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Table 1 Biological functions of NA and its derivatives
LY . N .
e L B AR Byt
Biological . .
. Mechanism Related diseases References
functions
FEHEAZ O LAY R Bl 229838 {7 Core component of myelin B LR AN RAE MR RGER B S Adre- [10-13]
sheath, regulating neuronal communication noleukodystrophy , maldevelopment of nervous system
- - 3 . WSS 22 R AEREALAE (MS ) BT/R 251 BREE A AE
Pt R [ LS & AR R T2 2 M Promote cholesterol bind- R é?’i H E%E( ) AW/J\{?/&%}\ N
SRR L - (AD) Demyelinating diseases , multiple sclerosis, Al- [14-16]
- ing, maintain membrane structure stability o
Structural zheimer's disease
components  fi¢ ifFFEHT FFAE M E PR LF ARG R Promote myelin regenera-
tion, restore nerve fiber activity PIHRE Bl 155 K 1 Depression, bipolar affective [17-18]
R AW LE RS Restore the normal state of cerebrospinal — disorder
fluid
e o = e Bk e T <
massg W ZEERSE N E ) regulate dopamine system, in- AD &R (PD) AR A RERLR(POCD)
Signal hibition of oxidative stress Alzheimer s disease, Parkinson’s disease , postopera- [19-21]
. tive cognitive dysfunction
transduction
1755047 Induce apoptosis JiihiE Cancer [22-25]
WIRYEDT E AL B4 Endogenous antioxidant components AD,PD,MS
e OTE AN B2 AR I ORE BT 2256 R AR Activate corre- Alzheimer’s disease, Parkinson’s disease , Multiple [26]
‘ A}:l f_ sponding receptors, inhibit the expression of inflammatory fac- sclerosis
X ! . tors, regulate metabolism
inflammation ) .
NG BE BRI 1 B SR AR 5 M 77 Noncompeti-
tive inhibitors of human immunodeficiency virus type 1 reverse 35 Acquired immunodeficiency syndrome [27]
transcriptase
P MU L 1iLAE Regulate blood glucose, blood lipids N K F: & AiE Obesity and its complications [28-30]
RIRENBL il e sh % WA 24 LA TP Accelerate lipid mobilization and
L_llf"d ) ATP production
mobilization BEPRNE Diabetes [31]

P I ZEAURAE N F Regulate insulin sensitivity factor

PRI SY 3 B R AE T TOlAR AR | AR BT A2
W (Acer truncarum Bunge ) ¥Fil 19 Tl A6 A4 7= DL )
THCHE it b ) R B8 SRR T AE . T L SE R NA ™
it 2 B T S ARURF I UMK B 12 5 Jie 3 i 7
RN AR Ay BE AT, 2R HL AR 5t . IR E R T
OB NA GEI, IR 20T, S 4 b e 55 K AR

2 NABYEIKIE

HIRIR

S i B R e i MO £ o v B ONAYY {8 g
ZUN AR (ARt AR FE R PUVERS KD
i1 DA R 4T g A5 £ b 5 BNA AT Y (Bl T A
8 Y Al 5 R VR AR T g | 3 B A IS YR Y T
SppE AL APz B0 BRAAE ) NA SRR —25
R e H b L 3h 4 i i bl 5
SR AP FLA T AR, i AR B KBTI A 1z
(£2),

2.1

2.2 1EYIKIE

— SEAE W) Y 2R S AN AR T3l R S A R R NA
R H AT, £ 13 B 31 4w i 38 Bl A 4 v ke B
NAM g 5 AR AR J REAR B R 2, b i AR T
NA &8 m [NA BB ITR (FA) 1920 K LA L JHE
P 2.

ARAHERRBAC A A KR FEAR R B | R A
T, R NA & Y dh oA BA I &8
Ho J"ARMZ M RA DML R P EA
55.7%~67% M NA, Ry FE 5 AR AEY , ToiEAE
i NA B FBRED S Jo S BRI A 6% 1Y
NA, AWIE AL S BB AR 2457 il NA 5 B8 v 31
47% AT G MK (Macaranga adenantha) NA
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Table 2 Biological sources of NA
S NA LA/ . \ N
ok o O AR A7 2%k
Classification Species . Current situation and existing problems References
total fatty acid
SEIEH WG JEESREETE U 2 & PEAZRE Overfishing  endan-
a9 £ Fish 0.25~5000  SECMEE UL MEIRITIR LAAELRE Overfishing,endan ) o) ooy
; gered , marine environmental pollution, safety doubts
Animals B
5L 8% Mammals 0.00~50.00 571k Low economic output
kR 5570~67.00 DGR LE GEIU B M HAT A5 YA Endangered , rare, nar- [36-37]
Malania oleifera row distribution, difficult reproduction
TEFEM Acer truncatum 3.90~7.80 A KJAWIK Long growth cycle [38]
g B AR SRR SREEFFIME Scattered distribution,, special
LiLY] JEM AR Macaranga adenantha 55.90 A i#d—ﬂ‘%%, m%l_]%‘? cattered cistribution. specia [39]
Plants growth conditions, acquisition difficult
R L 4 k=5l Harsh th conditions,
WkIT Cardamine graeca 45.00~54.00 i{tfﬁ:jﬂ BR @#tﬁ% PR Harsh growth conditions [40]
red soil requirements, low yield
B4 3E Tropaeolum speciosum — 40.00~45.40  F—FxEFR 15 A1 %5 Difficult to obtain seeds and reproduce [41]
IR Lunaria annua 14.00~24.20  HEAFE FhT B EIE Yield instability , fragile seed [42]
Mychonastes after HSO-3-1 378~3.80 o AR JFRNIE Low content, cumbersome development [43]
and application
Nannochloris sp. QUCCCM31  3.80~9.97  Tif =il .) V2 #h B High temperature resistance, broad salinity [44]
i Macrophomina phaseolina 16.10~48.80  FWJEHEY) . EURE Pathogenic microorganism, high pathogenicity [45]
07 N
Microorganisms Francisella tularensis 11.20~19.30  JRIEMEY B EUWPE Pathogenic microorganism, high pathogenicity [46]
Mortierella capitata 0.06—6.90 How e AR AR T &R E K High pathogenicity , low con- [47]
RD000969 ’ ’ tent, low development and application value
B TR L L tent, low devel t and appli-
Mortierella elongata SC-208 170~4.90 AR IFEHHE Low content,low development and appli (48]

cation value

KRR WK F (Cardamine graeca) NA 77
e A (e, (H T 200 Y A A R R BR A LR R A
O, R B 22 A A RS W) 5 453 (Tropae-
olum speciosum) , HoFf -l NA 5 & FA 19 40.0%~
45.4%5 AR FHHERAF A E TS . AR (Lunaria
annua) f&= 24E A FEAHDRMEY) , AP -3l NA & 5 AH
XA EL AR e, Tk ARk, [m] s He g ik
50%6 [ F+R (erucic acid , EA) JE 1 /& NA JHI 4 C

IR,
23 MEWFKIE

TEIUA H B, AR Py NA 2 5 F B A
XHEAR (% 2) . FAE 1986 4F-, Nichols 251 gl 76 fif 3
Nitzshia cylindrus W &3 T AR & 5 09 NA; ARk,
Yuan 25 SRR R 1L IX & FLAR (0 8808 Mychonastes af-
ter HSO-3-1(M. HSO-3-1) & NA, H HA AR
EA & 5 18w B9 IR R (C18: 3) & . Saadaoui
LR Y SV 4 B AR ) 1R R ELRN 2 B Y
Nannochloris sp.QUCCCM31, H: NA & & 5 S5 i
19.97 % .

BRIGEESN DB B AN TE B A B L NA I RE

J1o MY R 22 R B Macrophomina phaseolina Fl
M Francisella tularensis 0] 7oA 50 = & B I NA L {H
TR M R e B L0 ) A 2 e
IREH Mortierella capitata RD0O00969 Fl Mortierella
elongata SC-208 7] 43 i B i S i W7 2 6.9420 K¢
4.9%0 MNA A2 LB S , NAT B HBELL 186.3
1237 mg/L, a5 AF] Tl i AR 7480

H T R AR W) ol v 3 0 5 R 1 B R e
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id, C18:1) ; 7 P4 J5it I i iy 1 4 A il 52 5 AR/ T 48
i A B BB K I UG BR 3 K HE i ARl NA
(1) %5 A AT 3-Hi g I -CoA A i (3-keto-
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acyl-CoA synthase, KCS) . 3-BiMEME-CoA & J5Uf (3-
ketoacyl-CoA reductase , KCR) | 3-¥2 Fa it -CoA i 7K
fiti(3-hydroxyacyl-CoA dehydrase, HCD)FHEEHEBE-CoA
i 5 (enoyl-CoA reductase, ECR) , HiHt KCS J2 ik
B A v ok R ) B A, 45 G %) MR A RN
& B IS W) S 2H SRR S v TR 8 B 2 W) Y ik

JFef Plastid
LT -CoA
Acetyl CoA
Accaf/ 7 C24:1-CoA
(n-9)

TR HEE -CoA—>] mak
Malonyl-CoA
PR HBE-ACP
Malonyl-ACP

Ak

AR Endoplasmicreticulum

]

o

B NA 28 ot 5 5% % 1l 4 DL il =78 (i
glycerides, TAGs) B R A7 (K 1) o (HA5TE

e [55
S

IS

BEE NATEWIL Y FL P 2L T =R
M (G3P) B sn-2 o7, 1 76 A5 9 2455 sn-1 F
sn-3 77,

AR Endoplasmicreticulum

= B H
Glycerol-3-phosphate

l GPAT

—_—

i IR . % bead iR 1
Condensation, 1 Reduction Dehydration ; Rejtiljft}on Lysophosphatidic
C12 :X—ACP i WG
FAS \/KAS [ /11 HCD | KR
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ECR 4 ke =i

pEy Bk Diacylglycerol
Reduction Dehydration .@SE il }
Reduction Condensation DAGT
CIEEACE 75— A - CoA
\l, Fat A/B Malonyl-CoA i
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Mk A TREASE A
De novo synthesis Carbon chain elongation Esterificationstorage
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WG GPAT : HMBERR L B A2 B s LPAAT - 15 i DR BN BESE AL RO M ; PAP  BENRFRBEAREG ; DAGT : iR HMBEEA4 R /. ACCase:
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yl-ACP thioesterase; LACS: Long-chain acyl-CoA synthetase; KCS: 3~
Hydroxyacyl-CoA dehydrase; ECR: Enoyl-CoA reductase; GPAT: Glyc

Ketoacyl-CoA synthase; KCR: 3-Ketoacyl-CoA reductase; HCD: 3-
erol-3-phosphate acyltransferase; LPAAT : Lysophosphatidic acid ac-

yltransferase ; PAP : Phosphatidic acid phosphatase ; DAGT : Diacylglycerol acyltransferase.
B 1 #EYHHERENERERRER
Fig. 1 Pathways of neuric acid biosynthesis and accumulation in plants
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b2 AR A P S 28 iU NA 19 2210 F 24
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FH G B 5L [ R JE 15 . Wang 2619045 5k [ Malania
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oleifera ) MoLPAATTE Yarrowia lipolytica 47
Fik, B HH T B N TR LPAAT R EIhfig, I £ M
R ELFE NA TE P18 8 K B B AN 1 0 i 15 792 %) D &
P, (A5G FE DR B AR NA S 3 n %) 17.10% . 1b4h,
Ma 251758 3o 6 52 R AR DR 386 3k 0 45 43T 6
WE T SR F MYB LUK bZIP 78 NA & it #2 Y
PHPEVER

ik DGAT BN TAGs & &, [A] s )b X
NA EA -tk iy ] IR s AMR LPAAT 25 TAGsn-
1.sn-2 A K sn-3 05454 NA BYRE ST, 4l B % s 9+
X NA G B 3 — LT NA RIS 12 , et
IR RR b3 i NA BB i

Q> NA BEfR . FEREY) A L g 17 R 2
i A A Tl A 1Y) B- SR AR AR A AR . Goep-
fert 2552 e 1 400 B I 48 55 BG 107 12 48 1t B- S Ak 42
i, &I B3-S AL BT 28 AR PR Fe I R TAG 43 fifk 1 9k />
FIHK BE I 3 CoA IR R . Xue Z 72 R Y. lipo-
Iytica = 7= — ik BRI (EPA) B & B, PEX 10 3£ [H
GRAR S5 b SR AL il AR IR S N SR AR TR B R
B-A IR AR BLG , T B A X VLCF As 9 [ fff e
Y ES  EPA T B A MRAR 1 24 . Wang 2% 3%
BEPk PEX 10 #5580 s 72 B- A AL PR AR 12, i 2
NA PR IR B EA RN 2965 . 73 245 K I
B B- Ak AR AT B R A T S
JE g 7 2 o2 fe ik 20 M) o i 4B D S s, T DA KRR
Hiw > NA B A

HEINA LR J /0 NA AR AR R NA LSS
RO, 1% 3k 1 S0 TR 0 5% S5 D &R R NA Y
o

3) R FRINE L

O RMEEh TR, feFtEsiFREEN
FEIR, 92 BE H 0y 5L 7R bR 20 2 rb i v 3 i e
b 28 2O IR P, DA VAR I B TR S R
TR SRR B A R R R KCS A G
PR A 77 NA BT 0 — A ROk . Bl Ry
napin i3 8l 5 B TR SERE glycinin- 15 35 LA &
KA 3T B9 0EREIK 8l KCS 3 P 7EAH R 57
PRy IR, IFHE I NA B35 0262780

QI D BRAKFCHE R S M sl g 2h 74
1o ik R S 3k KO A 10 75 25 R TR FE ) R (1)
PR, Guo 212 K BLAE 6 A LaKCS % 5L IR b
ZMONA T8 S LaKCS (1945 DUEUR IEAHC, 295 D
PRZ T S s B T o DR s R DR A |3

T ULER, s AT DA KA B A ) Bk

QOEMIENAE . ek E R FER A IEAE L,
S T B % e TR 1] ) A A D < AR OGS TR 25 5
AR B S 75 23 7 AR AN L B R R 7= 9, %7 )
5 X} 28 = 1) A AT 0TS W), A 287 i B U R
i # v B A7 Z AL T K N 1) 1k KBk, DA R
FOCHH R IL B EY A S ERARKKSE .
FEFERT BT b, A AL R T h 638 LaKCS 24
FEAE 7.6 YONA B[R =42 13.8% I EA, ifif HRTIA N
BRI EA & ] gext AR EA T /e L a0 vl fg
G| Szt IR TR ARTOS0) DR I 7 S Sk BRI SE v R £
P32 3 R 1 0 FH sl 285 58 1) KCS SERDF EA iF— 25
FI AL NA

PRI, A R 78 7 B R i s el At o, 2] R O
DA b RURS: [R]85, I fe KAL) F R S5 3l 7 R A
B, SR ol O 5L N 4L, B0 6 R4 DL+
B NA RIEE , i D0 ) B9 4 A .

4)ZARBERE . NA 2135k i NA L7 A
Tl 118 5 300 R 1 L I JES 5 R A 7 R AN
PG R AR YeE . BT SE B
NA ], £ /0 2% 52 1K BB PEIR 5 NA 3R 75 1Y
A

OZ A e . NA BT B HAEY - i
Frli LR NA L L R e o 30 322 TR E
WA RS WS AEE EIERF A NA 7630 88 = 2%
FoRHMEY o ksl e . o im s R R E S —
FMEMEY , & F AR 25 &8 AR Fh R 700
hm? LA b, 4F 73035 520 7 t, o5 [ P2 A 8 s i
A7%, HAE P 5 5 P ARG K 3 AR Y
ZREE B I I B A K R L KR e
(A 2R, B LA B AL L AR IR R R AR
AR TR 7 NA AR IR R Z AR
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Progress on improving content of nervonic acid in seeds
of cruciferous oil crops

LIU Xiaoyue , WANG Pandi, XIONG Xiaojuan, WU Gang, LIU Fang

Key Laboratory of Biology and Genetic Breeding of Oil Crops ,Ministry of Agriculture and Rural Affairs/
Oil Crops Research Institute , Chinese Academy of Agricultural Sciences/Plant Ecological Environment
Safety Supervision and Testing Center ,Ministry of Agriculture and Rural Affairs, Wuhan 430062, China

Abstract  Neuronic acid (NA) is an ultra-long chain monounsaturated fatty acid, a core component
of the myelin sheath of brain nerve fibers, with functions including repairing damaged brain nerve fibers and
promoting regeneration of nerve cell. Therefore , more and more studies are focusing on NA.At present, NA
mainly relies on extraction from natural species, which is difficult to meet market needs and limits its further
development and application.In recent years, with the development of genetic engineering and synthetic biol-
ogy , constructing NA metabolic pathways in existing species through multi-gene strategies can economical~
ly and sustainably obtain NA to meet the needs of fields such as nutrition, pharmaceuticals, and chemical in-
dustries. This article reviewed the biological functions, biological sources, and synthetic pathways of NA.
The advantages and disadvantages of genetic engineering production of NA chassis were compared. The in-
fluencing factors of producing NA-rich seed oil using cruciferous oil crops as the chassis were further ex-
plored. It will provide some ideas and strategies for regulating NA production and obtaining renewable NA
resources in the future through transgenic technology and molecular breeding.

Keywords nervonic acid; genetic engineering ; chassis; transgene; molecular breeding; cruciferous

oil crops; seed oil
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