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Abstract

As a well-known spice and traditional Chinese medicine, star anise has been used widely in food
and drug industry. In Guangxi, the major production region, star anise and star anise oil are main
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product forms with little deep processing and low added value. The main constituent of star anise
is trans-anethole, and p-anisaldehyde produced from trans-anethole by biosynthesis can be con-
sidered natural flavor, which is important for improvement of added values of Guangxi star anise
industry. Several microorganisms have been found to produce p-anisaldehyde, and enzymes in-
volved include trans-anethole oxygenase, aryl-alcohol oxidase, dye-decolorizing peroxidase, and
Mn3+-dependent proteinase. The synthesis pathway of p-anisaldehyde in microorganisms and en-
zyme reaction mechanism is also investigated by some researchers. In general, investigations of
enzymes and pathways involved in p-anisaldehyde production are still inadequate, although some
p-anisaldehyde producing strains have been isolated. Production yield of p-anisaldehyde by mi-
croorganisms and space-time productivity are still low, and domestic molecular biology researches
on this area are especially rare. In view of the toxicity of p-anisaldehyde on microbial cells and lit-
tle amount of enzymes discovered, to synthesize p-anisaldehyde using microbial cells, on the one
hand, researchers should explore more trans-anethole oxygenases and realize high level expres-
sion and immobilization. On the other hand, researchers should establish process of in situ prod-
uct removal for cost-effective biosynthesis of p-anisaldehyde, which has important theoretical and
practical value in increasing industry level of star anise.

Keywords

p-Anisaldehyde, Trans-Anethole, Trans-Anethole Oxygenase, Star Anise Oil, Microorganisms

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

I % (p-anisaldehyde, 4-methoxybenzaldehyde) SRR T A i . %) FH A LR FR I . 4-FR SRR I
KEEEE, £—FMEENER, BARIINEFMIEES, FARFA, ERZEALT. g TH
BTz T AR A= AN ORBE B IR B RGN, & REAERCTE (1 FRIAL Y [ P9 i my BH AR AR AL,
PAFNFE R AR T H THIETUMED R AR AN ETHE R, RIS LAY b E k.

J\ACKHEE, KEl staranise, $ ] 2%44: Illicium verum) &35 & (AR BRI 25, 766 G AIEE 24
BEENH. & AREFZX, )\ AR E &2 BT R 20, B T07 iR
WSS, BEIEAG . TR A 3R R Ay e e (FE T A e 0 B N 85%~95%), H ARG AR I
2T 0 2% A 2 3 ) T 7 B P VA 9 AR RE, e ) o )\ A Pk v B B A L

J 3 IHi i (trans-anethole) SRR e A M« S =00 A AR P 25 2% (trans-p-methoxypropenylbenzene) .
2 AR P LR Bk (trans-p-propenylanisole), & /\ A A& il ) R B . AR FAFEIR 2 0] LR X
o g E—BRIR AR, e AT S AR Ry — R 5078, Rt iEm . Harnis LE s
Fi IR oy 7= e AL SEE G s, AR BN . IROBLARPF T2 5 G ™ o 5 i o AR R AR 5 [ )92
BHE, R FR R G A B FE (MR AR R A ) Bl . ARy T2k &, B HMAEY . B
KA T A BT OV B S2 T I GH R “RART FRHAT [2] [3], 1 HANSZRIZ=A . AURAIR .

2. FEIEBNER

I SCHRTE ) A R A I PR SRR A I i, R b B A . BRI . $H 714 Pleurotus i
LLARAE MY G (FZZFIRE, BEBER, MR EAR, KERh & MIlE &, XR R
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B S K, — A % I 4 Ak B (aryl-alcohol oxidase, AAQ)E M FE 5% 1845 A B IR T 2 i AR A AR
FROE B, R TR AR it AL E[4] [5] [6]- 5T 5 Pleurotus sapidus B 22 44 i) s 218 ki 516
NEFEE . SLFUKMERENS B Ziraith. o, BN R4 e B R s &R R 2
Jephi o id AL VI (DyP) . Mn®* il S804k S0 Bl m] 42 i Bl ) fi 435 P [ 7] [8]

B ) Wolfgang Kroutil 82 i % Hi —#k 15 $1-F 5§ Trametes hirsuta G FCC047, A LU S =X i i
AN AR, F AN SRR AT OB A3 K 83% [9]. UbJE, 1ZREIAHRT T — RIVENT,
IR R e SBE TR, AR, R, TR TR0 R HAE R B R
I T EAEE[10]. WRFERM, AR ST N A R A RS 1B AIKCE 2 — Rk T Mn*EAR, 5
Trametes versicolor FP-101664 SS1 K& &Rk AL A 900% M —ht . iZBF& 412 NEFEMRRIE, £ K
J kT B R IA AR, SDS-PAGE JoiZifi th o 24 FH KA i Rk B e N-ii 84 /N2 LR ik B (1 AUk AIKCE
if, SDS-PAGE Rl 2 5 2H g 57, (HKER A ASRIVE,  mIVA 3 (1 8 2H B 1w S Qe fi A% i i 2
me, 1 HiZEASEMAC, FBIRAERREAE, Jokiesh i R E R [11] [12] [13]. iZAEAL
SR IR A AS A2 22 B U 4 T s B SR LR [ 14] o 20 R IE 75 A0 R BRS04
L4 Coprinus cinereus 148 A v A A S Tt i A2 i B e, RIS 2R BRI =) 1-(4'- F AR R 2E)
Pik-1,2-—BE[15].

FE] P 9 — LS BB 5 BRI A S PR AR, AR AT — i 0 B S A DG g o T I8 R 2 SR AR I 5
R E 23-9, "R GURHEIN L ONEIAEE BERR[16]. | KRG o0 3 2R T R R R
A E ., H Lasiodiplodia pseudotheobromae BJEF32 w] il i s 2w i 2 il A 2 82, HEM HAR
BN M. SORE A RN T AR AR . BERR. SR LR, Y
SIS B — R AL T A I BE 1 IR Bk Saccharomyces cerevisiae S11, J-¥1BHE 70 1 Hks F2 8640 644,
Al 12 h, TR 2L H] 0.19% [18].

3. FEEBENAER

DA% Eyal Shimoni 45 M\ 338 v 7 ik 21— Pk DL s xQ T i o 10 2 198 B30 0T 5 I O E — ik U0 1Y) 48 1R
Arthrobacter aurescens TA13. ¢ xUIH [ AT 75 3 B AR KA H 4- WA LR IR O-Jd FHRERlg, 0 PR R K HI R 3-
FRACHG, JELAER 4,5- UG, Fh AR I s X i i) A (Rl = B e i i AR,
B SRR JFLARIR . 8IS TR T, VR H R 20E i AR & 1R S AP
PRIEE[19] [20].

B Kerstin Steiner {RRR41 M EE #4 R 42 % Thermotoga maritima #1432 H — >4 J& 8 1 TM1459,
MR OIERTAEDAEE, R R CE R A R, e E 0N 11% [21] [22].

5% EDE M BHE BT Hor-Gil Hur B 7t 40 M\ 1437 73 B 3] Pseudomonas putida JYR-1, 1% Rg PA =ik iE
() 52 2 E A (100 mM) g e — BRI REVR, AR C0FE 1 7 I R A G40« T B IR R N 2 2 R R [ 23]
HEWT A 1842 5 Arthrobacter aurescens TAL3 [1)1E 4 AHALL o 12 7 4H 38 i #4 2 T Ak JY R-1 [ BE PR 2H S
Tns RASMHT, 4B H—MEFE N 1047 nt ) ORF, % ORF AI{# KM AT Bk e o i fidi i A8 i A i, F
S ORF Zfidh (1) 74k Je 2T i in 42U (TAO, trans-anethole oxygenase). 12 B i A4 5z 2 1 fibi 0 hn 48U s o
T NADH 4§, AFHERUUHBIE AW B AR RN, FUET A4 E 228 (self-sufficient)
AR EARINAN. 55 T &M RINERIRYIEML, TAO MRV, W1 RE N,
WREVG AL A T Bl O-FER T &l Ro R 0 nl A & 5ile . 2 e, PESRATINE[24] [25] [26]. 7E
PRI, TAO X s T i I Ab R e e v, H o e RV B A0 2 DL S T B I E IR 4381 FAD &5
NADH f2& TAO iYW i 75 ZE 48 KT, FMN O NADPH AT /R4 8T, {E Ak 3 R B . Trp-38. Thr-43.
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Tyr-55 W[ fe¥ ) 3 TAO 5 FAD K454, AR (W3BAITA3AIYS5A) TG I NEF AE Y 1.6%, 1 WX
EANEIERRRIA HAER . TAO fi b s T i e A8 ai A B IR B, AR AT RS g 1 3RS R4 )
IKfFE. C-C BB HATRKILM IR SR B )RR 3 3 A, R 2 802 WA
BN, 1M TAO 5 EAIARE, RE—NH70, SR EI RN . 50D BB, B4
A2 P BRI AU 2R 200t B v A 0 X R L B b R 1 e T G 42U (trans-anethole oxygenase,
TAO), MK 1w, JRMARE, # TAO kAR E AR, RIS NADH #i% LA NAD".
M AR — 20 4y B T T B T A A T A R 1) T A T I G L (K] paadh. ¥ tao JE[K 5 paadh &[]
ERMF B R LRIE, AT A s T il 2E s 1 A R [21]

YL R KA H 445 %) Pseudomonas putida JYR-1 HJ tao 3K (GenBank No: HQ889281) 47 & Al 4k, A~
AHARATTEE S B AN RN T3t m e A e &, M@t 28 PCR ik th RAZH) TAO, 152/ RALE n]
o 2K A s T i A O T A T R B A TSR T [27]

OCH, OCH,
———
AN m OHC
NAD*

NA

Figure 1. Reaction catalyzed by trans-anethole oxygenase
B 1. RAERNEEELR

H.,C

3

TR R R A A DA s ST i M — i, 712645 31— bR 4H & Burkholderia WGB30, 357% 60 h T+
Bl 10 PR IR Ak 2618 B 5.08% [28]. UbAk, ARATTIE 5 3%k 21 nT DA A B =X i A= 1 1 2 R 1) WGBPO.
Burkholderia sp. WGB31 A} Pseudomonas sp. AT39 [29] [30] [31], M Pseudomonas sp. AT39 HJ DNA
kg T R EE I AR A tao, FREI RSN AT39 WAL, TEE T EERAE R ELE,
JUUOR A AR TP R 245 R A sk A A 43 B L 1 R A B T A ST A R (R A R B R [32] [33], (H %)
RV K BB 7y BB W e b . BRI LR IR SOOI B SR A IR, IARIR B E AR, HAIA I
SCHRRE S A TR AR A e T o A S 0 0 v ] A 1 A T A A B T A R

H I SCHR 2 o 1 s = i in 48 32 ok B Pseudomonas B 1R J& , 156 A LA 4 B 1) s =i
N AE R . AT R S T I A A A B A I A B 2, AU R TR R EEE, D bE S it
FUHIRN,  NEiZ o RIS 22 FAh R 240 B 1) s 21 i i 42Ul

4. RE

MEAERRICERKE, BRI T ZMMAEYT DA KRR &R, Hr7 &, NSRBI, -
FRIEB) T A =B R o S QTG 1o 7 X S AR 0 3 T s R B PR (34T, BRI LR AE 1) FH A 2 0 5 T A 1
B VR o Ao — 5 TR 3 e 22X T i o S A 56 R 1 o o 5 0, ST TG 114 e ARk B ) e s 53— 5 THT
AT R AT A )43 88 T2 (in situ product removal, ISPR), #2110 B B A& -5 0 B 2%, IX%) T
J\A K 3 B BB B K N ANME
ELWMEB

BARTH HAARL# I & (E T RHEE 20183201), | 7 H 48Kl 3£ 4 (2020GXNSFAA259015) .
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