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Abstract: Aromatic compounds make up a large part of fragrances and are traditionally produced by chemical synthesis and
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direct extraction from plants. Chemical synthesis depends on petroleum resources and has disadvantages such as causing
environment pollutions and harsh reaction conditions. Due to the low content of aromatic compounds in plants and the low
yield of direct extraction, plant extractions require large amounts of plant resources that occupy arable land. In recent years,
with the development of metabolic engineering and synthetic biology, microbial synthesis of aromatic compounds from
renewable resources has become a promising alternative approach to traditional methods. This review describes the research
progress on the synthesis of aromatic fragrances by model microorganisms such as Escherichia coli or yeast, including the
synthesis of vanillin through shikimic acid pathway and the synthesis of raspberry ketone through polyketide pathway.
Moreover, this review highlights the elucidation of native biosynthesis pathways, the construction of synthetic pathways and
metabolic regulation for the production of aromatic fragrances by microbial fermentation.

Keywords: aromatic compounds, fragrance, biosynthesis, shikimate, polyketides

TRAEREE . Hib. M5 2545 E R
SUATW A EZEN A, B AR, Hird
RHERE I B B UL ThE 0K 4 Ak 1T R AT R F
AT, JRES 2 60, HEfliit, 2019 4E2BkEk
Wik 280 235000 b o Fkh EZ @ b Al
FRSRIEIORAT , 10 R AR L) A R 5 A1 4 F1
NWIRIE . TF BT RS IAE A B AR R Y
FeiE, MEPEMMEFEFE (Vanilling . 2K 2 BE
(2-phenylenthanol) Jz A #£ % (Cinnamaldehyde)
% (F 1), FEBEERMEE YIRS B E LD
AR . HOR R O HORSER R, fhae A R
AIREEA KT . RN AR R ER 28 . TR
SRR RVE R Bk AR IS AW
WAL, R AN B, A T 2 A B A
PR, E5 AR, ERXFE LR, R

CHO COOH

OH OH

Vanillin 3-dehydroshikimic acid

2-phenylenthanol

YRR, A G RARTRE AR, &—Fh
W HL 22 etk FL AT A% G AR ) U5 R0 A il 5
R RS Y B A T K

AR, BEE M TRERMA A =B
KIE, WA MO FGEE LS WIS TR
HEJRE o KT BRI I B B S5 Tl A ) LA 8 s
faj e . AR ATRRELAR A L TR BRI 1Y A=
P JE RS AR R, BURAE P D B G
WTE E o XL FHRAG YR Z R T IR
WA R RS AR . FF RIS T
K A OBk 0 S & AR ) - IR &E BE -4- B iR
(Erythrose 4-phosphate, E4P) FI R 4 i =X 4 Fili
f2 (Phosphoenolpyruvate, PEP) 454, 4 3-Ji
A -S- BRI P AP P R Bl -7-85 2 (3-deoxy-D-arabino-
heptulosonate-7-phosphate, DAHP) 4§ (DAHP

0]

Cinnamaldehyde Cinnamyl acetate

OCH,

(0] OH (0]
0”7 0 H,CO OCH, HO

Benzyl benzoate 4-hydroxycoumarin

1,3,5-trimethoxybenzene

Raspberry ketone

B 1 HORRUEFEERERBERSPEER F=E (Vanillin). 3-BREZFEER (3-dehydroshikimic acid). #* ZE
(2-phenylenthanol). l#£E (Cinnamaldehyde). Z B PI#EEE (Cinnamyl acetate). ZKERERZF F s (Benzyl benzoate).
4-ZEFTE (4-hydroxycoumarin). =HEFEX (1,3,5-trimethoxybenzene) & ZEZ FEi (Raspberry ketone)

Fig. 1 Representative aromatic fragrances and intermediates.
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synthase) Mk, FREE4E G428 DAHP, 554
6 b WAL SV 4 By %R (Chorismic acid)™.,
OSRGOS B R AR . IR . B Q 505
T EWRIA . B ZFERIER, Q@A T
B AR R & BGER, Sl 2
i ol g A 55 7 S S 2R S HIR G -
FHh, HEGAS YW E AT (Raspberry
ketone) &1 A DI IR T R A il 12, 28111 R
filil& /& (Type III polyketide synthase, Type III PKS)
WAL A o A SOKE R R e 0 0% 7 1 7 Rk
GG AR AT
1 FEREERERFHARNTEEREH
11 BF=ZZWEWEEF

FERRARFEHAETHDEI 2, BAF
JE /R SMAB Yy, B A bR EE AR
Z—o HERKISMHTEMS T, EEE
i AN AT AR D I A SR, ZE ORI S 24 Tl ih s
HEEAEH, 2N R/ 18000t, K
Z b A MR, Lk G R E 2R,
AR TR E] 15 JETT, MR RPRIUN AT 22 RN 4E
5, BATENAT 1200 Eook P

WP A 2 Z WY A BGER — R RN
A, HIRWA . HENEY A 22 R
RN Z R R AR N EERR  (trans-cinnamic acid)
A (B 2A): —FhmTggiRfE Rk . M3k,
JEIMBTERIR (Ferulic acid), % B2 SUE M
BME-CoA FMARIENEF =R, H—FirlRgisit
SERAETE BN TR (4-coumalic acid), 4R jés
SURTE TR IR S (4-hydroxybenzaldehyde),
PRI A A AR B B A S5 SO IR B 3,4- R R
I (3,4-dihydroxybenzadehyde) . 72 %0l

HAr, F2RAEWIEAZLREER . K5
R THRB . SHBDMNFE RSN R T
WA AL . DUIZOCIRP MR . OO R | 5
T E ARG A 2R, ke
it 10 g/L myF 22 E W, HE Y kig i i 2B
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Fiios, i BTEREE-CoA & il (FCS). /KA M/
45 (ECH) fitfk, (HBTERER MIEEML 2 5
FIRE 2K . 2005 4 Yoon %5 N F 2 R ALY
b B I bE T AR UL SR R R TR Amycolatopsis sp. HY
vl T BT 2R IE-CoA A R 3L [H (Feruloyl-CoA
synthetase, fcs) /K45 B/ 4 i 2k X (Hydratase/
aldolase, ech), F-FAKXMIFERHRIERIE, &
W SRR IS 1585 1.1 g/L A 22 =B, Kino #F
FAERGFFFE A G RIBRARE (FDC). Afk
fit} (Cso02), VABIERER MY, 2P0 4 diufiEfl
R, 2 4-CIEFEEAIARE (4-vinylguaiacol) 4=
WAE2ZE 7.89/L, WE 2C), Fleige %@ T &%
Amycolatopsis sp. ATCC39116 47 2% 2 i & i 5t
(Vanillin dehydrogenase, vdh), {7 %% i
fif gk 90% LA 1, & UL ech i fos A ZH AL
AR RIS P REGFZRZN 7R
19.3 g/L; MEAh, BrdEBERISENS, LI5S gl(Lh)
RUNINBTRLG, Al (7 22 A= ik F) 22.3 /L.
W BT N TG BGRAR, w] LSS LA 2
PSRRI IS A 22 3 . 1998 4F Li SF7EFHR
3-Wi A FE MR (3-dehydroshikimic acid, DHS) fk
WtF w51 A 3-I A FEEL IR K G (AroZ) FULAS
fiy-4R- FH 3L 4L R4 (Catechol-O-methyltransferase,
COMT) kx4 R JLASAR (Protocatechuic acid)
R (Vanillic acid), #AJ5FIH 425 A KR kG
A Neurospora crassa H'iY 05 5 LB (Aryl
aldehyde dehydrogenase, ALDH) 4L il # =
F, O UCSE BLLHE AR OB R A 2 R,
2009 4F, Hansen 5 LU Z B IR Y, 4350 1n]
Z4%E et Schizosaccharomyces pombe iR 7 7 £
Saccharomyces cerevisiae H 5| ASK H 284 EH 1Y
3 A ZF B R /K I | v R [C T J® Nocardia genus
PR 200 I 05 A R R A J5E  (Carboxylic acid reductase,
CAR) F13k A A Homo sapiens 2-%8 - F BL 55 7% fiff
(O-methyltransferase, OMT), [F] Fif il 5 5 fie 7 22
FHYEED, 4»B13k45 0.065 g/L Fl 0.045 g/L 7%
%, mE 3 Rl EFE LR TREKG, 5
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o 0
S OH - - %0 HO. 0 H.CO CHO
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trans-cinnamic acid 4-coumalic acid  4-hydroxybenzaldehyde 3.,4-dihydroxybenzadehyde Vanillin
(0]
HH I SCoA —
Feruloyl-CoA o Vanillin
(0]
H=COWOH . H,COD,CHD
HO' HO
Ferulic acid Vanillin
OH O
DNLOH FCS ‘COQ/\)J\SCGA ECH ':COQ)JSCUA ECH H‘COD/CHO
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Ferulic acid Feruloyl-CoA HMH-CoA Vanillin
‘COW H.CO N Cso2  HiCO. CHO
o HO ]-[0:©/
Ferulic acid 4-vinylguaiacol Vanillin

B2 B=ZZEWENR (A: BNPE=ZFRTRNENEHNIER: B: BIEXHMEDRLMRBERNET=Z89Z
2: C: X EPHENMREREMELITE)

Fig. 2 Vanillin biosynthesis. (A) Three putative pathways for vanillin biosynthesis in plants. (B) The confirmed
pathway for transforming ferulic acid to vanillin in microorganisms. (C) Ferulic acid biotransformation pathway
constructed in Escherichia coli. C4H: cinnamate 4-hydroxylase; HBS: 4-hydroxybenzaldehyde synthase; P450:
cytochrome P450 enzyme; OMT: O-methyltransferase; FCS: feruloyl-CoA synthetase; ECH: hydratase/aldolase; FDC:

ferulic acid decarboxylase; Cso2: coenzyme-independent oxygenase.
Oy, -OH 0s_OH Os-OH Oy -H
T AroZ OMT CAR
07 ™" YoH OH OCH, OCH
OH OH OH

3-dehydro-shikimic acid Protocatechuic acid Vanillic acid Vanillin

!

Os_-OH OH O -OH O-_H
_UbiC__ _CAR _
Glucose . N OH
HOW
OH OH

OH
Shikimic acid Chorismic acid  4-hydroxybenzoic acid  4-hydroxybenzaldehyde

3 WMEVNLEHMEREXRRME=R
Fig. 3 De novo biosynthesis of 4-hydroxybenzaldehyde and vanillin in microorganisms. Aro Z: 3-dehydroshikimate
dehydratase; OMT: O-methyltransferase; CAR: carboxylic acid reductase.
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ABIFG ST UDP-j ZE L RO g , A5 22 BB bR
BEPERARAY B-D-HIA M, =R mR S
T 5 45, B-D- A AT AT i B S A A
2R Jhh, EILER P B AR R R A 2
KA MR TR, Kunjapur 4582 7 H [l F 5
PR (1) A= AR IR . I U 0L ] 0 e 37 4 s 1)
H L R

A kb 2= B, DU R OR g
(4-hydroxybenzaldehyde) i, W] LLE BT
T, BER . ORAE., THEE., B THE
V225 EE . R T 0 73 3 R 2L ik i
(Chorismate lyase, UbiC). X [ Bl e+ K
Nocardia iowensis J& it it /iy (Carboxylic acid
reductase, CAR) €J# A T.& ikis, mI LB
(R (Chorismic acid) # U AL U LA IR
(4-hydroxybenzoic acid). X} FRIEARFEE, ML
B LA JFURE K A n, LI 300
12 3-BREFEBREEMEEF

3-WAFERIMR (DHS) J&3F FiRiE 42 1 v )
ey, w2 AR R ELASER (Protocatechuic
acid) . & =% . JLAEr (Catechol). % & TR
(Gallic acid) &5 5 %55 & b4 i o th E R Be K
M AR Wy B R B 5 BT R AR 5 A AR A S A
HEXT R IR A . B IR R AR MR R iR AR
(Y G B A AT JE PR 2H 2 i L B R, B Pk
% DHS G iR T, LI KT kA K
DHSM 5 % 7 — Pl 3% 2 o 0 1) A0 35 0 JRR i
(Transcriptome-assisted metabolite-sensing, TAMES)
W&, DICH RGN, A% DHS A ik idds,
7T T It X A SRR it 4 0 32 1Y) v 3
e, DI ER] T DHS 425 1-2 50 &
BRSO e A I b, R T R
BRI DHS A& ¥4 Bl il e s B N T e LAt |
R A Y R B B TG, $2F DHS B JRE
71, BZARTS LAY DHS 77 4 it 100 g/L,
AERT 7 A M 9 B R e fb 2 i 35%. w5 DHS
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PR R A A T Ui 5 B R A IR LA B oAt 55 iR A
A=W AR G RIS AN . 76 &5 7~ DHS IS &L 40 i
JEah bzt e dliE o A N IR SIS R AR
SrASEEL T RLAE R . B ERR . ZEHEZ BRI
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Ire i e Tl Ak K A p ) R

1.3 2-FKIEEHEMEEF

2-7 % (2-phenylethanol) H.A W& i A BB
FEAER, B 2 TR BER . Ao . BEdk
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M b 2- R G EE LR HORFIR M (Styrene)
JoBME 2= B, TR G0N R A B 2-28 L BEME L
PAG . A=A W 2- R CBEMAs B T 22 600, A
YR A8 SR T ZE ORISR IR 2-7K L%
BN 1000 360G, AMTEUIT 2- R CRE R AR
A e,

HAR S h ZR W RA G W 2- R CRERY RE
71, nYesREERE Pichia fermentans., by ki v &4k
% £ Kluyveromyces marxianus . *f k% AR K 55
Cladosporium cladosporioides Al 7 ik Hi 2
Geotrichum penicillatum %% 8 7E & i 72 oh A
Sk R — s R 2-28 Z R0 R R I Sk A
) 2-R O, FEREAMZFERRIERHT, H
T 22K B 1 FRAEIER, HmREARAL, Y
A 0.4-0.5 g/L. 2 T T B3 P il s s o0 m ik 2B
Kaipksgm, nlR RO )5 B EARIR & 2-98
ZEERY AR, 7E S. cerevisiae HI /1, MR N
AWGIIF RN 2 R OB EE SR 2.2 g/L, 7= i 4
8.6%%*, Wang %I F S. cerevisiae GivR-UV3,
) AE K L R A 5 U 0 W B R R AR R 2
BURIREE S 2- R Iy - ik, Uk B R A AT A
32.5 /L. AN, 7oA M s T R R I A
Pl L-oR AR, 8 R A i 4 (Ehrlich
pathway) 2 Kl 4 THRIME A K 2-78 2 BE Y fig
T1o TELEWEAL LR R BRAE B 2-K LI 4 e
TEERAE SR HEA KRR, %
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T, L% TN 22 1 s B A R 5% 15 A AT R i
R IR 7 2-28 Wy B m R, iy LA B2 DA
F= 5 H AR B 1Y AT B A IR R 2-2R 2
B, JE— Ml HRaE T . 2014 4F Kim S57
FH4 R S 7 SCPGKL/SCTEFL, 7 oy sa i o &
A W1 v sk 3R R YR T R T I 1) AR T R O R
(Phenylpyruvate decarboxylase, Aro10) I
fit} (Alcohol dehydrogenase, Adh2), 7K MHNZ R
MBI ASR N BRI (Phenylpyruvate) $6L 2-4 2
s, JEEEAM TR Emd b Sk, SR
HEWE N EOR A 2- K 2B, IR 1.3 gL,

Guo SFEFI I Z: R 3- 5 4 -o- BT h A b B
FIRA-7- B AR AL N (aroG™) | /3 SRS AR ML
(PheA™) K N ERRRAE RN E i, 4%
B IRFIRMIREE (Phenylpyruvate decarboxylase,
KDC). &L (Aminoadipate aminotransferase,
Aro8) LI Kyt ik if 5 (Aldehyde reductase,
YjoB) SEFKAG TR DL 2-2K S WER KA
FREATAF] 1.1 g/L LA EBY 546 Machas 25 7E
KGRI T R 2R 98 4= )6 i 72 A
R I 2-2R CREHTRAR,, ZRARNEIR . K
N R . WEERR (trans-cinnamic acid) . 84 J .
WHEI L (Styrene oxide) S5 [ ATE K 2
it (2-phenylacetaldehyde), #% ) id A B 2-7K 2
W, i ATk 2.0 /L)) i 4 R .

2 RETFERAERNTRENE K

21 AEBRREMTEVBENENR

WHERR . NEERE (Cinnamaldehyde). PYAERE
(Cinnamic alcohol) K H:g2fb & W1E &R
2T AR ATl o Vannel i S50 55 T T AL 21 5%
£} Rhodotorula glutinis (1) 7% N % R /T 2 IR ik 2 it
(Phenylalanine/tyrosine ammonia-lyase, PAL/TAL)
FETE = 7 RN @ BRI R bRk, Sl T
DL RN ER G A ERR , B T R R A
fis E IR A RIS, WA T X R,
PRV T DAG B PR R I RN AR I, 7 B TR R
W5, Bang S5 o 75 77 AR N 2 R 1 R A i s |
A PAL . 4-75 5 Bt-CoA 2§ (4-coumarate-CoA
ligase, 4CL). PAH:%-CoA i J5ifiF (Cinnamyol-CoA
reductase, CCR), SZIR | AR & 0L,
=ik %) 35 mg/LP7, Gottardi 258 FRm R h ok
Fih3k B I IT Arabidopsis thaliana [ 8 24 R
fifr 2 M (AtPAL2). i R IKE Nocardia sp.[& 2
iR JEf (Carboxylic acid reductase, CAR). K}
FF 0 0 W 1R 02 9 2 B e L e AL 1 (EntD) AT
5B WO D ol , T TR RR TR P S T A R A
P8, Pan M| IR ML IR AR A2, 16 KT A
G T AR, 1A ERIR B BERE LA R il
(ATF1), ATDISEBL PR AERE (Cinnamyl acetate)

0
— 0 A\Irj\OH kpC (N0 apH e OH
Glucose U —_— U — |
= (6} = bz

Phenylpyruvate 2-phenylacetaldehyde

Aro8

2-phenylethanol

Q 0
o o
W014 PAL2 ©/%)J\OH FDCI ©.A\ styAB ©/QLYC_ ©/\¢ ADH ©/VOH
NH, *

Phenylalanine trans-cinnamic acid

4 WEMNIENETE
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(S)-styrene oxide 2-phenylacetaldehyde 2-phenylethanol

Fig. 4 De novo biosynthesis of 2-phenylethanol in microorganisms. KDC: phenylpyruvate decarboxylasee; ADH:
alcohol dehydrogenase; PAL2: L-phenylalanine lyase; styAB: flavin dependent monooxygenase; styC: styrene oxide

isomerase.
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BIA R, TR SRt tiAl, SRR INRERE - &
AT LLiA#] 627 mg/L, WL 529,

22 MNBEIBRHEMEN

X7 SR (p-coumalic acid) ANV 2 BT 2
NS S HEAE Y RN R ETAR , oy —Fh
AP TIsURE, T 48R 404k 2 i R R
Bl AR TR G RO B SRR A TSRS R Y AR 3%
7, Hoh— &R AAE R RN SR G A
(Phenylalanine ammonia-lyase, PAL) Ak 5 N
RARR AT 2 ke R LR RR , AR5 38 3 R RE R
4-3 4k (Cinnamate 4-hydroxylase, C4H) 4k
PR IR A X 5 TR 5 ) — SR IR AR A2 i 2 IR ik
fiff (Tyrosine ammonia-lyase, TAL) k& 22
A O TR, T PAL/TAL YAl AL 28 N &R
TSR I A, 20 Tl b I A OB B 22 1y e R 200
T PR B B o 3k PAL LKk BRI CAH,
TR AR AR FH i 20 B A AR S kI, FE RSN
1 mmol/L RN Z R E BT, v 4= % 0.065 g/L
DLy xoh 7 2 2 281 Trotman 25 75 i FF 1 v 3
KRR T AS L% EE Rhodotorula glutinis /9 TAL
T FH 4 20 A A D7 2% H TR PR 5 LR 7 TR
i AL 251 05 L 78 1 L Y A e v B A 4
50 g/L I 2 IR 5% Ak AE B 39 g/L MY X A HIR
TE R BERE T HEAT 125 L M AWk B B, e 24k
{75 5% 7 SRR R 7 it 12 kg%, Rodriguez
SETE PRI BE AR, 38 RO OR IR T 4 G AT
Flavobacterium johnsoniaeu ] TAL 53 & A%
T 1.93 g/L By A TR B A B A W]
e B v & U5 & AL G YRR -2 BF B -4- 7
B2 (E4P) fLZ5 R 2, @ik 5l A B IR % i i

(Phosphoketolase) 1) i& 45, 2K H % BB AT
Bifidobacterium breve %2 4% i (Bbxfpk) wJ
DI 6-58 iR SR 20 i i E4P I L BB IR , £ WEW
R ek A 7 FOBOIR ZE AT B Clostridium kluyveri
W TR ¥ L Tt AL MR (Ckpta) HEfL TIE L Z
Mi%-CoA, #EA = RIRIEFF o 8 2k f bR AR 45 S 1
IR (Glycerol-3-phosphatase, Gppl), BHW 2 Bt
BERR AL B L BRI A% o i — 203 1) 3 R 2 R
TR AR RN 2R 5 BOR AR T W E R 3Rk | A B S ot
PO IR BT IRAE L VERE R RN E R R R AR 1Y
B i S R, SEPX A SRR I RS AE N, R
KE 12 g/L Lh EBE

23 BEREUESYMEYZEEF

FHHZE (Coumarins), f&—RKHAFRH a-lt
W TR BEAZ () 05 PR AR, e RN o o
]BE, FORETZAET AR —F Al
KOG, BAE ELAEEHASNATR . %K
WEYTERY) . B E P IA LI, RAER
B EBUCERARR, FORGEWA R 425, 0fh
fRTEAAT L3R | PRIRAR L35 L MR 7 &2 23 RN HAth B G
HERW, FEREWHENERBEAN, W
o E-CoA-2"-#24L i (Coumaroyl-CoA hydroxylase,
C2'H) FIP#iMt-CoA-6"-F 21k (Feruloyl-CoA
hydroxylase, F6'H) WiFp5CefEE o5 ook 4-%&F
T 1k-CoA FIFEREE-CoA ¥4k, SRIG H 3 IR,
T R & B B R AR JE B (Umbelliferone) 1R
5 (Scopoletin). 7E K 7 FF 7 rf 2 32 3k g 2 iR
R A M (TAL) 175 S BE-CoA E4: (4CL)
DL K C2'H, LI a4 RGBT 0.002 4 g/L 1Y
IEHE; ¥ TAL. 4CL. 4-53K 4 R-3-5% 1L

o 0 0 0
WOH PAL ©/vL0H CAR ©/\\\)LH YigB ©/VOH ATF1 @’A\/\OJ\
NH, >

Phenylalanine trans-cinnamic acid

Bl 5 WMEME AR CERARED

Cinnamaldehyde

Cinnamyl alcohol Cinnamyl acetate

Fig. 5 Synthesis of cinnamyl alcohol and cinnamyl acetate in microorganisms. PAL: L-phenylalanine lyase; CAR:
carboxylic acid reductase; YjgB: aldehyde reductase; ATF1: alcohol acyltransferase.
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(4-hydroxyphenylacetate-3-hydroxylase A, HHA).
mn Ak Bt -CoA-O- H JE 4 & Ji§  (Caffeoyl-CoA
3-O-methyltransferase, CCOAOMT). F6'H £ K%
FRR TR, S DL A A AN T o B s A A
0.003 1 g/L Wy FF5>, & 6A R, b, F6'H
5 GST W E GG, Wik T F6'H R
R, DX SR | MiERR (Caffeic acid) F1
BRI A ) 23 015 3 T PR KR 0.083 g/L <1
il . 0.052 g/L HIHEEH 0,080 g/L A Er, it
— iR Re, ARSI E A B 0.066 gL
E‘J#ﬁ;@ﬁ]%ﬂ 0.061 g/L fy-L5% (Esculetin)®, Lin
o 54y SR 4 E  (Isochorismate synthase,
ICS) . 5 4 2 & 1N I iR 24 f# ¥ (Isochorismate
pyruvate lyase , IPL) . /K #% Bt -CoA % 4 il
SCL) FHME T i 245 ni ity
(Quinolone synthase, Pqsd)/HBk A& (Biphenyl
synthases, BIS) 1k i [ i 5% 4252 31| 9% B IR ik 12
b, R TUKGE (Salicyate) 1EKhEIA, &
W A-FRIAE ERHES, Hy7 88 050 gL,
i 6B BRI FEIER b, B E T BREREE (Ydil)
TE R AT B AT R K M E-CoA,  Fifi 5 R R 1%

(Salicylate-CoA ligase,

N, A 4 G B i e 31 0.93 g/L,
JAE A 1 i f A,

3 MARHe®meRNEREHR

31 =HEEFEMEN

= AR (1,3,5-trimethoxybenzene) 2 [F
B R FH SR 5T, J2EIZE =8 (Phloroglucinol)
R ALATT A= o 0 B v ) 8 == T3 £ 26 65 B
AR M RRE . fEXOGIR AR Pseudomonas
fluorescens & & BLIII AL KB & i PhID 2 5
2,4- " WEFE IR 2K =B (2,4-DAPG) B& L, W
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