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Research Progress on Synthesis and Accumulation of Saponins in Oat
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Abstract: As the only cereal accumulating triterpenoid saponins and steroidal saponins, oat has many
medicinal and health functions. In this review, the research on saponins in oat was reviewed by sys-
tematically summarizing the relevant literature. The configuration and content of saponins in oat var-
ied among different organ tissues and growth stages. The underground part of oat mainly contains
triterpenoid saponins, while the aboveground part dominantly contains steroid saponins. The synthe-
sis and accumulation of oat saponins are regulated by genotype, and also influenced by environmental
factors and cultivation measures. The key steps of oat saponin biosynthesis pathway were summa-
rized, and related enzymes(such as squalene cyclase, farnesyl pyrophosphotransferase, glycosyltrans-
ferase and so on) involved in the key steps were mined to promote the deep development and utiliza-
tion of oat.
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Table 1 Configuration of other triterpenoid saponins in oat

[38]

op
Configuration

%% "
No. R| Rz R;g R\ Ra Rﬁ

fiEl A Functional group

1 OH H OH OCHj; CHO \
2 OH H \ \ CHO \
3 OH  NHCH; \ \ CH,OH \
4 OH CHO NHCH; H H OH
5 OH  CH,OH NHCH; H H OH
6 OH H OH OCH; CH.OH H
7 OH H H H CHO OH
8 OH H H H CHO H

Fergoh \ AR ML AT RE I

\ represents no functional group.
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Table 2 Key enzymes and their functions in the common pathway of saponins in oat biosynthesis

5K e il 45 ity 25 Y FEIHe 2% Sk
Key enzyme Abbreviation  Enzyme type Main function References
TR A K T < HEALIE W 2 Bk 2 TRl G A 485
" AACT . ; y [48,50]
Acetyl-CoA transferase RS Catalyze the formation of acetoacetyl-CoA
%
; I Transferase 4k IPP Fl DMAPP LI 1-4 3k B % 845 &5 1 FPP
%E%ﬁi%m&'ﬁﬁgﬁﬂ FDPs Catalyze IPP and DMAPP to form FPP in 1-4 [41,48,50]
Farnesyl diphosphate transferase . . .
head and tail continuous condensation
HMG Co-A i J5 il HMGR fEfL HMG Co-A #JFJE R MVA r48]
HMG Co-A reductase Catalyze reduction of HMG Co-A to form MVA
DOXP 3 4% ifs Ji 57 A4 i DXR & I fiEfk DOXP 4 i, MEP [41.48]
DOXP reductoisomerase Reductase Catalyze DOXP to form MEP ’
HMBPP i J5 il AR 1A 5T A2 0 TPP -
HMBPP reductase HMBPPR Catalyze precursor substances to form IPP [41,50]
HMG Co-A & B} . HEALIE L HMG Co-A -
HMG Co-A synthase HMGS Catalyzed to form HMG Co-A [51]
ot 4-D- A TR B -5 B TR TR 5 1t - FEALTRTRR 5 3-BE R H M MR 4 4 AE il DOXP
1-deoxy-D-xylulose-5- DXS & I Tt Catalyze the condensation of pyruvate with 3- [26-27]
phosphate synthase Synthase phosphoglyceric acid to form DOXP
gm,&g& ﬁ?WfﬁWHﬁ.ﬁ%Zﬁ? FPP%%CE)JE%% [4] 48
Sequanl o thase SS Located in the endoplasmic reticulum, it catalyzes 507’_1]’
cquaniene synthase the condensation of 2 molecules FPP to form squalene K
5 I VK B AL MVA T A PP e
Mevalonate kinase Kinase Catalyze MV A to form IPP
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Table 3 Key enzymes and their functions in the downstream pathway of avenacin biosynthesis
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Key enzyme N ks Coding gene I%yj fig . 2% Xﬁk
Enzyme type Main function References
name cluster
) WA i 2, 3540 & I PR AL TR W B-75 W i
AsbASI Cyclase SADL The 2, 3-oxidized squalene was cyclized to formB-aromatic resin [58]
~ AL E— AL -7 B AR I A AL R B AL i o=
AsCYP51H10 Oxidase SAD2 Further catalyze epoxidation and hydroxylation off-aromatic resin [55,58]
AL TR A C-16 (L E AL . C-21 fi BRI L
AsCYP72A475 H dI‘ las SAD6 Oxidation at the C-16 position of the scaffold [54]
ydroxylase and hydroxylation at the C-21 position
C-3 LB SN LBl 37 A1l 520 5 o i Ak 26 — S8
AsUGT99D1 SAD3 C-3 position addition catalyzes the first sugar addition in the oligosaccha- [53]
ride chain of L-arabinose
E 2N ML Al N R S 0 R Y TR R Al L 7t 1) N - Y R 8 AR O
T BH T P A8 A WU S5 25 B T AsSCPL A3 B 448 5 L 41t 14
AsUGT74H5 SADI0 N-methyl-O-aminobenzoate methyl ester is catalyzed in the cytoplasm to [57]
obtain N-methyl-O-aminobenzoate glucoside and provides acyl donors for
L B G the activation of AsSCPL1 in the final step of synthesis
Glycosyl T 20 M 5T H s N- FH R 8 O R Y G i Ak, AR 1) - F R 48 S R
transferase P A AR AT, IR AE B R B 25 3R v ol AsSCPL A i 412 438 1k 32 1t 44
AsUGT74H6 \ N-methyl-O-aminobenzoate methyl ester is catalyzed in the cytoplasm to [59]
obtain n-methyl-O-aminobenzoate glucoside and provides acyl donors for
the activation of AsSCPLI in the final step of synthesis
e . T PR 1, 2-D- 7 5 W % 4 B LR AR b -
AsUGTIIG16 \ 1, 2-D-glucose is connected to L.—arabinose in the cytoplasm [36]
e AN 1, 4-D-H & s
AsTG1 SAD3 Add 1. 4-D-glucose [52,54]
7 il C-21 i B N 9540 LA )
AsSCPL1 i . SAD7 Catalyzed the acylation of the C-21 site by N-methyl-anthranilate methyl — [54,57]
Acyltransferase estor
N- S R PEALFE B R 4 A 72 AR 1 AR S SR TR R Sk b
AsMT1 SAD9 Catalytic methylation of O-aminobenzoic acid produced by the shikimic [52]

N-methyltrans-ferase

acid pathway
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The green part of the figure is the MEP pathway in the plasmid; The blue part is the MV A pathway in the cytoplasm; The solid
black frame part is the common pathway of saponin biosynthesis in oat; The blue dotted box is the synthetic pathway of Avenacin; The
orange dotted box is the synthetic pathway of Avenacoside. The red italic font in the figure shows the enzyme required for the reaction;
The question mark in red indicates the enzyme to be studied.
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Fig.2 Avenacin and Avenacoside biosynthesis pathways in oat
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Table 4 Key enzymes and their functions in downstream pathway of Avenacosides biosynthesis
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Table 5 Key enzymes and their functions in structural modification steps of downstream pathway of avenacosides biosynthesis
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