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Table 2. B. svalbardensis PAPO1T predatory spectrum and activity at different temperatures. The
activities of this new predatory strain were compared against those of B. bacreriovorus HD100T and B.
bacteriovorus 109] under identical conditions. In each case where no predation was observed, the cells
are shaded, which help illustrate the complete loss of B. svalbardensis PAPO1T activity when the
temperature was 37 °C. +++. clear plaque formation; ++, small plaque formation; +, pinpoint or hazy,
incomplete plaques; -, No predation evident.

B. svalbardensis B. bacterieverus HD100T B. bacteriovarns 1093
PAPOIT

Temperature (°C) 15 20 S0 13 200 30 37 13 20 30 37
E coli

E. cofiML33 o N e S = I e o R o

E caliNCCP 16044 +H - ++ +HH+ +H+ +HH+ H+

E. coliNCCP 14478 + = ++

E. cofiNCCP 13637 - +H < + +H++ ++H+=+ +H+H+ +H=+  ++ +H

E. cofiNCCP 14707 - - E = e e e e S e e
Acinetebncter bmunannii

A beaencpvi Clini cal isolate = = = = ++ =+ =+ H+ e e e

A bt NCCP 15994 - - = - ++ +HH+ +H+ +H+ =+
Klebsiella prenmeniae

K pmermnonioe NCCP 13782 +H - R o S o o S S o SR o S o S o o

K prewnonige  Clinical | - = = z G S o e o o R SO e s i S
izolate

K pmemnoniae NCCP 14680 - - - - ++ +H+ ++H+

K pmersnonios NCCP 16033 = = E = e e i o el o N = e

K puerononioe NCCP 14713 = = - = ++ A+
Pseudomeonas

P prtickr KT2440 ++ o+ = ++ e+

P, fluorescers + i I = e - + +o EE e +

P agrugmiosa NCCP 16103 - + - + +HH+ +H+

P aerughiosa NCCP 14323 - - - - + + e + ++ + ++

P aerugmosa PADL - = = - + + + + + + +

F protegens CHAD - - = < = = - - - - - -
Other Gram-negative strains

5 enterica +H A+ = ++ A

¥ parahaanahticis - = - = + 4+ 4+ + 4+
Gram-positive strains

E. fascium = = = = = = = = = - = =

5 engrens ATCC 25923 - = - o . o " - - - - _

12 6 Bdellovibrio svalbardensis sp. nov DSM 1150809t 2 I Al 0j]E B
bacteriovorus HD100x} 109] WHo| ®9] H|w ZHZ. ofdfst 2w (15, 20, 30,

=3
37°C)9} TRt WEeiols o2 W3 Plaque assay® ABSIRL. +4+ & E3

st plaque, ++ = A2 plaque, + = AAY Sd plaque, - = plaque J74 U=

oln.
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- 208 ool HolmAELS F2lslm 608 ol T, 180 ~ 2408 <o Holm Ay ES
A A (287

a) = 1e+10
E
D 1e+9
e
_g' 1e+8 -
E
B 1e+7
>
"
Nl 1e+6 -
=
T te+5 |
o
W 1e+4 :
0 1 2 3 4 5
Hours
) 2.5e+7 - 6
? mmm PFU/ml b 5
Rel. Pop. r
S 2.0e+7 O Rel.Pop S
[ =
e 4 S
5 1.5e+7 - a 2
g 1o &
£ 3 a
3 o
Z 1.0e+7 - >
s 2§
= T
S 5.0e+6 | o,
o
0.0 - -0
1 2 3 4 5
Hours

I8 7 B. svalbardensis PAPOl (a) Al Z=7] @ (b) 30°CollA vjYA] Titer burst A|3.
E. coli ML359] A migdy} Al 0]AE0] 571 ol #A3 Fol XA F7]7F gi=f 441t
Eob A|&ET= 21S &9l a - p < 0.05 b - p < 0.0l ¢ - p< 000l (n=3).
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- 71¥ Bdellovibrio®} 7| intraperiplasmic 44]& 3dl= Z o2 &<lF. Rod shaped,
0.3~0.5um, Gram negative, polar flagellated, Intraperiplasmic growth, motile predatory
bacterium (Z2#8)

O 8 doj7F oz &BHst B svalbardensis PAP019] A&AL. a) £AMAAIE 0] 73 (Scanning electron
microscope, SEM)O 2 &HSt B svalbardensis PAP019] 2. 0, 20, 608 A|AS &Y. b) ZxHH
0]7(Confocal microscope, LSM780)C. 2 &35t B svalbardensis PAP019] 245, E. coli only(Ho]+
=), 20, 60, 120, 180, 2408 A|AL2 &9 dHo|Fut ZmAl DjAEL FISH(Fluorescence in situ
hibridization)& &l FME o Ho|utp ZRAPY, nA UYE2 BIMPFez YEPH. Scale

bar = 2 pm.
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- A& ALA e 7]E Type strain tiHl & kot o

- SDSe} 22 surfactant 37 2-&-/d <] Type strain tH]
- Osmolarity #-5-4-& Type strain thy] A3std. (189)

a)

Optical Density (600 nm)

0.0
1.2

Optical Density (600 nm)

0.0
1.2

Optical Density (600 nm)

0.0

1.4

b)

Optical Density (600 nm)

0.0

" 9 B svalbardensis PAP019] vjQF &% o Hjokad Al
/4 7t Type strainQl B. bacteriovorus HD100,

Al
atl

s
S

SFAE . (Data not shown)

A0l 4% (199

1.0

0.8 -

0.6 -

0.4 -

0.2 -

20°C

1.0

0.8 -

0.6

0.4 -

0.2 -

30°C

~@=— B. bacteriovorus HD100"
=@- B. bacteriovorus 109J

1.0

0.8 -

0.6 -

0.4 -

0.2

~@~ B. svalbardensis PAP01"
37°C
0 24 48 72 96
Hours

1.2 4

1.0

0.8 -

0.6 -

0.4 -

0.2 -

~@— B. bacteriovorus HD1007
=@~ B. bacteriovorus 109J
~@- B. svalbardensis PAP01"

100 150 200 250

Osmolality (mOsm/kg)

50

Al

=

715l 9)S. a) WY 50| W& B svalbardensis PAPO1 i
5w o W& B svalbardensis PAP019] Al &7 HIt,
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- WGS #4 A3} 3.898Mbp, 3732 gene, G+C contents 45.7mol%2] E4

< A4 AEALOEANY F82 oYU, X4 HYE]
Wile TARAN &83

rlot

273

it

A, [Z1910]

J O
WGSol w=W TolA, % &3 %A 5 Type strain tiv] o2 (A7} EA3+=

Ae AT,
A

- 4714 TolA fFxizke] &<]lo] 7]& 7H2<]l Surfactant -84 #ke] ¥<lo] TolA9]

Azt e qwnys

Pure gDNA isolation

+  gDNA quality 84.6 ug/mL

+ 260/280: 1.90
+ 260/230: 2.05

= g4 o= 28 7

Bdellovibrio svalbardensis PAP01 gDNA extraction - Genome features of Bdellovibrio sp. PAPO1 and others
[ Predatory Strain_| Genome Size (Mb) | _GC Content | _No_of Genes | _AccessionNo. _|
3.898 457 3732
3975 445 3773 CP030034.1
4124 453 3981 CP030082.1
3783 50.6 3619 NC_005363.1

Bdellovibrio svalbardensis PAP01 WGS

gDNA analysis data set

«  Genome size: 3.90 Mbp

* GC content: 45.7%
*  Number of Gene: 3696
*  Number of RNA: 36

* Number of subsystem: 245

PAP01 O, HD100 X system
¢ Murine hydrolases

« Type Il secretion system

* Ammonia assimilation system

« Choloylglycine(Bile) hydrolase

* Zinc/Cobalt resistant gene(MRG)

- PAPO1 Subsystem profile

Subsystem Coverage Category Distril Subsystem Feature Counts

@m Cofactors, Vitamins, Prosthetic Groups, Pigments (94)
@m Cell Wall and Capsule (21)

@M Virulence, Disease and Defense (32)

@m Potassium metabolism (9)

@M Photosynthesis (0)

Miscellaneous (6)

@MW Phages, Prophages, Transposable elements, Plasmids (0)
@m Membrane Transport (45)

@M Iron acquisition and metabolism (0)

@  RNA Metabolism (36)

@m Nucleosides and Nucleotides (56)

@m Protein Metabolism (124)

@M Cell Division and Cell Cycle (5)

@ Motility and Chemotaxis (72)

@MW Regulation and Cell signaling (19)

@ Secondary Metabolism (1)

@m DNA Metabolism (58)

@M Fatty Acids, Lipids, and Isoprenoids (62)

B Nitrogen Metabolism (14)

@m Dormancy and Sporulation (1)

@M Respiration (61)

@m Stress Response (23)

Metabolism of Aromatic Compounds (12)

@ Amino Acids and Derivatives (137)

@  Sulfur Metabolism (5)

Phosphorus Metabolism (8) 14

@m Carbohydrates (71)

19%

12 10 Bdellovibrio svalbardensis PAPO1 Whole genome seqgeunce &4 Z1t
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- Annotation ©]% &<l® PAP0l #F9¢ 7lERal @49 Type straine] A4 vlnE
83492, tAIZ PAP019] 7IrEINELES Type straine iAo Z  Protein
homology #4& X8 A dvf-¢ F2 FAEQR6% ~ 66%)F Hol= ZoE Hol =X
A dTEAY JAH EAS B AR F4E. I8 w2 Homology= <13
FRAGeE FARY dZod dAVE AL (ZH1D.

PAPO1 Bd. HD100 | Protein annotation Identity

N

b

Peg.571 BD3481 Secreted trypsin-like serine protease  43% 56%
Peg.1125 BD0922 Trypsin-like serine proteases 26% 42%
Peg.3564 BD0922 Trypsin-like serine proteases 66% 78%
Peg.178 BD1283 Subtilisin-like serine proteases 37% 54%
Peg.259 BD1283 Subitilisin-like serine proteases 38% 52%

a3 11 PAPO1 #59] 7FEsia4e] Type strainde] §ARA Hlal. Protein BLASTE %3
Protein identity$} positive B]-& &4

- FRAA 7o) dad EX B8 9§ AlphafoldE S3 © & =(Protein stucture)E
gotatls. WdAd awd BA4e 9 78 E4L2 ¥ 9 2x 7= (Alph-helix,
Beta-sheet, H-bond) #21<S E3 1

I olEA. Type straind HlwAd &2 FAEE 73
PAPO1 peg.3564 T &A(Trypsin-like serine proteases)sS THE HAIZ Al&. PAP019]
peg.3564 ©E 2 HD1004 BD0922%} x40 =2 H2 FAIRE 7H4. 13y 32
Beta-sheet7} 54 Z &2 FQlx o], AL A3 dMARA 7S B (L”H12).

* PAPO1 peg.3564
« A-helix: 117 aa residue
* B-sheet: 144 aa
* H-bond: 1523 bonds

+ HD100 BD0922

* A-helix: 112 aa residue
< * B-sheet: 173 aa
HD100 BD0922 PAPO1 peg.3564 * H-bond: 1421 bonds

% 12 Alphafoldg €83t HD1009] 7teEsfa4 BD09222t PAPOL peg.35649] fL&H|w. PAPOl
Beta-sheet7} 29 residuet3 AtH= §740] UERE.
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A
2}

O

38, Qa3 5) AEAs|A 1a} A=Y P A X2 nyE &
]

BN A EEES

- 20223 29 4QRE 29 BUNA UUT A AR AZY B Ax Bel WFe
A,

-7 2AY AFNA A2 F4, % ASPA 171 EFFM 2 YRS B,

)
- AEY Aae OHDE F=

o -1

- ASPA 171 E<FolA PAPO5, PAPO6S <13

- Potter Cove &<, <=l 4] PAP07, PAP08, PAP09, PAP10-S &213}

- 2 PAEY o Holg FEe+= #AH F 4IF PPAP05, PPAP10, PPAPI11o]
Polaromonas 4 A1&4<& U
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O 1& g5 =2 vAdE 8 g
-GS R A AZ gRy BE7sete], 718 R E Metagenomes 283 mAE 7Y B
215 23 (1914). 24 uYE = Bdellovibrio®} Pseudomonass W= E A% H]
23 v &= 24 (1915
- olo] 1xp A%l 83 P putida KT24403} E. colif ML35E A &2 02 883192

Ace Lake Ng, C.,et al. Metaproteogenomic analysis of a dominant green mgm4443684.3
68.47° S78.18° E sulfur bacterium from Ace Lake, Antarctica. ISME J. 2010, 4

1002-1019.
Newcomb Bay Lake Williams, T.J, et al. The role of planktonic Flavobacteria in mgm4443686.3
66.27° S 110.53° E processing algal organic matter in coastal East Antarctica

revealed using metagenomics and metaproteomics. Environ.
Microbiol. 2013, 15, 1302-1317.

Mount Seuss Van Goethem, et al. A reservoir of ‘historical' antibiotic mgm4667023.3
77.02° S161.85° E resistance genes in remote pristine Antarctic

soils. Microbiome 2018, 6, 40.
McMurdo Dry Valleys Fierer, N, et al. Cross-biome metagenomic analyses of soil mgm4575387.3
77.63° $162.88° E microbial communities and their functional attributes. Proc. Natl.

Acad. Sci. USA 2012, 109, 21390-21395.

I3 14 Y= Metagenome EAl0] &85 fo]g 2]AE

800,000
7,000 —

=)

<]

s
|

B Archaea -
700,000 B Bactera ] W Bdellovibrio B Bdellovibrio
6,000 — B Pseudomonas
Eukaryota ] 500
600,000 X Rhodopseudomonas
B Viruses

5,000

H other sequences
500,000

-
S
=

400,000

w
S
=3

300,000

n
o
t=1

200,000

100,000 100

| IS AT A S WS A S |

=}

Lo o by bw s b v b a by

[1

(Al I N
SN 9\\:\6,55,@0\9/

o s v®
RS o
pot® @\556 «®

Jd 15 diEAFe] oigt A4 Zuh gEopt #Alel ditaeE  AMAISHH(ERE) A
Pseudomonas® &RIE(F1h). WS XA §/do ©Wel Bdellovibrio] EAFo] G2t &l(%
U X)) E3| EF MIZoA 54 AMEZHCU} Bdellovibrio’t Wo] EQlEH H|&E =2

™ rlo
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- X2 nAPE 51 PAPOSE ASPA 171 EFolA &g 0.7% agarolA] PlaqueE A
ghowfekel] AFet oy @l Higds AEHH o=l Ae

- X2 nAE FH PAP062 ASPA 171 EFoA &R1g FWH dHE g olE £33+
enzymes 7H Z o2 R, Althul kel .

- X2 "AYE FH PAP07, 08& Potter Cove B0l &g HA wjfoA Ho] ulAY

< 833 gl AFstF o @E HigE vt 8

| T]AYE 1 PAP09, 102 Potter Cove 3llg=ollA &g HA wjFo A Ho] ujAy

Bl gt e weFol a3k

2 mAAES] 4 Holg FH3t= #AH F 4A1F PPAP05, 10, 119 wf<ke] 433

w2l BF3 (Polaromonas ).

>

Rl m?n b o
flilo

O PAP05 B4 £4
> 5] 9o

- PAP05= E. coli MG16559} Pseudomonas fluorescenss o2 o0& E 213k o] 2] o] wo]
g Eol= Wak S

- 250 wet 15 ~ 20C oA Ho] wAE Z2](Plaque formation) 30 C o] Aol A A A3}
A &s

- A vl A wrE oS faEtA] oY Plaquer FAEE 5 A Ao wpE A
ko] LA (2H16)
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>l Sl 7

Cellulose acatate(CA) HE F4sl= HHd Polyethersulfone(PES) e+ S38A &+
o2 nlglow HuA #=L A S} PAPOSE FA =& dEgols &RlshA] &3k
Z719] ol 2 @A 7]E9 wHhH ol &2 uiolg| 9t s o E FEH Y mAdEole}
3 g
< ¥R FHE FHA Ede FH, 2& ©
plaque 84 AIZt o= uHiolgizet B7] o

< @uA #SNA FAHA Fa, Cell lysis7p &2

olg} B7] o

- o|&2 <Ql&l] PAPO57} €xHbxo =2 &
Radiation(CPR)Y 7Fs/doll tisl] =

= I A
— -

oz
(e
,ﬂ
1y
gL
X
o
i
N

KR
=
AAE I8 F.

O PAP07, PAP08 &4 &4
27 9 gk

>

[e)
Lght

PAP079] 7% E coli ML35%HS Eo|xog A3 3&m Hjeke] OD600nm absorbance 1
715 80% a7k Al 25C ol A oF 149 AL .

PAP082] 7d-%- E. coli MG1655, K. pneumonae NCCP 157825 E2]3lw 4 3stm nj ko]
OD600nm absorbance 1 71 80%%4&7A] 25TC oAl ¢F b A Q5.

4
:

A EA B4

16S TRNA Z 3} PAP073 PAP082 4 Fol™ 16S rRNA 99.17%= 214, wekA wWE
AA&E=2 Q3] PAP0S FHo2 ATE 3

16S rRNA PAP08-2 Sphingobacteriaceae < Mucilaginibacter daejeonensis®t 91.03% +AF
shv FEYUE FA3HA &, & mAleEs EA ke §EAG 2 familyE £/3H7]
ol &=

16S rRNA phylogenetic treet= (ZZ1@17)°)] YERE.

NCBIo| &3 PAP08S &+dF2 E5 Uncultured bacteria® o] gk =
E4A wjFo] NCBI Metagenome databankoll Al =} A F7k# &g & 4+ QAW
Zlolg} ol 3.

gk 2 A7 dlE PAPO7, PAP08S M=Z-& x4 Pl E familyZ H53ta A+

s A
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73 AJE583425 1 Pedobacter himalayensis HHS22

AB245371.1 Pedobacter ginsengisoli Gsoil104
AJ438172.1 Pedobacter heparinus D3M2366

7 - AB245368.1 Pedobacter panaciterrae Gsoil042
EF100697.1 Pedobacter insulae DS-138
AM114396.1 Pedobacter aquatilis AR107

i s DQ235228.1 Pedobacter sandarakinus DS-27

DQ889723.1 Pedobacter terrae DS-57

66
DQ112353.2 Pedobacter roseus CL-GP80

06
F446146.1 Pedobacter lentus DS-40

48 I: E
100 EF446147 1 Pedobacter terricola DS-45

AJ438173 2 Pedobacter saltans DSM12145
DQ421387.1 Olivibacter sitiensis AW-6

100

2 DQ680836.1 Parapedobacter koreensis Jip14
AJ4558411.1 Sphingobacterium spirtivorum DSM

M58796.2 Flavobacterium mizutaii ATCC33289

& 99
AB249372 1 Sphingobacterium daejeonense TRE-04
AB244764 1 Sphingobacterium compaosti T5-12
25 AJ438176.1 Sphingobacterium faecium DSM11690
AJ438177.1 Sphingobacterium thalpophilum DSM11723
1w 09 AB020205.1 Sphingobacterium multivorum OM-A8
AB267717.1 Mucilaginibacter daejeonensis Jip
o AM490402 1 Mucilaginibacter paludis TPT56
09 100 AM490403.1 Mucilaginibacter gracilis TPT18
[ PAPOS
100 | PAPO7
100 AJ564642 1 Bellia baltica BA1
—L ME2788.1 Cyclobacterium marinum ATCC43824
a5 M58768.1 Cytophaga hutchinsonii ATCC33406
4':[}854_1 Sporocytophaga myxococcoides DSM11118

99

T ME2797 1 Flavobacterium aquatile ATCC11947

100 — AB032513.1 Cellulophaga lytica NBRC 16022
AB050106.1 Bacteroides fragilis DSM2151

—_
010
1= 17 PAPO7, PAP082Q] phylogenetic tree. PAPO7x 08L& 7]&of & Xl Z¢H viggjotz
B s "l 9ojxl o] YA HEA] s HolH2RE FAEL] 16S+= Wol &eld vf 9lo
U BlE At AE
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> HAH 54 B

- Rod shaped, 0.3~0.5um, Gram negative, motile bacterium (2#18, Z1¥819)

- PAP08¢] Plaquew Hi¥F< 1mld 30,000~50,0007) +Eo2 URHA

4 4= vm

AL wf(10°9 plaque/m) FEHA o7 X O plaque FA &S HYY
- Plaque A4 F=E O3

78}

Bdellovibrio®l| ]3] Fgoi;ql—— ol¢ gtx ForE,

- g FE(Nutrient)7} &
F7F B4 oA

O

- PAP07% 082 0.45um¥EHE

© dd= 24

PAPO7

7). Feh5 S wet ol §AIA

22 571 getes WAL Holn, By W

FabshA @outk, CA BEIF He

PAPO8

FTE9 agarolA P E A 0.35% agarol| A 25T ol A]
5697 283, Agar 0.35% ol FZoAE=

o

ol=

motility 7}
i)

5
T

(population)7} = }3}

= 19 PAP 079 FAMAARS O] E(SEM) &Y
Uxtol] WE FAWsto] ol@w LA gl A
=) Aulg 2,5008.
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O

> 22 PAE AZA dF5S A% Vs L 2 &8
- PAPO73 089 S+ o2 & plaque formationo 2 <13 A& (viability) S w5

SECEIE S

- 2 HAE FEl NTR 24 vAEe] A& A4 SAHEEH] A 6 A oA AAS

0-5)e &&3sted plaque forming flo] &Y A4S A =sted 433

PAPQ7, PAP08¢] A& Al(surfactant) (A Foll &8 22 SDS)oll kst AHE S
72 F3 o o= Bdellovibrio} § AR F] FHobA.

Bdellovibrio, Halobacteriovorax, PAP08%5 A= Z1s}& o

ArA o 2 vpEhbE surfactant®] FH b2, ZAEREO Qlo] dWtA o2 AbEste 7
Zbol| surfactant7} ¥ 7138 5 A= 7129 ZA7E H.

T3 attack phaseoll A o] AlASAAA FHFA, 53] AHGAAA F712 A3 NADHe| A
sl 2 Hlﬁ &3fi(cell lysis) & 22 TS Al Mo AE & =2 mAEe] 7HA&=

AN

Hﬂ
g
A
o
o
2=
1>
o
ox
il
2
X,
>

5 A XEZH FZ(membrane structure) &2 1 FE(TolAe} 2 wowlz)ox 1 &
AE Z 41 A=

"] 2214 w] A E(Non-predatory bacteria) PPAP05, 10, 11 5484

SRRy
- PPAPO5, 10, 119 A5, ME83 &4 6HoA Hol mAES FMsteE HA

o
A
_YE
rit

=z
Al F.

Single culture Egjoll AFstd o wjd= A3

O

= i=]
EA4d B4

16S rRNA Z 3} PPAP05, 10, 11& A Foln 2% 98.7%¢|8t2 4154, PPAP10¢] 714
type strain® H7] w&ol o]F FALE 4 3.

16S rRNA PPAP10-2 Polaromonas jejuensis NBRC 1064343} 98.15% -F+AFs .

16S rRNA phylogenetic treex= (218 20)o e

PPAP10-& Polaromonas potterensis SMO12} ™33, Whole genome sequencing ¥ %
AEA, 77 78S ¢ReAe. A e 2 Ao ok ‘A 7T A’ oA AAE o

=
=

22k = AEY A 2A

PAPOS, PAPO7 08%5¢] 22| WA® ¥e] AFoz sadul a5 4%, dIolA
FEG ol gRo] EASA 7] WMol x4 nYE B ofe] 8
Foz Qs 2T =4 nAYES 2 HHYA

HAE REI} e Ao AF
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%8 — NR 113896.1 Curvibacter delicatus strain NBRC 14919
= E MR 028713.1 Curvibacter delicatus strain 146
92 NR 112221.1 Curvibacter fontanus strain AQ8

NR 028655.1 Curvibacter gracilis strain 7-1
20 00 NR 114201.1 Curvibacter lanceolatus strain NBRC 103051
100 ' NR 024702 1 Curvibacter lanceolatus strain ATCC 14669

43 — MR 1255421 Limnohabitans parvus [-B4
100 NR 125541 1 Limnohabitans planktonicus I-D5

NR 043748 1 Caenimonas koreensis strain EMB320

NR 169353.1 Variovorax robiniae strain UCM-G35
ol & NR 113736.1 Variovorax paradoxus NBRC 15149
® NR 114214.1 Variovorax boronicumulans NBRC 103145
o8 — MR 041588.1 Variovorax boronicumulans NBRC 103145 strain BAM-48
NR 169449 1 Rhodoferax sediminis strain CHu59-6-5
NR 125536.1 Rhodoferax saidenbachensis strain ED16

NR 175442 1 Rhodoferax lacus strain IMCC26218

o8

71

99 | NR 1754261 Rhodoferax aquaticus strain personal::Gr-4

NR 175564.1 Rhodoferax aquaticus strain personal-Gr-4
a2 NR 074760 1 Rhodoferax ferrireducens T118
100 NR 114646 1 Rhodoferax ferrireducens T118
80 NR 074651.1 Polaromonas naphthalenivorans CJ2
1 |-L NR 027567.1 Polaromonas naphthalenivorans CJ2
NR 043540.1 Polaromonas hydrogenivorans strain DSM 17735

NR 109013.1 Polaromonas glacialis strain Cr4-12
NR 109012.1 Polaromonas cryoconiti strain Cr4-35

’, NR 044379.1 Polaromonas jejuensis strain J512-13
o0 ' NR 1143011 Polaromonas jejuensis NBRC 108434

86

NR 042404 1 Polaromonas aquatica strain CCUG 39402

MR 149767 1 Polaromonas eurypsychrophila strain B717-2
a8
4t NR 025958 1 Polaromonas vacuolata strain 34-P
— No.10

omo

M
4%

a2 20 PPAP109] #A=4 A PPAPI10S HolujAlE® SwWax o3 xsisty 9lon
Polaomonas&2] Al &0 =2 shol=l,

e
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A 438, BAEE) NEAE7R 22 A=Y 2 AFE X2 nPE =
HSH

O 22 &= 24 mds A=%
- 2023 1€ 7YHE 3€¥ 5Y7HA 57U =24 wAES] AEY 2 A 2 wFes 7
3.

- A ZAN AEIA AZELERE, 9ENE, ol Sdold) B4, a4, ASPA 171 %

Biocrust, 2AE ®el vVIAE TA, AF, BA BW, B/l WF L opbvl 5& %
ARG, 3Y22, 2Y2Q) ol E BE T MY B AP F AEI A

A& 8671 AH .

I 21 43 AEAN WEY A AL 2] o2 ARAM @4, sl4, ASPA 171 E9, Biocrust, &
ME 2 g2 2F, AYF BY W 52 2GS
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L1 O otk
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|(Notothenia coriiceps)
(Notothenia rossii)?] o}7}o](Gill)t AHGut)2]

a

AA7A 7% dAd drgozRE
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w2 AR Bl e

Uz
It AT HlolHE &8s, Hop a3Ho)a FY

& ¥4 AT Belg 2. 27
P 71E TANA YN AN Aoz wRT, BN Y EIE A,

HALSEATY 290 st HF2Q 24 nAE 2 AYS 73
BEE AXS gdsstar (F 8671 A, Hol 5% 7|E 2FdA EF ERY AA
28 #4F 8F & FU1etd F 10F2= ok
Zt AEY FAxoA Holz2 81T IY SATS B, oY F2Y R
(Colony Morphology)& 7I¥te 2 F&Ao Z}7] & Ho| Hte|glo} 8F (Prey A ~ H)
5 A¥E.(2H24, 1925)
- 7} Hol] wrH 2ot ZAF 4 A offot 25(%: 16s rDNA identity)

- Prey A: Pseudomonas meridiana strain CMS 38 99.65%

- Prey B: Pseudarthrobacter phenanthrenivorans Sphe3 98.66%

- Prey C: Pseudomonas frederiksbergensis strain DSM13022 99.51%

- Prey D: Pseudomonas antarctica 99.5%

- Prey E: Pseudomonas fluorescens strain NBRC 14160 99.65%

- Prey F: Pseudomonas deceptionensis strain M1 99.24%

- Prey G: Flavobacterium hercynium strain WB 4.2-33  98.97%

- Prey H: /lodobacter arcticus strain AsdM4-16 98.27%

- & 5% 9] Pseudomonas, 1%2| Pseudarthrobacter, 19| Flavobacterium, 1%

9] lodobacterg ™ °| ®tH|Z|olZ &-&3 A=
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£ 270 wep 27] ohe WiKI(MA, Marine R2A, TSB
tojng J1FoR Z2Us FUNES.
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T3y 25 FHWBAN BT WEAY Helol(IAIA Hol FF)E F2Y morphologyg 7I8tO 2
Mgstol A2e wiFld] AEY B YR FEE TR Yol FR2 WEANS. MA YA
Starch #3] 24 5& ASIE Ol Welejols Hustgon], Sold AL J1A HEA e
of B3t FA 54 BA AP o Ug
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- 8670 AH F, FYvEtA Aoldes F 3 A AMEE thgow 4 nAYE B
5 AEIES. old ditd dd AEeHE P EIUDES Oide=E N
parahemolyticus$t sl FEeld 5 Hol|&E st 24 HAE &8 3=

- o8 AHoA AT x2 HAES EHT 7 AReH (T 1597 o3 wiFA), o}y
of & A% (1726)

|-'|-'5l'5- 3"::*'" Lt :’H'P s 1
F

MG AI245} |

0 ATLET IS EEiiﬁv EEI’lﬁ' E--‘li |KELJ'I! Eﬂf_’# [eani- O

| ERE0HREE
2PAPD7OH T | S aleara]
GRElL: “?n' a0l g (RS HED

EE{SE PR HE0|

11 I-Ll'-l'-'uui'._':! e Ol

|'| :"r 1 'llglu
25 PUjrs oy Eoaio| LR B 9

=t}
]

-

FHEEE BT 1) FHE

1. Pfebe e 1) B R R
 BiHEFE st R i) e

i e T il
MR o WET I NERE

77 ;|.:||..A. FIT 'I-. p. ajn

AZ AN e ] J”H | EHTEOI

5 RE) 404 O R X3

T UM Delr| e IAE (3l ETIe] IO
FIEEY: HESCL)

10 FEELE B J RIS

16 ASPATTT ¥ [PAPOS2 S

1% BIOHE B (DR

Lk o L L
I [

Fresh Water [sedime nts)

1|: W0k oj7]
1 EME T2
? FHEE 3T DM B2 TFR
35 LIz} Z|=r@-al]
Gilah) HEOTW ER- B R
75 ﬂiLI§ EI CETER a'th

Soil or Plants

a a0 -"-‘-F'n*“"!t‘#lf-!l. THEEE
O My AtpARSIEE O
;E 27 ASPAHAE B crhl EEC=
35 ASPA SIEHT EE 0 WE AEE
Total 31 samples 15 21 23 g 15 10 16 15 15 19

a3 26 ASLS7IA] 27 ABE 2] A (B @) " OARES HoldR(MG; B coli MG1655, PP;
Pseudomonas putida?t Natural isolates bacteriaQl A B C D E F G H) (A 38) tjatoz mAl 0O
e e At (RFA BA], AR 24 0)AE 7ol BEY viYvIiHday)). A B4, F/AEH
/A9, 29 AE SN AAE dides xA uAdle RYE A8dstglen, 1597 AE stHo) Ad5st
Fe. (Prey A: Pseudomonas meridiana strain CMS 38 99.65% , Prey B: Pseudarthrobacter
pPhenanthrenivorans Sphe3 98.66%, Prey C: Pseudomonas frederiksbergensis strain DSM13022
99.51%, Prey D: Pseudomonas antarctica 99.5%, Prey E:. Pseudomonas fluorescens strain NBRC
14160 99.65%, Prey F: Pseudomonas deceptionensis strain M1 99.24%, Prey G: Flavobacterium

hercynium strain WB 4.2-33 98.97%, Prey H: Jodobacter arcticus strain AsdM4-16 98.27%)
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- AR Y £ WidEH FF F 13FS AAHSI 16s rRNA A3 A3, Type
strain Bacteriovorax stolpi DSM 1277839 -At%7} 96.8%% 8183, th® #F PP10
9] 7% dDDH+ 18.5%, ANIE 74.92%= uskomw o= ofg] ‘A 54° oA ZA 3
o3&

- 9 7Y #(PP4, PP25, PP11, PP10)E Ho= AdAsIY 7]&E <&zl x4 v &9
ATSd BAS 23 3 Az o]AHd Norway Tromso A Holx EHzd H Y&
Bacteriovorax sp. PNEc13} 22 ZE2HZE Hole S &g o= E=Norway)3}

ksl
=
FSHAEAA) & SN At x4 vAEe] Hlw Fde

il

A ALBEE], A Lol
Aot ERF Fol P AYL F2T 5 US. B AT Ao] BeP x4
Mol AL AL ESE £ MAPRA Ao TP, AL Tik AT

94 Qo Aee A (192

— PP25

PP4

Bdellovibrio sp. Gunpowder{AF084853.1)

B_stolpii strain DSM 12778 (NR 042023.1)
88

B stolpii strain Uki2 (NR 115142.1)
100 4|7—Hmﬁriﬂus strain SJ (NR102485.1)
100 H litoralis strain JS5 (NR 028724 1)

P_starrii strain A3.12 (NR 024943.1)

G lovleyi strain SZ (NR 074978.1)

100 ’— E coli K-12 MG1655 (NR 102804.1)

L S.enterica Typhi str. Ty2 (NR 074799.1)

P.exovorus JSS (EFG87743.1)

57
B bacteriovorus strain BRP4 (AF148938.1)

B .bacteriovorus strain BEP2 (AF148938.1)
100

Bdellovibrio sp. NCO1 (CP030034.1)

B bacteriovorus angelus (GQ427200.1)
B bacteriovorus HD100 DSM50701 (AJ292759.1)
100 B pacteriovorus 109 (CPOOTE56.1)

B.bacteriovorus str Tiberius (NR102470.1)

27 = 2] ZAl 0jJE PP4, PP10, PP11, PP25 16s rRNAES BEAM3&}o] AbAdsH
2. 43 P2l XA g2 M2 99%0l4] 16s rRNA UKL Hof ulxd
HHE. o] 52 Norway Tromso A|Fofjx] HE]o] 16s rRNA #Al0] ZI°8&l uf
Bacteriovorax sp. PNEclit ZHdZo|n, 7P 7PFE  Type strain2

Bacteriovorax stolpii DSM 127780] 912
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- 7|20l RI1¥ Bacteriovorax sp. PNEcl= Whole genome sequencing 43} 7]glo] o]
Fojz A ke FAFEA, B AT A7V AL A x4 wAESY Whole
genome sequencing 43} 718-& st Hxol AHE 2 ALOoZA U E V1A,

- kg H o Z wgEE 137] £ thAo = BLASTE 53 16s rRNA Identity 342 213
stgdont, == identity7} 99%0)4e] §AFE o= uHE . old] gyrB SAAES Yo
ANEAE RPste, 2t x2] v Z9 zolE HES FE3 W 3719 EH2=HE T
w3 (1928)

PP6-1-BALOs
PP11-BALOs
F22.3-BALOs
F22.2-BALOs
F22.1-BALOs
0.012
F11.2-BALOs
A25-2-BALOs
0.001
B13-2-BALOs
‘ F9.1-BALOs
0.026 ‘ F9.2-BALOs
0.002
‘ F20.1-BALOs
F21.1-BALOs
0.025
PP10-BALOs

0.01

7% 28 gyrB RAALS Zlvroz A W3 Re] mA 0¥ 137] widAlol oigt A4 4. 16s
rRNA BHOZL 18 A & Qb wjUAIES 4g 5o TEANAS. A P9 2efa
B2 1REe .
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-9 T HALE HA wY == ]
- TE Fo] 20° ColA HA FE2 FELL Holw 4Y7F T
- F9.2, PP10 #F¢] A9+ 30° oAAE A% 7Fsslaion 4z #2)

BE Fo] 37° CollAe widHA Fas & 3 4¢3 #3).

A25.2, F11.2, F20.1 9] 7% 4° ColA i 7H5dES FUAstAS B ol o

mlm
_‘ {
rO
et
ihd
i)
I
W
w
e

Z). olg|3 AHAE Tl 4 TFui oo RHF A AolE VAL dFS FlstS
S 47 ColA MgEE FFE AL 5i A7 F8 AUoE FE Y 47 o
€ 25 A3AE HuFToEA 250 #HIF FAA/EAA oJEE =Y 7 I A
o= ek
Group #1 - Day7
30
£
525
- 20
N
‘n 15
S 10
o
2 5
o
0 1
4°C 15°C 20 °C 30°C 37°C
Incubation temperature
EPP11 oPP4 BPP6 mF11.2 OA25.2
Group #2 - Day7
25
E 20
v 15
a
w 10
3
8 5
o
0
4°C 15°C 20°C 30°C 37°C
Incubation temperature
BF9.1 OF9.2
Group #3 - Day7
_25
E 20
815 I
w
o 10
=
85
o
0
4°C 15°C 20°C 30°C 37°C
Incubation temperature
®mF20.1 aPP10

FH

- AlphafoldE %3l Wi+ Bacteriovorax sp. PP103} Type strain Bacteriovorax stolpiie] ©
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T,

1}

Md FxE Nwd Ay, TR ul$ FAE dwES A (M48 peptidase). Lt
1 9] &,
2ls

H-bond7} 30 bondsihE w31, Alpha-helix®} Beta-sheet® ZHz; 14 W& F29&
stol WA B4 Adozx FH3 7}

(]

L o
TS

glstd=. (LH3D)

* B. stolpii

* A-helix: 324 aa residue
» B-sheet: 18 aa

* H-bond: 1776 bonds

- PP10

* A-helix: 323 aa residue
» B-sheet: 17 aa

* H-bond: 1746 bonds

B. stoipii M48 peptidase

PP10 M48 peptidase

peptidase THERA

v =2

2 31 AlphafoldE &-83F Type strain B. stolpii®t &= &g

4= Ha] #+% Bacteriovorax sp. PP102] M48
X H|i. Alpha helix, B-sheet, H-bond?9] 7}4=&

S|}
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- WA FAR REFEE) + 23 BIROD) + A E2 nYBGEE)E GO Hol@
Hé%% 39l @ A3, 47 G HolF HE ddo] #AW. ot 7 BFIF FHAL
aitiets BEYHoRE o7k UL B AAEE A3 25 AT
H A4 239 B9 AE I 58 ATV A5T Ao AR, (13D
Prey Range of Antarctica Predator
N : Plaque size in Centimeter. ** : Pale plaque. *** :No plaque at all
Pseudomonas sp. Janthinobacterium sp. E. coli K12 or B Others
P. putuda | TSA1-2 | R2A2-1 | TSA2-1 | TSA2-3 | R2A2-4 | R2A2-8| TSA 1-4 | R2A 1-3 | TSA 1-1| MG1655 ML35 TSA2-2 | R2A1-1| TSA1-3
F9.1 + 6 7 - 7 - - - - = B = = = i
Group 1 [F9.2 12 13 10 12 15 10 - - - - - = = - =
F11.1 9 12 10 + 12 10 - - - E = = = =
A25.2 10 14 10 + 13 12 - 10 + 1 - - - 8 -
G 2 PP4 10 12 v + 7 1 - - - = = = = = =
TOUP = I5p1e 10 14 1 5 13 13 N . . . N N . .
PP6 13 13 1" + 15 13 - - - - - - - +
Group 3 PP10 15 14 13 15 17 13 - - - - = = = = =
i F20.1 9 14 10 12 13 7 - - - = = = = = =
PAP PAPQ7 - 7 8 - - 5 - 6 - 7 - + iz - 8
PAPO8 - 6 8 + - 7 - - - - 7 + 6 il
Bd 109J 15 14 12 14 11 12 12 - 12 13 13 - - -
) HD100 10 12 10 8 11 8 - 11 - 6 9 11 - - -
P.st P starrii 14 11 14 12 14 5 16 - 16 - - = -
P. fildesensis P. weihenstephanensis P. orientalis ). lividum |J. rivuli Rugamonas rubra
Number: Centimeter of plaque P. migulae |P. canavaninivorans P. fluorescens J.svabardensis i [
2% 52 1539 QOIFR(LE @5 35, YT R olo] BF 125)0] ot 9T KA % QW 24 o)
Ao mA] e maudd. 22 ZAHE Fo|tetrs tAZIe] Yol JhE He g2 & & &
9le.  Pseudomonas sp., Janthinobacterium sp., E. coli sp., Flavobacterium, Rugamonas,

Rhizobiums QA0 2 HAE.
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FSASUA Y ofriu A x4 w|AE VPI07.1S AF¥Ho= EH3 dE 24 mAy
& ‘#|g 22 uAE’ ¢l Halobacteriovorax marinus S] 9+ 16s rRNA FAME
97.66%5 714 AlFo=2 EF/H. ol gk Whole genome sequencingd 7|Eo] &)
28 Foll . (ZL™E33)

1t}
=]
=

Natmna_l L:bra of Med:c_lne Lagin

Al O

BLAST ¥ = blastn sufte = results for RID-TUXYIYGA01Y Home Recent Resulta  Saved Stalegies  Heip
g oty ¥ @ How toread thesreport? B ELAST Help Yideos: "DFack to Traditions! Resutts Pape
Jab Title I46526-MA-003-1-yp107.1-27F Filter Results

HID TUCF Gl Solch eapieson 0106 21 dspm  Download &l =

Program BLASTH ﬂ Citatinn « um.ﬁm’!ﬂ .r"..""? ' i E:E'T"' ey _:?IE!I.rdE
Distabase rRMNA_Typastraing/165_nbosemal_ANA Sas datails « THUPY GO | AT, Ivorsie, el or group i

Quiery 10 | ity _BOTSI0Y :|- Add srgmaiam

Deacriptian JA65ZE6-MA-DOI-1-vp DT 1-27F Percent [dentity E valie Query Coverage

Molecile type dna . to . - i .

| to
Query Length 146 .

I = g
Oiher reports Distance trpe of results  MSA wpiwvar o m L #58q |

Descriptions Graghic Summary Alignments Taxonarmy

Sequences producing significant alignments Download = Selectoolumos = Show | 100 Y | @

galact gf 100 mglencen sefschad GenBank  Geaohicy  Digtonog tres of jepulss MESA Y 0wl
.S AT [ TR

8w 1 mar 2605 2496 WN 00

u =1 il 2al ZiG0 N an

1 I atm 0X o gg% 0

[ = ] an - vigi v M I35 1925 75 fi

anis 1 by 1 n el 1RET 49 [T T o1 bl

[ Qi T ml e L il 80 Gl ] BEOOS E351 AR o)

O3 33 =2 S mA U|ME Halobacteriovorax antiarcticus VP107.19] 16s rRNA B4 A}

Type strainQl Halobacteriovorax marinus S]2} 97.66%2] IdentityE 7}/ AlZ0 g 3Hol.
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A5 A G 7 AF X2 u|WE Bacteriovorax antarticus PP10

O 9] Helx AAZ 979 224 vAE F, W HHFe] &
ASHA AFE WYg
- 20° CollA Pseudomonas putidas 7o Z 34t wjF 7Fs3sbd, 108 ~ 109 PFU/mI
A=9 =& 714 (HEPES HiA], pH 7.2)

e
rok

PP10 =

Ll

fde=

- Whole genome sequencing= %133ta, ZAFTS o= dDDHe} ANl 418 %33t

16S rRNA, dDDH, ANI ¥4 ZA¥ 2lF #F2 AU (F3)

Reference Strain Accession Number dDDH C.l. ANI (%) rGC (%)

d4(in%) d4(in%)

Bacteriovorax stolpii DSM 12778" CP025704 18.5 [16.3 - 20.8] 74.92 2.49
Halobacteriovorax marinus SJ' CP017414 17.7 [15.6 - 20.1] 67.06 1.70
Peredibacter starrii A3.12" CP139487 17.6 [15.5 - 19.9] 67.09 4.31
Bdellovibrio bacteriovorus HD100" NC 005363 19.6 [17.4 - 22.0] 64.46 12.25
Bdellovibrio reynosensis" CP093442 19.3 [17.1 - 21.7] 64.96 4.72
Pseudobdellovibrio exovorus JSST NC 020813 19.6 [17.4 - 22.0] 64.54 3.52

¥ 3 Pairwise comparisons of the genome of Bacteriovorax antarcticus PP10 DSM 1162417
against other predatory strain genomes using TYGS (https://tygs.dsmz.de/) and ANI
(www.ezbiocloud.net/tools/ani).
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https://tygs.dsmz.de/
http://www.ezbiocloud.net/tools/ani

=(KCTC) ¥ HHUDOSMZ) v EAA 2ol 78S 45395 (18 E DSM 116241)
1A ZA3E vy o F Secondary metabolite ¥4-& Z3Y. Type strainQl Bacteriovorax
A 1o

stolpii DSM 12778 =<} H]xnl. Amino acid A £ 7|HFe 2 Protein homology #41-&
et A3t F 2ol E 7M. AF FFEA NEH 5o S YEE. (34
B. antarcticus PP10" B. stolpii DSM 12778" Homology
Secondary Metabolite Gene ID Protein Size (a.a.) Gene ID Protein Size (a.a.)
SHI21_13190 395 COV70_14775 418 28.07 %
SHI21_13195 86 COV70_14770 75 28.95 %
SHI21_13220 677 COV70_16330 241 26.67 %
SHI21 13225 251 COV70_17070 262 24.48 %
Aryl Polyene SHI21_13230 248 COV70_08380 245 41.83 %
SHI21_13235 493 COV70_08425 473 21.82 %
SHI21_13240 418 COV70_14775 418 3141 %
SHI21_13245 81 N - -
SHI21_13255 380 COV70_14775 418 29.91 %
SHI21_17610 306 COV70_08265 306 86.93 %
Beta Lactone SHI21_17620 272 COV70_08275 272 84.93 %
SHI21_17655 644 COV70_08305 644 79.81 %
SHI21_07770 585 COV70_12475 581 22.65 %
NI-Siderophore SHI21_07775 339 COV70_12480 329 60.53 %
SHI21_07780 581 COV70_12485 587 27.73 %
SHI21_05835 1884 COV70_13890 2940 62.26 %
NRPS SHI21_08160 1375 COV70_12075 1371 62.65 %
SHI21_03725 378 COV70_15945 379 81.75 %
SHI21_03685 443 COV70_15990 446 86.14 %
SHI21_03680 369 COV70_15995 369 89.43 %
SHI21_03675 178 COV70_16000 174 79.43 %
Phosphonate SHI21_03635 386 COV70_16035 385 90.39 %
SHI21_03630 545 COV70_16040 540 96.66 %
SHI21_03625 211 COV70_16045 211 75.36 %
SHI21_03615 257 COV70_16055 249 91.46 %
COV70_17805 372
COV70_17810 431
COV70_17815 441
COV70_17825 298
SHI21_10795 330 COV70_17835 309 31.76 %
COV70_17840 365
COV70_17850 322
COV70_17860 407
SHI21_10805 379 COV70_17880 369 56.71 %
Ranthipeptide SHI21_10825 409 COV70_17885 407 35.77 %
COV70_17890 551
SHI21_10850 91 COV70_17895 91 48.86 %
SHI21_10800 383 COV70_00040 359 40.73 %
SHI21_10830 244 COV70_17900 244 47.70 %
SHI21_10845 247 COV70_17900 244 52.70 %
SHI21_10835 337 COV70_15475 333 32.89 %
SHI21_10855 366 COV70_17750 430 37.69 %
SHI21_10860 369 COV70_17735 455 55.98 %
SHI21_10890 360 : = =
T1PKS SHI21_05830 2221 COV70_13895 2225 74.39 %
COV70_02630 346 3112 %
T3PKS Salbs (kI 350 COV70_13990 350 77.71 %

H 4 Identified secondary metabolite regions within the genomes of B. stolpii DSM
12778" and B. antarcticus PP10" using antiSMASH v. 7.1.0. B. stolpii DSM 12778"
genes listed in blue are not present within the biosynthetic gene clusters identified
by antiSMASH v. 7.1.0. The percent homology is the amino acid identity between the
B. antarcticus PP10" and B. stolpii DSM 12778" proteins using BlastP from NCBI
(https://blast.ncbi.nlm.nih.gov).
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Al EA A Eo] HlF wjgo] AQF= AZte] 71 wHE, 1F7] AZAK Life
cycle)ol &85+ AZHE Resazurin #4HA 6= T3l 43+ 5. Bacteriovorax
antarticus PP10= X2 o]3 z7] 4X3t B¢ A&H oz ol vhe|gloll P putidas) A3
S FAEAF oW AT o] FRE] 1 ko] AA FUHES &UF olol 157 AEAt
= 8AXE A o2 FAsH, 3Y olgkE HiF 7IRtel AteHow Fdtes ZloE dd
ek (21934)
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Ho| 0= (Prey: £ coli ML35)9] A=A FAZAAL, ILA] U]’\“E'_J Signalo| 8
A7t 0|2 R FEFHE AL Esﬁ 127] WYAPL 8-10417F T 02 LAE 0| 9
g2 et melas] Sanaie 271 2 ol% gAdl AL AL £ 44
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- Bacteriovorax antarticus PP102] 2] A& "o ol E44-S
< AYsA 5. AFEY x4 HAAEY Hol mAEE 747 FHlsh %Jf& H, 0~9A%F
7HA vl 713 E ) v Alztelth &R S %18, Paraformaldehyde -8 <H(final 4%)9_2 A
2 uAy #AF 3 A, O AFoz Fe 3 ule} o] SAZFRE lysis7t BEE Y
A 23l A 9/\17LH He BEE o] mAlEo] AEsta, x4 vAET s AS AT

T A=, (2E35, 1H36)

4hr

5hr

Thr 6hr

2hr 7hr

% 35 B. antarcticus PP10T o] A&k} mpers 9]

Ztotch =25l Paraformaldehyde 4% = 1743
OJA]. 2A1ZF "iRE =A] w]AFo] o] u]i¥E

oF Ho] n]¥E2 wa. 8AIZE Mjoll= =LAl 0]Ad

o?.l

o
-
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Ohr 5hr

2hr 7hr

3hr Shr

4hr

0% 36 B antarcticus PP10T o AEAF wore gidt FAPRANADE . ojAlzioich A1Eas)
il

Paraformaldehyde 4%2 13 5 2ot AUl 2,0008] ) oju]x]. 2417F ARE EA] 0]YS
o] Ho] njAdleg wis7] AlAS 3~7AIRE &t Ho] t¥ES mhl. 8AIZE Mjofl= 2A] U]AE Tho] =
o]l
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71& Agar WA E &8I

=
e gnE 4L AAE Be Ad #ueh Hx 39,
=

Q. m@ Ao A% T WARL Plague B0l AFY olel sizre] sawme A

Aol 2 Aol . olol F1ES W ThE A% ZPWe] Bagol BrH

o
= .
oz WY F AT =& nAyESHE YA =4 S Resazurin A Mol AL
@Y Bdellovibrio = Bacteriovorax AFA|= Resazurinel] 9] Ay Ao] A=, o]

o 184 4% Aol LB, NBSH & nurient WAE Oz A wop Aee
resazurin WS A}83t= Aol Bl

7% wholo] wjekolo| Resazuring 211 A7)7F vjekst™ Resorufin Al 149e] =712 @
dateE Aol 28U B AFHEe FId miXolH @A o Al Z1dResorufin &
ol watE wAs= W o wteelol Ax7t 7k NADH B 58 F48hs $ao
2 24 uAYE viabilityE 208 W2 SAHSE PSS ARstgS (1937, 133R).
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23 37 2AradS ARgRE mAA diE2]ote] whE Al (a) B. HEZ|eE £ A HDI0 525 7|Eo=
ggo| 5712 wolry 5o 2. folEo] man RE WS AS 108 5% 7P 2 57 9
Ao, Tt P4 023k 102 #=gke] Apo]E AREsto] dF/dtE AASIS (n = 3). (b) Az Zdw=oj
izt gdvEee mAY #39 dF/dt Y Exo =2, 2Ad £X7F 1077~10%9 PFU/mL Ato]d o
=2 AEEAE 2Y (n = 3). (o) Mz deof dizh d2YHeuta mAY 30 dF/dt 32 5%
gk o=z, mAY £X|7F 1007~10"9 PFU/mL Ato]ld ©f thA] gt ¥ w2 AHHAE 2 (n = 6). (d)
ZAIAY "jgolo] SDSO|| 9J5f AFESHH Resorufin @go] x5he. 2ArdS A71str] Aof vrglgjo &
AAkg Thebst SDS BE2 1AZF B @y wlElS. Aok S FAAAN ZAAL Aldete AL
Hotshe o dF/dt 3+ AMESH 2 9182 HoE. ¢, P <0.0001 (n = 3).
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+ 9. ARe B84 992 U v S @EAY. xA 0820 arrdS FrEsH] Aol A
Byt oh2 ujx|oA 1A]7F B ugslglS. ns, §95HA thE2x] ¢E: b, P < 0.001: ¢, P <
0.0001 (n = 3). () 2 ZA v]B2elo] 1AZ HES. W eo] AHoIA M2 ChE ASolN ZAAL
=S HiYst &, Top agar E9|°|EE AME-5I9] plaque Alpsto] AAEHZ FAst 2y, oj» xA n|Ad=F

l

T 0% ASWof 8|5l Ay&ZHo BEA-FXQ] P2 vix] o= Hoz Ve (n = 3). (g) B bacteriovorus
HD100o] tfgt Overnight Al Ay, ZF AEQQOA Oiddol tigh ZA] 52 1i'd eoA] LT
dF/dt Zrat & AddA 7 9o, I3A 2] ¢4&5Utch a, P < 0.05: b, P < 0.001: ¢, P < 0.0001 (n

= 3).(h) ZAlo] AojUx] e 0% ASWE A|Q|st 7zt AFEQYo|A Klebsiella pneumoniaed]] Thgt Al
grzo] mfd edA &ASH dF/dt gt & AAHAI7 928 BoFE Halobacteriovorax JA-19] R A
Ay}t ns, 3 =X %485 4, P < 0.05 b, P < 0.001 (n = 3).
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ATE E5 2% dEH et By 2 79
O w3 B¢ 2 5/ AE22H 630 1% dejeols el 45U
- B9 9 44 A= 1gS HEPES bufferol] 58] 3418 5 TSB, LB, NB, R2A 59| w0
84 mwstn 20° ColA 237 MY tgd FEUE SusEs 53

Nl

Morphology 3 A2 S4= 7k #58 SHo=2 &8 #4< 3.
- o] dhE glols o2 16s rRNA £ A3 659 vhelg]obr} identity”} 98.7% w
Tto g AF 7)E] REet A
- x4 UV@% AT T O HIZAA dtElgotE EYEaL, ol &Y 4%k AA
AN F 6FY AFES L= e. B SFA H&T ]FJOP‘ I AAZA AL
A ¢ 7}%] 7} =21k, Whole genome sequencing® 71BH(@= KCTC, =< DSMZ) ¢%3}<
AL 85k 3l =
- 659 dtEgote] AF WA JgHSE 44 v e
1) Flavobacterium ardleyensis PL02 (DSM 116602) - &=: o}=d o] )
2) Formosa sejongensis PL04 (DSM 117045) - =: AlZ3}8t7]12] &8
3) lodobacter frigidoviolaceus CM08 (DSM 116981) - &= A2, v]-&ghA|Ql A4k
4) Polaribacter ardleyensis PL03 (DSM 116992) - &= o}l=do]d &l
5) Polaromonas potterensis SM01 (DSM 116566) - &=
6) Rhizobium antarcticum PLO1 (DSM 116244) - &= 4= &
- EE w7 tieted HA v = B4 A3, BEe 7571 4° oA wjkel ke
st AL AHS FFUS FQs% T, Formosa sejongensis PLO4= 25° CollAl FH A,
Polaribacter ardleyensis PLO32 15° CollA 2, 1 2] 7] #F+ 20° CollA HHo=
kg & st dl=. (D)

A

4 °C 15 °C 20 °C 25 °C 30 °C 37 °C
Flavobacterium ardleyensis PLO2 + + +++ ++ + -
Formosa sejongensis PLO4 + + ++ +++ - -
lodobacter frigidoviolaceus CM08 + ++ +++ +++ -
Polaribacter ardleyensis PLO3 ++ +++ ++ + - -
Polaromonas potterensis SMO1 ++ ++ +++ ++ - -
Rhizobium antarcticum PLO1 + + +++ ++ - -

B 5 Permissive temperatures for the non-predatory polar isolates.
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Reference Strain dDDH C.l. ANI AGC

ds(in%) d4(in%) (%) (%)
Acinetobacter colistiniresistens NIPH 2036 29.0 [26.6 - 31.5] 64.41 6.50
Neisseria zalophi ATCC BAA-2455 28.3 [25.9 - 30.8] 66.93 3.19
lodobacter fluviatilis DSM 3764 25.0 [22.6 - 27.4] 80.28 0.97
lodobacter ciconiae H11R3 24.5 [22.2 - 27.0] 79.56 0.29
Peribacillus butanolivorans DSM 18926 22.8 [20.5 - 25.3] 62.40 9.84
Spiroplasma floricola ATCC 29989 21.0 [18.8 - 23.4] 65.68 23.42

H 6 Pairwise comparisons of the genome of Jlodobacter frigidoviolaceus
CM08 (DSM 116981T) against other strain genomes using TYGS
(https://tygs.dsmz.de/) and ANI (www.ezbiocloud.net/tools/ani).
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lodobact ' —
j gfdnufiém :

UCRF 5.0kV 7.5mm «18.0k SE(L) ST T T amoum” BERF 5.0k TS X2 S0GSE(U
23 40 lodobacter frigidoviolaceus CM08 (DSM 116981") 8ljf292] ZFAMAALH 0|7 o]u]A]. 3um U
o]o] Zol, 0.3um Uelo] A 71AL.
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Reference Strain dDDH C.l. ANI AGC

ds(in%) da(in%) (%) (%)
Formosa agariphila KMM 3901 25.0 [22.7 - 27.5] 81.63 0.56
Formosa algae KMM 3553 241 [21.8 - 26.5] 80.85 0.50
Formosa haliotis LMG 28520 231 [20.6 - 25.4] 79.58 1.46
Formosa sediminum PS13 22.9 [20.6 - 25.4] 80.24 0.67
Bizionia arctica CGMCC 1.12751 22.3 [20.0 - 24.7] 74.53 0.11
Winogradskyella psychrotoleransRS-3 20.0 [17.8 - 22.4] 72.60 0.59

# 7 Pairwise comparisons of the genome of Formosa sejongensis PL04
(DSM 117045") against other strain genomes using TYGS
(https://tygs.dsmz.de/) and ANI (www.ezbiocloud.net/tools/ani).
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Formosa SEM image
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Reference Strain dDDH C.l. ANI AGC

dy(in%) dy(in%) (%) (%)
Polaribacter sejongensis KCTC 23670 24.7 [22.4 - 27.1] 81.07 1.00
Polaribacter butkevichii KCTC 12100 244 [22.1 - 26.9] 80.89 0.87
Polaribacter undariae KCTC 42175 241 [21.8 - 26.6] 80.58 1.16
Polaribacter atrinae KACC 17473 23.7 [21.4 - 26.2] 80.52 0.85
Polaribacter haliotis RA4-7 23.4 [21.2 - 25.9] 80.49 0.38
Polaribacter pectinis L12M9 234 [21.1 - 25.8] 80.75 0.18

H# 8 Pairwise comparisons of the genome of Polaribacter ardleyensis PL03
(DSM 1169927) against other strain genomes using TYGS
(https://tygs.dsmz.de/) and ANI (www.ezbiocloud.net/tools/ani).
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Polaribacter SEM image

Length: 1.8%um
Width: 0.48um

3% 42 Polaribacter ardleyensis PL03 (DSM 116992") vl 22 ZAAANADZ olu]x]. 1.89um U

2]
9lo] 7o), 0.48um Ujelo] £AZ 1.
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Reference Strain

Polaromonas eurypsychrophila CGMCC 1.15322
Polaromonas jejuensis NBRC 106434
Polaromonas naphthalenivorans CJ2

Variovorax terrae CYS-02

Rhodoferax sediminis CHu59-6-5 T

Curvibacter cyanobacteriorum HBC61

dDDH
d4(in%)
24.4
22.9
21.7
20.4
20.3
20.0

C.lL.

d4(in%)
[22.1 - 26.9]
[20.6 - 25.4]
[19.5 - 24.2]
[18.2 - 22.8]
[18.1 - 22.7]
[17.8 - 22.4]

ANI
(%)

81.13
79.16
78.04
76.36
75.82
74.84

AGC
(%)
0.25
1.07
0.14
5.84
2.53
5.35

H 9 Pairwise comparisons of the genome of Polaromonas potterensis SMO1

(DSM 116566") against other

strain

genomes

using

(https://tygs.dsmz.de/) and ANI (www.ezbiocloud.net/tools/ani).
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Polaromonas #
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o} Zol, 0.3um Welo} £AS 71
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Reference Strain dDDH

d4(in%)
Pararhizobium polonicum F5.1 28.0
Pararhizobium giardinii H152 24.7
Rhizobium gei ZFJT-2 22.3
Pararhizobium antarcticum 59 22.2
Pararhizobium arenaeMIM27 21.6
Rhizobium quercicolaDKSPLA3 21.2

C.l.
d4(in%)

[25.6 - 30.5]
[22.4 - 27.2]
[20.0 - 24.8]
[19.9 - 24.6]
[19.3 - 24.0]
[18.7 - 23.7]

ANI
(%)

84.25
81.76
79.43
78.73
77.75
76.52

AGC
(%)
2.11
1.63
0.56
1.63
0.78
5.44

B 10 Pairwise comparisons of the genome of Rhizobium antarcticum PLO1

(DSM 116244™)  against  other

strain genomes

using

(https://tygs.dsmz.de/) and ANI (www.ezbiocloud.net/tools/ani).

_68_

TYGS


https://tygs.dsmz.de/
http://www.ezbiocloud.net/tools/ani

Rhizobium SEM image

12 44 Rhizobium antarcticum PLO1 (DSM 1162447) v9}29] ZFAPAALE 07 o]u]A]. 4.68um U<
o] Zo], 0.44um Ujelo] £AS 714,
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Reference Strain dDDH C.l. ANI AGC

ds(in%) da(in%) (%) (%)
Flavobacterium hydatis DSM 2063 414 [38.9 - 44.0]1 90.40 2.1
Flavobacterium frigoritolerans CGMCC1.11577 33.6 [31.2 - 36.1] 87.30 1.45
Flavobacterium shii CGMCC 1.11581 32.6 [30.2 - 35.1] 86.67 1.63
Flavobacterium branchiarum CECT 7908 29.4 [27.0 - 31.9] 84.81 0.56
Flavobacterium hibernum DSM 12611 23.2 [20.9 - 25.7] 79.07 1.63
Flavobacterium frigidimaris DSM 15937 23.0 [20.7 - 25.5] 78.76 0.3

H# 11 Pairwise comparisons of the genome of Flavobacterium ardleyensis
PLO2 (DSM 116602") against other strain genomes using TYGS
(https://tygs.dsmz.de/) and ANI (www.ezbiocloud.net/tools/ani).
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Flavobacterium SEM image

% 45 Flavobacterium ardleyensis PL02 (DSM 116602") vjof=22] ZFAIAA}E 0|7 o]ulx]. 5.45um
wele] Zol, 0.49um Uele] FAE 7hAl.
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- RE #F°)| tsle] Whole genome sequencing data &8, AntiSMASH 42 %3
Secondary metabolite profile #2418 2138 (%12). 712 API 20NE<€} APl ZYM kitE 53j
metabolism profileS #4395, (%13, %14)

Strain B-lact SVEt?ms s\'/\‘sf:;s RIPP Aryl Res  Llanthi  Ranthi  Sid Ter HSL
3 (2)
1 Addition 2 1 1 1 1 2
Flavobacterium al (2)
Formosa T3 (1) 1
lodobacter 2 2 1 1 1
Polaribacter T3 (1) 1 2
Polaromonas 1 1 1
1 (1)
Rhizobium T3 (3) 2 1 3

B 12 Secondary metabolites produced by the non-predatory isolates based on AntiSMASH
v. 7.1.0 * NRPS - Nonribosomal Peptides: RIPP - Ribosomally Synthesized and
Post-Translationally Modified Peptide; Aryl - Arylpolyene; Res - Resorcinol; Lanthi -
Lanthipeptide; Ranthi - Ranthipeptide; Sid - Siderophore; Ter - Terpene; HSL -

Homoserine Lactone
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Flavobacte lodobacter | Polaribact | Polaromon | Rhizobium
. Formosa | frigidoviol er as antarcticu
APl 20NE rum | sejongensi | ac€usCMO | ardleyensis | potterensis | - m PLO1
ardleyensis 8 PLO3 SM01
s PL04
PL02
+ (nitrates | - (nitrates | + (nitrates | - (nitrates - (nitrates
to nitrites) | to nitrites) | to nitrites) | to nitrites) to nitrites)
Nitrate - (nitrates | - (nitrates | - (nitrates | + (nitrates - - (nitrates
to to
to to nitrogen) | nitrogen) to
nitrogen) | nitrogen) nitrogen)
Indole - - - + - -
Glucose - +
] - + + -
fermentation
Arginine + +
) - + + +
dihydrolase
Urease - + + + + +
Aesculin - +
. + + - +
hydrolysis
Gelatinase + - - + - -
ﬂ - -
. + + - -
-galactosidase
Glucose + + + + - +/-
Arabinose + + I -[+ - +
Mannose - -[+ y [+ - +/-
Mannitol - + = + - -
N-acetyl-gluco + - - = m +
samine
Maltose + -[+ - - - +
Gluconate - + + [+ - -
Caprate - + - + - +
Adipate - + - -+ - +
Malate + + - -[+ - +/-
Citrate - + - + - -
Phenyl-acetate - - - - - +-
Oxidase - - - - - -

F 13 API 20NE results for each

of the polar,

comparing with standard +(1,2), ++(3), +++(4,5)
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Flavobacterium Formosa 'lt')dob.acter Polaribactgr Polaromon'as Rhizob!'um

APl 20NE ardleyensis sejongensis fngrdg':/,llglsaceus ardll,el;aegns:s p ot;tlslrgi)srs antgrfgrlcum

PLO2 PLO4
Alkaline phosphatase +++ +++ +++ +++ + ++
Esterase ++ ++ ++ + 4+
Esterase Lipase + + + + +++
Lipase - - - - + +
Leucine arylamidase +++ +++ ++ +++ + +++
Valine arylamidase +++ ++ - ++ + ++
Cystine arylamidase + - - - + _
Trypsin - - - - + +
a-chymotrypsin - - - - + -
Acid phosphatase +++ ++ +++ +++ - 4+
Naphthol-AS-B1-phosp +++ ++ +++

+++ ++ -
hohydrolase
a-Galactosidase - - +/- - -
b-Galactosidase - - - - -
b-Glucoronidase - - - - +
a-Glucosidase ++ - +/- - + o+
B-Glucosidase - - - - - ++
N-acetyl-B-glucosamid +/- - ++
ase * i *
a-manosidase - - - - - +
a-fucosidase - + - - - ++

B 14 APl ZYM results for each of the polar, non-predatory isolates =*Rating color

comparing with standard +(1,2), ++(3), +++(4,5)
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- A 9 EH] G40 tigk FrFA el B4 o 2 A Starch, Tween 20, Tween 80 £3 A3,
DNase, Protease =] ¥ A& WSt A-S. Flavobacterium ardleyensis PLO22] 73 -%-
ProteaseE A4tsl= Aoz FRIF #F83 Proteases L= 4 U= T2 AY F
stz #og. 1 oee 4] e B 54 19 (X15)

Starch Tween 20 Tween 80 DNase Protease
Rhizobium antarcticum PLO1 X X X X X
Flavobacterium ardleyensis PLO2 0 X X X 0
Polaribacter ardleyensis PLO3 X (0} (o] X X
Formosa sejongensis PLO4 (0] (0] (0] X X

I 15 Hydrolysis of Starch, Tween-20, Tween-80 and DNase/Protease Tests

- Az MFe A% HEEE FAS A NaCle 77] U2 BEZ Arste] HEEEES
gElsta, BtEgor HF o]lF AAse £EF #F HAE ¢ FEFEQ% olua
A HH e Bgot 2] FHolE . (E16)
0% 0.5% 1% 2% 3% 4% 5% 7.5% 10%
Nacl Nacl Nacl Nacl Nacl Nacl NaCl NaCl NaCl
Flavobacterium
ardleyensis PL0O2 ++ et + - - - - - -
Formosa sejongensis
PLOA - + +++ ++ + - - - -
lodobacter
frigidoviolaceus CM08 ND ND ND ND ND ND ND ND ND
Polaribacter ardleyensis N + ++ St ++ -+ + . .
PLO3
Polaromonas
potterensis SM01 Nt it it - - - - - -
Rhizobium antarcticum
PLO1 ++ +++ ++ + - - - - -
H# 16 Salt requirements for the non-predatory polar isolates. *ND: Not determined
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- A7 Wk % pH e &, Media® 27] O pHE w3 wtelgol H%E olF
A &5 BF 3 A hRE S pHE.5-7.504 H3Z e RO\, Rhizobium

PH 5.5 ~ 10704 =5 Qb9 Wope Hol Sol&el 54¢ /1ae
el (E17)

4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 100

Flavobacterium - - - - ++ ++ +++ ++ ++ + + s =
ardleyensis
PLO2

Formosa - - - - - +++ ++ + + - - - -
sejongensis
PLO4

lodobacter | ND ND ND ND ND ND ND ND ND ND ND ND ND
frigidoviolaceus
CMO08

Polaribacter - - - - - +++ ++ ++ - - - -
ardleyensis
PLO3

Polaromonas | ND ND ND ND ND ND ND ND ND ND ND ND ND
potterensis
SM01

Rhizobium - - + +++ +++ +++ +++ +++ +++ +++ +++ +++ +++
antarcticum
PLO1

# 17 pH endurance for the non-predatory polar isolates. *ND: Not determined
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- lodobacter frigidoviolaceus CM08+ ?% o+, I

T2 ZRAF] HA Fdll 78§ =2 ALk
Vlolacem AR 712 ATFE A3 0}9;1
ZFol FEHAAA FEEHE s g % T

2. Hlek =714 e
A A Violacein Y4k

Fl
m
1

Yhig LB T38

15°¢

3 46 Jodobacter frigidoviolaceus CM08 (DSM 11698178 717] t}2 ujx|Q} 2 LoA ujgst 2
2}, KMB(Kings medium B) 15°C9} NB 15°C, 25°C 70|l 718 AAto] wha2ny, 15°C stA0A 714
=2 Violacein AJAFS HQl.
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] . _

A8d T AH 2 T4 AT A8

O 2% A7 4%

- HzHow FAPonRE Belsld FAT ATH o|F P ARE olst 2. 7t o
=gz J3How ey FANA v #

4 ol £
4 A A5 FoAA AL, 2APAET AR EA)S THI A=

1
e w
T

stel2]ot HA Ealga/AR Hges e | ZAYY | HURTAEN FECE]
(C)

2021 PAPO1 (A=) Bdellovibrio Svalbard Midtre Loven Foreland Biocrust Pseudomonas 20-30(300pt.) Intraperipl O (JANRMIOOOOO0000) KCTC 92583,DSM
svalbardensis putidaKT2440 asmic 115080
and £ coliML35
2022 PAPO7 (A4 B elE ZLZEX| Potter cove 24 B4 E. coliML35 4-25(200pt) EMZF X X
PAPO8 (M43 BHelS ZZEX|Y Potter cove 24 g E coliMG1655 4-25(200pt) EMZF X X
*PPAP10  (A3B) Polaromonas 2 ZX|M Potter cove 24 B4 R2A media 4-25(200pt) SRRl O(JAWQLX000000000) KCTC?|Ef % DSM
(SM1) potterensis 116566
2023 F9.1 (X15) Bacteriovoraxsp. 2AXX|H Potter cove 2K 4= 0|7|S Pseudomonas 15-20(200pt) Intraperipl X X
deceptionesis asmic
F9.2 (A5) Bacteriovoraxsp. ZIZX|M Potter cove 28 B 0|5 Pseudomonas 15-30(200pt) Intraperipl X X
deceptionesis asmic
F11.1 (AB) Bacteriovoraxsp. ZZEX| Potter cove 2K B4 E21718 o2l Pseudomonas 4-20(200pt)  Intraperipl X X
deceptionesis asmic
F20.1 (A B) Bacteriovoraxsp. AZXX|M ASPAI71 EY Pseudomonas 4-30(200pt)  Intraperipl X X
deceptionesis asmic
A25.2 (AB) Bacteriovoraxsp. AR elHgts G224 F2R7IE Fol2| Pseudomonas 4-20(200pt)  Intraperipl X X
meridiana asmic
PP4 (M&) Bacteriovoraxsp. ZEX|M Potter cove 28 EY0I|E Pseudomonas 15-20(200pt) Intraperipl X X
putidaKT2440 asmic
PP11 (MB) Bacteriovoraxsp. 2AEX|M Potter cove 28 G4 52 Q7|2 Hoj2| Pseudomonas 15-20(200pt) Intraperipl X X
putidaKT2440 asmic
PP6 (X&) Bacteriovoraxsp. 21 ZX| M Potter cove A EQHIHE Pseudomonas 15-20(200pt)  Intraperipl X X
putida KT2440 asmic
PP10 (MB) Bacteriovoraxsp. ZEX|H Potter cove 28 EY 01|15 Pseudomonas 15-30(200pt.) Intraperipl O(JAYGJQO00000000) KCTC?[EFS!
putidaKT2440 asmic DSM116241
Vp107.1  (XB) Halobacteriovoraxsp.  AZX|E Z2HAE S0 |(SIHS LX) LhE &Y Vibrio 245 2435 X X
parahemolyticus
*PLO2 Flavobacterium ardleyensis ‘2= Ardley d &4 Tryptic soy broth 4-25(20 opt.) siEeie 0(JAYGJPOO0000000) KCTC?|EHg2! DSM
116602
*PLO4 Formosa sejongensis 2 Qe T4 Marine agar 4-25(25opt.) sigele O(JAWQUNOO000000  KCTC?|Et %! DSM
0) 117045
*CMO08 lodobacter frigidoviolaceus &= MZB2ts |X| 2H EY Nutrient broth 4-25(200pt)  BiEQlE  O(JAWQUOD0000000 KCTC?|Et S DSM
0) 116981
*PLO3 Polaribacter ardleyensis Y2 Ardley M S Marine agar 4-25(150pt)  BiEQlE  O(JAWZSV000000000) KCTC?(EtS DSM
116992
*PLOT Rhizobium antarcticum ZAERX|M QeEIE T4 Tryptic soy broth 4-25(20 opt.) sigels O(JAWQUMO00000000 KCTC?|E 3! DSM
0) 116244
wH H L= d A
a7 47 Ax=E 22 A" HH 2ot YAE
_ = o) = =] ST A = ok = ST A = ok = X
33 AT AEEFY x4 vAE w A 16571, ¥IEA v = wj A 20071 o)del sk
= D HESHuls AMAl=E 3 >3 [e] o [e) [e] = o2 O =ZAlO H =
. E’"IEI_}:Q‘_]_- é“/]'E.' = O}%—Ei, J_’X{)]Z_‘}__E BH O]:E]‘l__ T /‘]EEE v('f]:l———§ fgl [e)
E H /O % B A vl O 235l o o35 = ok = =
AIEAR 24734 €4 2 78S FdsA5 1 9 Ead EE WA= dF stocke
= o] o 1 sks 71+ = [e=Aus] Z=2 ZAlo 5l = S0 S|
2 HEH Jloeuz FF A7 & AY/Ho] #FE THLE ety dE st
L =
= =3}
= 0] 7hed
. = o AN Zo] A 3L A A B3 Zo] A Q] A B 3L Al
SA g vA Y AT ALolA 459 At 224 mAEH 659 Aqt LRb m A E(H )
o Bas 3= Qs DAFsla o
S FEste fHete AHE S35 A=

- T4 ZAVAEH] RlEFAA D RaeA dd SEATA S
- 2 AN T2 ZARAdER SA AU E %
[e)

oS 321359 S(GC content xFo]e} e ANI Zb.
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A4 7} obd "W A (Translation)” FFollA o] Fojxok s, Zt7] thE L2 u|AY
FAHE FAA vaE FA 07 Protease, Nuclease, Lipase 52 48 & &
Hl e @93 §ALE=(Protein homologies) HIwE E3) #HAzZ<QA 54 &
Alphafold¢} Z2& Al d& =& 83 Fx3 fAE HluE T3l FHA Ao
gl A ol ARE Tl AL 53ld odd SRS U

3

WPl ABIE BAL AAT A,

Plgru{n
o
e o i T (e

[
iy
f
ol
ftlo
of

A ABEAA UE SP5R £E TS| 26 LorE TAY FEAPAY

- B AT FA ZHUgEC] o FRe vYES THY £ U HoFYUS
SR e T4 EANA R TARE TAHE HBA GNAE AREAT F
9182 MM ol 'BYeBroad /HES BT AL Hg Budoe F A
4 AP, OGP B BolE 1T 5 AS AF AY Avy I oW
AgEe B2old ART W £&S oyl A WHAAA AAA %, AL
a7 QY 88 B§ 5ol 1AM B £ Us. FET 9NAL HuIT F,
g 4¥ Bde TS 19 J5HS H2EY 9%
F =% F1 A7

B ATE B Fu@ ofg AF dHeold nd BHe AP FY oL

Bacteriovorax antarcticus PP10, Flavobacterium ardleyensis PL02, Formosa sejongensis
PLO4, Polaribacter ardleyensis CMO08, Polaromonas potterensis SMO1, Rhizobium
antarcticum PLO1S X3, Z47be] =52 &% 671€ ol USEM =+ ©&

Aol A=E AdAHolH, o] o=, F 7HA T7Pi gH3 AF wH ol (lodobacter

frigiqoviolaceus CM08 % & Al ZAWAER]  Halobacteriovorax — antarcticus
Vpl05.D7F A7 Foll A+, ol F AM=EE "ol Fol td =& A FAFe=E
ANZIE AZle AHAR, U gte] RFad £ R AT ol Us. wEkA

2024l 5719 =& AEE Agolw, FI7IE 202549 kA 2719 =E< T

A=d 44
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Ho4% A7NLEE SN E
A 14 ExEHAE
1. AR A3
i 2k
FE | avpeEs AT LA AT 59 e 2 Az "
0,
22 gEg g | 0 ) HE = APds P 24 M OTE
w4 v FA MEY L Brlslg o, SAdoRny AE|
B neto g xa ngE | AFol Fx EA wPE Felo|
=] -
=1 By A3k
1A s HEtAE 240 e | SFAAOZHE Agre HE9
=27 74 A7 4 HELR] 5 B8-S 53 FA £
= AE nAE 150 248 2
Z] @ 3L Al NE = | - T 0
Wep s wy |0 EHTAE EA o g wo) vz 2 e, | 100%
el g Hol] my= o2 a3 AzHoz TA
of = A E EEE A S
e HEAE RS | dee 24 GSAER 37
T | 2AaEaa gasie | Ral =4 e 91 Wel | 100%
HEA] 7 &4 213l o]} & o)
SADN M ASEHE 2@ =4
" A= PAPOle] 54 EA3H+
e o | I AEY R 14 AEYozA 7 =44
- y = =1 - -
bz PFASY 5 g ngm | TR 40 A AEY 1Y
E 1‘:,,]_ 3 A o A 3T Al =] E=x
wAR 241 e, e, | 00 S E 0 A |
nAdE 54 | _ SR Ao s e 4. A
e x2 21T EAS W ¥ 27 EA B
e EF AN
= 1
PAP07, PAP08S] 7% Aj ¢
‘& Fzo e x4
nAEE FAHT, A2 AA
PAPOl =% 1 %393, 718
4EA=
27 AEDNE APE APL
1 el o Aol AMES W,
] - A% 2o RO L F1
22k 2R R | WMROE AZVIA | Ars) 19 29 (& 29), A=Y
x| =2 mA=E T ES, A A teFs rENE 9 27 100%
g Mz srz Axg m| AGelA 8678 AH), Hel w2
v‘j:_/-\—] D]}\g% -3?:13] B qookpj’ (10_7]:' D‘jlo]
A AR R FTE L), W i
HAg (A A B2 Fal
High-throughput screeningS %13y,
AsH o2 % 31/ AMA A
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o] A& w kA 1597), B]E2]
o) A& wjeEA 2007 o)A .
H2E3HA %2 AMEL2 B5F
o2 WE o|Fste AT
AP o 2 FH

I mAyE AF 25 &<l
Bacteriovorax antiarcticus PP10<S
H 23 959 Z2u A= o3l

dngo e BA, e B

WA B4 9.

2 AMZF oA R =
2 wel 2 | }; o "goﬂj d: Aot w, 24 24 B0 o
z2A uAdES] FH, ) ‘ o
MAE SA | aase |TUT AY AAs =8 A S 100%
3o ’ =
o 542 24
=a7] op7bn] fFf e AF E2
u| W& Halobacteriovorax
antiacticum VP107.1. o o3t &4
=4 3y F
3F9 AlF x4 mA=ol gt
A e 12} 235 AA AZ"| Whole genome sequencing % 3Y
B =
. L | 8 =2 ugEe | 923k5la, dDDH, ANI, AntiSMASH
fRA 2 AR M 100%
e T4 BHe 5% | 5= T T4 A4 Secondary
- A F-EA metabolite &4 %13). Protein
homology, Alphafold ¥4 %13}
= 0] Al Al = S
%%—%F,ﬂx,ﬁi, 20-/] 1_]0 e U]}‘gﬁoﬂ EH":’_J'
718 &5, 11 9] 639 AF BlE
& A=A X2 HAEFS i}
X . nAEol ek Ve ks 2 B4 | 100%
A=k AEstal 71gsho 22 (whol .
£4(whole genome sequencing 2
R L] AL EC. penene
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