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2. Bases | Reads Read NSO | Length
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Table 1. The results of fosmid library construction (Fosmid clone number and Insert
size)

o insert size Fosmid clone
Ice 32 23,000
Soil 26 54,000
Sediment 30 10,000
O &4 41} J|sd 7|8 54 THHA EfAf Ol SXFX} &
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— Lipase/esterase &8 & 2= fosmid & screening 21}

> Lipase 2! esterasel &4 Z=2 screening ot7| s Tributyrin 7| & 0| Z&E agar
plate® 384 well plateZ X ZH=l fosmid libraryS Hi5t0] ZF clonel EMHE &
1 screening &. 11 Z1}, & 75 plate (28,800 22)0A & 53859 &4 ZES MH

7S

ol
n|0

Table 2. The representative of fosmid clone with lipase activity

Plate ID Well no. Tributyrin 25 &4 clone 0o Z&2 A

ot

PIC-3 | Al6 | F14 | Kl

- 532 EY D= (Paenibacillus sp. R4) S92l novel putative sugar isomerase &4
(PbSI) o 2xEA
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Fig. 1. Structural comparison of cold—active enzyme PsSI and PbXI.
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Fig. 2. the enzyme activity comparison for various substrate and ligand binding

patterns of the cold—active enzyme PsEst3.
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DNAE FESIF 2L, 8572 M=M= 20|28 E #55 ?Ie 22482 DNA

-
=S| HHLH, 4S50 AM 31 xg DNAE =HEs5H%U
= O
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> DNA &2 MPBIOAIS] FastDNA Spin kit for soil M&8 AF235tE 20, 170 column

B 2F 200 mg 9 EUABE AZ3I0 10 g9 AMEBEEEH EY DNAS F£E
2 84 RFAHE 0|235t04 pCCIFOS vectors 0|25t 20|22 E +5
library titer= 51.333 clonesE 2t¥ (using 384 format plate)
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Fig.3. Construction of fosmid library using environmental sample of the Arctic
ocean and PAMC strains
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ADI
L-arginine + H,LO —> L-citrulline + NH;

cOTC

L-citrulline + Pi «——" L-ornithine + carbamyl-P
aoTC

CK
carbamyl-P + ADP —— > ATP + CO, + NH,

- L - . Ornithine
Arginine-Ornithine Arginine Deiminase Carbamoyltransferase Carbamate

Antiporter (AOA) N (ADI) cOTC Kinase (CK)
::—:#*‘ﬁ 1Y

1kb

Q4FT48  Ps_aOTC

0 9 18 27 36 45 54 63 72 81

Fig. 4. The catabolic OTC (cOTC) and anabolic OTC (aOTC) from Psychrobacter
sp. PAMC 21119. (A) Schematic representation ofthe ADI pathway and the reaction
catalyzed by the OTCs. (B) Schematic representation ofgene organization within the
ADI system ofthe PAMC 21119 strain. (C) Clustering analysis ofOTCs searched
using ProtBLAST/PSI-BLAST from the PBD and Uniprot_sport databases. The three
clusters are indicated with light green, purple—blue, and orange circles. The genes
annotated with arcB or argF are indicated with green and purple dots. Ps_cOTC
and Ps_aOTC are indicated with red and blue dots. Darker and shorter connecting
lines indicate higher sequence similarity. Connections with P—values higher than
le—x are drawn in the corresponding color (x = number below).
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gagkd #E J|H S2 MMM E Eooh HiX|O|AM B S PHESIAE.
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Functional Screening using Metagenome Library
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¢
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] > 5 2 UCSO-1_F9 ucso-7_020 UCs0-22_c15
Fig.5. The fosmid clones selected from functional screening using metagenome
library.
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Paenibacillus xylanexedens Culture-20°C,
15D Glucose Xylan Cellulose LB

Aerobic

Anaerobic

30D

Aerobic

Anaerobic

Fig.6. The growth analysis of P. xylanexedene accordign to the recalcitrant materials.

(&) SXHTA KPDC(Korea Polar Data Center) MEXI SA SE (2022.11. &)
% MEIHA -4(NRF—2021M1A5A1075524 /| S XAH1AA N ESHS -PN21014, 22014))
9| &= X0 o|H4H (KPDC; Korea Polar Data Center) M SE(1EAH 1xdz<}

2AHAE)
=t =EE20]|
colef olE1) | mElolE D) EENERER) (&5
] Fosmid clone | KOPRI-KPDC—-000 | Nucleotide sequence of fosmid clone carrying S5
(PIC13—E19) 01808 lipase gene (PIC13—E19) (2021-09-30)
5 Fosmid clone | KOPRI-KPDC—000 | Fosmid sequence carrying genes related with S5
(PSO25—-J20) | 01807 indigo synthesis (PS025-J20) (2021-09-30)
3 Fosmid clone | KOPRI-KPDC—-000 | Fosmid sequence carrying genes related with S5
(PSO21-P18) | 01806 indigo synthesis (PSO21-P18) (2021-09-30)
4 Fosmid clone | KOPRI-KPDC—-000 | Nucleotide sequence of fosmid clone carrying S5
(PIC17—E19) 01805 lipase gene (PIC17—E19) (2021-09-30)
" PN22014 2l Alg[o]E
=t =EE20]|
cole olE1) | mElolE D) ME{CIOlE] | =3) (&5
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Fosmid clone

KOPRI-KPDC—-000

Nucleotide sequence of fosmid clone carrying

==
[Shaa]

(PSO23-K9) 02012 amylase gene (PSO23-K9) (2022—09-23)
Fosmid clone _ B Nucleotide sequence of fosmid clone carrying s5

2 (PSO_Lac5C) ggoﬁzl KPDC=000 | | ¢ case gene (PSO_Lac5C) (2022-09-23)
Fosmid clone _ _ Nucleotide sequence of fosmid clone carrying s5

3 (PSO_Lac6E) g;oﬁjl KPDC=000 || ccase gene (PSO_Lac6E) (2022-09-23)
Fosmid clone _ B Nucleotide sequence of fosmid clone carrying s5

4 (PSO_Lac6H) ggoﬁzl KPDC—000 laccase gene (PSO_Lac6H) (2022—09-23)
Fosmid clone _ _ Fosmid sequence carrying genes related with SE

> [ Picts—Fa) | (IRRTREPCT000 ) pigment syntnesis (PIC15-F4) (2022-09-23)
Fosmid clone _ _ Fosmid sequence carrying genes related with S5

6 (PWL12-F1) KOPRIO;(;E;C 000 pigment synthesis (PWL7—F10) (2022—09-23)
Fosmid clone _ _ Fosmid sequence carrying genes related with s5

T | pwira—cy) | KOPRICEEDETO00 lipase gene (PWL13-C7) (2022-09-23)
Fosmid clone _ _ Nucleotide sequence of fosmid clone carrying s5

8 (PIC14—H14) ggoﬁzl KPDC~000 lipase gene (PIC14—H14) (2022-09-23)
Fosmid clone _ B Nucleotide sequence of fosmid clone carrying s5

9 (PSO2-110) KOPAI=KPDC~000 lipase gene (PSO2-110) (2022-09-23)

02020
Fosmie . , ,
Nucleotide sequence of fosmid clone carrying S5

10 clone KOPRI-KPDC-000 | .
(PIC19-A15) | 02021 lipase gene (PIC19-A15) (2022-09-23)
Fosmie . . .

Nucleotide sequence of fosmid clone carrying s5

11 clone KOPRI-KPDC-000 | .
(PIC14—E21) | 02022 lipase gene (PIC14—E21) (2022—09-23)
Fosmie . , , ==

12| clone KOPRI=KPDC~000 E‘U:sleemlcejﬁes‘(a&uce;—cgﬁf) josmia clone caming (2022—09-23)
(PIC7—011) | 02023 pase d
Fosmie . . . ==

13 clone KOPRI—KPDC—-000 ll?lu;:sleeohceiﬁes«(as:éasnf?g())f fosmid clone carrying (202;:6.9723)
(PICB—F9) 02024 pase 9
Fosmid clone _ _ Fosmid sequence carrying genes related with s5

"] psoz20-pe) | FOPRITKPRCT000 | igment synthesis (Ps020-Ps) (2022-09-23)
Fosmid clone _ _ Fosmid sequence carrying genes related with SE

15 (PSO2-K8) ESOPZF(;I KPDC-000 pigment synthesis (PSO2-K8) (2022-09-23)

16 Fosmid clone KOPRI—KPDC—-000 Fosmid sequence carrying genes related with S5

(PSO1-A20)

02027

pigment synthesis (PSO1-A20)

(2022—09-23)
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O |SMA H=of st ZZMA o|=0| |TAE assemblydt Z3t F 74| circular forme
contig§ &E35HA ZUL 2HZM T MW= P. xylanexedensS| chromosomeO|1l, CHE
StLt= plasmid@l ez 2A =

. MEFAA assembly &1}

Contig1 7,053,622 46.0 128 Yes Chrorgosom
Contig?2 44 617 44 1 130 Yes Plasmid

O SH™AM 2 assemblyd| MEM chromosome2 GC contents7t 46.0%91 2 7MbE L}IEt
=t ChromosomeOl= 60987H29| coding sequenceZ} AU, tRNA 10370, rRNAZ} 3674
U= 01|"‘E| =. Plasmidol= <F 44 kb0 0|21, coding sequence= 52707t Y= A2
2 o FEU
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contipl

2 1-2. P. xylanexedens S™ A Q| circular map

(2) CRISPR/Cas9 HE2 {8t F2 RUX =4

O Annotation®l ®™8ME =AMS Bzt

Lignocellulosic biomass?| &2 TFdd=¢l xylant cellulosel =3
5 U P. xylanexedensOl LAE SXY LHES HES ENH=0 ZeE
=ofiote O ARl A2z F™E. 0|5 11707t xylanse activityZt = A2Z 20|11
xylanO| Z=allE/0] MHE QEIHOI xylosel| MELf 2&51f 2tHAE THEHA S 3710]11, 0]2
Ol = xylulose kinase2} xylose isomerase S° &4A%X O|Z0| E 0] xylang 2F0AM &
sfstl xylose EEHZ MZLHZE RUtst 0|F HESH pentose phosphate pathwayE
&0l c—sourceZ 0|25t A2 O F=.

B 2. P. xylanexedens =T A LHOA ZAE xylan = &3 /FHXS

Contig Locus_Tag Start End Function Species (ISERE%

Endo—1,4—beta Paenibacillus sp.

1 22703_1_00469 552351 553313 xynB —xylanase B CF095 99.06
Xylose import : .

1 22703_1_02143 2417383 2418939  xylG ATP—binding P‘ae’}ﬁgg;f/us 72.12
protein XylG P
Endo—1,4—beta Paenibacillus

1 22703_1_02657 2922944 2925766 xynC —xylanase C CF095 96.17

1 22703.1.02895 3177240 3178925 xynC_2 GUCUrO=xylanas  po..ua0iis sp. 75.8

e XynC
1 22703_1_03235 3542023 3543087 xynD_1 Bifunctional Paenibacillus sp. 75.43
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1 22703_1_03264

1 22703_1_03477

1 22703_1_03795

1 22703_1_03999

1 22703_1_05267

1 22703_1_05333

1 22703_1_05358

1 22703_1_05384

1 22703_1_05385

1 22703_1_05386

1 22703_1_05948

1 22703_1_05949

1 22703_1_01665

O Annotation®l
2ol o8

AMEEIRS

O F7tH¢

endo—2} exoglucanase?}t
2 cellulose?| 0|82 WA & JUSO0| o=5=.

# 3.

_' _
2HS

=40f

35668202 3570535

3824915 3830119

4213021 4213656
4460784 4463456
5941940 5943784
6045036 6045539

6070926 6071927

6091319 6092482

6092451 6094016

6094038 6095189

6710424 6711917

6712642 6713958

1858899 1860308

SEHOIN CHeol
1510{ 0|9} B

O|ai A celluse

30| =

— L 3.

xylanase/deacet

ylase
Endo—1,4—beta
xynA_1 —xylanase A
Endo—1,4—beta
xynA1_8 —xylanase A
Endo—1,4—beta
XynA_2 —xylanase A
Endo—1,4—beta
xynA_3 —xylanase A
Glucuro—xylanas
xynC_3 e XynC
Endo—1,4—beta
xynA1_10 —xylanase A
Endo—1,4—beta
xynB_3 —xylanase B
Xylose transport
system
xyIH permease
protein XylH
Xylose import
xylG_2 ATP—binding
protein XylG
Multiple
sugar—binding
chvE periplasmic
receptor ChvE
xy|B_4 Xylulose kinase
Xylose
xyIA_3 isomerase
Aryl—phospho—
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dase BgIC
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Paenibacillus sp.

AD87

Paenibacillus
amylolyticus

Paenibacillus

Paenibacillus sp.

P1XP2
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Contig Locus_Tag Start End Gene Function

1 22703_.1_00483 568989 570113 celE Cellulase/esterase CelE
1 22703_1_01838 2064075 2066519 cbhA Exoglucanase A
1 22703_1_01977 2233214 2236213 eglA Endoglucanase A
1 22703_1_01685 1882213 1882881 pelA Pectate lyase A
2) P. xylanexedens®| H&dld SHO gt Y5 S =4
(1) P. xylanexedens? H=dd 220 ME 4T =4

O REM REXASS =A5tRS T xyland| Higt 0|8 7tsd0l =7 =20 O|F AXN=E

MO H| Sl X|Of| A c—sourceE xylan2ZE A3t 0|E£ glucosel 0|1} H| W&
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J8 1-3. &3 P. xylanexedens® HEdld 220 M2 ME 2M i&A9 37
CTOlMl MZEHA). P. xylanexedens® 25 C (B), 30 C (C), 37 C (D)Mo M7

O a#e 42 282 AWM glucoseo| Cist 0| &0] O FHAHL Zo T xylan
Ol O|835tX| Rot= A2 =0l & O|o H|s P. xylanexedens= 25 TCOIAM xylanQ| O]
20| glucosed| ZXst= ZAUE 22, 00 H|sll 30 T2t 37 CHAM= glucosel 0|2
SHHO|Lt xylane| O|ZE0| I? HO A= d¥E 2=,
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O P. xylanexedensS HEdlld S2Z0Q! cellulose@t xylanOlA HX|Hl|

Paenibacillus xylanexedens Culture-20°C,
15D Glucose Cellulose

Aerobic

Anaerobic

30D

Aerobic

Anaerobic

8 1-4. P. xylanexedens?| t=dlld 220 TE MZE 2AM.

%20 C)2 2 307t
Ztabst AT Hl =5 xylanOl M glucose®t MOl |Atet £ 2 Xj2t= Z0| &0l Q1
olof H|ai cellulosediA= Xt2tX|2H O £=27F Oi0jgS. o] A&®2 ® 7= (anaerobic
condition)IM = XNHE|U=0l O] XA AT xylan}t glucose HIX[OAM Ai2tsE S
7b 3= S =2A Xfetes A2z =l & ofo| H|sH cellulose= 742 O|&35tHX|
Zote A2 =0l #.

(2) P. xylanexedens® 20| ME HEHY =& 0|8 & 24

O P xylanexedens?| 2=0| E HEHY SE ) d&S 245U =0, glucosel B

= 4 COHME M L2/A XA, 15 COME =3 Reks §T7F "aeter, 20 TeF 25
TOHME O HE W2A X1, 30 COll O|=2{ 7t& & X2tCtot, 37 COAM ZZSHA At
2t £ =71 @O A glucosell 0|22 20 T ~ 30 CIt A ZHOl oz mChE.
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d8 1-5. 250 OE Hedld =28 08 4.

O P. xylanexedens2| xylan O] &2 glucose®ll FAtst A2 £ =0, 4 CAHM= AL X2t
X 25191, 15 COA o AEZ Xt2t7| A|ZHSH0 glucose?t SASHA 20 C ~ 30 COIA A
STt WetX|CHIF 37 COM 2235 5. Cellulose? 2= & 0|&835t7|&= stXAI2 1
QFO| O|H|st, CHBF £0[8t A2 4 CTOM= xylan 2Ct cellulosel 0| 0| O|2kstA LI £5.

3) P. xylanexedens®| CRISPR/Cas9 system 7|tt &
(1) P. xylanexedens? CHAIBEHS 28t Cas91} sgRNA A|AHE! 9l repair template AF2

g Qg AAY g

O P. xylanexedens= OF&7ItX] CRISPR/Cas90| #&&E= AIAHOl ZHE0{A AO| | 0]
of CHet MZo| ERst¥U=s. M HEHAS 23 HE AAEH XAZF @17 =0 ofof
CHEh A &0 Ml =|ojoF . MetM, HEAO|A plasmid propagationO| 7ts3stl H2t
O 7tsst=E & ori2t selectable markerZt AFE 7SSt shuttle vector A|IABISZ K|
M=, A0 P. xylanexedensOiA T+& 7ts¢ct oriet &MA OIH, T2EHE ALESHH
Cas9 HHHMAOl HHE £+ UALE HEHMZ.

O SgRNAS| A= in vitro transcription H#H2Z synthesisste W S8 ZH|SH3 1,
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