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There are two principal wax biosynthetic pathways: an acyl reduction pathway and a decarbonylation pathway.
Bl BT ARESEE RREIRES % SCHS-611E30)

Fig.1 Proposed pathways for wax biosynthesis in Arabidopsis(modified from references [5-6])
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E2 SRS AIRE R K EEIRESE XHE13-14]122)
Fig.2 'Wax ester biosynthetic pathway and the related key enzymes (modified from references [13-14])
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KR RIZ 7s B JENADHZS 5457, J7HE ) A Rossmanndf &, F N R 2k 0 7R 4 /2 Sterile 1 25430, - FARJT HIZENCBI) 5% 5 Wl 1 Homo
sapiens: AAT42129; Mus musculus FAR1: BC007178; Bombyx mori: BAC79426; Ostrinia nubilalis: F1807735; Arabidopsis thaliana: NP567936; Sim-

mondsia chinensis: AF149917.1; Euglena gracilis: GU733919.1,

The NADH-binding motif is shown with double underline, the Rossmann-fold NAD(P)(+)-binding domain is shown with black box, and Sterile protein

domain is shown with thick black line. GenBank accession numbers of the FAR enzymes are as stated above.
E3 TEYFFARE % 7 5IBKEC(ARIE S % 3CEk[14,18]1220)
Fig.3 Alignment of the FAR from different species(modified from references [14,18])

WS, 1 H 3 B AR i H rp iS22 BiF R I,
K A (Bombyx mori)Fl U J& (Yponomeuta) FARJEY)
EFEVEARR )12, SLMkJE MFARR] DA L it rh A
FEAE RS R R ZEE-12-14:Me(1£ 75 T M 5 K
(Ostrinia furnacalis) AT EE AL AR R (I, %) T 4544
AL LR/ AN LRI C 14 RN C 16 i L4 g A S 40, D62k
IEFEC1AE N R, HIE 50 5] BLC14 RN CL6/fi Bt i iy
ATVER IR HL T, R T PR A 1) e A Z AR AL

Xt AR, i H R PE R 2 MR R R
DL —FHEARMEAL, ASFMr 2 [AIPEAE B3 1 22 52 e
AR R AR A B AN [R] 3  TS

S T WM K RO, nubilalis) P 4> TR (ZFIE)
PRI S AN [, e AT PR A 8 28 20 il 5 AN A L
%1 f)ZF1E-11-tetradecenyl acetate(ZF1E11-14:0Ac),
75 1 BE v 223K I Z 307 B I FAR e % 408 K & 11 Z-11-
tetradecenoy | {if /A5 4k SO0 N R IE, (H I B4 ALk 2>
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# 7 51| FHCLUSTALX1.83 Lt 5, it AMEGAS.0, FJZENIR, % 4> 3 fbootstrap £ 15 & F 1 0007k [ 5 & 1Sk WM . % % 51 AENCBIfH) & 5% 5
41'F: Homo sapiens FAR1: NP_115604.1; H. sapiens FAR2: NP_060569.3; Mus musculus FAR1: NP_080419.2; M. musculus FAR2: NP_848912.1;
Anser anser domesticus FAR1: IN638548; Gallus gallus domesticus FAR1: NP_001026350.1; G. g. domesticus putative FAR1: XP_417235.2; Tyto
alba FAR1: IN638549; T. alba FAR2: JN638550; Triticum aestivum: CAD30693.1; Bombyx mori: NP_001036967.1; Ostrinia nubilalis: ACY07546.1;
O. scapulalis FAR-like protein XIII: ACJ06520.1; Y. evonymellus: ADD62438.1; Y. evonymellus FAR 11: ADD62439.1; Y. evonymellus FAR 11I:
ADDG62440.1; Y. padellus FAR 11: ADD62442.1; Y. rorrellus FAR 1I: ADD62441.1; Apis mellifera FAR1: NP_001180219.1]; Simmondsia chinensis:
AAD38039.1; Arabidopsis thaliana FAR1: NP_197642.1; A. thaliana FAR2: AEE75132.1; A. thaliana FAR3(CER4): NP_567936.5; A. thaliana FAR4:
NP_190040.3]; A. thaliana FARS: NP_190041.2; A. thaliana FAR6: AEE79553.1; A. thaliana FARS: NP_190042.2; Euglena gracilis: AD160057.1.
Amino acid sequences alignment is carried out using the software CLUSTALX1.83 before construction of phylogenetic trees, and the result was im-
ported to software MEGAS.0. Phylogenetic trees were generated using the neighbour-joining method and bootstrapped with 1 000 iterations to evaluate
the branch strength of the tree. GenBank accession numbers of the FAR enzymes are as stated above.

E4 FREIFHFARE RGN GRIESE ICHK(18,21]18250)
Fig.4 Phylogenetic tree of FAR(modified from references [18,21])
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SR, S TAar SR R R OB R, R )
FHFARF=E [0 SR AL AT K . FIT, 22 Rl
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5/ ARG A — B0, 16 1 TR A B A TR 16 ¢
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TRFIE I 2 e 3L R e 7 A s B 1R 40y 22 5%
4.3 WSHIEEF545 A

T FVEFAE 7, 41T [ws ik R g — 263
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TR I ws B AT AR, =2 AN B WS, X
S A XL BER, 15 20 W) AR ) (¥ ws 5 DR A AR AL
PEo ARJEXT H AT C4 %0 Iws 3 R DL 2 5L 4 5 il
K dgat. acatkE KT T FIEEC &I, wsH A
T A6 (E5), 551 A=A M A —2, BT LA
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K kA 4. B P HAENCBI &35 41 R : Homo sapiens AWAT1: NP_001013597.1; H. sapiens AWAT2: NP_001002254.1; H. sapiens MOGAT3:
NP_835470; H. sapiens MOGAT2: NP_079374; H. sapiens MOGAT1: NP_477513.2; H. sapiens ACAT1: NP_003092.4; H. sapiens ACAT2:
NP_003569.1; H. sapiens DGAT2: NP_115953.2; H. sapiens DGAT1: NP_036211.2; H. sapiens TMEM68: Q96MH6.2; Mus musculus WS:
AY611031.1; Anser anser domesticus WS5: JQ031647; A. a. domesticus WS4: 1Q031643; Gallus gallus domesticus WS1: XP_424082.2; G. g. domes-
ticus WS4: XP_419207.1; G. g. domesticus WS5, NP_001026192.1; G. g. domesticus DGAT1: JQ031642; Tyto alba WS4: JQ031645; T. alba WSS:
JQO031646; Simmondsia chinensis WS: AF149919 1; A. thaliana WS: NP_200345.1, NP_200349.1, NP_200346.1. XP_002866091.1; 4. thali-
ana WSD1: NP _568547.1, NP _177356.1. NP_850307.1. NP_200151.2; Petunia hybrida WS: AAZ08051.1; Euglena gracilis WS: ADI60058.1;
Acinetobacter sp. WS/DGAT: YP_045555.1; Tetrahymena thermophila WS: XP_001027910, XP_001026090, XP_ 001008104, XP_001019739;
Marinobacter hydrocarbonoclasticus WS1: ABO21021.1; Umbelopsis ramanniana DGAT2A: AAK84179.1; U. ramanniana DGAT2B: AAK84180.1;
Saccharomyces cerevisiae putative DGA1: NP_014888.1; S. cerevisiae putative ARE1: CAA42296.1; S. cerevisiae putative SCARE2: CAA96298.1.
The method of construction of phylogenetic trees is the same as above. GenBank accession numbers of the enzymes are as stated above.
E5 AE4FWSTIRL R FBE IR IEH T B 5 B R Gt (LR (IR 13 5 STk 14,2518 25)

Fig.5 Phylogenetic tree of WS and other enzymes of acyltransferase family(modified from references [14,25])
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Research Progress on Wax Ester Biosynthetic Pathway
and the Related Key Enzymes

Yang Pu', Xu Dongli', Chen Xiaoming'*, Liu Weiwei', Gong Zhongjun®, Hu Yanhong'
('Research Institute of Resources Insects, Chinese Academy of Forestry, the Key Laboratory of Cultivating and Utilization of Resources
Insects of State Forestry Administration, Kunming, 650224, China; *Institute of Plant Protection, Henan Academy of Agricultural Sci-
ence, Key Laboratory of Crop Pest Control of Henan Province, Zhengzhou 450002, China)

Abstract Wax esters play an important role in life activities of organisms. It has been shown that the wax
ester biosynthetic pathway is highly conserved in animals and plants. In this pathway, the fatty acyl-CoA precur-
sor is reduced to the corresponding alcohol by fatty acyl-CoA reductase (FAR) and proceeds through esterification
with alcohol, which is catalyzed by the wax synthase (WS), yielding wax ester. FAR and WS are key enzymes re-
sponsible for wax biosynthesis. The structure and function of the two enzymes are different in different species. At
present, there is no comprehensive analysis of the two enzymes. This paper reviews the sequence characteristics,
biochemical characteristics, functions, and research status of the two enzymes, which purposes to provide reference
for related researches.
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