H43% 4 1
20244 7H

S PN

Journal of Huazhong Agricultural University

Vol.43 No.4
July 2024 ,12~24

JETE S AR R I R o i R P iU R T T R [ T]. AR PRl R 2241, 2024, 43(4) 1 12-24.

DOI:10.13300/j.cnki.hnlkxb.2024.04.003

EREVERREBEREZIEPIREEEARERE
B F s AR E R

1.BMNFRAEANE LR IARFIE, B M 234000; 2. RLMAEDTREBSAA4LBEELERE/
s Rk K F A A FHE K F R, KX 430070

WE e S RHEY R [ ZSCR I RN R Z —  IRARIURR I g L BA 2
ARSI AR AR SRR AR LA A4 3 A LA R A B 42 25 T T R MR S 8 RO WSt e

SES T R AR B P S AR SR R S A T G R R T RE

TE RGBT T 12 MEOR BE RS B i

Moty 7R FE AR h G AR B0 20 T AL o TR T AR 2R ) 20 T AL A B T e 8 A I S AR 5
B SR ) [ S8R e BEAR O A = ) T2 R e

KBRS MR R MR s Be o W B
MESES S154.3 TEARIRES A

G AR R OT R A BRI, SRHE Y B
5 e[ R A0 (PR AR ) e AR C R PR
BB TSR 48 B — U8 (nodule) , 7EIEA CHR
ST AR B B, R P AR 0 0 Y 2 1 1 (flavo-
noid ) ¥ J51 it % | AR 98 TR 7 AR 45 9 A ¥ (nod fac-
tor) , 78 14596 DX~ R0 10 R I 32 AR TR I B0
T AR A S e B AT B 2 th AR B IR
I AR e 2R E A KL Rz 2 An it L MR T AT
F UM Z S5 oA S TR A S5 3 MR 1 26016 1) 37 1
B A I A& (N, B 4 S R v A Y NH,/
NH, "o 1B a4z , AR5 B AR A5 A P 1 0 & e [R) 1
Yo SIEE, — 255 B AR 255 FiH
IR LAAEFF RN 57 e 2% R R v i A I AU
Bi AR Tk AP LA S SR Y
s,

MO AL 4G 2 M EEIEA, —FiE AR, Wi
K 52 (Glycine max) FA BKR (Lotus japonicus) JE 1§,
AR, AR S BRE | IR R H O A AR A5 5
— PR AN E BRI, N €32 E 18 (Medicago trun-
catula) M 5. (Pisum sativum)TE B AIRIRE . BEAY
A E RUHLIR IR B B A AR DR X I, 045
HA R85 2458 9119 T 43 A= 4H 2LUIX (meristem) (=
#¢ X (infection zone) . [l %( X (nitrogen fixation zone )

Wk H . 2024-06-03

FEBIH L AR E AR RS I H (2308085QCT5)
J&7* , E-mail : zhouyu@ahszu.edu.cn

WARVEE : B ARTEHE , E-mail : duanmu@mail.hzau.edu.cn

XEHS  1000-2421(2024)04-0012-13

FgE Z X (senescence zone) o FEMIIE BB B , 3 %
DX AV (#6280 X1 30 vt B 5 MR TR ) o, I XA U
FHT 30T 94 1) 226 35 7 0L 28 3k B Ths 2 (181 1) o I
ARFIHE AR SR ) B2 T A A 1 2 4R AR AR
117 147 AR A SRR ) i MR R A D A X R A
3~5 JEI I, ARR 1% [ 00 TR UG T R AR R A
[

S R IR AR 5 RU MR AEZE R R 2 A 2
B, R E AR AL 1A R E gk T LR
T BRI 24 X, 30 2 DX i 2 MR8 1) 2B KT i K
LEAEAR BRI (B 1) e E BRI b,
& DX R BT A e DX D B SR 4 A i
R LR G B AL i & (K1) . 5ERHE
Wy - AR B AR A (N R AR R R AR
AR 8 20 BT AR L, 25 R AR R s AL Y
WFFEARRT R A R TR IR 114) 5 8 A < T R L T
U B B YDA OG | 3R MR 5 X T = 1E A
P AR BCE A EEE L.

1T RERBHOESEEMEREN
T
HRORT 54 2o T L BA €5 725 R AL,



o541

JAT 2 SR I ROHOR R e b i A P it 13

Determinate
nodule

Vascular bundle

Infected zone

Nodule cortex

Indeterminate
nodule

Zone |:Meristem

Zone II: Infection zone

Zone [ll: Nitrogen fixation zone

Zone IV: Senescence zone

=) Direction of increase of senescent tissue
1 ERMAERRBEHREE
Fig.1 Diagram of the structure of determinate and indeterminate nodule
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Fig. 2 Diagram of the aging mechanism in legume nodules
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amide; UPS: Ureide permease.
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Fig. 3 Metabolism of carbon, nitrogen, PHB, and iron in legume nodules
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FEIRTF R T e S AE AR e R b, R, G SR
R P A Bk J B o B R AT RE LA Fe? T -NA JE ik
158 . M T YSL#EZHEAS 58 -WNBEHLS 5
M EE B Iz i, I Z R R AT RES il
96 Pk B A A D AR TAE ML R e A
3.4 EEEPHBRRIEHEE

3 B - ¥ 3 TR (poly- B-hydroxybutyrate, PHB)
VER— 2 RRAL G W), J2 A4 R 0 [ B8R Y B

BERE VR T, 0 BRI R fi 5 AR R TR 1 [ AR R
BRI . XTSI iE B 19 ML 1R, PHB
ERBEAR T E RV TR, &gk 2w T 5
70000 24 AT 8 Je B L L IR
fitg , SR I R 0Tk £ e 4T AR J5U R A PHB 5 B8 10 1
FF AR PHB 437 (1 3) o PRk, & BE Rk 1 £ 77
J SR 3 SR A A T o AR R (oK o ik
HE) B2 R IATE 32 8 AR Hh it 45 PHB, A & AR
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S CANsi L B 18 ) PSSR AR AN SR o SR, SR
WAz BT PR sl BH 1E PHB FEAf B, 30 08808 18 1A
YRR IR 1) 28 TR A bt mT ARSI 1) PHB 0k, 3% 2 B
TEIEH LT, PHB 2l & 8 i1k . PHB K
B R AR S A — A W AR AR 800 i
PHB £ 8 1 Jit 5] 63 45 48 B S8 A0 08 IR S 3% 722 VR
T VA8 1) % 3] LA B IS TR R B i A0 R ] PHIB B8 1 4
RV R AR o PHB ROBFSE AR, B
M 5E 22 J5 BT X AR 98 i PHB 14 5 SO 5% 5 A4 4k
Y

GmcA (GMC oxidoreductase ) & —Fl J& T GMC
(glucose-methanol-choline oxidase ) 5 ji% () % 1k if J
i . Wi GARIE I R. leguminosarum B GmeA 78 4
F R P E EEAE A, gmeA FE78 RAR R B H ™ 5
1Y AU RE ) T AN R o R A Rl A pE o PHB BUk:
AR R LN 2828 th 2 S 3 PHB LR .
MR TP 9 R R il GmUOX A L 2 AR & 3 ok
RHAERT, gmuox 87 VRHUIE R I o KA, KT
b &4 B 2 PHB PR . BKAR Lb 5848 fA
16123 3% B AR 988 . 5, PHB R 76 28 48 K Hh 1
Z PHBZE (6123 5875 1k i (f B 2 AT B J2 ROS 8
RNS #2502 7 ™= A 1 35 35 4 FH i ] 422 5 3%
Y. BI-1(Bax-inhibitor 1)J&—F {5 i 40 ffL 56 T 417
il P, B 25 R 6 R A W i 28 R SR AR 1
dr IR T S o 7E 3% B R 38 PuBI-1a £33
TIAR 988 B f2 e S5 4, E 0 2 S 5ORR 93 40 b ) 5 L
R PHB LR PuBI-1a )8 355
TR | 1N Y 0 i A DG R TR Y R ki AR
SR )-SR ) B AR AR
3.5 ROS#EREHHIINESHETHIER

HL9E v ROS 19 7 A: 3 122 A0 45 o I i 3% 498 ) AR
N ISR L N NS = R A AN = e N (RN 4 = R
HLO, 1Y 2 7 DA e B 6 M98 e 22 A8 155 5 7 A 9 i
ALY B BRI A i kS TR T =2 1] Y ek
S R4S 4) o g £ 9 ROS B8 25 5 81
DNA 5 s ARG ot i A fi 0, JF i 4 S B A M st
T AR MR A b A B T B ROS AL 4
0, HO, BZ AR (0,) MFEIE [ HEE((HO) ™,

L FEP R 1 A DRARAR S R L 2 QL X R
O, T HLO,, 773 AR H Y O, 73 A1
JEARY LI, WA= e X G o7 R R iy 5
Lo DA e B 350 — DX AT e ELAT B e 1 25 4
Wi, T2 O, 1938 . Lb haeny K ¥ & AT

R INLT R U0 5 0 21 2R S AR I I PR R AR R
HEA N M8 6.2 5 250 2 i (Fenton re-
action) i =4 H B HO ., A KR LiHO1 7 5 i 98
2T ZR A o0 (1B 4) i8R PR B 2 3O v HL O,
O, HRL R LK [ AR TG P A AR e s
2 e & R B G L R MeCP77 FE RE AR P88 Hp Kz I 3]
ROS 2, ROS ] fE i i fie S AR P 40 M 7 Py RS T
R Nn R AL e 2 . ARLE Y S 7 A RN o 2 (B A AE
ZH M $ERE T FE NAD1 (nodules with activat-
ed defense 1) 1 #1ll ] RbohB (respiratory burst oxi-
dase homologs B) #l1 RbohD (respiratory burst oxidase
homologs D) Kk R# Ik ROS (1477 A=, DA TTT # il G 28 , %
IO ) mad 1 5875 1A 3¢ B AR B0 . ROS e 37k
[i] S Ao o v s B A AR AR T, A S ool ek
PuRBOHB G #{ ROS (i f 2 FI5E 2 1 HER | X £ W]
ROS 7£3E 5 Al REfE Wi BN 717 R IEE TR
IR B (Sinorhizobium meliloti) ) LysR 875 3& K IsrB
AP0 ROS F % 551 =5 20 149 55 A0 52 1 A 28 B
A R v R PR E B i R ) R O R
PP NS TR A 25 B S )

ROS (4 H, O, ) 8 1k B A] LAVE Ay 8 55 AR R 5 1Y
{55 53+, vk B 52 240 AU A0 B AL S Ak P 1 ™ 4
P (E 4) . ROS S 54 24 W B, AR IR T Jk
e BIHUE R HIE B A T R DA AR R
(1) BE AN AL A 75 ZER AW ST .

3.6 BREHMKMEHIE RITEWLINEE

R T AT A S A 0 2 AL 200 R 2 TR AR R
45, HUIEE 5 B 1 AN T B AR —GSH (& ik
H K, glutathione) . GSHEMYIW T 122 it E b
P R B I i A A SR SRR S Y i LA
K4 R i S A GSH i i y- 7 &t
e R A WLl (y-glutamyleysteine synthetase,y-ECS)
A Bt H BK A B (glutathione synthetase , GSHS ) 4
TR 24 ATP AP R R G (T 4) o KT, AR
28 it o v ) S ST AR A R AR R BT IR - A IO K
1 2 (ascorbate-glutathione cycle, ACS-GSH cycle)
([l 4) 3 3o A8 31 58 A HoO, 1 fif 75 75 22 T #E
NAD (P) H. [l # & bt H Bk (homoglutathione,
hGSH) , /5 GSH B[R] # 4y , A7 1E T ZRHE Y Y
#2988 v, i hGSH & B i (homoglutathione synthe-
tase, h\GSHS) AL & e FEBIEL (A5 E g P b
5B L LA R B ARE T, GSH RThGSH 3% 1 A
;E\:$'§[101j0
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I#] S0 Tt % P 5 AR R b (h) GSH & 2 22 [ AR AEAR
A IEACYE . MHI () GSHAER B E N &4
I/ FE AR AR BT B, 3% 6 B GSH T hGSH 78 711
MR B 1 F b AR 25 28 0 B B e,
DRHMEPI LR F ) GSH FThGSH 5 252 1 5 AR 9 1Y)
R, AR 8 GSH A AL yECS 7E 9 38
HE I R A 1 2 W 2 /D SO 5 e A A DG BRI
A, 20K 1T 5 MR AR TR %) R /DN o R s 1% 26

Apoplast

PR GSH & U B ™ E 5 i ML 1 2R AR IR TR
Y- FEY: D 2R A U (gsh A) RIS I H K& B
LR (gshB) W 53 A5 44 32 30 1 MR 93 TR 4R G A2 BHL L 4597
SR FARRE A BGOSR
R. etli 1) gsh JE PRI gor HE PR (G i 45 e H K340 i 1 )
R A TR 3 TR HH T ) R R R AL 17k
R W] GSH AFHT AR TR & 7 il f
IROS KR ICHEE

o, 0" —» H,0,

/Cytosol

\J

Fenton
H.0. reaction Iron containing
Loz ——.0H Fe2'«—  proteins
k :
<
S
g FeSOD
B Lb0,— OpgZoesp M0, O
[a}
Cell
Heme metabolism oo
Bisrins R l GSSG
0, —=2 H,0
. 2" Cuznsob '3 2 S5 o
GSH
Fe2+
BY GSHSLGW
VEC
Antioxidant  ROS H0
defense . YECS LGIU
Plastid cys

RBOH

\

NADPH  NADP*

mETC
0,—»0,~

WED
HZOZ

H,0
Mitochondrion
Bacteroid
Cys
GIU\i YECS
(gshA) sz NH4/NH,

VEC
Gly~] GSHS Fe-S cluster
j(gshB) / oxidation
GSH ROS o
er( ER Bacteroid
GSSG metabolism

GR: Glutathione reductase; Grx:Glutaredoxin; YEC:y-Glutamylcysteine; YECS : y-Glutamyleysteine synthetase; Cys:Cysteine; Gly: Gly-

cine; Glu: Glutamate; GSH/GSSG : Reduced/oxidized glutathione; GSHS: Glutathione synthetase; HO: Heme oxygenase; ROS: Reactive

oxygen species; BV :Biliverdiny RBOH: Respiratory burst homolog (NADPH-oxidase ) ; SOD: Superoxide dismutase; mETC : Mitochondrial

electron transport chain; Lb*"O,: Oxyferrous leghemoglobin; ACS-GSH cycle : Aascorbate-glutathione cycle.
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Fig.4 Metabolism of ROS and GSH in legume nodules
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Advances in studying metabolic regulation during senescence
of nitrogen-fixing nodule in legumes

ZHOU Yu',DUANMU Degiang”

1. College of Biological and Food Engineering , Suzhou University,
Anhui Province ,Suzhou 234000, China;
2.National Key Laboratory of Agricultural Microbiology/College of Life Science and Technology,
Huazhong Agricultural University, Wuhan 430070, China

Abstract Senescence is one of the major factors affecting the efficiency of nitrogen fixation in legume
nodules, and in-depth studying the regulatory mechanisms of the senescence of nodule is of great signifi-
cance. This article reviewed the progress on studying the senescence of nodule from the aspects including
morphological characteristics, physiological and biochemical changes, pathways of senescence, and the reg-
ulation of material metabolism. The functions of senescence-related genes in both legume and rhizobia dur-
ing the process of symbiotic nitrogen fixation were summarized. It is put forward that developing new meth-
ods and technologies of studying can contribute to a more thorough elucidation of the molecular mechanisms
underlying the metabolism of key substances in the senescence of nodules. A thorough understanding of the
molecular mechanisms of the senescence of nodule can be helpful for the genetic modification of delaying
the senescence of nodule, thereby improving the efficiency of nitrogen fixation in leguminous plants and pro-
moting the sustainable development of agricultural production.

Keywords symbiotic nitrogen fixation; the senescence of nodule; environmental stress ; transcription

regulation ; material metabolism
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