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Effect of major metal ionsin sea water on growth and transcription of
protease coding gene of 4 Kangiella strains
XU Le"™® WANG JaHua” LUYe"” XU Jdun**

(1. Sate Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnol ogy,
Shanghai Jiao Tong University, Shanghai 200240, China)
(2. Institute of Oceanography, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: [Background] Kangiella is gram-negative, obligate marine heterotrophic bacteria. The
Kangiella genus forms deep branches within the class Proteobacteria in the phylogenetic analyses
based on 16S rRNA gene sequences. The physiology and ecological role of this group of marine
bacteria are still unknown. We assume that the extracellular serine proteases play an important role in
the growth of Kangiella for recycling of organic nitrogen. [Objective] Analyzed physiological effects
of different metal salts (Nasalt, Mg salt, Ca sdlt, K salt) on the growth and the expression of akaline
serine protease genes of 4 Kangiella strains (K. aquimarina DSM 16071, K. geojedonensis YCS-5, K.
koreensis DSM 16069 and K. profundi FT102). [Methods] The growth of 4 Kangiella strains in
different versions of marine broth 2216E were observed. Using Folin method to test the extracellular
protease activities with 2% casein as substrate. Three conserved akaline serine protease coding
sequences (aspl, asp2 and asp3) and phoP, phoQ genes in K. profundi FT102 were amplified by PCR
and cloned. Real-time PCR method was used to evaluate the expression level of these genes in the
4 strains. [Results] Based on the growth curve of 4 Kangiella strains in different versions of 2216E, we
found that Kangiella strains can’t grow in the absence of NaCl. However, except K. koreensis DSM
16069, the growth curves of other 3 Kangiella strains in different version of marine broth 2216E, in
which no supplementation of either magnesium salt, or calcium salt, or potassium salt, were found
similar. The extracellular protease activities of 4 strains were found different in logarithmic period, the
maximum extracellular protease activity was 11.23 U/mL and lowest was 0.99 U/mL. Moreover, the
results of Real time-PCR showed that the variety of the transcription level of 3 conserved genes (aspl,
asp2, asp3) in K. aquimarina DSM 16071, K. geojedonensis YCS-5 and K. koreensis DSM 16069 was
not obvious. But for K. koreensis DSM 16069, the transcriptional level of these 3 conserved akaline
serine protease coding genes was significantly upregulated, when either magnesium salt or calcium salt
was omitted in the marine broth 2216E. [Conclusion] Na salt is necessary for the growth of Kangiella
strains, Mg salt and Ca salt have different effects on the transcription of 3 serine protease coding genes
aspl, asp2, asp3. The biomass, extracellular protease activity and the transcription level of 3 conserved
serine protease genes and phoP, phoQ were significantly elevated in K. koreensis DSM 16069 when
Mg salt was not supplemented in the marine broth 2216E.

Keywords: Kangiella, Marine bacteria, Alkaline serine protease, Sea water, Metal salts
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Kim
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Wang
Aliikangidla

(Kangi€llaceage)
Aliikangiella 3

Kangiella Pleionea

Kangiella
9 Kangidla
30-37 °C pH 7.0
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[1-8]

[0 K. chungangensis

Na Mg Ca K
2216E 4
Na 0.335 mol/L Mg
0.016 mol/L K  0.007 mol/L

0.089 mol/L Ca

4  Kangidla
Kangiella
3
1 MBS
11 Bk
Kangiella 4 K. profundi
FT102 3
(http://jcm.bre.riken.jp/jalcatal ogue) (D
1.2 514
PCR DNAMAN Primer Express
3.0.1 ( )
2
1.3 FERAFIFNEE
DEPC water ( )
PCR ExTaq TaKaRa
Trizol DNase | PoweUp™

CAU 1040 Kangiella SYBR® Green Master Mix (AB)
NaCl (0.5%—16.0%) ( ) FastDNA Spin Kit for Soil MP
3.0% Biomedicals
[11] ( )
34% M 4
F* 1 WK 4 ¥k Kangidla Bk
Tablel Kangiellastrainsused in the experiments
Species Sampling site References
K. aquimarina DSM 16071 Tidal flat sediment was collected from Dagpo Beach, Yellow Sea, Korea [1]
K. geojedonensis Y CS-5 Seawater off the southern coast of Korea [4]
K. koreensis DSM 16069 Tidal flat sediment was collected from Dagpo Beach, Yellow Sea, Korea [1]
K. profundi FT102 A deep-sea sediment sample collected in the south-west Indian Ocean at 2 784 m [7]
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Table2 Primersused in the experiments

Genes Accession No. Primers sequence (5'—3')

A-aspl WP_018623495.1 F: TCGCAACACTTGAAAGGATAGC

R: ACGCAATGACCAGGTGGAA
A-asp2 WP_018623492.1 F: GGTCTTCCGCAGTTGCTTTC

R: AAATCACCCAACCTGTACTGGTACT
A-asp3 WP_018623491.1 F: GAAGGCATATTGTCATTTACGTCAA

R: CGCGCTAATGGCAATCG
A-16SrRNA Gl: 197260491 F: CCAGCAGCCGCGGTAAT

R: TTTACGCCCAGTAATTCCGATT
G-aspl WP_046560315.1 F: CACCAGCGGCTGATGAAGA

R: ACCGTGTCCTGGCTTAAATTTC
G-asp2 WP_052735139.1 F: ATGATTCGGGCGATCCAA

R: TGCGACTGATATACCGCGTATG
G-asp3 WP_046560317.1 F: TTCATGACAGCGTAGCGAAAA

R: GCTCGTTGCGCTAAACCATT
G-16SrRNA Gl: 311337312 F: TGGCGGACGGGTGAGTAA

R: GGGCTATCCCCCGCTATTC
K-aspl WP_012800119.1 F: GCGCAGTAGCGGCATTG

R: ACGGATGTCAGCTGCTGTACAA
K-asp2 WP_012800121.1 F: TGGCACAGCGTTCGAAGA

R: GCTGATGCTCGCATTTGAAG
K-asp3 WP_012800122.1 F: TTCGTATTGGCAGCAGGTAATG

R: TTAGCACGCGCTGGAGAAT
K-16SrRNA Gl: 41352514 F: CCAGCAGCCGCGGTAA

R: TTACGCCCAGTAATTCCGATTAA
P-aspl KY 753907 F: AGTGCGGTAGCTGCATTGG

R: CGAATTTCTGCTGCGGTACA
P-asp2 KY 753908 F: TGGTTCGCCGTTGAGCTT

R: AGCCTTTTTGGCCACGAATA
P-asp3 KY 753909 F: ACGGCGTGGGTCATTGATA

R: TGGCATCAACGCTCAAGTCA
P-16SrRNA Gl: 1018196612 F: CCAGCAGCCGCGGTAAT

R: TTTACGCCCAGTAATTCCGATT
aspl KY 753907 F: ATGWMTTTTAAAKTAAAGATGGCYTGYGC

R: CTAGYTWGARCTTCCDTCMAGACTAA
asp2 KY 753908 F: ATGTCATTWAAAGTAAAGATGGCYTG

R: TTATAVKTVGAATGAAGCTGCACAAGTTG
asp3 KY 753909 F: ATGAAAAAAACRYTWATMGCYAGY GCTGT

R: CTATAGATGGATRATTGGATCTGGATTBC
K-phoP ACV25424.1 F: ATGAAACTTTTATTAGTCGAA

R: TCACAGATCAGCTCTTAAT
K-phoQ ACV26824.1 F: ATGAGTTTTATTCTACTTAATA

R: TTAACCATTGAAACTCACTTTT
A-phoP WP_018624810.1 F: ATGAAATTATTACTGGTTGAAGAT

R: TCACAGGTCCGCTCTTAGTCGA
A-phoQ WP_018624811.1 F: ATGTCAATTTCACCACGATAAGC

R: GTGAGCTTAAATCACTCTTAC
G-phoP AKE52099.1 F: ATGAAAATACTCTTGATGGAAGA

R: CTACTTATCTAAATCACTATTCAA
G-phoQ AKE52098.1 F: ATGCCAATACCCTGCCCCTCAAC

R: GTGCAGGAACAAGCTGAACATAA

Microbiol. China

Note: aspl, asp2, asp3: Alkaline serine protease gene; A: K. aquimarina DSM 16071; G: K. geojedonensis YCS-5; K: K. koreensis DSM
16069; P: K. profundi FT102.
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2216E [13] 2216-Na FT102
NaCl 2216E 2216-Mg PCR 10xExTaq Buffer 25 pL  dNTPs
MgCl, MgSO, 2216E 2216-K (2.5 mmol/L) 2 uL (10 pmal/L) 0.5l
KCl  2216E 2216-Ca ExTag (5U/uL) 0.125 L DNA1uL ddH,0
CaCl, 2216E 25uL PCR 95°C 5min 95 °C
1.4 HKBIZNE 1min 52°C45s 72°Cimin 28 72°C
4 2216E 10 min 4°C PCR pMD19-T
37 °C 220 r/min 0.1% DH5q
2216E (pH 7.0) ( )
4 37 °C 17 SERPRJEESE PCR £
200 r/min 0 6 8 12 16 20 Trizol RNA
22 26 34 h 600 nm RNA cDNA
ODsgoo 3 25°C10min 42°C60min 70°C 10 min
15 ResShEBEETE IS CDNA 5 min
1% ( ) -80°C
12 h 4 °C 12 000 r/min Real-Time PCR 20 pL
5min SYBR Green Master 10 pL

50 mol/L Tris-HCI (pH 8.0)

2% Tris-HCI
100 1mL 40 °C
1 min ImL 42°C 2%
40 °C 30 min 2 mL 0.4 mol/L
40 °C 15 min
12000 r/min 15min 1mL 5mL
0.4 mol/L Na,CO3 1mL
40 °C 20 min ODeso
40 °C 1min lug
1 U[14]

1.6 RTHLEFRERE. PhoP 1 PhoQ #wE5
EF#Y PCR ¥ 18
3 Kangidla 3
aspl asp2

asp3 PCR K. profundi

(10 umol/uL) 1.2 puL  ddH,O 7.6 uL cDNA
1.2 uL 40 (95 °C20s 95 °C
3s 60°C3059)

16S rRNA
2216E

3
2 HRG54M
21 AREI&BEEHIT 4 # Kangiela E#E K
=AU
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( D
Na 4 Kangidla

Mg Ca K
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Mg Ca K 3
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Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



736 (DG ESTE Microbiol. China

! ol ’ —o— 2216E
= 2216E-Mg* A .
2 —A— 2216E-Ca* 3r & 2216}:-&{1%;
—£— 2216E-K* i %g{glli-(kg}-

—m— 22 16E-Na’

—&— 22]16E-Na*
2
) o
1
0 : :
0 10 20 30 40 40
t(h)
C D
—e— 2216E —— 2216E
y  —8- 2216E-Mg* 3. —B 2216E-Mg*
—&— 2216E-Ca™ - —A— 2216E-Ca™
—&— 2216E-K" —&— 2216E-K”
—=— 2216E-Na' x q —m- 2216E-Na* 1
3 g1

ODi O
(3]
g g

—
0 10 20 30 40

1 4%k Kangiela B#EA[E] 2216E &7 EPEKIBER
Figurel Growth curve of 4 Kangiella strainsin 2216E broth with different metal ions composition
A K. aquimarinaDSM 16071 B K. geojedonensisYCS5 C K. koreensisDSM 16069 D K. profundi FT102. 2216E 2216E
2216E-Ca Ca 2216E 2216E-Mg Mg 2216E 2216E-K K
2216E 2216E-Na Na 2216E
Note: A: K. aquimarina DSM 16071; B: K. geojedonensis YCS-5; C: K. koreensis DSM 16069; D: K. profundi FT102. 2216E: Complete
marine broth; 2216E-Ca salt: Complete 2216E without calcium salt; 2216E-Mg salt: Complete 2216E without magnesium salt; 2216E-K salt:
Complete 2216E without potassium salt; 2216E-Na salt: Complete 2216E without sodium salt.
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Mg Ca K 2.2 AWEMINEOEEESE HNESR
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2216E 2
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2216E 2216E ODsop  1.139
K. koreensis DSM 16069 6.34 U/mL 2216E-Mg
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Figure 2 Effect of different metal ions on the cell growth and extracellular protease activity of 4 Kangiella strains

(Logarithmic period)

: A: K.aguimarina DSM 16071; B: K. geojedonensis YCS-5; C: K. koreensis DSM 16069; D: K. profundi FT102. 1: 2216E
Wigrdts 2. RURAN Mg #hi9 2216E 1557385 3. AWM Cadhity 2216E #5375 4. AURAN K $h10 2216E Higdk. **. Siil2

#5183 (P<0.01).

Note: A: K. aquimarina DSM 16071; B: K. geojedonensis YCS-5; C: K. koreensis DSM 16069; D: K. profundi FT102. 1: 2216E complete
marine broth; 2: Complete 2216E without magnesium salt; 3: Complete 2216E without calcium salt; 4: Complete 2216E without potassium

sat. **: Statistically significant (P<0.01).
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2.3 K. profundi FT102 E#kA phoP/phoQ £ &
M3INMRTHLEREOMERLEERNRE
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Pseudoaltermonas sp. SM9913
MCP-01
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3
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Figure3 PCR amplification of K. profundi FT 102
A 3 B phoP phoQ

Note: A: 3 Serine protease genes; B: phoP and phoQ genes.
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Table3 Thealignment result of the amino acid sequencesin 3 conserved serine proteasesin 4 Kangiella strains

ASP1 ASP2 ASP3
Straings Amino  Identity  Query coverage Amino Identity  Query coverage Amino ldentity  Query coverage
acids (%) (%) acids (%) (%) acids (%) (%)
K 767 611 377
P 766 90 100 608 9 100 377 9 100
A 768 90 100 607 93 100 374 76 100
G 766 77 99 528 78 84 375 76 100
K K. koreenssDSM 16069 P K. profundi FT102 A K.aquimarinaDSM 16071 G K. geojedonensisYCS-5. K. koreensisDSM
16069 3 3 Kangidla E =0

Note: K: K. koreensis DSM 16069; P: K. profundi FT102; A: K. aquimarina DSM 16071; G: K. geojedonensis Y CS-5. Amino acid sequence
of 3 conserved serine proteases from K. koreensis DSM 16069 was used as query sequence in BLASTp analysis; E-value=0.

B ASPL % FIBERR T B A S8 S AR ¢ 4 b4t 25  asp3
&4 PPC (Pre-peptidase C-terminal domain) 45 #435 . 2
b4k, KH K. geojedonensis YCS-5 Btk H1I ASPL g aspl
HF1(WP040560315.1)i B A7 Peptidase inhibitor 19 ¢ asp2 5
asp3 6
¢ Ca Mg 2216E
1-2 PPC PKD (Polycystic kidney disease K koreensis DSM 16069 3

| domain) (8 Inhibitor

2.4 3 #&EEX 4 ¥k Kangiella B{RTFL &R 2.5 4%k Kangiella &5 phoP #1 phoQ EE I

s, F Eﬁ
EERERRANIN | -
Real-Time PCR 4 Kangiela phoP/phoQ Mg
3 2216E [19] Real-Time PCR
3 22168 4  Kangidla hoP hoQ 2216E
i
5 Mg Ca K g P P
L Mg 2216E
2216E K. aquimarina DSM 16071
K. geojedonensisYCS-5 K. profundi FT102 3 6 Mg
2216E K. koreensis DSM 16069
aspl asp2 asp3
2 2216E phoP  phoQ phoQ
10 phoP
K. koreensis DSM 16069 5 K. aquimarina DSM 16071
Ca Mg 2216E 3 K. geojedonensis YCS-5 K. profundi FT102
phoQ phoP
K K. koreensis DSM 16069
Ca phoP/phoQ Mg

aspl 6 asp2
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—
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Figure4 Phylogenetic tree and conserved domains of the serine proteasesin Kangiella strains
Neighbor-Joining ASP1 ASP2 ASP3
NCBI MEGA 6.06 Bootstrap 1 000
Bootstrap 40% 0.1 10% BLASTp
S8 S53 C- (PPC) M9 I (PKD) M9 N u32 Peptidase inhibitor 19
Tu WL 343 (EF-Tu)  Pro P Trypsin M4 S53 .

Note: Representative consensus Neighbor-Joining tree of the catalytic domain (left part of figure), and schematic diagrams of the domain
structure (right part of figure) of ASP1, ASP2 and ASP3; The accession number of each sequence was labelled, the family of protein in
brackets; The phylogenetic tree was constructed using MEGA 6.06; One thousand bootstrap replicates were used; Only bootstrap
percentages>40% are shown on the branches, 0.1 means 10% changes were observed between two sequence; The conserved domain
architectures of the sequences were identified using BLASTp service available at NCBI (https://www.ncbi.nlm.nih.gov/); The conserved
domains are S8_S53 family, PPC (pre-peptidase C-terminal domain), M9 family, PKD (polycystic kidney disease | domain), M9_N family,
U32 family, peptidase inhibitor 19 family, structure domain similar to domain Il of elongation factor Tu (EF-Tu), proprotein convertase
P-domain, trypsin family, M4 family, activation domain of S53 peptidase.
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Figure5 Differential gene expression of serine protease in Kangiella strainswith different metal salts
A K. aquimarina DSM 16071 B K. geojedonensisYCS-5 C K. koreenssDSM 16069 D K. profundi FT102. *
(P<0.05) ** (P<0.01).
Note: A: K. aquimarina DSM 16071; B: K. geojedonensis YCS-5; C: K. koreensis DSM 16069; D: K. profundi FT102. * Indicates
statistically significant (P<0.05); ** Indicates highly statistically significant (P<0.01).
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Figure 6 Relative quantification of phoP and phoQ gene expression about 4 Kangiella strains in 2216E broth without
Mg salt
A phoP B phoQ JKH (P<0.01).
Note: A: phoP gene expression; B: phoQ gene expression. **: Greatly statistically significant (P<0.01).
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