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Abstract: Isoprene emission can lead to significant consequence for atmospheric chemistry. In addition, isoprene is a

chemical compound for various industrial applications. In the organisms, isoprene is produced by isoprene synthase that

eliminates the pyrophosphate from the dimethylallyl diphosphate. As a key enzyme of isoprene formation, isoprene

synthase plays an important role in the process of natural emission and artificial synthesis of isoprene. So far, isoprene
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synthase has been found in various plants. Isoprene synthases from different sources are of conservative structural and
similar biochemical properties. In this review, the biochemical and structural characteristics of isoprene synthases from
different sources were compared, the catalytic mechanism of isoprene synthase was discussed, and the perspective

application of the enzyme in bioengineering was proposed.

Keywords: isoprene, isoprene synthase, biochemical characteristics, structure features, catalytic mechanism
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WAL M TN 5L — Wk (Dimethylallyl diphosphate,
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M 8% A AR i T80 s e A [
T2 1Y IR A A AL, FLJR S
A F B HRE AT B 1 BGE pH (pH 10)8,
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RE A 1 57 30 0 AR R I 1) A1 PR 45 4 i 44
W B A B 25 00 1 1 — 2SO MR S 1 AL
HRFN =% 2T UK LB R 2R B, 4 )y
Tps-1 F1 Tps-11E7381 1 e %5k 24 1 G
HRIE Tps-1 ZERIAY, A7 /D B00E 286 o8 1 [m] s 2L
A Tps-1 #1 Tps-11 PIFHERI A Shfgll. S 4h, R
P Tps WAL TIRE . WML E N . R T —HELL
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Table 1 Comparison of biochemical characteristics of Isps

Km for DMAPP

Source of enzyme Mr (kDa) PHopt Topt (C) Metal ion requirement Gl
Populus tremuloides 120 8.0 45 Mg?" > Mn?* g1l
Mucuna sp. N/A 7.8-8.5 N/A Mg?* > Mn?* > > Ca?®* 190!

Salix discolor 73 10.0 N/A Mg?", Mn?* glt7-18l
Quercus robur 95 7.3-7.7 50 N/A 0.5314
Populus alba 62 8 40 Mg?* > Mn** > Co** 8.7l
Populusxcanescens 51 7.5-8.5 40 Mg?* 2.5+0.1[%2
Pueraria montana N/A N/A N/A N/A 7.7

Heath star moss N/A 8.1-9.1 37-43 Mn?* > Mg?®* 0.37+0.2816
Bacillus subtilis N/A 6.2 35-40 Mn?* > Mg®* > > Ca®* N/AL]
Eucalyptus globulus 66 N/A 40 N/A 0.1612421
Arachis hypogaea N/A 7.6 34 Mg?* 18.3+6.538!%!

N/A: data not available.
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Pclsps:
Fslsps: isoprene synthase (Ficus

thase and other terpene synthases.

isoprene syn

Multiple sequence alignment of i

1

Fig.

Palsps: isoprene synthase 3(Populus alba)®";

synthase(Populusxcanadensis)®;

septic)®; Mnlsps:

irgata)®: TwTps22:

lunatus)®?: EgMts:
synthase (Medicago

isoprene synthase (Ficus v

; Fvisps:

i S) [30].

ipterygium wilfordii)®; PIBos: beta

Isoprene synthase (Morus notabi
monoterpene synthase (Eucalyptus globulus)®®;

thase (Phaseolus

-0cimene

-ocimene syn

terpene synthase 22 (Tr

/myrcene

(E)-beta

MtEBos:

truncatula)®¥; OeTps3: terpene synthase 3 (Olea europaea)™.
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F Tps-c HhB¥. Horp 1sps J& T 1 BG4 iU
KPR TF Tps-b i1k 4y £,

H A Pclsps Fl Ptlsps 4 S 4 45 1) © 4k
Br, BN Bk IR T 24 28 K ¥ Populusxcanescens
FIZEW 1114 Populus tremuloides A, HX
it Isps (1492 LR )7 41 HA 98.5% 1) — Bk P4,
3 A X PRI ) 2548 2 BR, AT ELAT TR AL
M, ESRHA o BB, BT N
AU o-FIR Yy T AL 26 AT S, WA
ARG WAL S IEPEALS A C K o-18Ess
MELEA 1 BRERG R S, IF Bk
R C s LA A AR B A FTE L — R AT
o ST Pelsps Z5F KR, e C vl batth
W EAMANFN SR B TSGR Y, — 1 EE
B RAHARR DDXXD P41, 53— A& “NSE/DTE”
F51] (NDXXSXXXE), XA AEAEY) . 4R
FLRRIR RSB IR, R G e
R B B — A AT X AR AR P 5
BB, i — RS A AT P AR
KGPRINTH, WA R I B SEA SN F)
Ve ISR A

AN, FERIIEE B C AN TG
S A AR RN AR, e 50T
TP A7 A B R iy, 3 5 JRC AR A AR i
T 4SSN, AT RHLIE E DMAPP 35K Y JEE 9
52854 X SRR IEHAEET Tps-b
I B B ik # HA A i A g b, R
EATRIRY K, & Hhesl & BA 3 2 E 11
B S R A B IR . TR, MK Sl 2 S R
R LI E S I M A e B2

3 FRK e AR AL
WfE 1995 4F, Silver % HECLH 5L 0
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H G R R E T (I Mg® . Mn?*
45) fih % B9 DMAPP £ g F2 . 5d i 4047
PcIsps 542518147 DMASPP (DMAPP Hifia

B AR TR SRR T) A& 3 A4 Mg™*
e 5 A (Pelsps-(Mg?)s-DMASPP) 1
IRG5Hy, & DMASPP 5 Pclsps i&PE 47 & 1)
IR A, HAERE IR B A R RE S
Mg® T R I 2 58 ;. Mo 5 54 8 B 745 &
J3 Hh Y 2 S R T B IEC AL BT 45 A A I M A
PR (R 2), — e T RS AR, Y
W5 3 &R BT 4E 2NE N SUE BUE A K
Ji TS 140K R TBOIR S 3 28 S  AMR
A, e X — A AR T B Ak R R R
P Bl T 7~ R i) Al B YA K, DA 3k o il 2
b PRI i s T S 1544400

> Arg500

ASN302% 8.Glu497 ‘ L Glu423

:z‘ ] Asp349
——
T |

Mg, e
Ser49F 7 =am
LJArgd86

/= Phe420
Mg § Asp346

Asp345 %2

DMASPP } |
e RAT2308
[[Tyrses :

2 RXWIMGFIX G E B EG(Pclsps)iEEH L
&MU (DMASPP)FI Mg®* By 4544

Fig. 2 The structure of active center in Pclsps-
DMASPP-Mg? complex. Atoms are color coded as
follows: carbon: gray; nitrogen: blue; oxygen: red. Mg**
appears as magenta sphere.
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XA 2 R, S TR
A2 TR 3 3 T B U IR v A 2 2o T 2P
RNAERIE (K 3). 78 Isps BIEILIETT, JEY)
DMAPP JE Jili M P4 5 Rl 1F 25— Hh [R1AAC 368 20 it
B HBRAILHI I L AR B B (PPI), AAJS 4G
PR B0 RS A C3 R A R TR, TG
PR X VT 2 B G T P S I 2D TR
— . AL R N R, IR S A
C3' W T T A E B U B, A
B, 7E X B AR R T SRR A 2 B R R )
DMAPP [l R ELI . F 4k, %I Pclsps-Mg®-
DMASPP & A RS5 ) BF9E & 3, DMASPP L)
LIe IR RS LE A3 Pelsps |, XML
DMASPP [ o~ iR i A 1) 48051 3 hn il .3t
JEF, i E B DMASPP Xt 2 34 B ML il
AN, A1, Isps FEAE LI AR H HAT IE B
[FI1EF o Isps SR AR @ 1 C i Ak 35k 1 AH AR
FHTIE BRI 8 — R4, 7E Pclsps BF5Er &R 8L,
MY Sz GG, RIR R R T — W
G AR, TEPIA BAR Z RIBTE L T 2 A& A

0 O
0\“ [ 2P0
P—O— P
/ \\“
0

o

B3 Isps fEWHLE (Isps ELERRK-GERBTHREZ

4 AEEBF o IR LB LS AL VR IE S Isps HAT IE P}
[F) 1 FE 0 %y S i 045500

4 RR-Ne RS E AT RK N
M

AR ) KARHE RO 5 ) S I 0, A T
A HER R R Z o 600 JRFE/AFE, MM T4
VIR 035 ALY (Biogenic volatile
organic compound, BVOC) HEJi iy 1/354,
S RO e A ) B —E PR, 3
7 Fof b, Xof AR 7 AR R 5, DA — 0
B 2 I, B ZAT A AT T KR
P T AE

H—, MHREM, HARIA N EA R
M HERE ST, X TS 32 B R ——Fih
PRI, IR R B BE Y, B
Th, @i 13 MY MY, A—Fn

BRIGHAYI VAL 4% 1) 5 & A ) RE W8 HE il 7 13 —
W, AREATRHERE ) B 2 508 Xy R
IR s B HE RO AL W R B I A T 1, B

0 (0]
. +0,PO :
\\ O \\ O

Deprotonation

WERhEREERmTRNSE, &%= DMAPP

B IRE R T R EREBER, KER G ERFUERTRIE)

Fig. 3 Catalytic mechanism for Isps. The generation of isoprene by Isps occurs in two steps via an allylic carbo
cation intermediate. First, iPP is removed from DMAPP by syn-periplanar elimination reaction. Then, the Cj'is
deprotonated in the assistance of the removed diphosphate group serving as the general base. Eventually, the isoprene
is formed.
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PLHA AT B AR . T 06 TS50 A HEROW A
WIRIFERD, ERTE AR R . XTI R Zm
MR, WAL T %, B, A5k
SR T AT DL S 5 SN T I Bk 2 R
PA IR L 77 A S T S T R P 5 2 0 R R 3¢ 796
PR E 22, T UM R T HE Y, T B
1 B2 25 4 HE— 25 T ARGl ) 375 4 4 T 450 105
Wy A, A SOk B HE RS I T L
TRPOX BRI AN SZ R I R SRS IR R
(TR ;AT LR S B B LA BE 66 B0 5 5152 i A
g s AT LA k] M S T B S 1 A
£ 56550 b X S I T R R TR R AT R 5
HEAL A HT BT T, T A SRR AR HER RE A1
A5 N ST A% A 0 HE RS I 0 LA
e

o AR KR R R RO RS A
PR R, TR A . B
S IR TR 5 KPR A HLRR L A HLAS R
Uk, MK TR ESA R e R I A
W A HLR B Sl R
PR 5T % B, 1sps A AL T B I — 4 1 1 2
SRR AR, W RGBS Jr2 | AR
R AR . A 5 9 AR B AR g e e 2 6T
Isps (1935 VEAZ DG IR L IRLEE | AN N ALk
Ji 25 R 25 £ s 9298000 T A o Sk e e 4 PR 2
FRRABIZE , BFFEN B R o vt i 57 % —
ST HERTA | LU AR B 5 0% — I HE I 25 <
PR 3 i O

5 RRSGARBEALIARFER N

S I T — R A TR, B2 N
AT 28U, B L5 I o BE a4
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BE VA IR A RS WG AT, W TS
AR | 24 | BE2h | Rl K Bk ) e o 4 02081
HET, 506 M 32 S8 30 ik A v O e
SR A2 A BOE (BAE R T - R
WL CH-INERTE . R R A% C5 184
APGRIBEA T . SR, BEE AT SR H g3 A
Uiy, T RB B S I B LR R 2 iR
Fi 0 BR AR AT R R A 0 e A T SR
W EA LT W, TS ER R MIE ML
LT IR B T2 e AEARIE

LA A W ik A 7 S I s T DA 43 Sk T
IS, TR 2-H L -D-IR e IE-4- R
4% (Methylerythritol-phosphate pathway, MEP)
B R IR ER %4 (Mevalonate pathway, MVA)
& BT AY) i DMAPP, DMAPP 2 Isps b IE
S K o IR ) DMAPP ASBE B ) e fk
MR, 2% e A MlE stk . Hitk,
Al £ 1sps BUMEAL AL, It DMAPP 4L L 7
T8 R AR T AR e A ) R AR T R
I 7 ) B

PRI, 3 2o 2 P e TR s S 3G 0 5 Bl
EHATHS I E S 22—, BIXF Isps BEATME ML
TE PR S M, AT SE AR A P R = RS R
1% =g BT %) B A (Poplar) B
(Kudzu vine) BiMHIYIKIGRIRE Isps AHFFT 4L
FIRA, HC 2T T Pclsps Fl Ptisps (1 A4
P o FEIXSE T AR SR b, 382 88 1 5 T AR el
S S L T PR TAEE 2 S T —
SERG A, AnXP R IE TR 145 Populus alba 19 1sps
HEA TR , BT 41 N R 3 Y L9OR 58748
PRI P A S 3 TS i Salix alba, Salix
babylonica I Y Isps ) S288C R AF At HL AT b
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WPAE RVH R R E PO A, AT AE R
78, B 4% Populus alba SR Y Isps 7 FR TG
Saccharomyces cerevisiae W ikH: =7
W, @il — RIMCEIEERA LS, TERRIH A1
TESR 24 h FI TR REBEIA S 23.6 mg/L. M
FEMCIEAS b AR Isps Ao AL ATL T A28 44 45 BN
Hilt e mk b, &3 AST0T/ F340L 878 #k
HE PRSI S R R AT LA F) 50.2 mg/LO T

R TR BTG Isps, DA H SR IR B L
JEE v % BB Y isps L2 H ARSI 5T s 2 — o 14
n, RMEIEPH isps AT T REEAE T FIE
#i s 7E KW 1 Escherichia coli i 5 ik 48 4=
Arachis hypogaea isps REf# 5 5 — I 19 7= 2 5
) 35 mg/(L-h-OD) T3 il i 7 5 e 0 1 A
EA RS Isps 1 PEAL SRR BB 285 T
PRI T 9 R B ALY isps, If Hax sk
isps TE R I b Rk 5 HAT 6, e rb i A4
Eucalyptus globules Isps f#) Ky, HoH At EL AT 1sps
AR, Brapiss R B, H% Ipomoea batatas .
1 H Mangifera indica . £k 3£ Elaeocarpus
photiniifolius ) Isps #FAETE KM HT I h Kk I
HAEATEME, HHEREW Isps =R
ARE UL T E R . B IR Y 1sps P 5
Gh, BETHPIRIER Isps 4b, ATHRES T A
i B A= W ok R G Isps, ) QRS B ZE AT
B. subtilis (LB LA Isps 6 M, B A& pH
6.2, FF H BT T E R M BHE T KRR
(100 mmol/L)™ ) Ak ik Ak A 1F S e T 4
(5 I3 25 A 423 o TR BB A M Al R 2R R AT T
() Isps bt LA, K HERE T A B AR 7 5
TR RS AT m Y

TN, TEPEEE A AR M A )
XN A 5 e s B S L ™ =
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I ) TR R PR B S AN Y isps REfE
TEZWMA Y 2R3 PRI isps 76 AT
P ifs B — B, AFE DI R e A B S A
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