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Functions of five chitin lyases from Pseudoalteromonas arabiensis
N1230-9

LAN Xiaomin, ZHOU Minjie, WANG Jing, ZHU Sidong, YANG Jifang, CHEN Jigang

College of Biological & Environmental Sciences, Zhejiang Wanli University, Ningbo, Zhejiang, China

Abstract: [Objective] Chitin lyases are the key enzymes for bacteria to degrade chitin.
Pseudoalteromonas arabiensis N1230-9 possesses five chitin lyase-encoding genes (woc28159,
woc28160, woc28161, woc27404, and woc27232). Functional identification of these five genes is
crucial for determining the ability of strain to degrade chitin. [Methods] The distribution patterns
of five chitin lyases from strain N1230-9 in 44 model strains of Pseudomonas were analyzed by
bioinformatics methods. The transcription levels of five chitin lyase-encoding genes of strain
N1230-9 cultured in the medium with chitin as the sole carbon source were analyzed by RT-qPCR.
The mutants with deletion of chitin lyase-encoding genes were constructed by homologous
recombination, and their abilities to degrade chitin were evaluated. [Results] Thirty-three
Pseudoalteromonas strains possessed chitin lyase homologous proteins of strain N1230-9. Chitin
significantly upregulated the transcription levels of woc28159, woc28160, woc28161, and
woc27404, and the deletion of each of the four genes weakened the chitin-degradation ability. The
transcription level of woc27232 was not affected by chitin, and the deletion of this gene did not
affect the chitin-degradation ability of the strain. [Conclusion] WOC28159 and WOC28161 are
necessary for the degradation of chitin by strain N1230-9. WOC28160 and WOC27404 endow
strain N1230-9 with efficient chitin-degrading ability, while WOC27232 does not participate in the
chitin degradation process.

Keywords: Pseudoalteromonas; Pseudoalteromonas arabiensis; chitin lyase; chitinase

JLTR(H 52 R) el N-C B A LA A o B 1F /K f# i (glycoside hydrolases, GHs) H 1%

(GleNAc)ii i B-1,4 WEH LM AL KRR R G
Yo HPIGE A de e 0 A TRk . R
Y ERESRAMRAY), DUEA . S
iRz . sh Sz amia Rt LT R
MUK DR FEE NS EASRE, WET2d
BRI AR TR B AR, RS BRI IR TP AR L
TR =20 10" ¢, (HHAEM RO )
FUR A0 BREH, 330 32 05 R0 1 400 1 %o
JUT ke o
JLT o o fif e 30 7
[l VE R LT R, g

it Z R LT 5 Y B
TG AT

GH18., GHI19 Al GH20 % J& "I (CAZy, http://
www.cazy.org)® . B T A GH ZE LT il
Hb, L LT o R i A i B A SRR T 4 B
AAL0 KR W 2 W 2 RO S BE (lytic
polysaccharide monooxygenases, LPMOs)., LPMOs
i 3 A A AR T 2 22 B e (EZAE T C1
C4 fLx), FRARZ M 2 i A A AL A B T XY
S5 R, TS 22 0 BE B T WM I K i il
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JUT R, JRe ok B 1 5e sh i AR
BEJE IR 2R ST I U AR W R A R AN
SN, FEHA TS R R, RS
Tl A TP A 22 AR A 2 LT o S
GAh AL A, R LS — S PRAF A JL T S5 R i A
#% chiC-lpmo-chiA (L F fa #x «cLc”)U121]
SRS B R R 2 JL T T 2 Ak I ) ol
Rtk O R AR (A T ik e il Y A
T AET I B AT s DI S aE . JUH Tk
B oL T AL R BE CLC Z A LT J5T 24 figk 1l
RIS R “TUR™ HeH . L, AWF5E LL—
7o AT T e ik TR —— BT 7 A T R S B i
W (Pseudoalteromonas arabiensis) N1230-9 iy fff

&1 AW E R BB AR BUAL

FXL, W AEYE R . ERYOLE
i PCR (RT-qPCR)4% A Al [7] 5 5 21 SR W&, X%
AR S AN LT BT i Dhae k47 1
I3

1 AR5

1.1 #F#
L1.1  ERRFFRL

S a7 I A (S I3 e = S N U}
(Pseudoalteromonas arabiensis) N1230-9 J& M K
- 2R 2 T K A3 B AR AR Y — AR LT o B fi
Uy A 5 A A LA T kN TR G 3R 1
B o

Table 1 Plasmids and bacterial strains used in this study
Strains and plasmids Genotype/Relevant characteristics Source

Escherichia coli strains

DH5a F ®80lacZAMI15A(lacZYA-argF) U169 recAl endAl hsdR17 (K", mK ") phoA supE44 Invitrogen
A~ thi-1 gyrA96 relAl

WM3064 Donor strain for conjugation, diaminopimelate (DAP) auxotrophic [17]

Pseudoalteromonas arabiensis strains
N1230-9 Wild-type strain isolated from Pacific seawater [16]
Awoc28159 N1230-9 with the chromosomal woc28159 gene deleted This study
Awoc28160 N1230-9 with the chromosomal woc28160 gene deleted This study
Awoc28161 N1230-9 with the chromosomal woc28161 gene deleted This study
Awoc27232 N1230-9 with the chromosomal woc27232 gene deleted This study
Awoc27404 N1230-9 with the chromosomal woc27404 gene deleted This study

Plasmids

pK18mobsacB-Ery Kan®, Ery®, suicide vector for gene knockout [17]
pK18mobSacB-Ery- pK18mobsach-Ery with 1 478 bp upstream fragment and 719 bp downstream fragment This study
woc28159 of woc28159
pK18mobSacB-Ery- pK18mobsach-Ery with 622 bp upstream fragment and 836 bp downstream fragment of ~ This study
woc28160 woc28160
pK18mobSacB-Ery- pK18mobsach-Ery with 760 bp upstream fragment and 1 300 bp downstream fragment This study
woc28161 of woc28161
pK18mobSacB-Ery- pK18mobsach-Ery with 558 bp upstream fragment and 412 bp downstream fragment of ~ This study
woc27232 woc27232
pK18mobSacB-Ery- pK18mobsach-Ery with 441 bp upstream fragment and 417 bp downstream fragment of ~ This study
woc27404 woc27404

Kan®: Kanamycin resistance; Ery®: Erythromycin resistance.

>4 actamicro@im.ac.cn, 7 010-64807516
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112 514

JHT RT-qPCR 4/ 3 | PR B R SR A R
DNA S5 [ 2 s
1.1.3 BEFREMEREFEH

KW KT 1 (Escherichia coli) DH5a 1% 3% Kk H
LB H: 3, E. coli WM3064 £5 3208 FH % 2,6-
L B R (2,6-diaminopimelic acid, DAP)HY LB
B 23 (LB-DAP)!'; [tk P. arabiensis N1230-9

T H I A Bl 2k 98 A8 {17 35 il ) Marine Broth/
Agar 2216 3553 (LLU T PR 2216 B3 dk); Witk
B2 A S50 R0k TR IR 2 T R O 32 0 i) ekt
LB-DAP [E{& 3 52 A1 2216- M IR 507, 1R
PRI TT R, FEEFRIEP IR 50 pg/mL 1R
B 72 0% 30 pg/mL LIRS R . E. coli RAKRAIE 7
WJE R 37 °C; P arabiensis N1230-9 Kz HIE K] G
RGBTy 25 °C

32 HTEEIRT-qPCR. RT{FHZEFIDNANFRIG4

Table 2 Primers for RT-qPCR, the construction of mutant strains, and for DNA sequencing

Primers name

Primer sequences (5'—3")

Restriction enzyme cutting site

woc28159-f-qPCR
woc28159-r-qPCR
woc28160-f-gPCR
woc28160-r-qPCR
woc28161-f-qPCR
woc28161-r-qPCR
woc27404-f-qPCR
woc27404-r-qPCR
woc27232-f-qPCR
woc27232-r-qPCR
rpoD-f-qPCR

rpoD-r-qPCR

woc28159-Uf

GCACAAGCTGCAGTTGATTGC
GACAACGCTGTCACAAGC
GTGGCAAGCACCATGTTGCTT
TGCTGCTCGACAAGCTAG
CAGTGGAATGCATGGAGTGGT
TTCACTGCGCGCACAAGT
GTTGCTCTTATCGCCTCTGCT
ATTGTCCCTCGTTTCAAGCGC
GCTAACACAAGGTGCCTTACC
GCAATGACTGCAATAAGCGTA
GCACCTGATGCCGATGAATTA
CATGTACATGCGGACAGGGTC

AACTGCAGCGAATAATAATGCCTATGAAGCCAAGTG Pst1

woc28159-Ur
woc28159-Df
woc28159-Dr
woc28159-wS
woc28159-wA
woc28159-dS
woc28159-dA
woc28160-Uf
woc28160-Ur
woc28160-Df
woc28160-Dr
woc28160-wS
woc28160-wA
woc28160-dS
woc28160-dA

CGCGTCGACGTAACAAGTAGCCTGAAGATGGAGAAG
CGCGTCGACAGGAACAGGCGTTGGTGAGAAGA
GCICTAGAGCCATTCACATCCACAGCCATAC
GCAGTTGATTGCAGTAATCTTGAAGTATGG
CGATACCTAATGCTCCGTTACCACAT
TTCTCCATCTTCAGGCTACTTGTTACG
ATACATCACTTGGGCATTTACGGTTTG
CCCAAGCTTCTACAGCGAGAACACAACAATGAA
CGGAATTCGACCAGCAGGAATTGAGACACT
CGGAATTCGACGCTGGACCAACAGATTCA
CGCGGATCCTTGATAGGTTACTTCGGCACTG
TTAACTCAATAAAGCGGAGCAAGGAGA
GCCACCGACAACAGCGTCTT
GGAATGACTTAGAGTTAGTTGCTGAATACG
ATACATCACTTGGGCATTTACGGTTTG

Sal 1
Sal 1
Xba 1

Hind 111
EcoR 1
EcoR 1
BamH 1

(#545)
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(81#2)

Primers name

Primer sequences (5'—3")

Restriction enzyme cutting site

woc28161-Uf
woc28161-Ur
woc28161-Df
woc28161-Dr
woc28161-wS
woc28161-wA
woc28161-dS
woc28161-dA
woc27404-Uf
woc27404-Ur
woc27404-Df
woc27404-Dr
woc27404-wS
woc27404-wA
woc27404-dS
woc27404-dA
woc27232-Uf
woc27232-Ur
woc27232-Df
woc27232-Dr
woc27232-wS
woc27232-wA
woc27232-dS
woc27232-dA
pK18-f
PK18-r

CGCGTCGACGTTGAGGTGAATTTAGAAGGGACAGGAT
CGGAATTCAGGCGACGAAGGTGTCACGATT
CGGAATTCGTGTAGATGCTGGTGGTGTTCCTTAT
CGCGGATCCGTCACTTGGTCGCCGCTGTTAT
GCAGCCATTGGTGTTGCATTATTCG
TTGAATTGCGTTATCGGTTGTGTAAGC
TCAGTGGGTGGTTGGACGTTATCA
CGGCTGCTTTAGAGGGAAATCACATTA
AACTGCAGACGATTGTTGATGACCCGAATAAC
CGCGTCGACCCATTCTTCGAGTTGTAATGGGTTGTC
CGCGTCGACCTCAGTGCGGGAATCGGATAC
CGCGGATCCTGTTAGCGTGTCAACGACTGTTACTTG
CTTGCTCTGCAAGTTGCTCTTATC
GTAATATGCCCAGTCTGCTTCCCA
GAAGCTATTACACCTAACAATGCAAGC
ACCTTGAGTCCACCACTTAGC
CCGCTCGAGTGAATAGGTAAGGGTGTATTGACCAAC
CGCGTCGACCAATTAACACAGCAAGGACAACCG
CGCGTCGACGCGAAGTGCGGCAGGTATAAC
CGCGGATCCGGTTATTGGCACAATTGGTGTGAT
CCATTGGCTTGCACATAGTGT
CTTGAGCAAGCAGCCGTAACA
TGTATCGACACTACCCGTGAC
ATGACTGCAATAAGCGTATCTGTACTC
ATTCCGCTGGCAGCTTAAG
GGTAACGCCAGGGTTTTCC

Sal 1
EcoR 1
EcoR 1
BamH 1

Pst1
Sal 1
Sal 1
BamH 1

Xho'1
Sal 1
Sal 1
BamH 1

Underlined and italicized sequences indicate restriction enzyme cutting sites.

TCHLERA T (g/L): NH4C10.500, NaCl 30.000,
MgCl,+6H,0 3.000, K,SO,2.000, K,HPO,0.200,
CaCl, 0.010, FeCls+6H,0 0.006, Na,MoO,:2H,0
0.005, CuCly+2H,0 0.004, Tris 6.000.

JUT RRE IR 3 . FETOHLER 1 W s n o &
TR 3% LR BE BRI T ek 1% 24k
JERBURLIL T . W B LT 0 [ R 3R 3
WIFEJLT Bl sE TR A 16 g/L BIBHEH

A BEIG IR . FEOMLER I W s hn i =
PRFR RN 0.25% (1) 24

>4 actamicro@im.ac.cn, 7 010-64807516

LB $5 3% 3L . Marine Broth/Agar 2216 15
L, BD AF,
114 EZERFIFLEF

JUT B, Sigma-Aldrich 23w ; #iZgHE . T4
DNA Z%E2fifi . EcoR1, BamH 1 . Pst 1. Sal 1 .
Hind II1, Xho 1, Xbal, T4 THE(KIE)A IR
Zvw] s PCR 73870 & . DNA [ms ) &
RNA # It i{ 7 & RNApure Bacteria Kit
(DNase I). ¥ % 5% i 7] & HiFiScript gDNA
Removal RT MasterMix, RT-qPCR il 7| &
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SuperStar Universal SYBR Master Mix, YL7rEER
2a YR Iy A IR A

PCR 1¥, Eppendorf A H]; /Ni&H A& #HE
IRESOHL, Starorius A5 THIRIRGFEIR, New
Brunswick Scientific A F] 3 8 HAZRI E 536
J& 11 (NanoDrop), ThermoFisher Scientific 2\ F ;
965 | PCR {, Bio-Rad A#]; 24k
JEIE, RS PR A ]
1.2 LT RESRBEEREMEEEDHN

i /i MAFFT (http://mafft. cbrc. jp/alignment/
server) AT Z EL IR 7 5] [A) U HL Xt 5 {8 SignalP
6.0 (https://services. healthtech. dtu. dk/service. php?
SignalP-6.0) i Il & 1155 ik ;i Hl Compute pl/
MW (https://www. expasy. org/resources/compute-
pi-mw) 5 2 M 5T 4y F KA s il
InterPro % Jﬁ(https ://www.ebi. ac.uk/interpro/)“S]
oM 25 ¥4 48 ;5 F} NCBI BLASTYp (https://blast.
ncbi.nlm.nih.gov/) 1 JGI IMG %54} J (https://img.
jgi.doe.gov/) AT [ IR & P48 2 5 Hoxr s A
NCBI 4l P2 T 48 44 PR AR S 2 B 1A 8 482 =X T
FRIGIER AL P31, ] TYGS 7E4: Iz 55 4% (https:
//www. dsmz. de/services/online-tools/tygs) 4 & %k
ARG KB ; i MEGA v7.0.20 # R 28
BHMEILT Bl RS A B M, I Chiplot
(https://www. chiplot. online/) " 7 & 1k 3 di
GraphPad Prism v9.5.1 #E17 &[R4l .
1.3 JUT R EEREEENER S

PRI PR N1230-9 B VR HEFD 22 2216 15557
Frp, F25°C. 180 v/min 4R 15 9% AN B XL
B 38 (ODeoo 29 20 0.6)0 HUIE IR W)
5000 r/min #.> 3 min WEE TR, TEAHITCHH I
IKVETE 2 U, 1T T i 7AOR 20 A e 32 3 8 2
ODgoo [H R 0.5, WA= ] 1:100 AYIAFR L
O3 R 28 AR TL T o o R R A A A o A
H1, T 25°C. 180 r/min #R% 3G 5% R A AE KN

Xt ECHTHA(ODgoo 294 0.15)FIXTEUF W (Deoo 290
0.55). FH RNApure Bacteria Kit (DNase I)#}H
A s RNA, Jf 38 i) % 5% 5% 32 7] & HiFiScript
gDNA Removal RT MasterMix 315 cDNA, |
1.5% Bt JIE W 58 I H Uk A 0 RNA i, JF
NanoDrop 2000 X} RNA Fl1 ¢cDNA #4755, F
H SnapGene v6.0.2 {51t 5 AN LT 51 2L fif il
FLKFT RNA RA M 0 I+ rpoD BIFRE S PES )
XF (5% 2), f#iH SuperStar Universal SYBR Master
Mix AP #] RT-qPCR Jz hi /& & , LL rpoD
(GenBank & 5¢5 5y WP_011327061) 4 N Z: 3L [K
1T RT-gPCR ¥ 44 [z i o RT-qPCR X L {& 7
(20 uL): 2xTransStart Green qPCR SuperMix
10 uL, cDNA (10 ng/uL) 1 pL, 1E. X514
(0.2 pmol/L) % 0.4 pL, ddH,O 8.2 uL. JZ i 5%
. 95°C30s; 95°C10s, 60°C30s, 42 M
Wi 95°C 15s, LeilkEfmmisk, SR 2744 ik
8%, R GraphPad Prism v9.5.1 %44
Xif H AR BE PR TE A LT J5T 15 o 56 R ) 2 W 1 7
FEPRYARXS R BT W R 22 e . P<0.05
KB EXZT . P<0.000 1 W B EZES . R
MIECE 3 DL EAEYIEOET
1.4 FEERKERTAHEE

R B SR PR M TR S R R bR R ), 4
A FLAEP VR S0 0 PR IEAT T Bk N1230-9 i #E L
iR . BAERAEANT . Bk, AT 2 xR
5| 91 %F (wocX-Uf/wocX-Ur 1 wocX-Df/wocX-Dr,
Horprex [ARIBIL A G5, 3R 2)70 3 B HE X
BN B 42, BRI N DI R
it Bt AT BT, P ] T4 B REmE R 1R
e i BORA R EVE o Bl JS, DLTR) RV B
FH 518 %+ woeX-Uf il woeX-Dr it 17 PCR -
B, BA R [ R B % BORIR & L
il 1A R I e i A JS o T v B 2 R T
#i pK18mobsacB-Ery W, FRIGHH A AR Bk,
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V4 5 A1 R AL 2 KB FT I WM3064 1, I F]
FHB1 9% pK18-f/pK18-r ¥} 4k 7 3k 45 DNA il
PR R . ZJE, i A B T UK
WM3064 Hr % 5241 2% Bk 5 A B H Ar i b
N1230-9 1, SETFVEELR 2 IRASHFHE, 52
PR BE DN TR AR o A PH I o e 1 0 22 0
o, RIS A LB R 2216 B3R HE0f ik Kk A —
WA ek, FE 51X} woeX-dS/wocX-wA
X TE 1Y A M 5 B F AT PCR B8 UE 5 Al H
2216~ ARG IR BL 07 18 H DS H s AR ik, FERIH
3 X515 (wocX-wS/wocX-wA . wocX-dS/wocX-dA
F1 wocX-dS/wocX-wA) X ZE{LL FH P Fe B #E T PCR
BSE, DA ORI DR R I e o
1.5 EEEREFRIRILT RPEREEE MR
Fie 1.3 775 TR i 20 43 o A TR AR AR
B GARREE TR Y, I FH I T KRS 4 A vk
JETHEEZ ODgoo [HN 0.5, W HUE B IR 1:100
FIRFR L A3 SRR 28 2216 BE 3R 5L AL T R4
Biggdterr, F25°C, 180 r/min §53%. K]
JE IFICRE 193 016016 B2 B 4 U 5% 32 W0 9 ODeoo
Ho BF—FpREIRILIBE 3 DAY F AT, R
B IR PR A 10 pl i LT e AR IR 5
Ho, T 25 cCEIRIG A IE B FF 36 h, g
7 B P A G SUIF R B A . AR RE R IR
3L AT AT

2 BRE5AM

2.1 FiFk N1230-9 JL T FREFREEAE AT
BEREMEPH MR

PR N1230-9 [ FE R 2 gt 5 LT i
fie B, 445 3 > GHIS R KAy JL T i i
(GenBank % 5% 5 4r Jil & WOC28159.
WOC28161 F1 WOC27232), 1 > GHI19 KKK
JLT Fafif(GenBank % 5%5 4 WOC27404), LUK
1A~ AAL0 ZET5 11 22 1 24 £ 22 fin 420 8% (LPMO,

>4 actamicro@im.ac.cn, 7 010-64807516

GenBank #5355 WOC28160), H:Hf WOC28159.,
WOC28160 F1 WOC28161 Fty 2 ih i X v T /)N Gk
ik b, TR —A LT R SE A #%(CLC), i
WOC27232 F1 WOC27404 Fit) 2 A 5 PR U] 15 7 b
AT TR EAR o (G5 IR ZE 1R,
P N1230-9 H111 5 AL T R4 g i3 & A (55
1R 2| O VN WE N 8 o A s g = A 1)
B 25 R R, WOC27404 &4 — R 1Y)
GH19 AL, MiHA 3 A JLT B 44
A —A> GHI8 G K R L 45 P8, It
Ah, LT REES&A 1-2 56 5 ZIEWJLT
Fiah A, EHARELE W OB,
45 BRI B BIRTEIE B 2 SRy a5, Ho
15 BRA R AR Ry — 3, JC 6w R A 53 Fb
2 BRA TR AR R R 5 — 3 (B 1), [FIJRXT L 4s
RN, 33 RIS RME 5 A 1-2 4 CLC,
Horp 17 SRR RIS WOC27404 19 EL A [A) R
EH, HIX 17 SRR A AR E 1), 1
A, i AR FE R R B 1 R A S R A R
REHIA WOC27232 i A RIFEEH, HiZ
PRIFIRE A AR R(E 1),
22 EUNLT RESM ARG AE 7T
RER BN AR, 4 DJUT Bl SR
R MR IR A R AR R T 4 03 3,
Hrp SR JEF GHI9 ZK%E M WOC27404 2 H[w] R
EHIEW T 1A 8 5 32 (K 2). NCBI
BLASTp [R] U5 L XF 45 R E 0], WOC27404 5 —
A L R 40 Bl VR A0 DA Y GHIL9 -5 LT Jot il
HAFESE, HS5IEK GHI9 KL T G
B — BOME 5 (73.86%-91.61%) , 111 55 Fili 5 41
R GHI9 K 1% JL T B i i — 35 M AR
(26.17%-41.71%). RELBER IR, WOC27404
SRS PR IR R GH19 FKIGILT Y
BT 2 A3, Hidh wOoC27404 55 R UR 4 1 Y
GH19 ZWGJLT Bl e 7 25 (51 3).
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Tree scale 001

***** Pseudoalteromonas ulvae UL12 (GCA_014925405.1)

Ta;

——— Pseudoalteromonas citrea DSM 8771 (GCA_000238375.4)

***** Pseudoalteromonas aurantia 208 (GCA_014858725.1)

—— Pseudoalteromonas xiamenensis CGMCC 1.12157 (GCA_042431545.1)

****** Pseudoalteromonas tunicata D2 (GCA_003568825.1)
******** Pseudoalteromonas galatheae S4498 (GCA_005886105.2)

&: ***** Pseudoalteromonas piscicida JICM20779 (GCA_000238315.4)
———— Pseudoalteromonas flavipulchra NCIMB 2033 (GCA_014858715.1)

100,

Pseudoalteromonas byunsanensis JCM 12483 (GCA_001854475.1)

—— Pseudoalteromonas amylolytica W1 (GCA_001854605.1)

******* Pseudoalteromonas ruthenica LMG 19699 (GCA_008808095.1)

************ Pseudoalteromonas spongiae UST010723-006 (GCA_000238255.4)

Pseudoalteromonas rubra DSM 6842 (GCA_000238295.4)

************ Pseudoalteromonas piratica OCN003 (GCA_000788395.1)

———— Pseudoalteromonas phenolica KCTC 12086 (GCA_001444405.1)

—— Pseudoalteromonas luteoviolacea DSM 6061 (GCA_001625655.1)
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Figure 1 Distribution of orthologous proteins of five chitin lyases from Pseudoalteromonas arabiensis N1230-9

>

[ ]
>

in Pseudoalteromonas. Phylogenomic tree based on genome sequences in the TYGS tree inferred with FastMe

2.1.6.1%% from genome BLAST distance phylogeny approach (GBDP); Distances calculated from genome

sequence. The branch lengths are scaled in terms of GBDP distance formula d5. The numbers above branches are

GBDP pseudo-bootstrap support values>50.0% from 100 replications. Different symbols indicate chic-lpmo-chiA
cluster (CLC, filled circle), WOC27404 and its homologs (filled squares), and WOC27232 and its homologs
(filled triangles). Blue branches and black branches indicate pigmented Pseudoalteromonas species and

nonpigmented Pseudoalteromonas species, respectively.
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Figure 2 Phylogenetic analysis of orthologous proteins of four chitinases from Pseudoalteromonas. The tree
was constructed by the neighbor-joining method with P-distance model. Bootstrap analysis of 1 000 replicates is

conducted and values above 50% are shown.
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Figure 3  Phylogenetic analysis of WOC27404 and its homologs hydrolases. The tree was constructed by the
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neighbor-joining method with P-distance model. Bootstrap analysis of 1 000 replicates is conducted and values

above 50% are shown.
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Figure 4 Transcriptional levels of five chitin lyase-encoding genes in strain N1230-9 at early stage (A) and later
stage (B) of exponential phase growth in different substrate. Glc medium: Inorganic salt solution supplement with
2.5 g/L glucose; Chi medium: Inorganic salt solution supplement with 30 g/L colloidal chitin. ****: P<0.000 1;
ns: No significant (P>0.05).
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Figure 5 Colony PCR identification of the mutants. A—E indicated PCR detection of Awoc28159, Awoc28160,
Awoc28161, Awoc27404 and Awoc27232 double crossover mutants using three primer pairs, respectively. Lane

M: DNA marker; Lanes 1-3: Three independent colonies after the second homologous recombination; WT: Wild-

type strain N1230-9; NC: Negative control.
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Figure 6 Growth phenotype of mutants in media with colloidal chitin (A, B) or granular chitin (C, D) as the sole

carbon source. WT: Wild-type strain N1230-9.
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