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The study of the role of 5-Aminolevulinic acid in plant growth
and response to abiotic stress
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2. CAS Center for Excellence in Molecular Plant Sciences (CEMPS), Chinese Academy of Sciences (CAS), Shanghai
200032, China;
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Abstract To develop more effective strategies for enhancing abiotic stress resistance in horticultural plants,
this study reviews the biosynthesis pathways of 5-aminolevulinic acid (ALA) and its mechanisms in
improving plant tolerance to abiotic stress and regulating plant growth. The results indicated that: 1) The
biosynthesis of ALA mainly occurs through the C5 pathway and the Shemin pathway, which are emphasized
in different organisms to adapt to their unique physiological and ecological needs. 2) As a precursor of

porphyrin compounds, ALA plays a crucial role in plant photosynthesis and metabolic processes . 3) ALA
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enhances plant stress tolerance by influencing gene expression, metabolic regulation, and signal
transduction. 4) Further research will focus on exploring the specific molecular mechanisms and signaling
pathways of ALA, as well as developing new approaches to utilize ALA for improving crop quality and
increasing agricultural productivity. Overall, ALA demonstrates significant research potential and practical
applications in agricultural production and scientific research. However, to fully harness its potential and
effectiveness, in-depth studies on its specific molecular mechanisms are required, as well as further
identification of ALA’s role as a plant signaling molecule and the existence of its specific receptors. The
study not only provides more effective strategies for improving abiotic stress resistance in horticultural plants

but also offer a theoretical basis for ensuring stable and sustainable crop production under the increasing

2024 4F 55 29 %

challenges of global climate change and environmental stress.

Keywords 5-aminolevulinic acid; abiotic stress; growth and development; regulatory mechanism
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Fig. 1 The main regulatory factors in downstream metabolism and metabolic pathway of ALA™"
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& W A & 2 1-°F B (Glutamate 1-semialdehyde,
GSA) ; & Ji7 , GSA 7& GSA % & i} (GSAT, EC:
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Fig. 2 The biosynthetic pathway of ALA in Photoautotrophs"*"
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U5 ALA W] DL 3k 22 AL i 394 5% A 4 % G T 19 i A2
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T 50 4 A0 G R R PR AN TR AL A AT RLFE IR IR
SERN S N L 3 £ I S= s A S|
(HEMA1.HEMB Fl FAR 1) () 3% ik 8 5 38 58 35 #l

L) PG IR I EERY 5 Ah TR ALA I8 ] DL o 8
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X ROS (115 B g S0,
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Table 1 The role of ALA in alleviating low temperature stress in plant

YR/ (mg/L) W Fb @pes EEDEN
Mass concentration — Species Effect of action Reference

20 5P/ 12 B P E AL (SOD . POD)  Rubisco 1% 7 DL K il 20 16 & & . [30]
_— K P2 BB 28 W B A 4R L AU RIS M (SOD L POD L APX  GPXD 5 # / £ [29]

T W W ST A DR R T 2 T TR 3 2 B A
25 i B ROS 15 5 38 6 5 2 #F AsA-GSH 1§ 3£ . [26]
20 I P NI R CEH R WV MR ELEE REZONSTEU LT R [25]

A CHCVE B VB B H B VB JT I,

25 A B NOfF 5. [27]
25 % i W T AR AN, AR R AOR [28]
25 B M GABAG S Ritaig kK HEehEfbRigmit. [31]
30 7% PR EECEILE R 34" REFXCBMIFEHLT E) . [32]

. P 0B R AGEREE ST s R X T oG 2 CRU VB VBE VD MM B TAEE (33
25 % .

I BB =

i 37 AR ZR 27 TR 45 4 5 3% 5 0T ROS A9 35 B BE 1 5 o 28 6 HE KA 3 A0 -7 &

25 7 i o [34]
PR AL i .

25 % i T TE M R R N A R AR . [35]
25 F W SIMYB4/SIMYBS88-SIGSTU43 4 He 14 58 % ROS 1915 B BE ) [36]

2.2 ALAGEZHBEYESEMETNIER

Hi4 B 5 g A ME LUK R FRLR PR E R
H o T AWy i e 3 25 5 0, 0k e R B 0 22 4
AR TR R T T A JE G - R
Y HAT R 15 Y ) AR R UL B 4 )R W3
FEE AR F 43 (Cd) 4T (Pb) VB (ND 4 (Cu) L%
(CoO T A&, Hrh, BAMANE SR, HaHE
PEAD S H G T 25 L, Xt B 0 o As 38 51 Oy
o SRR U o (OB N = I Dl o = W Y
I8, AT LR I 40 B 0 45 R D) RE 1A ) AR Y 2 A
A E AR R AR ZEEL ™ A AT S B A BB
T b R AR A S EOR Y R R R O
A E B EE R B R N R R e
TR W, ALA AT DL3dE of £ 5 it 4 2 &% s FDOt &
ARSI RE T, O A 2 1 0 R M R T A DG AR

FI BT A Bl LA K 1 o 0 S Ak T A O M R R Sk
(Brassica napus 1..) | 1) H 3§ (Helianthus annuus
L. ) K253 (Pisum sativum) S5 A9 9 Cd B8
fif (e 2) o [RIRE M, ALA BT R i 2 v P AR
A Tl 335 PR R R S W A, 3G 00 O A 28R R AT i R
i, Y Krebs 76 35, 005 ROS {5 5 38 # DL M A
HEAE Wy 4 40 i A RN 4 R Il 3R R S (Glyeine
max 1..) | R ¥ (Brassica juncea 1..) fl | B %«
(Salvia officinalis 1..) %} Pb W 18 B9 W H=
ALA G 3 #2 m $t 6 i 2 i %60 Ak ¥ [ CAscorbate
peroxidase, APX) . i % 1k ¥ W (Peroxidase,
POD) | # %A 1k ¥ K7 1k B (Superoxide dismutase,
SOD) 45 it & Ak g 36 M >k 3 58 /N E (Triticum
aestivum L. X As 38 @it £ . ALA 38 3 48 5
POD M SOD 45 1 A Ll 6 1 S DHAR 19 3238 5 |
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Bt A VR s A gk R R A ok 3w R A
(Vitis vinifera) X Cu W38 i £ , [8] i, NCED £ ik

N U ] S S 7K R R SO S R A, E— AP F
ST ALA B 28 f# A 1

R2 ALAEZBEVESEMERHER
Table 2 The role of ALA in alleviating heavy metal stress in plant

B B/ (mg/L) Yk 38 25 7 1B ZOR EED T
Mass concentration — Species Type Effect of action Reference
500 i =% Cd i ia P o I 3R A i OG- RS BE 1 5 4R 97 A0 1 A0 i 4 o [39]
500 W Cdihin TR T I 1 S P DL R0l /D U b [40]
00 - Cd il RS LR G 2R A A R K AR A AR L R A 32 (411
B BEK
20 mHZE  Cdran BT i A RS e DL R R A [43]
100 b Cd e - [44]
26 I Cd/Nifhia 42w P S AL 3 G0 VE A & ko [42]
25 il =% Pb 8 P2 i P R e PR A s BE AR MDA & 4k 5 52 05 37 2 ol . [45]
25 i = Pb i 8 PR OL A RO D M A A s OR A A A A [49]
26 K Pb iy 381 ¥4 15 Krebs 16 25 Hl T A AL R 52 [48]
20 LiE Pb iy 381 B v B0 S AL B I M O ROS 550 % . [47]
20 RE® PbhiA P BT AL B IS P T R [46]
- _— Cu it %’%%iﬁ%ﬂtﬁﬁ?ﬁﬁ;ﬁ%ﬁMDA%E;iﬁ&ﬁuﬂl‘ﬁ%%%ﬁi,%%‘ [50]
6 AV FH AR 5 42 8 DHAR (19 335 5 ; F# I NCED 9 &35 &
30 i Cr i 5 B A G E [52]
15 MR Crliprin PR RS S HORDE & 6 R & ik 5 42 = P S IG . [53]
20 7 i Cr it U e A AR 005 5 H TR PSTI Y 6 Ak 2 3% 1 [54]
100 Nz As B it B v B S A I O [51]

T — AR SO B MR A

Note:“—" indicates that there is no relevant introduction in the literature.

2.3 ALATEZMEHEYWE B P IER
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K IR 2 0 =22 PR K VR Y K R 2 R A W 1Y
EBEM, S EBOKE LA BRI 1 9 1l =
U ER Y R SR SR B AR TR 0 ok 2
ASB B W B G ]RB E i S 0 L T
B O DY, AR AR 0 AT 5 BOR ) IR T Y B
25 OF- i B T W, R ) 2 R 4 A AR P 1 Na ™ /K

7, AT P 38 L G X K0 5 i A Wi B T 4E
Na' /K" B £ 285, AT 22 fif 25 5 JBk 38 %0 48 9 19 3
FUU MR ALA GE o 5 A HLER | T MR AT
VPR R I 3 R I L R A i, AU
WS B TR, B B A TS P Y R A R
AR5 LA AsA-GSH G 3, O 47 41 it 5 25 1, 2
AR R A K DL 0 ROS {5 5 28 14 i 4 &) 39 1% 3
(Agrostis stolonifera) Vi JK(Citrullus lanatus) | 7 5
(Asparagus) i1 3¢ (B )\ | 5 % (FragariaXananassa
Duch) i £ Wy 388 i 17205 (% 3) . BEgE £,
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76 NaClJh3a T, MR ALA H2 5 T I8 4 1 b i 42

It BE T gn 5 2 R A R I PSCS R
ProDH [ 2235 , 2 &5 1 32 %5 NaCl B 30 i) i 441 5
ALA & A] DL i i 94 1 7 58 K 43 4 3 C(ANNI,

& 35 f B AIK o 5 6F R 300 BRI AR ALA
i Gk BN W 4 M b RAR R AR R ASA/
DHA Fl GSH/GSSG 1t i, L J b8 T SOS1 Al
HA3 1 F 57K A2 T AsA-GSH i 3 A & Na”

ANN2 I PIPD) K AARHH P24 (PSCSTRI CHS) B AMIERCR , e & 300 5 7 NaClp a0 % 3% R 4h i 4=
AL T 23 I CAPX T GPX3) TERE ) Y KA AR5 i oo
R3 ALAEZBEWHMEPHER
Table 3 The role of ALA in alleviating salt stress in plant
JRE e/ (mg/L) W Fp 1E 2R % 2% SCHk
Mass concentration Species Effect of action Reference
M ALAR Co-BR % — R % 3RO B ) & AL TR (TN &R 5- U &
0.50 R WA R R A E R A y- R TR D FUBE (R A RO R LB SRl R, [63]
AAE FEREREZ ZFHO R .
164 [P T AT A ORI AR s R AR B TR A [58]
e 2 i B0 AL G 1 R e 3R R A R e Y SR R AR AL B
10 5 [55]
25 il = T B P 2R R AL 21 3R B9 AR R BN AR A [62]
25 K B 2 R0 A W L B AR A L [60]
25 # K 5k AsA-GSH 16 3 . [64]
25 )N P AR AR 2R A s R Na TR 2371 5 485 0 AR 400 M0 14 400 M 3% 44 o [61]
10 L fEHER & A K S ROSF 5. [59]
2.4 ALAZEZBRIEMEEEHRIER T U T AR X I SR A R T L A L ALA

ALATEZE AR 1 T 521 (UV-B i Ol
S AL L TR R R TR GE O O D A B R
ALA i 1 42 i 2 M ABA A=W 6 Ak, 98775 R R
SCHEIR BT ABA FI ROS {55 5 38 1, 32 =5 40 i b i
S TR I 25 2 B R 7 o DL R DR AP i S R B Y AR
FE MR 3 58 15 38 FL W5 W (Poa pratensis 1. ) K53 | [A]
H 2% (Helianthus annuus 1.. ) F1 5 # (Musa spp. ) X}
5 aE AT T (R 4D Hod  ALA Gl
il A i R R ABA ZE W A BURNF S AR DY R
ik, [F) A AR AR R A N B R Y 2R 58, I BHL DT i R AR
oK 38 3 2K (3L K PIP AN TIP R 2635, A i 42
AR TR0 AT E . ALA G o 32 5 APX A
CAT BRI E i 2 & AOGA MR T
B 2E 2 (Festuca arundinacea Schreb. ) % = 18 W38
A o R, ALA G 5 42 25 SOD Fiid 4 Ak &
fitt (Catalase, CATO{ P LA K RBOH 1y 3 35 5 4
ALt | o't 8 AR N B it P, RBOH TR S F it v
[ ik B 2ok 3R Gk [ AR 3 5 T SOD M CAT 35 74, A

L R PR B NG, R ﬁ@}ﬁﬁﬂjf’@*ﬁ
S DL Ry -TMT F PAL 3 R 36 38 O #8084 32
(Lactuca sativa L. )X%F UV -B Wria ()i pE

3 ALAGEEMERRENLERRPH
EH

ALABR T A2 080U ) 32 AF A= W W 30 453403 05 T
AW E BRI, WA FERE Y A KR E S s
Y7 il ity ST TG R A B A ORI Ty WEFER B A
U ALA T LU i 32 w5 A6 75 3R & AL Y i 3Rk, e Al
ALA B A b o, 1958 A I8 ABA FIZEWI 2 b Ry
AW, R Ve B i P b RO T
%57?@7% R (1) b ) >k {2 32 B (Malus pumila
Mill. ) | B (Pyrus ussuriensis) . 3 5 2% (Prunus
persica LR 0 A6 T 2 B R IF 4 i 2R 32
K 5) . W, ALA St 1 ABA Y
£ B S (PuNCED 11 PUNCED2) (1) 3K , 14
50 ABA 55 1% 5, AT A 2E T 421 2006 1 B 10
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x4 ALATEZBEMEMBEPBER
Table 4 The role of ALA in alleviating other stress in plant

JoT 1k vk BE / Jilp 381 2 #Y
i i F i e PR 2% ik
(mg/L) . Types of )
) Species ) Effect of action Reference
Mass concentration coercion
10 HEEER TR PR 2 3R A A A T R R SRR [65]
10 A T kia fie i ABA & B ; #7% ABA Il ROS {5 5 i % . [69]
30 ] H %8 + 5 aa R AR ROS & ik 5 42 i 20 MO b I 2 e f il g /B S & i, [71]
30 FiiS RSB R AR ROS 9 BER 5 R 4 i 24 A B 1) A 7 1k [70]
30 A3 UV-B it B o PO S A I B R AR R LR AN T R [66]
100 A o't AR N i v BT Sl R [67]
100 EERE L o R B 38 P v UL G M SR A R L RO SR AR [68]

ALA G# it 2 55 i J b PSTL A 6 Ak 27 35 P A2 % 30
J15 S0 AR HE T AR R K g Y Wl A
AR T B i ROR WA e s I R AR R T
SR (P, heterophylla) M Fr (3£ 0 1L 4h B
A WF 5T F B, AR ALA ] LU i 98 45 A2 K R A
# & (PINI,PIN2  PIN7) Kt 38 4= K £ §is , N
1M A2 U $0 B I CArabidopsis thaliana) ) AR 1 4=

SR Al A IR p AR Tk B B AL B E . 7R b
JALA WYY KL sh s b £, ALA
AL R Y 2A TR B IR W L )2 B Jem
il ABA {55 (T 8 ABA {5 5 K4 SnRK2. 6 1) 3
R 3R 3k, A fulf 30 it I W 1R AL, e O Rl O M BEL I8
ABA 5 5 ] T A% 38 ) ok 8 5 4005 I A3 R 9 <AL
s 3 AN ALA S A L i S RN T

KT, AR ALA R LLGE B R0 RS R ALKy MAMYB110a B9 3 ik, #F im0 W OF i ik A
Ca™ -ATP [ (9 75 MR W 45 58 BRI 745155 MdGSTFI2 )3k, {2 #F 173 Rl Jy b 46 ¥
e S, kT AR T AL Ry B Ok AN A R AR K B EQIEAR S
TS5 ALAGEHEPEKEZBEURMERRPHNIER
Table 5 The role of ALA in plant growth and quality improvement
’ﬁ(ﬂz&i/ B 1 R S {0 i 2 %% ik
e Species Effect of action Mechanism of action Reference

Mass concentration

200 R PRI ZWME ., REAEHE RS IR 208 L ALA 54k Jg nh ok, [72]
0.17 SR R FEWME, I MdMYB110a fl MAGSTF12 19 & ik . [10]
ik CO, HE A
0.17 g WECOAMD R (78]
A
T ABA A R G L R gk, B T P IR
200 " R LT A WA R 6 3 TR B 25k B T DN IR (161
ABA & W o
RE RS O RS A Ve MR B0 S 5 3w AR Y T R
400 ES [73]
S 155 AT ¥ P R S AT S R Y L
20 SRy EE R EE T A PSITRY G AL 22 3% 1k [74]
10 PEIF IR K, R RN [75]
100 e fofi R gz A5 B AE . PTG G PR AR (5 S 18 T MR B & . [76]
0.50 P AR ILE. W 2AREABREMEZMESE5RES, [77]
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4 B =2

BAOR UL, ALA T8 AR 2B 7= FR} 2 F 5 40 45 2.
A N A S . MR bk SR A
R, ALA WA & BGOSR TE B S P BT A
WF5T, I HLAE SE PR R At o Y A o . Bk
SRt , ALA AT 5 AR 9 6 A W it i ik e
5% 22 8 v 7 V8 2 T 45 1) A o, 30 a0 2 A LA
MIEH R, A HFMEAR WA ER T ALA
(¥ ZE AL . SR, AT BT T — Se A g R,
ALA T 5 755 R By T ek 38 B 0 B 2 1 BRI
TR . X — R BRYETE T A OF 58 245 8 76
G2, B = AW HLEIT 5T, T B i S N 4
D7 E R e B S I 7E ALA A PR B, 454
Oy T b DA IR g R f 4R
HEXF ALA 1R AL 0 T8 4 1 FEA% . BEAh , ALAfE
R HEYIE 5 5 T BV T AL A AT 3 58 40 UE ST, AR BF
K i — 25 B ALA R REY 15 5 50 1 B4R AL
il B HeAZ AR A7 AR . X AR B T4 T ALA
f A= ) Th BE I8 BE S AR 4 A B 2 A AL B2 ) R
F AT 00 A RUB i o TR A ST, 01 S B X
ALA PR HE R, o 4 1 Al Az 7= 250 3 R ) i o
LA S B2 S8R
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