TRAESGA IR Apr. 20, 2023, 50(4): 1525-1537
Microbiology China DOI: 10.13344/j.microbiol.china.221172
http://journals.im.ac.cn/wswxtbcn Copyright ©2023 Microbiology China All Rights Reserved

RiRs
BREE NyZ12 EFEA) A 28 2 THEE

EA, WBta, vk, BE, kP

ROV TR A B S EOREBE, 1A I 430023

TREFY, Wi, AR, B, Sk BREMIE NyZ12 BEK A AT I 2 ARRRELT]. RIS R, 2023, 50(4): 1525-1537.
ZHANG Huiling, XIE Qichong, YE Linyan, LIANG Tong, YAN Dazhong. Plasticity and variability of Pseudomonas plecoglossicida
NyZ12 genome[J]. Microbiology China, 2023, 50(4): 1525-1537.

B OE: (TR BERAAT 2HAETHE, KRN MAEY, L+ Pseudomonas plecoglossicida
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Plasticity and variability of Pseudomonas plecoglossicida
NyZ12 genome

ZHANG Huiling, XIE Qichong, YE Linyan, LIANG Tong, YAN Dazhong*

School of Life Science and Technology, Wuhan Polytechnic University, Wuhan 430023, Hubei, China

Abstract: [Background] Pseudomonas is genus of bacteria ubiquitous in soil and water
environments, among which Pseudomonas plecoglossicida NyZ12 is a Gram-negative
bacterium that can grow on cyclohexylamine as the sole carbon and nitrogen source, with the
genome up to 7.0 Mb. [Objective] To investigate whether the genome of P. plecoglossicida
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NyZ12 has plasticity and variability. [Methods] P. plecoglossicida NyZ12 was continuously
cultured with succinic acid or the intermediate cyclohexanone as the carbon source for natural
mutation, and then the mutants incapable of growing on cyclohexylamine as the sole carbon and
nitrogen source were isolated. The whole genomes of the mutants T, and T, were sequenced and
compared with that of the wild-type P. plecoglossicida NyZ12. [Results] The genomes of
mutants T; and T, presented a large number of deletions and mutations compared with the wild
type. A large number of repeats, transposons, and prophages were present in the two missing
large gene fragments. [Conclusion] The genome of P. plecoglossicida NyZ12 is characterized
with plasticity and variability. This study explores the possible mechanism and gives insight

into the adaptation and evolution of microorganisms.
Keywords: Pseudomonas plecoglossicida NyZ12; mutant; genome; genome plasticity
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Metabolic pathway of cyclohexylamine by Pseudomonas plecoglossicida NyZ12.
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i, BEEMSANrER ;s SO EIE B S E H
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TeHLEL 1% 57 2 (mineral salts medium, MSM)
(g/L) : Na,HPO412H,0 3.8, KH,PO, 1.5,
CaCl,*H,0 0.01, MgSO47H,0 0.05, MnSO,-4H,0

0.002, FeSO47H,0 0.005, [& A% 35 KA 3i0s
#3 16 g/L
R 5 S 06 75 SR A TC AL £ 15 352 3 v 4 B s
L BE Ry 5 mmol/L I C % . 38 C R FNBE H1RR
VERTRIE, HAR AR INER O R Bk 2 5% 171 2 i 75 [+
PRI 5 mmol/L 32 i o A1 1) i R i A Ry 280 o
LB 55 5(g/L): NaCl 10.0, & 1 i (tryptone)
10.0, PBEREZIUY)(yeast extract) 5.0,
1.3 At
1.3.1 {REME NyZ12 REHMFRSLE
PEEU NyZ12, NyZ12A2631 Fil NyZ12A3 #)

BATEVE , AY MHEFIE A S mmol/L BEFARR LHLER
WARREFRFEAE 5 mmol/L ¥ Bl JCHLEL W 1A
Rrgegerp, 28 °C . 200 r/min $F1 T4 SeE0E %,
24 h 4 1 IR, 3 RECHEM R BRI 10° 0k
A1 2 3% IR S0 O B JC AL [ R 8 R 2 |
28 °CIEFR 3 d ity o HOPAR AR EETE T C
e TCHLER AR K F= 5EH, 28 °C 200 r/min B 57,
AR 24-36 h, 5 A A T 211 2 B R T AR KT
FRI, R B, QIR E 3R B A F AR
b, T 28 cCHE MR SR , BRI AR
PATH P AE I ORI 3R O R JCHLER AR 97 3k op
AR B

PRI AR LR 7% T35 A 5 mmol/L B
HIR ) JCHLER HE TR 3, 28 °C. 200 r/min #5577
20 h 2247, B 1 mL Z @K 4 °C. 12 000 1/ min
B0 1 min, 28 B3, A 1 mL TRKER,
FFK 4 °C .12 000 r/min Z5.0> 1 min J5 23 FE,
LA 100 pL JCRE7KETE, 7E 100 °CHp KB &
10 min J5 4 °C. 12 000 r/min &.0> 2 min, B F
50 PCR Bitr. KH5IY 27F (5-AGAGTTT
GATCCTGGCTCAG-3")#l 1492R (5-GGTTACC
TTGTTACGACTT-3")§ 14 16S rRNA %:[K . PCR
FW AR ZR (50 puL): 2% Tag Master Mix 25 L, 1F .
R 51495(10 pmol/L)4% 1 uL, #Hi# DNA 1 uL,
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ZeAT KR BN 2 AN RARR T, F1 T, BT VR
3R] 5 mL AR ML ER AR RG 5 h, DA
(i) A 11 J0L 2 R B 5 S A ) ) B [ PR ™
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R TIURAL R 2 h, FEADA 5 mmol/L ¥R %
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ZIELAE N, B8 000 r/min B0 2 min, HL |
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GC-MS &K AR IS B3 L R
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25 cm/min, AERIE A 280 °C. FEIERRH
T : FILRIEE A 75 °C, WIRAFIE] A 5 min,
TR A 10 °C/min, FHEZE 175 °C, R
] %9 10 min, Z4k£E LA 10 °C/min i FHELE R THE
%200 °C, £ 2.5min, JEFEERN 1 uLl,
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2.1 XMFERIRTRFHIT 16S rRNA £EFH
& PCR ¥ 150 7

K WCIE AR TCALER B R FE X Nyz12 B4
Bl NyZ12A2631 Fl NyZ12A3 43 e AL 4R
FRALA 1 R, RBEAR 20 IRJG N NyZ12 ¥
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FAERKMRAK T, WX MR AR 1T PCR
BGE, 0k B A TAEY) TR (CE ) B A BR 2 )
PEATIN T, R p 25 51647 BLAST Xt 455
R PR 5 AR A 5 W A UM B B NyZ12 1)
16S rRNA K& [ 7 51— Pk (identity) 4 100%.
22 TIREMEBIERTARBIEAK
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ToHLER R FE e B 9% 36 h J5 ODeoo P LAik 3|
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0.666 0+0.013 8, M & FP 5 AR KKE F5 5 d & ODgoo
{58RA% T 0.002 00+£0.002 65, B 825 14 NyZ12
T,. NyZ12 T, 1 NyZ12AchnB AREF|FHERC i H
Wi AE G s AP LA B RAR I SRR TR C RGP
ERREFRIP, NyZz12 BPAERIA NyZ12 587881 T,
TEMRC I TCHLER G TR 15 5% 36 hJ&, ODeoo 53
A% 0.849 0+£0.034 0 F10.726 0+0.021 9,NyZ12
SRR T, Fl NyZ12AchnB HM#i 3535 5 d, ODgoo
BRI T 0.012 70+£0.002 52, FHIEATARER
FHRC IR i . O T i — 2D AR A
GRS C S E A CEARK, RAIR
YR 7 VR i — 20 e TR E .

IR AT R A RIEOIUE, &
AR B I, R AR NyZ12 S e
PEXTRR, JFHRE 3AER, BHERS )
pUE-SER TR f o

B AR SR A5 R AT AL, NyZ12 878K T,
AN BE DL ER e RN IR OB Sk o — B R A K
NyZ12 587481 T, ARELAFA CU N ME— BRI A K
{HZAT5 SR BE LAFR O A i — i A= R (181 2 & 3),
FIA IR E Y RRAF 25 R 5 E  ODgoo M4
R—5.

|
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prr
T P

NZE BN AR < B XS B (1-3) , Ny Z 12

B 25 7 (4-6), NyZ12 Z8784K T, (7-9), NyZ12 287454 T, (10-12), NyZI12AchnB (13-15)
Figure 2 Growth analysis of wild type NyZ12 and its mutants in mineral salts medium containing

cyclohexylamine with resazurin sodium treatment, from left to right are Negative control (1-3), NyZ12 wild
type (4-6), NyZ12 mutant T, (7-9), NyZ12 mutant T, (10-12) and NyZ12AchnB (13-15).
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Figure 3

Growth analysis of wild type NyZI12 and its mutants in mineral salts medium containing

cyclohexanone with resazurin sodium treatment, from left to right are Negative control (1-3), NyZ12 wild
type (4-6), NyZ12 mutant T, (7-9), NyZ12 mutant T; (10-12) and NyZ12AchnB (13-15).

2.3 GC-MS &M e =& R o Hh

X2 ANGARRKE SR IR AT i EE Ak, 4y
FIZE 30, 60, 90, 120, 180, 240, 360 min HX
FE, A CREHAT LA RN, F R R A,
B P INATCK SRR T4, JEH R A
W @it GC-MS K & B, B X IR A
REAG I B FR O (B 4A), NyZ12 28784k T, 18
240 min (& 4B . 4C)H 360 min HIFE 5 HREAS [F]
FASHIN 2 2R L B FER LBl . SR, NyZ12 5878
K T, H HREARG I B3R O e, A AR 21 26 i
(Kl 4D), X sbZERIEI NyZ12 RAEK T, AN6E
FIFIR Ol R — Bl ISR K, HEM NyZ12 5878
PR T, rh PR C A RN F AT RE R A T &
0, T LIAGHIN B 2R R AR
24 KRTAEEEFEANFDH

PEHOP R 2 AR R R AL, AL I I K
AR I UEA T A S DAL e, DA AR R 3
K20 2 25 AT L o0 A, 3R A 28 AR AR 1Y) 4
AL BRI RGO, AT aE R ILER 1A
# 2, NyZ12 4K T\ 8 lbfi AL 5 Ak
Bl L AR S Ab R, R ER T 2 AN KA B

RK21 01203-01278 #il RK21 02818—02937.
NyZ12 784K T, 4 14 AbG A 7 &b BAp L 58 25
s abide, HAf —RKEB RK21_01203-01278
B . Geit R BE Z FA AR AR Y G Bl C, ax sk
SEREM, AR R AT A A & A A KR B
B | BB SR | A R R R e 2 AR Y
3 Wik

BB B R )2 AEAE T IR AR IR S 1Y
fbEdy, HIELHART] 7.0 Mb 24, —EaRLHE
B, 2 5 AR 5L R TT A (o AR PR 58 A A
g 1 3 o M L (H T Y R DR R s ol o TR
EME . AP R NyZ12 78 LSRR
R IES T #HAT AR 37, 4/18 T NyzZ12
AR T, AT H S E AL EEER T
RK21 01203-01278 H1 RK21 02818-02937 X
2R R B, SRR BRI NyZ12A3 12D
Ol A R AT AR OB 3R AR 1Y NyZ12 5872
A T, FEBE T — KB RK21_01203-01278, 75
GHRTE B 2 FORFRIRE RS, WA
4T RK21 0120301278 iX—Et. NyZ12 548

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



1532

E

IR R Microbiol. China

—_— —
—
oo
oo
oo

Abundance

Abundance
N N

14 000 |
13 000 |
12 000 |
11 000
10 000 |
9000 |
§ 000 r
7000
6000 -
5000t
4000 -
3000r
2000 r
1000

Abundance

32.0

43.0

T

62.9

P B |

100
NH,

0 L L1 | I 1 i 1 1
30 40 50 60 70 80 90 100 110 120
MW: 99 CAS# 108-91-8 C6HI13N (replib) cyclohexylamine

70.1

1 ‘

87.9

ll\l 1

9.1 106.0

77.1
||J | !

A FE T

rT T T T 1717 17 17T 1T 1T 17T 17 7T °T 1T 17T T 17T 7T 1T 7T 17T 1771

30

32.0

W

35

40

45

43.0

L.

50

L]

55 60

56.0

L

65 85 90 95 100 105 110

miz

70 75 80

100
NH,

50

0t vl 1 1 ﬁ 1 1
30 40 50 60 70 80 90 100 110 120
MW: 99 CAS# 108-91-8 CoHI13N (replib) cyclohexylamine

T

99.0
| 106.1
| L1 sl |

88.0

77.0
Lol

I A |

25

30

31.9
d

35

40

43.0

“ w1

45

50

55.0

N

!

55 60

70.0

llll}

88.0
L7891,

65 70 95 100 105 110

miz

75 80 85 90

100 -

50

. l|| Pl { .

80 100 120 140
MW: 98 CAS# 108-94-1 C6H100 (replib) cyclohexanone

|

98.0

L In Il. L L L

ll 1l

30

LL

50

60

70

80 90 100 110 120 130 140

mlz

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



TR EFSE B NyZ12 3 R4 1) AT Y8 2 A5 RFAE 1533

D A
20 000 43.0
19 000
18 000
17 000
16 000
15 000
14 000
13 000
12 000
11000
10 000
9000
8000
7000
6000
5000
4000
3000
2000
1000
075

100
NH.

56.1 A

Ll il 1 Ll I I
30 40 50 60 70 80 90 100 110 120
MW: 99 CAS# 108-91-8 C6H13N (replib) cyclohexylamine

Abundance

I L L L L L L L L L L

70.0
99.1

L1 |‘J

95 100

L

88.0

[ - II.'l

80 85 90

76.9
|

75

105.9
1l I

105 110

Ji:ll{

50 55

N

60

45

T . .

65 70
miz

4 GC-MS & NyZ12 ZEEX T, T, =MRELITCEROPESY A PENRCRIER)&H
5 mmol/L ¥ & % CHLER 15 F5 FEAEFE IR Fh S 30 min BURE#E GC-MS /. B: NyZ12 587544 T, 44l
SALAE 240 min. C: NyZ12 AR T, 4054 L 7E 240 min. D: NyZ12 ZRARK T, 24144 L 1E 360 min
Figure 4 Identification of intermediates from whole-cell transformation of mutant T,, T, with GC-MS. A:
The negative control medium (uninoculated) containing 5 mmol/L cyclohexylamine was incubated in the
shaker for 30 min and sampled for GC-MS detection. B: Whole cell transformation of NyZ12 mutant T; at

240 min. C: Whole cell transformation of NyZ12 mutant T; at 240 min. D: Whole cell transformation of
NyZ12 mutant T, at 360 min.
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Table 1 Mutation sites from the genome of NyZ12 mutant T,

Type Base length Relative to the NyZ12 wild type position Influence the target gene
Insertion G 398 176 No

Base substitution C—-G 640 898 RK21 00574

Insertion G 1 000 945 No

Deletion 82 383 bp 1314 383-1 396 766 RK21 01203-RK21 01278
Deletion T 1821732 No

Mutation G—-C 1835512 RK21 01715

Insertion G 2017378 RK21 01875

Base substitution A—-G 2178 597 RK21 02029

Base substitution A—-G 2179 147 No

Deletion 128 804 bp 2 958 644-3 087 937 RK21 02818-RK21 02937
Insertion C 3207111 RK21 03060

Deletion 10 bp 3816 002-3 816011 No

Insertion C 4438 674 RK21 04245

Insertion 463 bp 4957921 RK21 04728

Base substitution C-T 5403 797 RK21 05151

Deletion 11 bp 5621918-5 621 928 No

Insertion C 6232 635 RK21 r022

Insertion G 6233178 RK21 r022
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Table 2 Mutation sites from the genome of NyZ12 mutant T,

Type Base length Relative to the NyZ12 wild type position Influence the target gene
Base substitution A—-G 272 888 RK21 00261
Insertion G 398 176 No

Deletion 1 887 bp 461 894-463 781 RK21_00425
Insertion G 1 000 945 No

Deletion 82 383 bp 1314 383-1 396 766 RK21_01203-RK21_01278
Insertion 1567 bp 1421223 No

Base substitution T-G 1 606 650 RK21 01500
Base substitution G—-C 1 835512 RK21 01715
Insertion G 2017378 RK21 01875
Deletion 1181 bp 2 760 848-2 762 029 RK21 02631
Deletion 209 bp 3017 742-3 017 951 RK21 02872
Base substitution A—-T 3038203 RK21 02893
Insertion 1 235 bp 3077 522 No

Insertion C 3207 111 RK21 03060
Insertion 6 bp 3357920 RK21_03207
Insertion 28 bp 4425234 RK21 04226
Insertion C 4438 674 RK21 04245
Base substitution C—-G 4782 509 RK21 r012
Insertion 1 567 bp 5252716 RK21 05012
Base substitution A—C 5510973 RK21 r018
Insertion 1 567 bp 5559 665 No

Base substitution C—-G 5644 413 RK21 05366
Insertion 3 bp 5840 753 RK21 05539
Deletion 1735 bp 5 840 755-5 842 490 RK21 05539
Insertion C 6232 635 RK21 r022
Insertion G 6233178 RK21 r022

K Ty LA NyZ12 P A= B R T AR T 2 3145, 45
HRADHT, EARE LA O AR O R Ay e —
RIEAE K .t LR IE R BT R B, i8R
TR RK21 02818-02937 F Behfu & T 3
O e A T Ui 3 A2 (B i A 28 O W 2 A 1F A =
RGN YT RK21 2866-2870), F3
NyZ12 Z&75K T AN Ge A FHER il Ay M — B Y5 A=
Ko WP C e Z 3R OB 0 B S A7 AR, T
PLFIH GC-MS AI LIKEI NyZ12 2848 4K T, #f 8,
20 it 2 A0 B O B 0 7 0 A A L A o, (R0 B
551 7 B R N R AR R O e R
—BRIEAE K ONYZ12 875K T, DU B 8 NyZ12

285K NyZ12A3 (RK21_00425, RK21 02631
1 RK21_05539 3% 3 HEP O JCIR R BR) A H &
PR RR T e 2R A, A BE AR O e hy o — Rk U A
K, {HZAT SR BE LARR Ol R o — B PR AR K
N NyZ12 G781k Ty J2AE 38 O A kA% A
Fril BRI AR, fETREE T,
WA= RBIGH BRI T
RK21_2866-2870 {3fF4E THF A, HEZS Y
WIUR A BRAE AL IR O B A B2 O i ) 35 e S 4k
ity . e W ok R AL EGSL R O e B g, fr
PUFIH GC-MS TGk A 21 v ] 7=y 28 O . J5
SRATGAE B R K Bl & RIS E S
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SR AR O e A R O TR 9 T A AR IR

FIH DNAStar 21t, KBMERE 2 MKA
Bt RK21_01203-01278 ) GC 5 54 58.51%,
RK21 02818-02937 1Y) GC &l 58.4%. X 24>
R B GC &t i EH IR T Nyz12 B AR R 20
HISE1Y GC i 64.2%, X 2 BEATRERIE T
FER K546 7% L JA% A= Py Rl i ) iR 32 [ i o
ZH 1) S22 ()5 E A AT AR b 5 R A o i
|k SE, INImdERRs 1L A R e, t
T AR ARAT B 1 Ji R A 85 ) 4 %
ik, EHREMRER, THEHFENERNSS T
AN (B RIE N, B H RS- T BRI 1Y
A T3 R A B A 3 DR % AR e Rk 2 R BT,
NyZ12 1EVIBRHIR Ak I p A Kad fh, |F
TCIRC sl R O A IR R 5 T,
ANTFELL A A PR IR G, 25 MU
FELA % RK21_02818—02937 575 2k .

4 T P o 3 1V B T AR AR R,
AP e I PR Y S AR AR R BEOR B R ok, H
RIIA R Pt il Z AR E LA 3 Fl, 2512
KFSEHFE RS AL H N R, S
D] A AR AT R 25 2 2 3 A A I 2R R/ INAS S 1Y
AR B, WiERMIEEA S, @iddER R
LA AL 59 K B sh s oo g
AR, NyZ12 821K T, A 8 b A, 5 Ak
BRELZEAE A 5 AbELR, NyZ12 RAEK T, A
14 WHHA L 7 ALERBIIERAE TN 5 Abskde
RK21 00425, RK21 02631 Fl RK21 05539 %
3 ANERTE R R E SAETE) . R, drk
B2 A RAR R B L T AR K Z R = A 5K
TH75 R G 8 C. #WH C BER G % H b
P JEAR T 28 728 B T, Wu 25282 Y polC #l dnaE2
FLEXT A GC FRAMKEm, SR GC
BT e R AT BIEXT (GC>AT) B R 48 & A=
PR TAR I R R kA, EEERTA

2R
IRAE

R HAF I A L0, SR IX 2 AN RAE R X
Fir GC B IEXT 40 AT AR AE NyZ12 848
T TP 1Ak, AT SRR LME G JE 4 RF 5T
SEH AL ARk, TRt 5 B A A 4 5 DR 20 1 7
R+ i

SR A% A Wy oK S e e Bk,
LR BR A L JBTORE B e T A B TR K R Y K
HEEBEBEY 4H RK21 01203-01278 Fl
RK21 02818-02937 X 2 AHEH A B, k3
RK21_01203-01278 iX—BH A 1 gt i Jd
it A LRI (RK21_01277) 1 1 A4 2Ry p 1A 44 45 il
AYFEI(RK21 01278); RK21 02818—02937 iX—
Berh 7 A L e i Y L (RK 2102844
RK21 02846 . RK21 02912 . RK21 02915 .
RK21 02921 . RK21 02925 . RK21 02927)F#
2 ™G A I B A 3K 5 i 1) I R (RK 2102818
RK21_02841), W THRMX 2 MHEPEAHE
IKEFE R RS T, T AFE R BB RS L N S
WA, X 2 R BHS BAS — RN,
PR 3 T2 2 ol — 2 TR 1 5 PR o B R T
S IE BT eI Z R 20, A6 TR R (27 (A R0
A RIS R T LSt A DL, DASCEEA
R RS ke 41 PY. 7E RK21 01203-01278
kR T 12 MR BERELEFY, TE
RK21_02818-02937 Hf5 49 /MR EEK)Y
G, X EH S T 2t W R EE A2 5 Il
DXl B % R ke, AT 3t ol 5 PR iy ke 2

REFSEHT T NyZ12 Z878{K T, Fl NyZ12
GEARK T, 3% 2 AR AR BE R 20, A AR
W NyZ12 (3L R4 rT R 2 AR 0, e Y
AT 2 AR ER 5L, (154078
B b N SR AR A . SR O R
PR R BN R, FEHE A E R C 28 s
ZHEW R, FEE T R BR AR . SR
LR HAE AT AR E I, B
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