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Oxidosqualene cyclases in triterpenoids biosynthesis: a review
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Abstract: Triterpenoids are one of the most diverse compounds in plant metabolites, and they have a wide
variety of physiological activities and are of important economic value. Oxidosqualene cyclases catalyze the
cyclization of 2,3-oxidosqualene to generate different types of sterols and plant triterpenoids, which is of great
significance to the structural diversity of natural products. However, the mechanism of the diversified cyclization
of 2,3-oxidosqualene catalyzed by oxidosqualene cyclases remains unclear. This review summarized the research
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progress of oxidosqualene cyclases from the aspects of catalytic function, molecular evolutionary
relationship between genes and proteins, protein structure, molecular simulation and molecular calculations,
which may provide a reference for protein engineering and metabolic engineering of triterpene cyclase.

Keywords: triterpenoids; oxidosqualene cyclase; molecular evolution; catalytic mechanism; molecular simulation
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Biosynthesis pathway of terpenoids and sterols. Multiple arrows represent more than one reaction

step; 3-hydroxy-3-methylglutaryl coenzyme-A reductase: HMGR; isopentenyl diphosphate isomerase: IDI;
geranyl diphosphate synthase: GPPS; farnesyl diphosphate synthase: FPPS; squalene synthase: SQS;
squalene epoxidase: SQE; cyloartenol synthases: CAS; lanoaterol synthases: LAS; cucurbitadienol synthases:
CDS; a-amyrin synthases: a-AS; B-amyrin synthases: -AS; lupeol synthases: LUS.
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Table 1 Plant oxidosqualene cyclases (OSCs)!'!!

OSCs Species Gene number  Catalytic function Fold Ring system References
TfCAS Trigonella foenum-graecum L. KX148475.1 Cycloartenol CBC 6/6/6/5 -
CASl1 Arabidopsis thaliana At2g07050 Cycloartenol® CBC 6/6/6/5 [12]
DzCAS Dioscorea zingiberensis AM697885 Cycloartenol CBC 6/6/6/5 [5]
OsOSC2  Oryza sativa AKI121211.1 Cycloartenol CBC 6/6/6/5 [10]
ACX Adiantum capillus-veneris AB368375.1 Cycloartenol CBC 6/6/6/5 [13]
CASPEA  Pisum sativum D89619.1 Cycloartenol CBC 6/6/6/5 [14]
CS1 Avena strigosa AJ311790.1 Cycloartenol CBC 6/6/6/5 [15]
BPX1 Betula platyphylla AB055509.1 Cycloartenol CBC 6/6/6/5 [16]
CAS Kandelia candel AB292609.1 Cycloartenol CBC 6/6/6/5 [17]
PNX Panax ginseng AB009029.1 Cycloartenol CBC 6/6/6/5 [18]
CAS1 Abies magnififica AF216755.1 Cycloartenol CBC 6/6/6/5 -
BPX2 Betula platyphylla AB055510.1 Cycloartenol CBC 6/6/6/5 [16]
CAS1 Glycyrrhiza glabra AB025968.1 Cycloartenol CBC 6/6/6/5 [19]
CsOSC1 Costus speciosus AB058507.1 Cycloartenol CBC 6/6/6/5 [20]
CPX Cucurbita pepo AB116237.1 Cycloartenol® CBC 6/6/6/5 [9]
CAS1 Luffa cylindrica AB033334.1 Cycloartenol CBC 6/6/6/5 [21]
CAS Polypodiodes niponica AB530328.1 Cycloartenol CBC 6/6/6/5 -
OSC5 Lotus japonicus AB181246.1 Cycloartenol CBC 6/6/6/5 [22]
CAS Rhizophora stylosa AB292608.1 Cycloartenol CBC 6/6/6/5 [17]
RcCAS Ricinus communis DQ268870.1 Cycloartenol® CBC 6/6/6/5 [23]
LSS Arabidopsis thaliana DQ508794.2 Lanosterol CBC 6/6/6/5 [24]
PNZ1 Panax ginseng AB009031.1 Lanosterol CBC 6/6/6/5 [25]
LAS Lotus japonicus AB244671.1 Lanosterol CBC 6/6/6/5 [26]
CPQ Cucurbita pepo AB116238.1 Cucurbitadienol CBC 6/6/6/5 [9]
SgCbQ Siraitia grosvenorii HQ128567.1 Cucurbitadienol CBC 6/6/6/5 [27]
OsPs Oryza sativa AK066327.1 Parkeol CBC 6/6/6/5 [10]
CrMAS Catharanthus roseus AEX99665.1 ~80% oa-Amyrin CCC 6/6/6/6/6 [28]
MdOSC1  Malus xdomestica FJ032006.1 ~80% a-Amyrin CCC 6/6/6/6/6 [29]
OEA Olea europaea AB291240.1 a-Amyrin cCC 6/6/6/6/6 [30]
GgbAS1 Glycyrrhiza glabra AB037203.1 B-Amyrin CcCC 6/6/6/6/6 [31]
EtAS Euphorbia tirucalli AB206469.1 B-Amyrin CcCC 6/6/6/6/6 [32]
bAS Artemisia annua EU330197.1 B-Amyrin cccC 6/6/6/6/6 [33]
bAS1 Nigella sativa FJ013228.1 B-Amyrin® CCC 6/6/6/6/6 [34]
OXAl Aster sedifolius AY836006.1 B-Amyrin CCC 6/6/6/6/6 [35]
AMY1 Lotus japonicus AB181244.1 B-Amyrin CCC 6/6/6/6/6 [22]
BPY Betula platyphylla ABO055512.1 B-Amyrin CCC 6/6/6/6/6 [16]
bAS Bruguiera gymnorrhiza AB289585.1 B-Amyrin CcCC 6/6/6/6/6 [17]
AS Euphorbia tirucalli AB206469.1 B-Amyrin CcCC 6/6/6/6/6 [36]
PSY Pisum sativum AB034802.1 B-Amyrin CcCC 6/6/6/6/6 [14]
bAS1 Avena strigosa AJ311789.1 B-Amyrin® CcC 6/6/6/6/6 [15]
AMYI Medicago truncatula AJ430607.1 B-Amyrin CCC 6/6/6/6/6 [37]
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(E=B))

PNY1 Panax ginseng AB009030.1 B-Amyrin CCC 6/6/6/6/6 [18]
PNY2 Panax ginseng AB014057.1 B-Amyrin CCC 6/6/6/6/6 [18]
bAS Polygala tenuifolia EF107623.1 B-Amyrin CCC 6/6/6/6/6

LUP4 Arabidopsis thaliana At1g78950 B-Amyrin CCC 6/6/6/6/6 [38]
TTS1 Solanum lycopersicum HQ266579.1 B-Amyrin CcCC 6/6/6/6/6 [39]
LUS Bruguiera gymnorrhiza AB289586.1 Lupeol cccC 6/6/6/6/5 [17]
LUSI Glycyrrhiza glabra AB116228.1 Lupeol* CCC 6/6/6/6/5 [19]
RcLUS Ricinus communis DQ268869.1 Lupeol® CCC 6/6/6/6/5 [23]
KdLUS Kalanchoe daigremontiana ~ HM623871.1  Lupeol® CCC 6/6/6/6/5 [40]
0SC3 Lotus japonicus AB181245.1 Lupeol® CCC 6/6/6/6/5 [22]
OEW Olea europaea AB025343.1 Lupeol CCC 6/6/6/6/5 [41]
TRW Taraxacum offificinale AB025345.1 Lupeol CCC 6/6/6/6/5 [41]
BPW Betula platyphylla ABO055511.1 Lupeol CcCC 6/6/6/6/5 [16]
THAS1 Arabidopsis thaliana AY327541.1 Thalianol® CCC 6/6/5 [42]
KdGLS Kalanchoe daigremontiana HM623869.1 Glutinol® CCC 6/6/6/6/6 [40]
KdFRS Kalanchoe daigremontiana HM623870.1 Friedelin® CCC 6/6/6/6/6 [40]
KdTAS Kalanchoe daigremontiana HM623868.1 Taraxerol® cccC 6/6/6/6/6 [40]
PNA Panax ginseng AB265170.1 Dammarenediol I CcccC 6/6/6/5 [43]
OslAS Oryza sativa AKO067451.1 Isoarborinol CBC 6/6/6/6/5 [4]
TTS2 Solanum lycopersicum HQ266580.1  Mixed products™'? CCC  6/6/6/6/6 [39]
KcMS Kandelia candel AB257507.1 Mixed product52’3’l CcCC [44]
PENG6 Arabidopsis thaliana AB274959.1  Mixed products®>>>YC  CCC [45]
AMY2 Lotus japonicus AF478455.1  Mixed products>"'  CCC [37]
CsOSC2  Costus speciosus AB058508.1  Mixed products>*>!"Y¢ cccC [20]
RsM1 Rhizophora stylosa AB263203.1  Mixed products™'? cce [17]

Note: superscript lowercase letters denote respective OSC transcript abundance in specific tissues as determined by reverse
transcription polymerase chain reaction (RT-PCR), semiquantitative PCR, or northern blot analysis. *: all tissues; ": root tip
(epidermis); °: leaf and fruit epidermis; *: nodules; ©: epicuticular layers of leaves and stems. Superscript numbers denote the
products of OSCs that generate mixed products, with the numbers for each OSC listed in the order of the products’ abundance
in gas chromatography—mass spectrometry (most abundant product listed first). ': p-amyrin; % lupeol; *: a- amyrin; *: §-amyrin;
5: Other cyclization products; C: additional uncharacterized products. Asterisks denote a predicted product. Abbreviations: CB,
chair-boat; CBC, chair-boat-chair; CCC, chair-chair-chair.
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Figure 2 Neighbor-joining tree of oxidosqualene cyclases (OSCs) from diverse plant species. orange:
tetracyclic triterpenoids synthase; light blue: pentacyclic triterpenoids synthase; red: cyloartenol synthase;
purple: lanoaterol synthase; rose red: cucurbitadienol synthase; pink: parkeol synthases; blue: B-amyrin synthase;
cyan: a-amyrin synthases; green; lupeol synthase; gray: other pure-function OSCs; brown; mixed-function OSCs.
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eI E R (squalene epoxidase, SQE) LIk
EfEM (squalene) MR, Ffid 3Rk =G

R4 RSP UPC2, EBRINTREY erg7

BRI, ER AR T ARIERY T A 63.00 mg/L.

TERE ) T3 =ik A5 06 5 T, UA 2L
o5 R A Ay B R 1 M (1 1 T e B L ER
=AY . Lu FPE S AT K EE
(Catharanthus roseus) R OSC Jiff CrMAS %
FHETE (Medicago truncatula) HJF ) CYP450 4
LT CYP716A12 FIHURIIF CYP450 if )it
AtCPR1, JFR ISR RS MEL R RS
T2 UA F1 OA P73 8 123.27 F1155.58 mg/L,
Hrp UA 1Y)77 02 2 0B i e s ™ &

GA 1 OA Y2 L4 B-F NG N 7T 280
FRCRGERUEY) =LA . Zhu S5FPIERRT
BB ASCR T E (Glycyrrhiza glabra) B OSC
i GgbAS1, DGR T ER CYP450 X
uni25647 Ml cpy72a63 RS EHURHE (Gheyrrhiza
uralensis) ] CYP450 it J5ifili GuCPRI1. 1k
HY AL AR R, S dtAVE R, GA P A
| (18.9+2.0) mg/L. Zhao Z595| ASGHH 21y
2 OSCsEE=mELEMMMIT &M+ EIR A

OSC Hff GgbAS1 FIER H 15 CYP450 Rl
MtCYP716A12 MtCPR, Jf-id %k tHMG1,ERG9
(SQS) F1 ERGI (SQE), H4mimE:4mp 1.,
BZAfE OA 7= ik F(606.949.1) mg/L.

3 ZHEAENEE SN

3.1 ZiERMLEBRIE B S EM
A = W2 A BT FE L S0 B B 8 E
[ 2 DMERIEBS T, # OSCs BEZ 543 15 55 e b
BRI HE F 2 ANFE, DUR S B 2
TR AL T AR | 26 5 i
K= 5. LIRS R BH B 7R A ] (R R
AR o- R REEE . B-F W IEBE . P A
A=k . A, OSCs il n] =270 R PURS =ik ATl
MR =AW R TES BRI EY AR,
DUER =il AL 2,3- b B EE CBC 44
R SEE (FLIE L A . FRBTHIEE (F) FH#
P IR (R SEDURR =G TE =aE A A R
WSS S IR EAER, RS
BRI SE-CCC M4, ARG IMEE A2 AR
AR IR =G . —BoRkUl, PUIR =i A i

Table 2 Application of oxidosqualene cyclases in the synthesis of triterpenoids in cell factories

Triterpenoids/sterol OSCs Products Product ratio Production
Cholesterol T{fCAS Cycloartenol 100% Not reported
CASPEA!'  Cycloartenol 100%
Lssi4 Lanosterol 100%
ERG7P% 7-dehydrocholesterol 100% 1.07 g/LBY
PPD PNA[43] Dammarenediol 1l 100% 8.09 g/L[Sz]
Cucurbitadienol SgCbhQP" Cucurbitadienol 100% 63.00 mg/LP™
cpQ™ Cucurbitadienol <100%
UA CrMASEY a-amyrin ~80% a-amyrin 123.27 mg/LP¥
MdOSC1*!  g-amyrin, B-amyrin ~80% a-amyrin
OEAP” a-amyrin, $-amyrin, taraxasterol 50%—-80% a-amyrin
AMY2B7! a-amyrin, lupeol, f-amyrin <30% oa-amyrin
GA GgbAS1PY  B-amyrin 100% (18.9+2.0) mg/LP*Y/
OA (606.9£9.1) mg/LP!
Betulin BPwW!!6! Lupeol 100% Not reported
KeMSH Lupeol, a-amyrin, B-amyrin 50% lupeol
RsM2['7 Taraxerol, B-amyrin, lupeol 13% lupeol

Note: the source of OSCs in table 2 can be found in table 1.
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FEAIE LSS R RS R AIH S = RHATEAI R, R A OSCs B EA
WA B =05 A EAR o/p-FMIE  DCTAE M3 QXXXGXW (QW) 255 (R <THY

=3 SIS =3 /% PN ~ — N
P T . o)l B T FriEhResl, He, X REBLEEAIER (& 3).
AR OSCs Migrp e LA MBI A i OSCs WA AT 30 5 M9 A8 2007, 5T
60 70 80 90 100 _
TfCAS SID[p) KENP...... MGEV[IPK KD V] EESVITTLRRALNF D
CASI1 §AD RENL...... ISPVLP|Q EDT EHMVETTLKRGLDE D
DZCAS  [S|S|h) KHNP...... LELTILP[Q RDD EHAVT/TTVRRAIISR D
LAS1 SSJD KEKGKGMERLPQVK|VKE RITI JEBHVIVNVTLRRSLRE D
PNZ1 S8JD REKSRKLGDDDEVK|SG|S ITT VIEGIVKMALRRALKFE] D
LAS S|SJL MEYLOJFERENG . . . . . . N QKE EHVVEDTLKRALRC D
bAS1 ClG) S GG YHKATITAVRRAAHH D
EtAS S|S|) Q NHG Y|HKATITALRRAVHF D
bAS S|S|) 0 EDG YHKATITTLRRSVNF D
MdOSC SISJD P G|EG YDQATAAFRRAATF Hi
OEA clcn 2 GEK YHTATTAVKKALLINR A S|D)
160 170
TfCAS G YIR®YH ONEDGGW G MERSAGH
CASI G YHQN|§DGGWGG
DZCAS |8 Y IMH ON DG G W G G &
LAS1 G Y IB8YH O NiD G G W G NG
PNZ1 G #DGcwcREc
LAS G
bAS1 e
EtAS G
bAS G
MdOSC  [¢ Y i8NH ON DG G W G NG
OEA G D GG W GIRERAG

270 280

GKRFVGPITPTIVLS
GKRFVGPIT|STIVLS
GKRFVGPITPLIQS
GRRFVCRTNGTIILS
GRRFVGPINSTIVLS
GRRFVGPFNALVLS
GKRFVGPITPLILOQ
GKRFVGPITPLILOQ
GKRFVGPITPLILQ
TREFVGPITPLVEE
GRKYHGPLTDLVLS
510 520

LDAKGFYDAWUNVIISL
IDAKRLYEAUNVILSL
VDAKRLYNAUNVILSL
MPIEEHLVDAWUNFILSL
ISPVHLYDAUNWILSL
METEKLYDAWUSWVLSM
MEPERLYDSUYNVLLSL
MDAQHLYNAWUNILISL
MKPEQLNDAWNVILSL
MEAECMYDAUNVIMSL
ADVERLYEAWNVLLYL
630 640
CLSIRKA
SPHVAKA
SPOIRKA
S|ISLJIRKA
CYSIRRA
ESKSIRRA
CAAIRKA
CAAMRKA
CPAIRKA
CEAVRKG
SEAVRKG

[ T L

NTO R R N e 3 g b gt

\O

KAA
KAV
KAV
KAV
KAT
KAN
NAVY
NAV
GSS
RAN
KAT

B3 WR=fEEEAMARZME SN ERRFT L
Figure 3 Alignment of the amino acid sequence of tetracyclic triterpenoids synthase and pentacyclic

triterpenoids synthase. TfCAS, CAS1, DzCAS, LAS1, PNZI1, LAS, bAS1, EtAS, bAS, MdOSC1, OEA,
whose details are listed in Table 1.
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J¥41 DCTAE 7 fig 545 441265, DCTAE
FE 9 R PR AR Asp BRI H BT I R AR
WA, ik Z GRS . Corey 25U 4
AR DASON FITE 1o Hrad L, HE Wt i i ey 1
LAS ) DCTAE J¥ 41| [¥) Aspd56 5% IG5k
BRI . Thoma %M DCTAE J#41
Asp455 IR FE &1l 1k 5 Cys456 Fl1 Cys533 JE
SR . Tto PR A T 4 4 BtAS Y%
AFfK (D485N, D485E. C486A Fil C564A), %
(K D485N il D48SE WA i, T AF (K C486A
PTG PEA TR, T AE K C564A HTE 11 58
Sk RAMA DASSN MITEMESE A2k, X Y
WHUERR T Asp MOFRME SR I 78 Y i A L5 &
JEIRFLNL s SRR TEGR A Glu A2 ABAT R I
Wk, RN Asp E&IAMG CH2 34T
TR AADEIE . Rk, 2t
BRI IR E ALY 2 6] 38 S BE B US| A& 2
WAPERT . RSk, DCTAE 34125 T
ZIRE R R GG B B . [RRE, Wik OSCs i
PIHARSFIFS QW, ZFIEW A A ER
I E G E SR X A, HAEMRTE 2,3-A el
AR RS Bk IE BH B8 -, X 46 & 4 ]
REth 2 HTaE B A R4S o gele

Britz 4k, WiFP OSCs fffif HA R ag oh
Aeda ., 78 DU =% OSCs fii-h, MWCHCR Jy#f
Bof s A B )RR AR T 5, 3 8 S A Y
FHIEFE51 5 MWC (N) HC (T) R; Ti7E TLHF =i
OSCs g, B-7 W 5 B G B (0 FR 105 5 51
MWCYCR, o-7F 5 BEA B 0 R 1E T 51 8
MXCYCR (El 4), iXEEfRAy 7yl P+ -n
HMEAER, Skefa e a5 FH S F . Hoshino 250"
Wi B AR Y259F . Y259A. Y259V FI
Y259L MG L, A1 EKB] EtAS 1
MWCYCR 51 i Tyr259 5% 33 i FH & F-n 41
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HAEFFE T Baccharenyl fffHE F, X—1EH
[ FEOTG EELE Erg7 $£REF 5 MWC (N) HC
(T) R ) His234 k3. 735, EtAS #) Trp257
Wl fH - FHEAERTRE T Baccharenyl fif
FHE . Lupanyl FHZ+#1 Oleanyl FHE +, X
—AEFAXE Y T Erg7 HA9 Trp2328°, EtAS H )
Trp257 FREETEAFh B-7 4 B B & Bl by B A
ST, T 2P B A T P Y Leu256 5% AR AR VA B
-5 o Kushiro 255 33 65 5% N2 R 2 /515
A5 TR PR B B B- R A S
figE, BIV. B Trp259 (PNY A MWCYCR) R7A8 K
Leu (PNY W259L ZARA), X RAEIRLL 2 1 1 1Y)
Fo s P B S B-F W g i — A AR oy ™
Y. H—J)5H, Leu256 (OEW HJ MLCYCR) #
575 3 Trp (OEW L256W Ze745{K), %5848 (47
A KA B RS BT B/ T PR B A
X R I 2 0 R Ty R ek BN 2 SRR 1) 28 AR S T
LA il A AL 4 St . Kushiro 28U PE PNY
BAL S SE [A)ARIA : RAE IR W259L Ml Y261H A=)
SAAEEE, B Trp259 1 Tyr261 18 i BH B 1-n 48
HAEH 5% E Oleanyl Fil Lupanyl BHE 13
ft. PNY A Trp259 F1 Tyr261 435X} EtAS
W) Trp257 Al Tyr259P%, 4N, %4 ch gt
JE LA i 07 1 A0 07 5 I R Sl 2 RN AT Z Y
YERT. WN7E EtAS mfifbid #rf, B3R5 Valdg3,
Phe474 . Phe 413 H1 Met729, i@ 1+ i /K A HAF
S HIKYBESEEPY; 58I Trp612., Tyr259.,
Trp257 H1 Phe728 Y m Hi, %% B Xt ml 3 1 BH 25
Fon MEAEFREBESHIER 1, AT,
A =0 G Tl R R B G il AR Y ) e B T
Fe B B BH B T [ AR A K = e e B G 2
3.2 AiE OSC B RIkLEH

OSCs [ij iy Z FE Pk 5 H N TE R & 4510 %
VIAH G, NG54 A= P 24 F A= W Ak~ ff1 J5E wF 5
OSCs i, XAt OSCs BIMELALT . DhREss
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FUFIHEAE G R B H %R L. OSCs Mg T4
BRKHETEENA, MIRSSHEIT A —Em
RIXE, HA IR OSC R AR S5 14 153 B ff AT
HAT, S EM A AR OSC B 1 MR Ls 4 . (1)
A& OSC 5HmiHil 5 Ro48-8071 Iy b IAK 45
(PDB %3¢ 5 . 1W6l); (2) AN OSC 5 -E
B ) R 25 4 (PDB %51 5. TW6K)P),

AN OSC T EL3E A o- 1R e 45 14 35, .
Domainl il Domain2, iX P ~45H38#% Loop ¥
B ik, WAL AT Domainl Fl
Domain2 Z [A] i 53ty , IR R I 7510 T
A GEF I [ 0 23 1], IR AT Begs e LA XS 1a)
(1 4A). A OSC MY dn iR Zs b B, X5

4 AR OSC B 1K E

FE O AHTEEE—, 0SC B —Fh a1
FECEE 11, BV B4 A B AN 125 B g AL
JZ o Al 2 A R R A T R LB K T
(1.700 A%, ¥ 3 Domain2 H' [ OSC 44
X T SR T 6% (18] 4B)P7, it AR th—
HAEN 25A MR A5 R 6 F— 38 [ 1 1k
DX 35 1) 308 3 2H B o 3K 1 T A R AR 2,3-
AL HE AR BEAE PEEBAL , (2 — I
LKL S IE MR 25 I JF (K] 4B). 2 2R
FRIE Tyr237., Cys233 fil lle524 HMisEry %, wf
DLk As Y5 OSC By JICiE E . AU OSC BigHh
(18 3 A A7 o 38 T3 ] 9% A B P TR, B
Asp455 X3k (K] 4B). 7E75 BB <TiER ", Aspdss

Non polar

(A) Ro 48-8071 (Z&n) 5 AV OSC M db A& #) . (B) FE B IS5 AU

OSC i) St A 45 . OSC BEARXS T A Jr 1o, AR 78 3 AR AR AR 3 234050 PR R AV BT R 7R o OSC i
WARRIFEE NS R R: e, Mk a6, Btk H6, BREEEA; e,
PERRAL 7 fiy S5 44 PSS B e B BE IR 0 5 BRI BT B (U (0 AR (LB A AR 1R]) SRASTE B4 A IX R
A

Figure 4 Human OSC enzyme strip chart. (A) Crystal structure of Ro 48-8071 (black) and human OSC
enzyme. (B) Crystal structure of lanosterol and human OSC enzyme. The direction of OSC enzyme relative
to the membrane, the polar part and the non-polar part are represented by light blue and light yellow,
respectively. The internal surface and channels of the OSC enzyme are displayed in the following colors: blue,
positive; red, negative; cyan, forming hydrogen bond donors; magenta, other polar parts. Ordered detergent
molecules or lipid fragments (blue and black line drawings) are observed in the crystal structure to gather

around the membrane insertion area®”.

B: 010-64807509 P<: cjb@im.ac.cn

453




454

ISSN 1000-3061 CN 11-1998/Q =4 T #2%#4.  Chin J Biotech

MBS 2B R 3-8 508 il EUsE . X IESE T LA
s MBIV YR Bt Aspass i1k
YT M) 2,3-F AL IR E SRR S B, X5
Asp455 VER— MR IIE—20, B nRyr
AR AR AT USSR S ) o 7E—
MMEALTER 52 G, Aspdss v LA /K o> 15k
Fl Glud59 ¥R IR I A1 AR {4 75 751 v 52 20 5 Bk
Ak, AT DU 34 5T DR 28 1) 25 o Tk AP BR e
%18l Asp455.

TE S8 7] Ro 48-8071 (Y N IE - T 5§ 2
G RS R, Ro 48-8071 MIAJE T 5
Asp455 RIRELTE 2.9 A KB WA i S, XA
SR P SR T35 | ) 3 M7 5, 5 FEL AT 1Y)
R 5 LA B RSB B 2 - TT A B
YERTARE o X —E5FIESE T Aspd5S /E—
R, T BE 2R Cys456 Fil Cys533 dE—
PEm TR . JAh, AR IR R T S5 A
WA R BT Y Te524 | Tyr237 1 Cys233 BRIt
AHEAE R, 10 His232 £ R 28 1k 304k S 0 17 5k 3
XGRS EE- AN OSC i & A 25 44 v i f Ak
B —2L

HF OSCs MY s iRLE MR 5 4-18, 4e
e, MORMZ I E DL N B SRS R
BN, 256 Bk . BRI A AL BY
W4T OSCs fEALIEHEMIBFTY, LARAWE
5% OSCs WAL S NLEE . ;=4 ZhEPE DL & 3
AEFRIL . Wu IR OSC ) X HF 4k Sl Ak 2
FA P R A A ot B 25 ERG7 B4 7 [ Y A
LT ERG7 His234 5 HAth 2 JE 1R 5% 3 1 H
o, SR RBNZALE R T TP Rk S g
P e BN % =2 1] 23 i) s Fl P99 R EC A A

4 FAALRFNBENELLSTIH

OSCs [iff i 4 Ak J2 N 5 R A S8 it - 19 i+
AL R IE BT R i, 5 R Efkd . B
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KRG AR LSRRk . OSCs FEIR b4
HX S 0L 14 s AR HS 2 F D BEJF 5] DCTAE Hi i
Asp TS5 I R R 00 A B >k 7 A AU LE
BF MERYNTTE . BRAETFREFL,
51 K& — ZR 5 35 LG BRI BUE Y C-C LIRS .
HHT, LA OSC B A AEhl, % OSCs M
MR EAL AR S L e (K] 5). F B HI BT
J&—FP 2 AT “A-B-C-D” U N30 ) DY 3R =k b &
Yy, JZrH CBC FIG I I S e BH 25 & SR i ok
FRT, ¥ A A-B-C-D Y2 AT i
A TS B BH 10, IRE I T IR A A SRR
B PME — B A R0 SR, ZEIE R N A
AR £ P PH B8 —F B4 P BB AT A7 A 22 4 L7
HATHArsE £ 24 3 FifRi, XU remr b
W) 6 AL BRI AR R Y, (H2XF T C F1 D R iE
WA EBARRNEDE (B 5). Rk 1k, C
PRI LA 3 S 5 FOn s BT B R T 4R
H— AN 25 AT 0 S O s N, 1 ST R
JC C J i C'3&, ARG h K AR e 75Tt C
H(C KRB T AHRA P RAFAE 6-6-5
=ELER, T RIR 6-6-6 =G L5 D AETE,
e LIBT3z 45521, Corey SF1OEF M
SRR R, B . C'(6-6-5) ARAEFTLIHE
AL R D (6-6-6-6-5) RA, MIALEALE C HH
KA. BEAh, Tian ZFEUVOGRFSE AR T X R
[vi] S (AT BETE o Chen 25175 i it 7 J1 24 /43 T
S5y T8 112 (QM/MM-MD) BB, 4t
AR ENER I T FaE h =y C & (6-6-6)
5 TR A A F AR, T CAS (6-6-5)
MDA (6-6-6-6-5) HERIEAEAL S HHARE i Hh ]
&, TEMCEERE |, Chen 2Vt — 4 (2D)
QM/MM-MD LI 11338 AR PRk B H BE ) T
WS TRER O (6-6-5) WIREAEAE , FFln i
BNRAEL R D & (6-6-6-6-5), X155 Hess 7&
AR AE R 2
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5 AiR OSC Bg &L 55 FHLH

Figure 5 Catalytic molecular mechanisms of human OSC enzyme.

£ OSCs i fb B~ fir, FAKY
IR G — E A F AW LR AS . L, sk
5% IE B 1 22 (8] B4 AR B AR A Ak R AR Ak
1, Diao 25 I QM/MM-MD #2549 75720
WF5EF B S G ERNLE, M D
RASFEAS Ny FARSEE, T I & 7
J5 B IEIRIE S RIE B T 2 MM AR, H 5k
3t Phe696 Fl His232 LA KA 1E B T [a] (A4
QM Xk, HAMEFHH R MM Xk, 7EM F
BEYIW G S0 R, TRk OE B IR AR
HEIE Tyr503 FRJE, IMIZE Phe696, HILWL
Tyr503 3 FEFEA QM X, 3 QM X b 255
Phe696. KUt fik IF 25 T ¥5 A0 A1 5 HE 9 A5 bkt
KHZREMA R KA

Bk A/B/C/D 3 JE R Z 41, OSCs 1L 2,3-
FALE IR IR =R RE, IR ALEE B R
TERCRIEZNK . Wu 7 ] QM/MM-MD 5%
KB SBE (Iris tectorum) B 1tOSC2 HI/E AL
i, KrrkAE Leu256. Leu258 Al Tyr531 DA K hi
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6-6-6-6-6 A R4 1Y Germanicyl FHE 35 1,2
ALY (H13 3] C18) Ja3h B-FH W IEE %
e, M IERERS (Me29 #) C19) 23 a-FH i
BER A . AR b, R ERAR S b 1E B F Y
TR R A L 7

gt witR LS, WIEE T EHER LR T
et e T e 25 1 S A Ty R 45 #3811 X35
FST A2 BT . 2T IR T AR BEAl |, Diao
2@ 5T QM/MM-MD, #E— 58158 T 2E B
BEA 5 U HLER AN, 048 3 N AL RS
2AHIEER A AL TE (E S) i ad IRE
PR B A BN TS A h AT, A R0E
B TR R R A . R EET,
R A EAE A CH- ok B AT JF 25 AR R 1
B IR G N 2 His232 BRRAMIET%
&, Tyr503 -3 LJiF1b. Wil fgR R,
M L TS T CAS I A T T AR R R L F
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JE S EHE B R A, X AT RS s IR AL A
7 0L H R AR X B 5 e I P R B —
LW o X o6 (8 A Tl R AL AL A I 5 1T o
fitg T F2 b A2 77 Z Rl A 2 B0 = 7 W0 R
OSCs B i fitds .

5 RE5R%

5 A5 JE R = Sy o A 24 B A
J FE ok B R8T 3 aR LA S KRBT IR A R
S SBT3 A W R T dnfg A A AR A&
AP B 07 1R A R = 19 B Jg . OSCs
il 1 AL S AL 2,348 40 T M i AAS [ R AR
oy, R AR i S AR S Y
HEPEALE . 25 NIk, R =Y
i A9 A2 )5 R A AT SR R T S A T —
TE WL, I HXFEA I A= B RE A 23T HLBE
IR TS IZEETIRA o IR HRT OSCs il 45 4 fif
WA AEAE— 5 WX, (HE P80 X a1k
et A S Rl IR LA A )i, O OSCs &
P BN Wil Rtk S V3R 3 T P i
A 1) AT B UL FF AL ) OSCs 9 HH K,
WHAFAT T OSCs it 25 1 2544 R DI BE A %o
I 5 ZR ARG 18 4 S B RIS T 1
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