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Genome analysis, protease characterization, and enzyme
production optimization of Chryseobacterium sp. ZHDP1

ZHAO Huanshuai#, WANG Jianxin#, HUANG Jiamao, MA Yuncheng, CHEN Yunfei,

TAO Chenzhi, WANG Dingquan, LIAO Zhi, SHI Ge, LIU Xuezhu, QU Wu'

Marine Science and Technology College, Zhejiang Ocean University, Zhoushan 316022, Zhejiang, China

Abstract: [Background] Characterizing the protease activity is essential for revealing the potential
ecological roles, industrial values, and pathogenic mechanism of Chryseobacterium. [Objective] This
paper aims to analyze the genome sequence, characterize the protease, and optimize the enzyme
production conditions of a novel Chryseobacterium strain, thereby providing the data support for
subsequent research. [Methods] The genome sequence of the strain was obtained by high-throughput
sequencing technology, and the conditions of protease activity and enzyme production were optimized
by single factor tests. [Results] A strain, Chryseobacterium sp. ZHDP1, was isolated in this work. The
genome of this strain had a length of 4 917 748 bp and the GC content of 35.95%. The average
nucleotide identity (ANI) and DNA-DNA hybridization (DDH) indexes of the genome were 91.39 and
47.8, respectively. More than 20 protease genes were identified in the genome, and protease activity was
detected in the supernatant of the fermentation broth. The protease had the optimum performance at
50 °C and pH 7.0 and was strongly inhibited by Zn**, Mn**, and Cr,0,°". The optimal conditions for the
protease production of Chryseobacterium sp. ZHDP1 were as follows: culture temperature of 35 °C,
culture time of 35 h, inoculum amount of 4%, carbon source and nitrogen source of corn flour, and
shaking speed of 100 r/min. [Conclusion] This study reveals the full-length genome sequence and the
protease characteristics of Chryseobacterium sp. ZHDP1, which lays a foundation for the in-depth study
of this strain.

Keywords: Chryseobacterium; genome; protease; enzymatic property; optimization of fermentation
conditions

4 ¥ KT 7 )& (Chryseobacterium)/&=—25 H 2R
R Tz A AR . AR, BFSEN B I
IRFR AN 5B Pk B Rk o M R e 4y
ERRVFZZm k. FSTR I, %8 PR
HAT Z R0 A BURAES . fildn, LAk 138 rh 43
A5 FIMY C. antibioticum RP-3-3 X #5 % [R A
Bow B A SR, R R AT LA
NETEM BT R, A B A AR B
Chryseobacterium sp. RBT H A 225 . N
TR FEREEPEMIIRRS, 7T LERX
BEIRFEY IR A PR B A TR AN

TR M C. taeanense TKUOO1 4B 45 2| —Fp
B o VERME, HAETME AT HA SRR
WD I, AT )R AR R T EE
I ¥ ) 5 e

AR, 4 B H TE R R Y 8 I 1
Ha SR RE ) & 2 Mo e B S, BFSEIE
WY, ZFh & e e Wk A S s R,
FLURT DR A 7 A i @ SR A o BA A i
e AR =™ B R R A S R RE
AAAE 75 4 A B R H A BT B ol A2 7 A
B, BEWEZRHBTER . ZOuRIEHLFE D
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EFNEEAMERY M, E RS RN
A BT R 4 AT TR TS AE A BOR HLELS .y
BRI DL, 25 T P A T 5 ) T PR < AT R
JB BRI A S R T (i E

Wt g 2 00 AR 18 A 5 A B AN B
R, FENAFS E O R R S E S
T AT D i AR 2 1 sk, B
NS IR 5l L AN S T L S RIS
BEPEREHE T AR B A B bR A AT A
JE TR, 18 1 o3 A B R R BA R Y Y PR 4
JP, SR PRIEAEREA ;T XA BRI
B PESEA TR UE S O0AL , DUTESR B & i T
PR AR PRI, SRR A S hEE . N
Wl S I TE SR ML IR A B9 5E B

1 #RE5xF*
1.1 ##

1.1.1 HEXE

FHT BRR) 25 1Y R i R A T W VLA St
Itk KT 1. M E WA A REA
10 g IEFESL, A E TR 50 mL &0
Brh, EEKLS LB R E, S TE 4 °C
UKAE R LR L o T B RR I 20 B TAEYY
FE7dNTEN, DABRIERE 5 B
1.1.2 $EHE

DR PR I 16 15 57 A i B 1 B BR G 7R 2 (g/L) :
f&E A 10.0, FRFEREY 3.0, NaCl 5.0,
Na,HPO, 2.0, 1R Bk 0.05, g 15.0, 7%
WK ECH, PR pH (EN 7.2-7.4, 1x10° Pa K
P 20 min J5 . BRRRAIALEE SR EE A 2216E B
fREEF (L) HEAM 5.0, BEEE 1.0, BEFR
mEk 0.01, EAE 15.0, BRMEE/KECH, 75T pH
B} 7.2-7.4, 1x10° Pa K} 20 min J5fdi fH;
PR BESLR S JR 50 2216 WK A 17 1 37 ik
(g/L): AN 5.0, BEEEE 1.0, BER &k 0.01,

BRisgoklefl, 8795 pH (£ 7.2-7.4, 1x10° Pa
K 20 min J5fH -
1.1.3  FERFIFLEE

AR . B, FREREY . R,
FEEE 1T, BRIREN . =M. MEEmE. #
MRE k. WEREE . NaCl Ml Na,HPO,, [z
A5 AN DNA 2 BUR 57 £ (TIANamp
Bacteria DNA Kit), KHRAEHALE)ABRA
Al R, DB —ERE A R
wl; WEARY, Bio-Rad /Al ZKFHIBKAYL, Jbat
AN—AEYRHHABRA R TN T
(NanoDrop 2000), FEECHI/RBHEAF] .
1.2 At
1.2.1 IREEHIFE S RTE

W - SR S 8 FF G P A AR K R R 10° £3%
J&i, HU100 pL 6 B 34 57 0 A T % 2 1 3B B
A KPRE T 28 °C fElLKE IR i B b
F% 24 h Ji, K JE R B D B 1 PRLER VR Pk
TE 2216E TRl ks F 5k FRIZatifh 2 v, PRECR
%R T 2216E WIA R A 15 H T, 28 °C.
150 r/min #5537 24 h )5, KA B ER SR A
I B LR 20%, B T80 °C #{RIR K
IR

122 BEMERE
f§i ] TIANamp Bacteria DNA Kit 32 HU#

PRILN 4] DNA, #AE 2 A5 ™ 4% e A6 BH 3 i
7. DNA % J5 o fiff FH Aok i 5 20 23 O O B2 1t
NanoDrop 2000 F1 1%y JEHHEE E HL 1k 2547 1F
i o FHE FH 514 27F A1 1492R X 3[R 4H iy
16S rRNA E:H FAI #7934, 5197515 PCR
NS5 3CHR[13-14]. # PCR ik 24 T4
Yy TR A A7 B A R EF TP 5 e, IR
EzBioCloud %4 /% (https://www.ezbiocloud.net/)
tid ik BLAST 8BAXTHPA AT X, ST
FE X 25 X BRI T 40 252 % . B MEGA
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5.0 A4l FI4B 427 (neighbor-joining method)
BT 16S rRNA JEH P A AR RGERE
¥, bootstrap {E 4 1 000,
123 HEEFRBAFIIMNESSH

KR IE N4 DNA 2% 2l DR i
5 A A R AT S Eam W Y . W
& Nanopore #1 Illumina MiSeq. J¥ %23
unicycler (V0.4.8)5¢ . Bfif5, it prodigal
aragorn, barrnap il infernal 43 7| X} 3 K 2H 7 471)
S EE ] . tRNA ZEH . rRNA FI ncRNA
SER AT, JEFI A BLAST #f4@ ik COG
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) . KEGG
(https://www.kegg.jp/) . UniProt (https://sparql.
uniprot.org/)#l RefSeq (ftp://ftp.ncbi.nlm.nih.
gov/refseq/release/) 5 41 J&E X K& Al oy GE w17 1
B . [EIEf, F)F PHASTER (http://phaster.ca/)fil
IslandViewer 4 (http://www.pathogenomics.sfu.
ca/islandviewer/) 73 51 X 21 B F R 4H HP B9 W B
PRFIEE DR B EAT TN o T R AT A~ A 9 IR
AH L ¥4 (average nucleotide identity , ANI) I
DNA-DNA 7242 (DNA-DNA hybridization, DDH)
X 2 NEECH)E G https:/www.ezbiocloud.
net/tools/ani Fll https://tygs.dsmz.de/user_requests/
new PP Tia . HERAFY E 288
£ GenBank ¥l 5, #5350 CP075682.
124 EMABEAEEMEELENE

i Folin-Wyykill & bk & 1 FIE W P
FIBEE . CRERT IR )R AU BRTRAE 4 °C. 6 000 r/min
B0 20 min, FEEHCGH 1 mL B3R AR
B 1 mL B 1% E R RR S, E—E
N 10 min J5 52 BIAIA 2 mL Y 0.4 mol/L =
AL, 6000 r/min #.0> 10 min 7, B 1 mL
Fi#E# 5 5 mL 0.4 mol/L Na,COs 1 1 mL #&EAHK
M AE S, T 40 °C B4 20 min. FHEEHR
S0 2 KLV AE 650 nm AR ARG, LASE N

A ZRAOTREAE N B — A R R4, B G
5 (U)E SCHTERE R T g 1 pg B
7 B
12,5 EAMEMSFHBEMRT

WL . pH MA@ B+ 3 Xt b
TR BB TS PR R TR o 43 0K A il VR A AN
[ (25, 30, 35, 40, 45. 50, 55. 60 il
65 °C). A[Al pH ZZ ik (B A — 4N -Fr IR 22
PP R pH 2.2, 3.0, 4.0, 50, 6.0, 7.0
8.0, H&MR-AFEIHNZE v pH 9.0 il 10.0)
LYK E 1 mmol/L A [F] 4 @ R %5 W (FeCls
NaCl. KCI, LiCl. ZnSO,. MnCl,, MgSO,.
CaCl,. CuSO;Hl Ko,CryOn)H 5P 47
JFI e A GG . RS, R R E 2 AN ]
P (2%, 4%. 6%. 8%. 10%F1 12%). A
B IR (1% M2 . 1% 2F0 . 1% . 1% E
KA 1%5ER) . ARIERA%E B 1%
EA . 1%E KRN 1% WERRWI 1% 5
¥, AEEE# S0, 100, 150 F1 200 r/min),
250 mL $EIFAR 2 (25, 50, 100, 150 A
200 mL), A[EEFHEEE (12, 24, 36, 48,
60. 72 F1 84 h)FUARREFRIEE (25, 30, 35,
40, 45. 50 F1 55 °O)EFT R BEREFE, FHlE |
TV B B IS M, X TR PR B kB AR R AT
toft, DAFRAS SR i i

2 BERXR504

21 EMABEELES

T DA AR 7 6 2o A v AR AT — Ak T V% ) B LAY
7 W P 9 2 11 S P A D e TR R o 3 P A R 2k
AT LR BT . X T R IATE .
W, 43l 24 W B RIE, XM RTE EAR LN
4 mm, REAMNE, X, ZFEKB 16S
rRNA 3 [H F 41 (GenBank % 5% 5 4 0L831229)
5 45 ¥ FF B (C. gambrini) DSM 18014 B #k
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(GenBank & 3% 58 OL832060)H.4 % K AH M
P£(99.1%), KT 16S rRNA K 5 51 46 EE 1
ARGk BEWRERIIZEMK S DSM 18014
PREA R s R (18 1) IeAh, XmitkAE
[KI41)5 51 i) ANLFI DDH 484253514 91.39 Fi147.8
(F 1), AR TR B E (ANI<95%-96% ;
DDH<70%), 5 H 2 B Ak 5 AT 284 1) i LR 21
G, BETLLESR, ¥iZwtkar 4k ZHDPI,
Bl Chryseobacterium sp. ZHDP1 ,
2.2 Chryseobacterium sp. ZHDP1 9 E [F 2H
DTSR

L E T S PRE, RAS E AT
& Chryseobacterium sp. ZHDP1 [958 4% K 44

18
171
23

57

I —
0.020

¥4 HER4IK/NN 4917 748 bp, GC & it
H 35.95% (1 2). 43 HT4E KN, ZHDP1 Witk
FENAPAEAE 4 478 FEAGmEILR . 5 4
rRNA JEH | 26 4% sSRNA LI 89 4% (RNA i
(Rl [AIE, 78 ZHDP1 ik 2 R 4 A 9 4~ 3
L A1 AR TR 1A . KEGG B8 i i R SR
(KI3)FRM, 4 235 XS5 T HSLMmACH
1 B (amino acid metabolism). IL7h, COG %X
PEEFE R R (E 4R, Chryseobacterium
sp. ZHDP1 SERA A 138 4L HAT 2 LR
% iz 5 i I i€ (amino acid transport and
metabolism), VA 45 RERIERN] ZHDP1 i bkH
A FEEWAIERICH LN .

100 Chryseobacterium gambrini DSM 18014 (OL832060)
Chryseobacterium gambrini 5-1Stla (NR 042505)
Chryseobacterium sp. ZHDP1 (OL831229)
Chryseobacterium formosense CC-H3-2 (NR 036872)
LI— Chryseobacterium polvtrichastri Y G4-6 (NR 134710)
38 46\—Chryseobacterium yeoncheonense DCY67 (NR 133021)
Chryseobacterium daeguense K105 (NR 044069)
Chryseobacterium taiwanense BCRC 17412 (NR 043715)
Chryseobacterium daecheongense CPW406 (NR 028980)

— Chryseobacterium hispalense DSM 25574 (NR 116277)
100l Chryseobacterium shandongense YF-3 (NR 135879)
EChryseobacterium taihuense THMBMI1 (NR 109542)

80 Chryseobacterium echinoideorum CC-CZW010 (NR 145657)
_|:Chryseobacter!um timonianum G972 (NR 164881)
98 Chryseobacterium aureum 17S1E7 (NR 170500)
Croceimicrobium hydrocarbonivorans A20-9 (NR 173678)

Bl 1 Chryseobacterium sp. ZHDP1 £ F 16S rRNA EEFIMAFKEAE LT RAE KB HL#E
AR, 53 BT 8 AT bootstrap fEh 1 000; 455 1 ¥ 515 KR AR E R 16S rRNA BEPR ¥ 51 1)
GenBank %555 /3 SUAL BT RN ZALTT SRR AR AR REE 0.020 7R (L IE &

Figure 1 Phylogenetic analysis of Chryseobacterium sp. ZHDP1 by neighbor-joining method based on
16S rRNA gene sequence. The bootstrap value used for constructing the tree was 1 000; The numbers in the
brackets were the GenBank accession numbers of the 16S rRNA gene of the strains in the tree; The

credibility of the node was indicated by the number at the branch; The evolutionary distance was indicated by
the scale data 0.020.
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& 1 Chryseobacterium sp. ZHDP1 EFE5H
fth E kA9 ANI 70 DDH 58I+ B4 R

Table 1 The ANI and DDH values that were
calculated based on the genomes of ZHDP1 and
other Chryseobacterium strains

Strain name ANI DDH
C. gambrini DSM 18014 91.39 478
C. caeni DSM 17710 74.58  28.9
C. arachidis DSM 27619 81.97 258
C. gleum NCTC 11432 80.21  25.6
C. gleum ATCC 35910 80.79 255
C. hispalense DSM 25574 80.56 255
C. cheonjiense RJ-7-14 80.25 247
C. takakiae DSM 26898 80.42 24.4
C. geocarposphaerae DSM 27617 80.33 243
C. taichungense DSM 17453 80.74 242
C. taihuense CGMCC 1.10941 79.38  23.6
C. limigenitum SUR2 80.09 23.1
C. polytrichastri DSM 26899 77.66  22.7
C. daecheongense DSM 15235 78.72 222
C. defluvii DSM 14219 78.51  22.1
C. zeae DSM 27623 73.67 214
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2.3 Chryseobacterium sp. ZHDP1 % B i #
EEMEHMUEER

UniProt, Pfam #1 RefSeq %0 % 43 5 7E
ZHDP1 FEARIER 4 iR BEAS 2] 27, 22 123 4%
EHHE, £ ZHDP1 Wk HA RTERE
15T % i T RE o Tl 0 A SR 0 45 SR R B T
ZHDP1 Gtk b & B v B 8 1 5 B i s
PE(E 5). M6Ah, iR . pH MaEEh s+
X ZHDP1 PRSI EAE S5 A T AL . 45
RN, HMERAE 45-60 °C Ay IR 5 Bl AT
DAAERER i 0 B OB TS M, A e T M
16 50 °C (& 5A)., ZHDP1 #¥k b5 W 1 i
il pH {HR 7.0, IR ERRO R R R
J%, pH 8.0 BYFREE £ i Al S AL 50% 1 i 7k
(&l 5B), A, Zn*". Mn®'Fl Cr.O* %} ZHDP1
(2R 7 e i N R g BN R W St AN R I R
A, R CrO7" A7 7E 23 58 A4 1 2K 1 B
P (Bl 5C).

— GC% (average: 35.95%)

B GC skew

i Coverage of illumina: 100%

%’; B Depth of illumina: (average: 230.57 X)
§ Coverage of nanopore: 100%

f [ Depth of nanopore: (average: 204.67 X)
£ CDS|rRNAJtRNA

B cps
I rRNA
B (RNA

Figure 2 The genome map of Chryseobacterium sp. ZHDP1.
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& 3 Chryseobacterium sp. ZHDP1 £ E 4 KEGG B EFTRHRLER
Figure 3 The annotation result of Chryseobacterium sp. ZHDP1 genome against KEGG database.

2.4 Chryseobacterium sp. ZHDP1 F=Eg{fi 1k
&R

A &5 R R B, I W) Bl G B 5% W) ] 19 SE
K, ZHDP1 AR 15 W H S 7 I 4G 1
hn, RS2SR IR AL 35 h B, B PEY
HE BRI 20BN %, Rt 35 h Bty
FEHEEE SR RN 5D); i N4 B IR IR A A
T ZHDP1 WK IR e, (A m i
FRURBE(>40 °C)2x WA b 350 i) Bl o,
1M 35 °C s fE ™ Hgss IR (8] 5E); Hefh i
W20 ZHDP1 T AR Y 85 1™ B, i HL

MR 4%, R R S RIRE N
=i, G 12%M R R B0 R R T Y
2/3 (Bl 5F); FEFRIEEFRBUMILALE R 5G.
SHYRH, FRMHE BN TN T LA & 4%
{5 ZHDP1 Bk I8 i B = i, 3XUF
W1 T oKk BR R me R IR SR AR A K
S UESZ W ZHDPL B RE b3 WP 8 e
B —NEERFEE, mH 100 r/min H | F35k45
B R A2 i B (1] 5T), {H2: 250 mL #2528
WEEHIX] ZHDP1 bR g™ i JC ] 25
(Kl 5)).
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5 @ HEITE Chryseobacterium sp. ZHDP1 EREEMS=EMH A REXTERE A0 ;
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Figure 5 The optimization of protease activity and production of Chryseobacterium sp. ZHDP1. A: The
temperature effect on the protease activity; B: The pH effect on the protease activity; C: The metal ion effect on
the protease activity; D: The culture time effect on the protease production; E: The culture temperature effect on
the protease production; F: The inoculation quantity effect on the protease production; G: The carbon source effect
on the protease production; H: The nitrogen source effect on the protease production; I: The rotation rate effect on

the protease production; J: The liquid loading capacity effect on the protease production. GC: Glucose; MT: Maltose;
SR: Sucrose; CM: Cornmeal; ST: Starch; PT: Peptone; CS: Casein; BE: Beef extract; SP: Soybean powder.
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(Chryseobacterium sp.) ZHDP1 F5¢ 3% FL R 4] ¢
5. 5T ANI Fil DDH $8 80 1EAL, AR
FNA S TR RA 51>, R4 NCBI
3 2 04 E P (https://www.nebi.nlm.nih.gov/
genome/) & B AFFEVE 2 4 W AT TR TR AR A9 5 A
2, {H2H4E ZHDP1 BEARUT IR YA 7E N i
A5 A IHE B Z o HR4E 16S rRNA E:H
ARG KT e, C. gambrini ;y ZHDP1
BEARB T IR R, {HJE NCBI genome %4 2 H
A W) 2 Bk C. gambrini V&R FE R 20 18 2H 25 /K F-
¥ H R “contig” . X Fh R B Ak B9 ZH 28 KA R
DLoe B R R RN RE(E B o B, A Scifit

TR SERM RN AIMER, e
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R BRI TS SR %Y,
Chryseobacterium sp. KMC2 . C.
Dolsongi-HT1.C. sp. P1-3 I C. gallinarum DSM
27622 TEN B4 B I A PR P EE R B R R
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XU AT RES S T A 2 AR A A
KU AU A B AR B R TR R
45, KEGG 1 COG $it¥ha 12 i e 45 S [v)
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M 2 A 5 ) R i ) e 0
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