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Abstract: Objective To provide the useful information for the further study of copalyl diphosphate synthase (CPS) of Salviae
Miltiorrhizae Radix et Rhizoma through amino acid (aa) sequences comparison in S. miltiorrhiza and other plants. Methods
Bioinformatics analysis methods were used to perform the prediction of composition and physicochemical character, leader peptide,
signal peptide, transmembrane domain, hydrophobicity/hydrophilicity, secondary structure, tertiary structure, and functional domain of
18 CPS amino acid sequences in S. miltiorrhiza and other different plants which belong to 16 species and 13 families. Homology
analysis and phylogenetic trees of CPS were also carried out. Results Most CPS proteins contain more than 730 aa. Their molecular
weight is approximately 91 610 and the isoelectric point of them is about 5.87, which suggests that CPS is acidic protein. The results of
the sequence structure prediction show that CPS has apparent hydrophobic region and hydrophilicity region, no signal peptide, no
transmembrane domain, and may probably have chloroplast transit peptide. The main secondary structures of the proteins are a-helix
and random coil. Homology analysis reveals that S. miltiorrhiza has the highest homology comparied with Rosmarinus officinalis and
Scoparia dulcis. Conclusion This work provides a systemic sequence analysis of CPS in S.miltiorrhiza and other plants. It will
provide the useful information for CPS studies in the future.
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B FIBEAL A, 2 ANTISE R
3o DAREYBAEN TR, PSR HATERA A
HHJE,  BGEahAEUS 5 R O A 25 L SO Dy e R
G RSN RN, PEhiksrEaitb e FHIK
D JUFESECER, 4/ NIRRT AR SR . - HA R
Pt BSHEHT. PULILAILIE LU PSR E L
FHE W JE T Ia v iR &8, F 2Kk
JET MEP @18 (2-C-H13E-D-7i% SR 7 -4- 15 1R i
) BB R B, tR R RER (copalyl
diphosphate, CPP) JEAAFr Il fig 2 JF =
P b 28 it B 2R AL G ) A ) e A% TR T A )
RS, TR EE AR RS 4 (copalyl diphosphate
synthase, CPS) (W12 A2t 45 ik pe At ) LAk
e LIS FE R ( geranylgeranyl pyrophosphate ,
GGPP) MMLIEIL 4 FHrTREN CPP A fA. s
WIS AR R I, PES 1, = S R
o CPS JEPRIRIA T &, R XEER eSS T}
S 5 Ko Zhou SR IR I B
M &IE GGPP &l VAJE FEEERER (FPP) .

CPS HRNFe Mt (KSL) J&, =T FH2i
R HTARD) LRSS 20— M, FRGUESE T CPS /12
WA S )G e B R

CPS JEHHY) =3 w6 S Y& it f
P E BN, 1EAE2 BBk 2 1) 06, (R
TIDIRER RGN TR AR WHGE, FIHAEDE R
Jiik, XF CPS JEATA TN, f&K 5 2Lat i da il 7
Mo W EYE B TEN S O ER 3 A
CPS JER g FIRHT T — &5 . —RE5 R =
AR 38, IF 5 HAR 15 FhREYHEAT LR,
[FJ AT 73X 16 P CPS 8t 117 41 [ LL X f2
RGO R, SAEHRN TS CPS HELIfE, A
12 CPS A G it e b A R 2%
1 HETE

Pl “Copalyl diphosphate synthase” 8 2% S
], ME [ [E 2 AP HARAE B0 (National Center
of Biotechnology Information, NCBI) T #5241
Z CPS HEHFH, JF MacdAb 15 R CPS &
HF A L LA . 2iMHE B AR 1,

*F1 ASskEMEY CPS ERNEXRER

Table 1 Basic information of CPS in Salviae Miltiorrhizae Radix et Rhizoma and other plants

AR KK KM ID 5 HFR K LR D 5

SmiCPS1 J}Z Salvia miltiorrhiza ABV57835.1 | MdCPS SEGLHT AT Malus domestica AGN92853.1
Malus honanensis

SmiCPS2 J}& AEZ55684.1 MitCPS BT Medicago truncatula AES60489.1
SmiCPS3 J+& AGF69544.1 | PcCPS PVERL Pyrus communis AGF25267.1
AgCPS  EAKS Abies grandis Q38710.1 RoCPS RIETF Rosmarinus officinalis AHL67261.1
CaCPS  /NRIWNMEE Coffea arabica ACQ99373.1 | SdCPS B H % Scoparia dulcis BAD91286.1
CmaCPS %K Cucurbita maxima AAD04292.1 SmoCPS L&A Selaginella moellendorffii J9QS23.1
CmoCPS % Castanea mollissima AEF32082.1 SICPS i Solanum lycopersicum AEP82766.1
HaCPS |1 H3% Helianthus annuus CBL42915.1 TcaCPS A] ] Theobroma cacao EO0X94746.1
1eCPS BEHF I Isodon eriocalyx  AEP03175.1 TerCPS GBS Taiwania cryptomerioides AFE61356.1
2 & 2.0/) BEAT I CPS #0454 i T

AU W AL B G B 2 T RS R

it CPS HE A FAEATEZ 3 M. 1] ProtParam
Chttp://web.expasy.org/protparam/) Tl CPS 4 [
(R R By ML PE 5T FH ProtScale Chttp://web.
expasy.org/protscale/) X CPS & [ HIHi 7K / 2K ik
AT CPS & H K IR ANE 5 Ik B F50 53 531
TargetP 1.1 Server Chttp://www.cbs.dtu.dk/services/
TargetP/ )1 SignalP 4.1 Server(http://www.cbs. dtu.
dk/services/SignalP/) PI5g i, E5IE4EHI Hl TMHMM
Server v. 2.0 (http://www.cbs.dtu.dk/servicess TMHMM-

SOPMA (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.
pl?page=/NPSA/npsa_sopma.html) 5%, IAELH
T H Pfam 27.0Chttp://pfam janelia.org/ ) A1 SMART
Chttp://smart.embl-heidelberg.de/) " 34T ; H Phyre2
(  http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?
id=index ) "1 PDBsum Generate C http://www.
ebi.ac.uk/thornton-srv/databases/pdbsum/Generate.
htmD) 5EJ% CPS H i 2 4 F [R5 AN A 45 R
ARG o

CPS & 13 51 [ LE X R ] blastall 2.2.26 At



¢ %% Chinese Traditional and Herbal Drugs

Fa6% FoH 20153 A + 889 o

W 5ERG CPS 81 5K R G AR R4 R FH AR 1%
$27%: (neighbor-joining, NJ), H Bootstrap method £
B REAR B FH b 2R, TR (No. of bootstrap
replication) %4 1 000, Gaps/Missing Data Treatment
1EH% Pairwise deletion, H1 MEGA 5.0 3452 ilto
3 HREDH
3.1 CPS EHFFIMEB KD RIBLIFES
FIH ProtParam 745 T H A1 FH2: K HAhAEY) CPS
P YT EAYE BT . 16 FPAEA) CPS 1)
AR R AL (amino acids, aa) BURPEEE E 1H A 158 aa
Ah, HABHEE 730 aa LA b SEEEHIIAX 25
JEN 17 780~99 540, HAL{EA 91 6105 BEBAFH
MITE 6 Iidh, V4 5.87, $E/r CPS RN S
Ho M CPS ZSERALH FTLIE ], 16 FiAEYIN)
CPS & 1T & R S KRR IR AL L9 350 v 1 P 2 kv
ZSEIRIRAE L, PR CPS SR A IRIEE .
FREY) CPS A, S b E NIRRT+
BUEP SRR (Lew) s 15 241% (Glu)\ 22241% (Ser)
N (Ala). RAZIR (Asp) FIiZR (Lys).
TEIX ) UMHH Y s FE R Leu J2 &5 P &
IR (FEEEERID . BEEE D, B
M ERR 2 Glu, F 10.1%, HIUGZ Leu FIR AWt
(Asn), 4 9.5%. L ProtParam 7047, FRfEZ

ARaEREUNT 40, MFwEEr, A UREDm)
CPS EEHH AR EEA.
3.2 CPS EHSRAAITNAN 7

FJk (leader peptide) J&— Bt 513 H & ik
Bl E N A0 M 2 U R B T, R A TS S 0
X EE R S RE A T AE I ALHIFIVE g2 5 B
O P, g e 2 T T A TargetP 1.1
Server, ¥ B EX KA 0.95, W FS LI AL Z R
MY CPS S AFAIRHT Tl (& 2). 45388
7N, SmiCPS1. SmiCPS2 F SmiCPS3 3 4%)}Z CPS
FEAPSIET TS 58 Ve IV ORI 21,
SmiCPS1 1 SmiCPS3 T fig F A3 & 4k ¥ 12 ik
(chloroplast transit peptide), H7E H & /7515
35 AL ANES 21 ALy BIAFAE— S TR 2407 8. Teik
i SmiCPS2 2HEA T, WMARKINIL T
407 o Hofth 15 FRHRIY CPS 25 1S BRTI00 23 By
SRR, RIEF AR V4, RIS
76 T 25 LL F. 5 SmiCPS1 #1 SmiCPS3 #H{L, Fv4
1o ANRIE, S, BEHRD, ol vl RIS
WEHEA SIS, BA I, BeEflins
JRAR o] REHT A2 I SR A 18 K, $2 X SEA) 11) CPS
wAG G, W RER S RIS R R . R
Y)Y SmiCPS2 AHABL, #AAELE TR 53207 A1,

SmiCPS2. %K. [n] HZEFFE R ILSKN CPS =

x2 ASREMEY CPS EHRISHTRN

ANBE A FAT Bl 3k

Table 2 Leader peptide prediction of CPS protein in Salviae Miltiorrhizae Radix et Rhizoma and other plants

HFK MERfAsik ik H bslik iRk I e WEEE SIRERRIR LM
SmiCPS1 0.751 0.638 0.010 0.013 C \Y% 35
SmiCPS2 0.030 0.641 0.096 0.310 : v 0
SmiCPS3 0.882 0.096 0.031 0.052 C II 21
AgCPS 0.931 0.017 0.043 0.112 C I 70
CaCPS 0.949 0.098 0.005 0.028 C I 53
CmaCPS 0.950 0.071 0.019 0.055 C I 46
CmoCPS 0.668 0.035 0.163 0.113 ’ 111 0
HaCPS 0.702 0.157 0.062 0.130 ’ 111 0
1eCPS 0.640 0.149 0.048 0.143 : 111 0
MdCPS 0.146 0.559 0.042 0.063 : 111 0
MtCPS 0.037 0.182 0.040 0.899 - II 0
PcCPS 0.175 0.651 0.035 0.027 : 111 0
RoCPS 0.548 0.385 0.010 0.016 ! \Y% 0
SdCPS 0.758 0.184 0.018 0.022 C 111 46
SICPS 0.921 0.093 0.038 0.044 C 1 46
SmoCPS 0.091 0.178 0.068 0.835 ’ II 0
TcaCPS 0.934 0.024 0.119 0.177 C II 52
TerCPS 0.973 0.034 0.010 0.047 C 1 66

“C” -ntakkEE K T

R AT Ak - SCAURCE ks o RERE S, R

“C”-chloroplast transit peptide; “ ”-don't know; “-”-any other location; reliability class-from 1 to 5, where 1 indicates the strongest prediction.
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3.3 CPS ZR{ES BTN FAS#7

T IR T A BOIRBE N S, 251 S8 A ik
B B T L — B2 M. A CPS B B ik
(R g R b I, P R ESAEE R Tk, A
TIAUFXAN R, IR L 15 5 IKFEZR 7 b T
H SignalP 4.1 Server, XJ+Z CPS & A5 5 IkHIAF
TERL BT T 08, 4iREWFHS CPS SR ANfF
A5 SR XF Al 15 FHEY) CPS 1P HIHEATAH
[F o0, A3 B R
3.4 CPS EBERK /KR TN FD 5 #7

AR BUK M Z SRR A O & T & &
BLUKZA) J), ProtScale F2£/7HE ISk il 85 TR B K
PEFE B, RmE A RIS fH
ProtScale Xf £+ CPS & 17 A AT /K /28 K P
T, 45N, SmiCPS1 £ IKBEL 600 754 HL R
HA B ARME—2.733, Sk 25 160 A7 24 0E
R BT S i 2.333, Bk PEfRoE; SmiCPS2 (1)
BARME—2.878 L T4 8 fir, IermiorE 2.9 AL 158
17 fi75 SmiCPS3 % 685 i G/K Mt fx o, h—3.244,
55163 ALK AR, A 2.367. WRIAER, 34
B R 7K X 3 B 2 /N T2k X s, B3R B0 216K
PE o AR R 7200 JoARAE Y CPS 8 A7 A T ki

IKPES T, GRS PSR, $ER CPS nl &2 K
PEEE A,
3.5 CPS EHEEE IS RITRNFI S 47

W EE R — Rl 20 N4 K PR SRR
BRIEA R, FETERR o-180E, 5 H I AR (1 R
g eI, R e T H TMHMM Server v.
2.0 Xt FH2 CPS & AR TES B/ 3 M7, 45 R oK,
P12 CPS M I HE SR MNEEHAL T 40 M 2 ok, ANEALE
PEWEE R . HABAEY ) CPS K 1115 JE 25 Ky el 20 By 45
REMZ—3, fRARSE T CPS R HIA R
JEL A5 K 358
3.6 CPS &HZRLEMHITMFAS 47

B R RS R TR T 2 IR L Rk
BB & ARSI ) o-i8TE . BT oM
DI i DA SRS LA, Horp, o iR TR B-T 8 2
oo WL R R i, R SOPMA X 12
CPS H HFAAT Z R AT (3R 3D, 45
o-BRTEATC LN A 2 P2 CPS B 4l
AR IOrE, MR B3 S . HALAEY)
CPS H FHI I R T &5 R BoR, BRILE G
MR G2, K53, #2E o- 1B 5epT b7t
Wil 2, HLUOETCRNAE IR aE, BT L

*3 AS%EY CPS EA-REM T EM A LA
Table3 Main component proportion of secondary structure of CPS protein in Salviae Miltiorrhizae Radix et Rhizoma and other plants

FR -1 HE/ Y% B-PTE/% TR /% LEAFEE/%
SmiCPS1 58.01 4.04 31.53 6.43
SmiCPS2 60.77 4.62 30.12 4.49
SmiCPS3 56.75 5.04 31.40 6.81
AgCPS 60.02 3.00 31.11 5.88
CaCPS 58.47 475 29.72 7.06
CmaCPS 57.96 4.74 31.59 571
CmoCPS 59.60 4.46 29.62 6.32
HaCPS 59.15 439 29.95 6.52
1eCPS 56.42 4.41 33.12 6.05
MdCPS 58.57 4.88 30.41 6.13
MitCPS 60.76 4.43 28.48 6.33
PcCPS 58.70 5.13 30.41 5.76
RoCPS 58.32 3.50 34.04 4.13
SdCPS 56.73 4.24 32.00 7.03
SICPS 59.50 4.12 29.25 7.12
SmoCPS 66.44 3.79 25.98 3.79
TcaCPS 57.93 439 31.83 5.85
TerCPS 61.65 5.45 27.58 533
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DI E BT RV M, WEAREER B-Fr B
drEel—E, AR 3.79%; MRS, B-IE
(5.45%) HILEAINS R T EMEE (5.33%),
3.7 CPS B igemaI T Fn 5 4

IhfeBk (functional domain) N FR&5HEE, 2
H AT 05 = G R i — PP ST 45
HRThRE AL, HATRE R ED 2 ohie! . R
Pfam 27.0 #2512 CPS & A7 HI 4T DhRe 45 14
W, 455N, FH2 CPS S A A — terpene
synthase N terminal domain F1-—4* terpene synthase
C terminal domain, 17 {§ A IR AR L R vl 24
JE AERT o AR LR I 2 S R Pk, i e 2k
T H SMART #EATHHIE, 45815 Pfam 27.0 —%. I
FCABAR YDA T [FIAE 1 Ty BP0 AN 23 A7 e I, Bk
PR E fE AT —A terpene synthase C terminal
domain, JLABRIYII) CPS B FIAAELE [ PF 2 — 31
2 ANgE kI BEFEEAE ) CPS & 1741 I W13
fiEd), XPTREE FECEH/D terpene synthase N
terminal domain 7] J5i[X]
3.8 CPS EAZREGHIMTAMFIS

TR S =MD, M
U A RTINS A7, A7 B T BRAR R 1 B4 R
L2 1 (AR SR E L, R Phyre2 £ HE (M

SR WS CPS & kAT = 2L S5 A T,
R 1 Fros.

SmiCPS1

1 & CPS EQ=H LT
3D structures prediction of SmiCPS in Salviae

SmiCPS2 SmiCPS3
Fig. 1
Miltiorrhizae Radix et Rhizoma

FIHEEF PROCHECK F2 7 (1 85 1 i 45 KA 5
I..H. PDBsum Generate X} Tl &5 S 3EATHG, 115
51 Ramachandran &, &£ WE 4 P, FIE&
SmiCPS2 V& £ A R VF X W LL B NI & 9 1%, T
SmiCPS1 F1 SmiCPS3 # KT 1%, S, =FHa Ik
TR BT T B X (W EE B/ T 90%, ANidk 43 A 7
BAEX AR VX LG T 90%, RIS
CPS #1725 (M G AR A e e AT R, HIL
MG RGN, AdiEtEA L. 54, SmiCPS1.

R4 AESREHMEY CPS EAZHEHATEETN
Table 4 Prediction of stability about 3D structures of CPS protein in Salviae Miltiorrhizae Radix et Rhizoma and other plants

YK X HH/% UICVFIX LA/ % —BAVFIX EE/% A FVFIXEEA1/% G-factors 18
SmiCPS1 80.50 15.30 1.80 2.40 -1.83
SmiCPS2 88.20 9.00 1.70 1.00 —0.09
SmiCPS3 81.80 14.50 1.70 2.00 —-1.56
AgCPS 89.70 8.90 0.80 0.60 0.02
CaCPS 90.20 8.20 1.20 0.40 —-0.01
CmaCPS 80.80 14.90 2.30 2.00 —-1.50
CmoCPS 80.90 14.20 1.60 3.30 —-1.54
HaCPS 82.10 13.90 1.80 2.20 —1.49
1eCPS 81.50 13.20 2.50 2.80 -1.76
MdCPS 81.00 15.00 1.90 2.10 -1.51
MtCPS 83.30 13.80 1.40 1.40 —0.11
PcCPS 83.40 12.80 2.20 1.50 —-1.55
RoCPS 88.00 8.80 1.50 1.70 —-0.16
SdCPS 80.90 14.20 2.60 2.30 —-1.61
SICPS 79.90 14.10 3.60 2.30 -1.52
SmoCPS 92.30 6.70 0.60 0.40 0.04
TcaCPS 81.90 13.30 2.20 2.70 -1.57
TerCPS 88.70 9.60 0.90 0.90 0

G-Factors<<-0.5 HZFME5H); G-factors<<—1.0 1735 WL 4544
G-Factors<<—0.5 unusual; G-factors<<—1.0 highly unusual



+892 ¢ %% Chinese Traditional and Herbal Drugs 38 46 % 25 6 #] 201543 A

SmiCPS2 F1 SmiCPS3 (1) G-Factors {H 5 71 h—1.83.
—0.09 F1—1.56, $&7~ SmiCPS2 [ 45 1) Jg& T 1E % Ju
SmiCPS1 1 SmiCPS3 K &5 #1355 I o
XPILARAEY) CPS Hr [ HEAT [RIRE R FI00 A4S 56
(R4, 4R EIR, Y CPS & {EHAEX FIIX
SOV D LA B T 90%,  HeAs ) MG 0 2 2 B
() 55 AL B 441 1 CPS 25 A #E I 90% k) 2 ik
PRI LRI A RIX s 97K, YLMBH BEAAZH
EVSAZI CPS VA EA SRV X I L BIA R 1%,
2l g e Ml . 5 SmiCPS2 AL, RKIET .
PEE . B, B, LB R

G-Factors {9 KT —0.5, "EAT1HIAS 0 45 48 My 1EH
gy, LA AR CPS 8 (] RE LA 7 WL 25 ) 25
Fo S AL R AR A PO AR A, R
2 ANER IR 2 ) G A LS i
3.9 CPS EHFFIRLRLLI 2R RGEH L HIHE
FIH blastall 2.2.26 A B AFH# 112 CPS A
JEH S AR AT IR LR (R 5D, 45 EIR,
F1% SmiCPS1 #[15 SmiCPS2. RoCPS I HaCPS
BAT R A, SmiCPS2 5 RoCPS. TeaCPS Al
HaCPS HATE EAHME, 1 SmiCPS3 5 SdCPS.
CaCPS Fl CmoCPS FATH ML .

x5 AS5HMEY CPS BEARIRMELILR

Table S Homology analysis of CPS protein in Salviae Miltiorrhizae Radix et Rhizoma and other plants

- — /% e-value H
MN

SmiCPS1 SmiCPS2 SmiCPS3 SmiCPS1 SmiCPS2 SmiCPS3
SmiCPS1 — 63.36 45.26 0 0 0
SmiCPS2 63.36 — 4534 0 0 0
SmiCPS3 45.26 4534 — 0 0 0
AgCPS 40.07 43.82 46.93 7X 107 1x107% 1X107'68
CaCPS 48.69 44.72 64.29 0 0 0
CmaCPS 46.90 43.15 57.09 0 0 0
CmoCPS 48.89 44.82 61.91 0 0 0
HaCPS 49.58 46.04 56.38 0 0 0
1eCPS 46.57 42.04 57.82 0 0 0
MdCPS 47.14 4391 61.55 0 0 0
MiCPS 38.16 28.57 46.05 3%x1071° 2X 1071 6X1071
PcCPS 46.87 43.77 61.29 0 0 0
RoCPS 62.66 86.45 46.53 0 0 0
SdCPS 48.55 43.97 68.64 0 0 0
SICPS 47.64 45.73 61.62 0 0 0
SmoCPS 4274 4536 48.72 1X107'7 5%X1071%7 0
TeaCPS 4751 46.16 61.58 0 0 0
TerCPS 40.88 40.19 44.34 2X 1071 6X1071% 6X10716

KR T [ —AH 58 AN R R A e AL I AR iR O%
FATLOE L MR R I, T8 A AR A
AL T fif— PR e A R T AT o A5 R
F MEGA 5.0 #AF%H25% 16 i) CPS & H
FPHHHAT R (B 2), g5 ER, 15
SmiCPS1 1 SmiCPS2 Y [FRHE M RIE T A —K,
SmiCPS3 o5 X ZRHEM I H iR h—2K, NHE
JERHED BEF LA T F—H L. ZSRAEE
FHES & TR F- N G IA TN ERIEH Bl

WSRG KRBT 74h, VEFERRFRRHEY) — A
RIGF BRI —f; WA TR ER G
FRAE I, NRBREEDL GR35
FEAE PR — 3, X ] REAE TP A R
R ONGIF IR
4 itig

CPS ZHY) =3 iR AW Y6 it f
UL, HARRAER, Fehle SmiCPS,
5P G BB YIARDG, 1IEAE 52 2R 2 00
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SmiCPS2
4‘—: RoCPS

SmiCPS1
SdCPS
SmiCPS3
1eCPS
CaCPS
— SICPS
CmaCPS
CmoCPS
TcaCPS
MdCPS
PcCPS
HaCPS
SmoCPS
AgCPS
TerCPS
MtCPS

2 FISREAREY CPS BEAFFIH NI #
Fig. 2 NJ phylogenetic tree of CPS protein in Salviae
Miltiorrhizae Radix et Rhizoma and other plants

WG R T TR AW F AR
g b E AR XCERE, Wz N TR A
HL WARAY . RELEYFRCE LY %,
Je 1R S KEM R, YA dr R R AR
BFER BRI AT 2 —, 2 21 4l AR R
(R LA 2 — B0, SR &Ry T A 2 S
J2E R 23 T 30 S O TR A% IR RN AR ) A AT
B, AT HEIT S T L g5 M R ThRg, Sk Y
S AT R U kL (B RA 5.7/ (=0 = S B 7S
TR, Beh SRS UERR BT ), YR SRR X,
A RTFRE2EWF T R 2

KSR ARG BT, BPSER &
BTN G, AR . BT Y AT
P 13 k16 J& 16 FHAa41K 18 45 CPS ik
T TR HVA B AR 45 R RE RUFA T B8 55 Tl
Mot e AP BT B3R B, CPS &M
MERYEE A, Hob 12 SmiCPS2 F145)K . [n) H 2%
BEH LKL CPS AN ERE L FIRTTN
45 B IOR, F1E2 SmiCPS1 Ml SmiCPS3 LUK FAH2 .
ANRIIIMEE, R, BPH R Foan. el MG AL
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