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Abstract: Monoterpenes are an important class of plant natural products that exhibit a broad range of biological activities.
Some monoterpenes and related derivatives have shown great potential for various industrial applications (e.g., one of the
world ’s most commonly used flavour and fragrance additives in foods, medicines and cosmetics), which lead to an
increasing market demand for them. However, the low abundance or yield of most monoterpenes and derivatives in plants
renders their isolation from plant sources non-economically viable. To meet the rapidly rising market demand for
monoterpenes and derivatives, producing them by engineering microbial cells into microbial factories is becoming an
attractive alternative approach which can overcome the aforementioned bottleneck, making it more sustainable and
environmentally friendly. In recent years, these value-added products have successfully been obtained using metabolically
engineered microbes. Here the latest examples of biosynthesis of monoterpene aroma products in the engineered microbes
are reviewed . Furthermore, the current bottleneck issues and potential solutions are discussed. It is believed that the

information provided here will make a significant contribution to further advancement of the microbial production of
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monoterpene aroma products through metabolic engineering.
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Overview of the biosynthetic pathway of monoterpenes and their derivatives in microorganisms
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Table 1

The production of monoterpenes and the related engineering strategies in microorganisms
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GPPS FI#7 45 4 & it (limonene synthesis, LS)
M4 N SR 54T — B ) 3 4, Xob 3 B ) )7 4 64 7
MRS R T HE s B A AL TE D . SE IS5
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mg/L, SAXAEANME 33k MVA 12 b, S5 R s
BIP= A58 I BT, SR X = T RRIRE A 555
PRI BTSSP AR S AR PR AL T AR
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AR T AR I RENE SRS B AE T oh BY BE
R, JEA pIghE A KR EA LT Bl AR, it Ay

RIFACE AR B2

221 MRACKEESHE  REBHE K E T 2 B AT
AU R A A0 fie M S DG IR B S IR A 7 A A2
W I, VTS EGRIE T 26 B X g HIS L B TR B
RE AT AR EVE A, 7R A S R 38 S0k (iR
B pH. . WITRAHALEE L . BRG] X TR kR
1T REEAALRES, B T BeAEm) T 2540 KRR
20 °C, ¥4 250 r/min, #J4f ODg,,=2.0, pH 5.74 Fk%
FERARFE 50 mL(250 mL FEHR ), IE+ ke A FR
10%, 5320 E] 5 d, MgSO,-7H,0 e 0.2%. L5
TR ZRAR Y DTG FN LA 48200 i) i v e i oy
JiRE] 11.705 F1 11.088 mg/L.

FRMHGE T 5 A PR TR 5 i R SR T BB AT X 25

PHETIBAET AL & 5 372 07 SRS SR IR ATk 42
FH R R CAR B AR A 7P RE, SETTHE i 78 i)
7E R a X R AT T TORR T AR AT R A I B
(ODg=2), 48 h Ja =ik F| 68.6 mg/L; 3 4P
PRIEA TR M & iR 3%, TPTG 55 S h, Fem i
F| 78.8 mg/L. b. TEA #APFEIINEOLT, KIGFFEE
40 i 2% H5 52 R T IR Ek, AT AR 3 & Ik 5L T g
(Acetylesterase, Aes) ML LR HEF (b A LA
Bs T, X AT R TR BRI 2D Lk
Fg (1 48 h A5 1A WAL, FERRI 2RI BEAS 2 Y 2510
NRERER SR S TRESR, S AERMNEL R IR IS A R
S 1.27 g/L(88.8%) Y] LR E W HRE% b A i i, 7
PEEAY L= R E] 2.0 g/L.
222 RALIEFREERIE AR ASHE TSR SR A A
1) FH fi B IS O e I ™ Dy s T T R R R SR 8 5 A 4
HEL H . SUREEATERR (55 20 o/L) Sy BIVE R —ak
PEXT A HA RRNE IO R B I 52 0], 45 SRR AR
R G BOF R 77 B d i, 77 d A4 I T (dry
cell weight, DCW) 43511k % 2.52 mg/L Fl 356 ng/g.
JIIMNAIREE T 10 g/L #PERREL S 10 g/L 2k, H
VSRR VR A TR T A0 A A 1 B B AR B 1) 5
mie, X E B PASE IR ER R RT AT AR A s i 2 i A
AT By, Mo RERE R =i 5 LA 20 g/L AP IR ER
VERME—IRZHAH LU LRSS . B, T AR
TELL 20 g/ FPEEER EL FIT 8 /L DN & £k >4 5% YR Bt
AT & R R e R s, R8T
6.96 mg/L.(939 pg/g DCW)

TEBLIERE [, AR ASHR T A AL 58 A BA P> 4k &)
S i BIS D B AR RTRR AR P AT A2 1 L I A A A T
Tk, EAEIRIE T 8 MWIAR M E R 20 g/L AR
CH I . A0 . Frissie . SOb . 22000 . mivk . H &g
FEFIF U ) X i Hig HIS QI B AT A I s i), 445
IR LA H i A BRI -G AT A s 00 7 e B e, Ik
F] 1.74 mg/g DCW, FE i 7EREFRIL P EIIAS F4#)
AR EE (10, 20, 30, 40, 50 g/L) By H il A 3R o5 U5
R B X5 i i B Ll B A PP s I I 2 i), 45 SR B,
I EGHEEE SRy 20 g/L 09 H i 2H & AT 8 1Y re B B
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=5, 353 1.47 mg/g DCW; I WSS EIBE 5 Himwo ih vk
BERTH S, A a ik B E A I TR s 2 B R e
HERMEG . AR, ZHBAAERIT T AN AGH I (0~
4 g/L) BIFFPIEETIREL . 4 TRER | TIBRBRER FNSE SRR ERAE
Ay BABUE Xt ig HIS E Iz B A A A s 1A 5 i 1O,
5 SRR AW MEACE H 4 o/ L BIFT RS RREL LA M i Bl
i R B AT A M ) 7 i B vy, 58] 58.4 mg/L, Lk
XTREAH i 1.39 %5 . FeJa 1% A BA A H /e b 3 22 ak
5, FEAN T IR IEA IR, 76 1.5 L AT it 74y
HERMEL R TR, A L k) T 165.3 mg/L,
X IR H AT Ay 1A HIS DR B 57 Y55 IS 4G4 1) e
[= Y

WHT A AP AU SRR FH AL R i 5 55
T2, o R P R 7= 55 A I T PRI DR T g S 5 75
FEFRHL TP TRE SR, I BRI T Tk, 45
FEHH RN A B IR T B o Al A = 5 AR PR B
ARI: BOINPIERAER (4 g/L) 20 I35 REms i) fe v re ik 2]
21.01 mg/L, ¥ HNH 32 3GHR N R (70 mg/L ) 2H 5 A% i
M= ik F] 23.45 mg/L.

ARPITJEV N, AS R B AT L R BE J1ASIH], 45
Fh RO F FARCR Z Al tuAE 22 R, I B AR 2H 43
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