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Effects of ACC deaminase-producing bacteria on lipid
metabolism of mung bean leaves under saline stress

LI Xin', ZHANG Meizhen', ZHENG Qiaochu', LIU Quan®, HUANG Yulan®, YIN Kuide'
(1. College of Agriculture, Heilongjiang Bayi Agricultural University, Daging, Heilongjiang 163319, China;
2. College of Life Science and Technology, Heilongjiang Bayi Agricultural University, Daging, Heilongjiang 163319, China)

Abstract: To investigate the effects of ACC deaminase bacteria under saline stress on the lipid metabolism of
mung bean leaves, liquid chromatography mass spectrometry was used to analyze the changes of lipid metabolites in
the leaves of ACC (DQJC1). It was found that DQJCI inoculation under saline stress promoted the growth of mung
bean, which significantly increased the plant height (34.87% ), aboveground parts fresh weight (44.07% and
46.43% ) , underground partsdry weightof mung bean plants (30.56% and 23.68% ) in the chlorophyll content
(41.61%). At the same time, 61 metabolites with significant differences (P<0.05) were selected, including 32
glycerophospholipids, 14 sterols, 4 glycerol lipids, 3 sphingolipids and 8 other lipids. The upregulated metabolites
were glycerol phospholipids (PC, PG, LPC, PI, PE, LPG), glycerol lipids (SQDG47 : 11) and sphingolipids
(CerG1d18 : 2/16 : 0+0).The upregulated metabolites were mainly sterols (TG) ; glycerol glucolipids (SQDG :
16 : 0/16 : 0) and sphingolipids ( CerG1d34 : 2+0). KEGG pathway enrichment analysis found that six of the se-
lected differential metabolites were enriched in 9 metabolic pathways, including glycerophospholipid metabolism path-
way , elycerol lipid metabolismpathway , autophagy-other pathway, glycosylphosphatidylinositol ( GPI)-anchor biosyn-
thesispathway, ether lipid metabolismpathway, linoleic acid metabolismpathway, phosphatidylinositol signaling sys-

tempathway , alpha-linolenic acid metabolismpathway and arachidonic acid metabolism pathway.

75 B #7:2023-02-03 &[5 H #§:2023-03-08

BEETE B Ip T\ 4 B AR5 4 BRI H (YJISCX2021-Y61) ; BRI IT4 A SRFFE 34T H (LH2021C064)
YEE RN 2 FE(1998-) , %, IR VTES G N W BF5EA: B9 07 1) A FEMAE i e A AR S . E-mail : 762404958@ qq.com
BIEEE REE(1964-) 5 BIRTLRMN 20, FENFAEY Wi L BFSY . E-mail : yinkuide@ 163.com



56

A ARVNE T ACC M e R RO 2k B R IR A 52 73

Keywords ; mung bean seedling; salt-salinity stress; producing ACC deaminase promoting bacteria; lipid me-

tabolism

AR B 31 5 e P [ AR M A e N A 7 )
EAEYIIE 22—, 39 v e B AR A R pH (H &
(R E NN S vos R AN - Y P I EE /NN
ARG ZEEL A0 ™ 7 4 A 4, X SRR R R
B M ERK AT, 2 %S EUHE Yt
7070 R B A B A N TR R WA L B
HEAERES AR A, H sk As A H A
eI IR AR A Y B AL, TEA Y A0 i R h
HIMBEAR TTAASTE , 10 H IS W AUA7 AE i ik
WSS R I 2 LT R B AR, DRI H T
RS M A6 A VR R B B OE, Lin 25 & B0 ER Wy
KA R AR S R N, MR RS R E
REAR

B T LAH 0 R JEah i B B4, 38 45 0F T 5 PR
T2 4 FH b 320 47 52 B G L W, 95 T %o 4
FRA AT e 2 X2 e R T M AN I PE T 1
AL S R HEROAERY S Guilla % & B, BLEE
IFAHTAEARIR A T G R R R, R
SRy RS N2 I T 168 5 T R A A Ay T 5 19 A8 £k T
RESALYIPT AR O | A B9 2% I it A 42 1) 40 e

O [ AN £ 0 A S AT AT
ULAEDIAG B AR Y A K B SR AR P
Jy T AT BE AR AR

AR sk 42 A A ) AR PR AR A2 T ( PGPR) oK
5 BT P SR 5 B0 36 3 T R R AT ST AL A AT
¥R, PGPR W LIl i T Na' Wi th 2 514 54
PIPL ALK $E 5 6 A ROCR A 2 R R A S 3
RGBS ER R a LA K 15 . PGPR @ H
HA ZH e A= T fig, i - gk e e e
YIS (U0 TAA) FIA R ACC AR, ACC B
B A o T LK SRR ACC A o— 0 T TR
A AR Y AR N 1Y 205 e BE | AT 22 i 3
AT A K AR AR
ACC M 22 it A A5 TR 0T LA s 2 2 A it R B g ), (H
KL HF 55 #0557 18 B 12 T 11 6T 3k B 8 T 4k
FERVAIG ISP L) SRR 0 T S T
Hh IR AR T 1) 5% ) 3 R UL G AR BIF 5 A AR
YIAFAR T TSR0 E R B R S ACC i 2
Az Bk G R H g AR A R O LA
F2R R, G X e 22 AR Y B £ BIR
] (AR ISHE % b 25, MR ACC T2 R AE TR 4R v
2% 1 it R R 1 R FH AL 25 Bl

IR

1.1 &

L1 EsckBR AT 0= ACC B2 il i
AH(DQICT) 1 B g vT \—4 B KA E Y |
VESZI 2 FE AL, B P Ml X 3R A 4 P O e AR A5, %
T A ABCA B B & ( Pseudomonas ) | 72 ACC Il & i GE
J10 8147 U » mg™ 5 1% A HA B0 A i 2k i e
AI7E pH {EA 11 H NaCl ¥R A 10% 1) LB 15 77 3
K,

1.1.2 %a&ft FHESE M8 N
E R AR T AR AR AR

1.1.3 ##t HTF@eiZflemtEReEn
PR A B AR K 5 4 1 R el kb B 8 pHL (E
8.46 , Bl fift & . LR AN A SO S 5 43 B R 212.80
327.00,13.30 mg - kg™, AHLIT & &K 41.80 ¢ -
ke BRI L

1.2 Ak

1.2.1 #Hreyd & fEdemrnilm b &I, R
JITFH B4 T MR AR B HR B R 107 CFU - mL7' A B¢ 52
A) A PR 100 e, DR IR A 3 56 T D 190 R R A R VR IR
JEVESE 107 CFU - mL™"'% ) B8 Fk DQICT 2 FhF
LB AR F5 5L, TR EE 28°C H% 38 175 ¢ - min ' &%
PR IR G R 24 b, FITCTRZK I 1 R ECE 10'CFU
e mL™",

1.2.2 A4 SEMHEREE 1A (T)
1AL (CK) , B4 4 IREE |, AL PR /0 B
FE DQICT, X HELH A &5 i 355 SR S A7 BRI . 1 A A
42 A 31 emx25 em Ji ,/l\jiﬁg’%é 7.5 kg EaN
Bl S SR - 2 U R B T B G R R R R R
FHRE 50 Bk, #EFG 1 IR 500 ml - 25 A RE R DE
PR REIE IR, B T AMER . i 15 d 5 fhE
PRV 1 WK, B2 Ry 1 — IR 50% , 318 B 5 E 25 i 7%
WK, fretg K ZE 30 d i (IS EARRE K
PR B = R SR ) | B S AR bR S8 R B T R
LI PR R R ) e AF 22 -80°C At £E

1.2.3 HMmAKkAERBFMNET SE4EK 3045,
A3 MOST REZH A4 BRAH v e B F I 5] — B0 15
PRER CIARMR , GoTTAE bR 09 R & | Hb b St R 38 43 19
TR ST SR A (BSh YT-YA, =
BRERHE A BRA A, WA ), W i 2 R AH X 5 5
SPAD 1A



74 R R A B

541 45

1.2.4 JERARMHARI T % FRELS0 mg M AR,
HIA 300 pL F 7K S A0S 5 INA 300 wL 5075 103 JiE
17 30 s, H A HEEL 10 min, —20°C §#E 20 min; .0
10 min( 13 000 r - min™",4°C ) B 200 uL FEEZE
e N VROAH €0 1% 1 E R v 5 AR IS T R AR S
DR YESEINA 300 L 05 - H B, IR ER % 30 s,
VKK VBB 5 2L 10 min; —20°C # & 20 min, 2.0 10
min(3 000 r - min~',4°C) , B 200 pL F)Z&5)Z,
FERAH 0 3 I A O TP 4 T R 45 T S R IR T
Bt P S T - P B A I R 8 2 EP P -
20°CH##E 2 h; B0 10 min( 13 000 rpm,4°C) , B |
T T 3% BT (LC-MS) 43047 .
1.2.5 LC-MS 447 @ik 5%k B U5
ACQUITY UPLC I-Class plus ( 3K 45 {HBF 54 BR 2
Al i) ISR 55°C A A h O - K
=6:4(v: v, 10mmol - L' ZHRE,0.1% F &) ;
WA B A RNEE : ZME=9: 1(v: v, 10 mM
CREE ,0.1% H R ; i M 0.26 mL « min™'; JEEE
W2 pl,

iS5 A 43 3 SR FH n 44 Ha 155 25 FL 5 ( HEST -
Positive ) 1E AT B FR TR, FE i £ Di-
onex U3000 UHPLC ( Thermo Scientific™ ) 4355 & %
Q Exactive Plus( Thermo Scientific™ ) #4757

1.3 HiEAE

LC-MS B GR 545 28 Analysisbasefileconvert %X
PFEEAuds X5 5 A MS-DIAL #4547 Wi 4b 21, 7
FHF 3538 PCA | IE A i e /N — 3k 25 53 #7 ( OPLS
-DA) S ZITGIT TR T K 56 0 156 20 ] 19 22 AR
W, 22 AR i KEGG B4 1% (hitps://
www.kegg.jp/ ) EEXF HIERE

2 SRS
2.1 BEi#k DQICI X BAE TR E £ KIS HRH

=l

o hia R R DQICT &, Xk B a4 K8 b
HEATINRE G5 R LFR 1, SRRk SE M b S R R
Pay i S T e s s
P F S, NN T 34.89% .30.84% .29.83% .
47.42% 25.33% 1 41.61%, H1 AT %0, B #k DQJCI
e AR Y 117) 315 M U 1K i O 115 5 S e £ A
22 ZBEEBEHEERS S

K FH PCA WX P AR A 1 Bl 64T 2 e S it
0T (1A REAR AL T 95% {5 X ] 4, CK
AT AEFEREA ) PCA IS AL R AR - X 73 TF | 15
P S V9 A A A 8 i Ak B RS T %), A D 2 S A
(GNP TR IS EXTE

£ 1 E¥DQICI MESTHEMRAERKIIZIA
Table 1  Effects of strain DQJC1 on the growth of mung bean plants

- 2K i/ g R T/ g £ TR/ g WA B/ g UEoS i
Qb3 R/ em . .
Treatment Stem leneth Fresh weight of stems Root fresh Dry weight of stems Root dry Chlorophyll content
reatmen em feng and leaves weight and leaves weight (SPAD)
CK 10.21+0.34 0.59+0.04 0.36+0.015 0.056+0.003 0.038+0.002 22.88+0.69
DQJC1 13.77+0.40 " 0.85+0.034 " 0.47£0.023 " 0.082+0.008 * 0.047+0.004 * 32.40£1.19°

R EE R PR« AR K B35 (P<0.05)

Note : The data in the table is“mean + standard error”. * represents a significant difference level (P<0.05).
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Fig.1 Scatter plot of PCA of mung bean leaves(T) and control (CK) metabolites vaccinated with
DQJC1 under saline stress( A)and OPLS—DA scatter diagram( B)
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Table 2 Top 10 lipid-and downregulated metabolites in mung bean leaves after DQJC1 inoculation under saline stress
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