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Advances in abscisic acid biosynthesis
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Abstract: Abscisic acid, a plant hormone that inhibits growth, is a key factor in balancing plant
endogenous hormones and regulating growth and metabolism. Abscisic acid can improve the
drought resistance and salt tolerance of crops, reduce fruit browning, reduce the incidence rate
of malaria and stimulate insulin secretion, so it has a broad application potential in agriculture
and medicine. Compared with traditional plant extraction and chemical synthesis, abscisic acid
synthesis by microorganisms is an economic and sustainable route. At present, a lot of progress
has been made in the synthesis of abscisic acid by natural microorganisms such as Botrytis
cinerea and Cercospora rosea, while the research on the synthesis of abscisic acid by
engineered microorganisms is rarely reported. Saccharomyces cerevisiae, Yarrowia lipolytica
and Escherichia coli are common hosts for heterologous synthesis of natural products due to
their advantages of clear genetic background, easy operation and friendliness for industrial
production. Therefore, the heterologous synthesis of abscisic acid by microorganisms is a more
promising production method. The author reviews the research on the heterologous synthesis of
abscisic acid by microorganisms from five aspects: selection of chassis cells, screening and
expression enhancement of key enzymes, regulation of cofactors, enhancement of precursor
supply and promotion of abscisic acid efflux. Finally, the future development direction of this
field is prospected.

Keywords: abscisic acid; heterologous synthesis; key enzyme optimization; selection of chassis
cells; effluent efflux
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Figure 1 Application of abscisic acid.
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Figure 2 Biosynthetic pathway of abscisic acid in plants (left) and fungi (right). a-1E: a-ionylideneethane;
a-IAA: a-ionylideneacetic acid; DH-a-IAA: 1',4'-trans-dihydroxy-o-ionylideneacetic acid.
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Table 1 Key enzymes in abscisic acid biosynthesis pathway
Synthetic ~ Key Name Species Research progress References
pathway enzyme
Cyo ZEP CzZEP Chlorella Heterologous gene complementation proves the function  [30]
pathway zofingiensis of the enzyme
PtZEP2, Phaeodactylum Pathway complementation proves the function and [31]
PtZEP3 tricornutum catalytic activity of the enzyme
NCED PaNCEDI1, Persea Vitro experiments showed the function of the enzyme [32]
PaNCED3  americana
ARNCEDI1  Arachis The results showed that NCED located in chloroplasts, [33]
hypogaea roots and leaves were the main parts of ABA synthesis
in response to water stress
AcNCED1  Actinidia It is proved that AcNCED1 is a key enzyme involved in [34]
chinensis the synthesis of ABA in Actinidia chinensis
Cis BcABA1 BcABAL1  Botrytis cinerea It is proved that BcABA1 participates in ABA biosynthesis [26-27,29]
pathway and identifies the functions and properties of enzymes
BcABA2 BcABA2  Botrytis cinerea It is proved that BcABA2 participates in ABA biosynthesis [26-27,35]
and identifies the functions and properties of enzymes
BcABA3 BcABA3  Botrytis cinerea ldentify the properties and reaction mechanism of the [26-27,35]
enzyme
BcABA4 BcABA4  Botrytis cinerea Determine the nature and function of the enzyme [26-27]

http://journals.im.ac.cn/cjben



=i S/HEREYSHAREE 2195
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Table 2 Comparison of chassis cells for heterologous synthesis of abscisic acid

Chassis cell Advantage Disadvantages

Escherichia Fermentation cycle is short (2-3 d), and the precursors Rapid gene expression system may adversely

coli are not shunted affect the balance of metabolic pathways
Culture and metabolism are easy to control Lacking post-translational modification, it is
Accumulate precursors and cofactors difficult to express more complex enzymes

Saccharomyces Provide a large number of precursors for terpenoid Fermentation cycle is long (5-7 d), and the

cerevisiae synthesis endogenous terpenoids are shunted
Intracellular environment is suitable for terpene synthesis Incomplete processing of signal peptide
Suitable for CYPs expression When secreted and expressed, the secretion
efficiency is relatively low
Yarrowia The accumulation of acyl coenzyme A and acetyl coenzyme A Strictly aerobic non fermenting yeast
lipolytica in cells is high, which is suitable for the synthesis of terpenoids

The rich subcellular structure of lipid droplets can provide a  Intracellular non homologous recombination

storage place for carotenoid hydrophobic products and other is highly efficient and difficult to operate

substances
It has the ability to secrete protein efficiently

Difficult to regulate the intrinsic metabolic
pathway, and adapt the heterologous and
endogenous pathways

3 AT RGBT E B oy AT
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Table 3 Research progress of microbial heterologous synthesis of abscisic acid

Chassis cell Engineering means

Yield (mg/L) Fermentation time (h) References

Yarrowia
synthesis pathway

-Add BcABA1/ABA3/ABA4 copy
+Add ERG20, POSS5 copy

lipolytica

-Introduction of heterologous (Botrytis cinerea) ABA 263.5 72 [48]

‘Expression of exogenous ABA transporter AtDTX50

Saccharomyces -Introduction of heterologous (Botrytis cinerea) ABA 11.0 48 [52]

cerevisiae synthesis pathway

-Knock out the competitive pathways LPP1/DPP1/ERG9

-Overexpression of tHMG1, ERG20
-Add BcABA1/BcABA2 copy

‘Introduction of heterologous cytochrome P450 reductase

Aspergillus

oryzae synthesis pathway

‘Introduction of heterologous (Botrytis cinerea) ABA 8.0 - [15]

— indicates that relevant data are not disclosed in the literature.
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Figure 3 Engineering strategy for heterologous synthesis of abscisic acid. A: Screening and expression
enhancement strategy of key enzymes. B: Cofactor regulation strategy. C: Enhanced precursor supply

strategy. D: Strategies to promote abscisic acid efflux.
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http://journals.im.ac.cn/cjben

FH pUC18 #i 1Ak CaZEP H FrfdiJI#Y RBS
RBS5000 A, %8 5™ & i 7 (231 pg/g DCW),
322 HEFHIET

TE ABA WG B %R T, BcABAL
1 BcABA2 154 P450 B 4E i (cytochrome P450,
CYP450), 5% CPR /5 NADPH [i] CYP450 1%
WL, T4 CYPAS0 Z )5, CYP450 4
RESIEY & A AR I RN o BIFFE AT 128 1
FHSCHE R e b AR, Armesen 4522k
FeIRBERE N YR AY NADH #47(NADH kinase POSS,
POS5) LAk 3% NADPH %Ak J5 46 I 1 Ao 4350 5
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Otto 45 Bk NADPH i 2[R AL A3 e
= i (NADP-specific glutamate dehydrogenase 1,
GDH1) M ik NADH K #i i 75 2 8 Ik & ity

(NAD-specific glutamate dehydrogenase, GDH2)
$hn NADPH iyfit)i, Jf53 AR Beeprl Flid

FIAFHE BN CPR (NCPIIRAXT ABA 7=
W, 45 A, HA R Beeprl [HERIA
DL R BEBEN IR NCPL (3 ik fft ABA (977 &1
WY 3.5 4%, KBLT CPR iRk TS E, 1
JniE 5] CYP450 AYHLF . {H NCP1 i3 ik 35
PRI A SZBR . ODeoo T B 30%, AT REXT AN
PR B

£ ABA W& R M #Eik# h , ZEP &
— 4~ 8 K IR Sy — 2 M (flavin adenine
dinucleotide, FAD). NAD(P)H. O, {f& i1 ¥
RESIM AT, SFURFRIE N ZEP EEEE Y AR
W RS T R R Y R, TR R
ZEP EARA . Kitk, 74 m S B i,
Cataldo %" EFK A tr59-HIZEP By H4 M
E kIt ik FNR fl FD, 31 AR HIEIF
(Arabidopsis thaliana) & 5 1) B AL B A PEER 4R
L FE 1-NADP 14 )5 it (ferredoxin-NADP reductase,
RFNR 1) F14 416 3 [ (ferredoxin-3, FD3)fifi 45
JE SR T 47%; P HESRA TR EA
(RFNR1/tr-FD3) 3%, [7] B 78 iy 4% 40k 28 1 Ak 4
W -NADP if J5 i (tr-RFNR 1 /tr-FD3), 483
BRI T 2.2 £, wIOL, FRIE Rk A
FNR/FD/ZEP RG WKk .
3.2.3 SRR

[SiERat Y o N O N3 | D B P
T Bl R B P AR R L SRR
Jox ) At 2 AT 4 iy H AR 7= 1 0 7 B T RS
o WEIALE Y K T R b R W s JE B
8 I AR A L TR R B BR - MVA iR AR 5L
5 2R I8 A T 5 AT kR R Y o O

&: 010-64807509

W&o IR, 588050 G M TE R B R rh S g,
M B-W D 32 58 0 o i A SC B v )4
Cataldo 1S3 Rk A i e Af I 2 — R G
Ji}(geranylgeranyl diphosphate synthase, CrtE) . /\
AT LK A A (phytoene desaturase, Crtl)
L) HE 76 7 21 2% FR AL/ \ 76 A 21 2 4 T
(bifunctional lycopene cyclase/phytoene synthase,
CrtYBRIG N p-51 % bR G Aukism i, KA
AN CrtYB A998 DRI 2 b 3R S R 5 e
TN 9.1 mg/g DCW 12 12.3 mg/g DCW), K
S BT R AR AL T Z A B, Rl
WA Cao AR HANA H [ A0 1 45025
# MR ABA #1I1E T —E NS E M E.
3.2.4  {REERREERSMEE

MR ABC ¥z H1 G WK% (ABC
transporter G family, ABCG) &4/ I+ - i K AY
s B F WA P, Kuromori 25058 1 f & 9¢
Y A AtABCG25 14 40 i v 22 17
T A BB, Jn 2 R s ik Koad Rk
AtABCG25 IEW] T AtABCG25 f& ABA Ry i &
1, S5 RAIME ABA {558 . ABA ¥
B R R FW M AR F (neuropeptide F,
NPF) (NRTI/PTR)ZK % . Kanno % UP7F| ek
KA BRI S R G VL S IR s b, R
Bl T AITI/NRT1.2 225 ABA fii AR .
2014 4, Zhang S K FF BRI P TR B9
B4 TR TR A/DTX50 (detoxification 50,
DTX50), U T #IEF I+ o DTX/Mate (multidrug
and toxic extrusion transporter, Mate)ZZ ik il it
ADTXS50 1EH ABA fir th & F M ThRE

FESIEA L ABA ME S, Otto %Pk
PR E G AU (LR S TR-T R Ab B ABA
R BERE S AT LD 93% 0 ABA, W] ABA ]
DL 1 4 f B e ds 2 A0 . TJ&, Arnesen
Fh TR AR LASNY ABA W2 E A

: cjb@im.ac.cn
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R AT DA — 25k ABA (94300, T2
AL T . VEE RN TR B RIEIT I
iz 1B ADTX50p Fil AtABCG25p. 4R, S5
REAFRAR L, S 4% 5 8 1 1 Rk IF A X
PRy A TE 52 o 3% R BFE BRI~ mKE T,
KR WERE 38 2 11 /2 DU 1 KR4 ABA

4 REERE

ABA BTz Bl i SRg i i o, fle il
KT ABA G LAt MOk BR A . BT
PrigEUh ABA S EAML. FEHAE R,
W R A 7 ABA GEAPENG . 7 IR &
G, fERRK I B AL A 2R ABA
M EE T IE. mAEk, BHE ABA S
Tl (5 LI AE ) R0 L TR ) B DR 2 AN SR 2H B 1Y
PRS00 sz i) ABA AW G RGR AR IZ WL
], —26 ABA H:W)45 G AL 2 3 o 1A P
PRGN 2 Bl % ok . R G AR W 2 A A
Pyeb AL 2 = (KSR T W AR 6 G A%
o —MhlifEsE . ARl A 7
ABA WA O TH , A W5 E TR e B I
P S VR R T e O e by 1 S AR i e
BT ABA WG R FUEEES, G s ol
BRI 1, B ABA SEEE L AL Se 2
fiff R 1 ) R

— BB R RN Tk R T A R
DIFEE ABA 7 i, fil4n: (1) I FH e i i i i
FAREE B REHCT; (2) R IX %
(bacterial microcompartments, BMCs)+% K 7&
AN B e 41 B AR B LA B kA B ABAY;
(3) FEFLA T fit ABA WG BURIE] = B
FEnlt b, R A R B sl 4 DL R R R
P ABA R (4) X BRI MRS T
VBRI, B SIS 5 (5) A
PRI 20 i3k DA S g5 S E b, 2 i IS B 4 M R e

http://journals.im.ac.cn/cjben

PEFAT B R AR

LR, GEEYSFEAR AR,
ABA EA AT TR A — P s Rt T
BUDES . ABA TolkfB A = A OCKA R BRI 4
TeRgR, XA AR 257 1l = A4 355
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