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Abstract ; The Cinnamoyl — CoA reductase (CCR) is the first key enzyme that catalyzed the specific pathway in lig-
nin biosynthesis, it is also the speed limit enzymne that mediated the flow of the Carbon to the lignin. It thus plays
an important role in the biosynthesis of lignin monomer. In order to fully understand the characteristics of this en-
zyme, a total of 35 CCR genes belonging to monocotyledon, dicotyledon and gymnosperm were selected from NCBI
database, the bioinformational methods were employed to analyze the amino acid composition, conserved functional
domains, physical and chemical characteristics, as well as the leader peptides, signal protein, transmembrane do-
main and Hydrophobicity/hydrophilicity of peptides coding by those genes. The phylogenetic tree of CCR genes was
constructed and three — dimensional structure of CCR proteins were predicted and analyzed. The results showed that
GC content in gymnosperm is higher than monocotyledon. Nine conserved domains were existed in all tested CCR
geness and those domains shared great similarity among genes. The physical and chemical characteristics of CCR
peptides are similar, but the primary structure of proteins are significantly different from each other. the data
showed that one dehydrogenase/epimerase/NAD binding domain was located at the N — terminus of CCR. The three

— dimensional structure of CCR revealed that this protein is stable. No obvious leader or signal peptide and trans-
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membrane domain were detected suggested that these enzymes are hydropholicity protein and mainly functioning in

the cytosol of the cell. The results also suggested that the evolution of CCR genes might corresponding to the devel-

opment of the kindom of 1plants. Therefore, the results provided great information on the CCR and be for the fur-

ther research of CCR protein in lignin biosythesis.
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Tablel The sequence number of cDNA and the corresponding amino acid of CCR in different plants 4%
Wb CCR HE[H cDNA J¥ 515 AHERITH 5
Species CCR Gene Number of ¢cDNA Number of amino acid

BT FEY) K% Hordeum vulgare HvCCR AY149607 AAN71760
(monocotyledon) |\ Triticum aestivum TaCCR AY771357 AAX08107
K7 Oryza sativa 0sCCR GO848067 ADM86880
H i Saccharum officinarum SoCCR AJ231134 CAA13176
FTE Pennisetum purpureum PpCCR HO889311 ADY39751
S 85 Lolium perenne LpCCR1 AY061888 AATATIR2
LpCCR2 AF278698 AAGO09817

K Zea mays ZmCCRI1 NMO001112018 NP0O01105488

ZmCCR2 NMO001112245 NP0O01105715
AT M AR Tsatis tinctoria ItCCR GQ872418 ADC40029
(dicotyledon)) 5% Fragaria ananassa FaCCR AY285922 AAP46143
KMAHE Acacia auriculiformis AaCCR DQO01168 AAY86360
JF}2: Salvia miltiorrhiza SmCCR JF784010 AEB69789
42 Codonopsis lanceolata CiCCR AB243011 BAE48787
i Lycopersicon esculentum LeCCR1 DQO19125 AAY41879

LeCCR2 NMO001247368 NP001234297
Y6 2 #E Betula luminifera BICCR FJ410450 ACJ38670
ZIJfk Hibiscus cannabinus HcCCR HM151381 ADK24219
4% Populus tremuloides PtCCR AF217958 AAF43141
ML Capsicum annuum CaCCR EU616555 ACF17647
Wi%F Vaccinium corymbosum VcCCR FJ197338 ACI14382
443 Solanum tuberosum StCCR AY149608 AAN71761
F 14 Populus tomentosa PtoCCR AY479973 AAR83344

B %5 Medicago truncatula MtCCR XMO003604190 XP003604238
IR Arabidopsis thaliana AtCCR1 NM101463 NP173047
AtCCR2 NM106730 NP178197
#uHi Paulownia sp. PsCCR EU338487 ACD13265
7531 Pyrus pyrifolia PpyCCR GU138672 ADK62523
1B Hevea brasiliensis HbCCR HQ229954 ADU64758
AR WK Leucaena leucocephala LICCR DQ986907 ABILO1801
HZE Camellia oleifera CoCCR FJ883579 ACQ41893
JRXA Jatropha curcas JeCCR GQ149700 ACS32301
‘H 5 Brassica oleracea BoCCR HM805092 AEK27175
ESRILY KIS Pinus taeda PtaCCR AY064169 AATA7684
( gymnosperm) 414 Ginkgo biloba GHCCR HQ901358 AEO13438
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Table 2 The ORF length and GC content of CCR geneCCR £ A

ORF K& ORF 7 GC ORF K& ORF 7' GG
CCR 3£ (bp) Gl (%) CCR J£/8 (bp) k(%)
CCR Gene Length of GC content CCR Gene Length of GC content
ORF of ORF(% ) ORF of ORF(% )
] HvCCR 1047 67.72 LpCCR1 1089 68.51
(monocotyledon) TaCCR 1074 64.71 LpCCR2 103561. 34
0sCCR 1120 64.41 ZmCCRI 1116 69.81
SoCCR 1119 69.89 ZmCCR2 1041 65.8
PpCCR 1110 70.1
ST LCCR 1026 52.3 JeCCR 963 43.13
(dicotyledon) FaCCR 1020 51.82 SICCR 999 46.69
AaCCR 960 53.71 PtoCCR 1017 48.62
SmCCR 966 46.52 MICCR 1011 41.27
CiCCR 1011 49.31 AtCCR1 1035 51.74
LeCCRI 999 43.67 ACCR2 999 50.6
LeCCR2 999 46.59 PsCCR 999 50.1
BICCR 1011 51.29 PpyCCR 1020 49.36
HeCCR 1017 51.28 HbCCR 1017 49.51
PICCR 1014 47.68 LICCR 1011 49.01
CaCCR 1005 47.6 CoCCR 990 49.14
VeCCR 1044 51.01 BoCCR 999 50.1
( giiii) PlaCCR 975 48.77 GbCCR 972 47.16
& H I 1 AT LAE A CCR 3 K AE AL R ok
YN & FAT 4y g R SN X SR A R o A
2BF ORI ES ST AR T A W T St — 243
)ﬁ%&% * o @ b i% & A8 B I A R P A 4 1 A T =R — 3K
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KBRS CCR P R AE — 28, HAR A F M4 1Y
CCR &R A — Kb, XRULEMY iz
i, CCR JEH & A7 TAE Y oh, i EL2E A 4 19 3F
ALHSF ] 1B HT TAR Y 0 53 A6 [R] . 7648 S AT 1
AR T A AR L HRE S BT A A 25 SRR,
{HI CCR B 5 5 mAE Y1) CCR 5& K R AE [R] —

PR Y Serl FRURS FF5: KPR 9 CCR I 7
£ £ EESRS TR COR 3R 6 RAEIE , BOFh 3L A [ B A
" 2 B 3 47 7 10 B R AE AL T £ B0 %

g B, CCR PR R 4% B, CCR AL

‘ ARSI 0 28 RAR—2, 2B CCR LD Y
| CCRBRREEEH AV 1 i 1 3 A — 0%, CCR S PR ATk )
Fig. 1  Phylogenetic tree of CCR gene AV SRR B B
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Ala 5 Gly” " #Jg Akt M E MR, 5 CCR 4 iy
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B 1) 5 i e 119 R (19 A 2 T AN A ], CCR G A%
f 25 ek Bk 125 (R R R Vaal 4 CL G 4 25 ek Bk 25 14
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2.3.1 CCR HH SR 75 KA T 3By

SR — BT ) SO P ) ek 4 o
AL 25 1 BT 26 2 RO P 81 o SR TargetP 1. 1
Server Xif 35 4% CCR K&K 2 fih i) 2 5L R J7 91 #E A 7
TN SR WL 81 i S A 38 ik R 2k
KL B AR 73 B BAR , TR BRI R 5,
ARV, 3] CCR 3 AR Bk 2 R ik,

FT AL T BT N i, 5 54 W v A 1 3
PR B PR S 5 1, TE 2 1 BT S R Z BT DIBR , —
A 16 ~26 PR FEMRIR AL, b A5 B K AZ O X
55K C ¥ Al N ¥, R M SignalP 4. 0 Server Xt
CCR 2 1915 5 BRUEAT 40071, S5 SR 1, Al 4y
CCR HALAF TR,
2.3.2  CCR [ 5 B2 A 5, SV 240 L o7 1 9500
oA

5 R 45 R 3838 8 FR 20 S 2 A K T S R
BRAEA N, FEIE N o 1€, kA TMHMM Server
v. 2.0 FRUERT 35 4% CCR JEPH g B 2 SE W 1 5 B 45
PR TR AN M . S5 5LE I, CCR B AT
TERS RS 1, KR4 2 1 B TR (B — 843 &
FERR R ALY IR B AT o

X35 4% CCR [N 4 i) B R H] Post Pre-
diction HEAT 7 41 il 5 £, 45 LKW, 65. 7% (1
CCR & 1€ A T B E 22, 9% 1 5E i T 20 g 5t
H1.8.6% HIERLT WM 1, 534 2. 9% BE N T
YRR b FR O T, AR AN W R AR R b, BUAR
CCR & H 1y & AL A A [R] , {8 48 K 2280 7 T o
b BT
2.3.3  CCR % M2/ GiK M r B0 & 434

K H ExPASy ProtScale X} 35 4% CCR 3 [ 4%
A LI T 5 A A A L LR )
FOKMER IR (5K P B X5 ) 1 73 A T84 ik
HErp SRR PR AR Z T B K PR = R , R rT oy
CCR HE & T3RKIEEH
2.3.4  CCR 2 D 2 B £ 1 245 K3 ) T e 73

1 NCBI (1 Conserved Domains 44} J&E /7, %} 35
4k CCR HEHHAT 4017, 45 R RV, 5 A 79 5
DEC B PR SY 45 F A 8L FR_SDR e, HAEAH[R] Y
B H S A A i A 5 %& Sy NADB _Rossmann Su-
perfamily ( Zfj §& 7 B & Rossmann - fold NAD ( P)
( +) —binding proteins) ,

[F] I, SR H] SMART X CCR 25 [ 22 JE 1R )7 51 Y
DRSS T 2 it S5 SRR R ) N o
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AFAE—A W A 22 1) S AR i/ NAD 456 85 F I 45
1, Bl 5 3Beta _HSD/Epimerase/NAD _binding _4
SR EA R B FEEE(E 2) .

1 100 200
| |
I T 1

4 Epimerase h
* NAD-binding-4 P
4 3Beta-HSD P

Nrt4

B2 CCR ZAHMEMTAN
Fig. 2 Predicted domain sites of CCR

2.3.5 CCR &EH{HENLA NADP 45507 51 KR Y)
S5 LA T A3
B R R AL RE 1 HUR IRAE R 731 i — 2 X

o, A DR IR I B IR TR IR S IR 5 & S fi
AT, 3k BE s 57 1) S BE R ke Jk LU AR A X, R
G 1 ELHEAR 5 0 DCIOPR A Bl TE PR AL . ARG
S O 38 S R G A SR AR TR A
TRt T i CCR 3 A ML 8 NADP 25507 55
LS G miAE CCR 504, FI A Cn3D X FR
_SDR_e BERLEAT A3 (11 3) , 45 R Wl g I+
CCRI BYEPERL R 70 5l 62 T56 98 2 (A) (5 122 fif
(S) #5156 {32 (Y) HI%H 160 {2 (K) ; NADP £ & (i
ROTE T 12 A2(G) 3R 14 2 (G) V5 15 fif
(G) EB 16 i (F) 2 17 A2 (1) (56 36 L2 (V) 5 37
HE(R) B 62 fii(A) 55 63 fii(D) 5 64 (i (L) 5
83 i (T) 2 84 fii(A) 5 85 i (S) 2 86 fii (P) .
55 87 (M) 25 120 £ (T) 25 121 {2 (S) 2 156
HE(Y) V2 160 fif (K) (26 183 i (P) (5 184
(V) 35 185 fiz (L) 25 186 2 (V) A% 198 fii(S) ;
JRPIAS A AL B T4 87 2. (M) (5 89 (D) |
55122 7(S) VBB 123 £ (1) 2 124 £ (G) 5 127
BE(Y) V2 156 i (Y) (20 183 i (P) (5 184
(V) H5 185 i (L) 55 198 i (S) 55201 fii(H) 5
215 fL(N) 35 219 f2(V) Fl%E 285 i (F)

B3 CCR EZEAFMAA NADP &M A RRYE S A m T
A:FR_SDR_e BB HBRREMMAL;C:-EBRTINADP BEEA ;D HBERTRVES LS,
Fig. 3  The actice sites, NADP - building sites and substrate — building sites of CCR protein
A;:The model of FR_SDR_e;B: Yeoolow show active sites. C: Yellow shows NADP binding sites.

D:Yellow shows substrate binding sites.

2.3.6  CCR & [ =245 My i 0 #1145 Hr

P TR S P AR A R A B S I 1Y) S
Y1, X 11 22 RS B DA B, — S48 4 1) 43 BT
TEANBETE X R IR DIRE M) T . BRI — 454
(R 43 BT, X PR B 1 S5 R R BB Z M SRR T
ZREZEMEM. BATHY X - ray F1 NMR 45505605
AT EE 15T A 45 A AC A Y e, Bl AR 5 B 2
(R R, FH A= i 4 100 R P 5 A 4 A A R
Sz SR Swiss — Model X424 CCR 2 4t 5
I = &5 F A7 R IR, ] PyMOL Xof 4%
SERPEATAR R 25 CCR 2R A1) = 4454
DL o — BRSERN JC KA i ok B S5 R T S A
A TEANKEEZ T (E4),

4 CCR BEAZ4EZMERHTN
gf.o -3 ERL-TEEME,RE. TUEH

Fig. 4 Three — dimensional structure prediction of CCR protein

Red: Alpha helix; Yelllow : Beta sheet extended strand ; Green : Random coil
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% JH Swiss — Pdb Viewer 23 ¥4 Fg 5+ CCR1 [ [H]
TG AR AE AL, 25 R, T00I % 2 1 T A R ) T A
(Y Fl @) 7 FE ALK (K S) , £ H 2 [ 45
PR E , i L FH [R5 A 1) 5 3 X A ) CCR (K] G

300 30 60 90 120 150 fed -
Phi

B 5 I+ CCR1 EREEKH KGRE
Fig. 5 Ramachandran plot prediction

of CCRI protein in Arabidopsis thaliana
SN YL
3 iS5

ATFE N A W A5 8 5 T B, % NCBI £l 2
Ha ot F R T AELY | BT AR ) B LT I R A 1
35 %% CCR JEH 5248 cDNA K H4m b5 28 3L 1 5 51 1Y
2Ry AR T DR SE R A R fE SRR B R
SV, SR/ K, S5 R9IR M CCR 2 19 =45 H
HEAT T MR 0T A EE T CCR JEDH 19 2R SE Ak i
H1 CCR 1 =5 pyps iy

OYMTEE SR, PP CCR N GC &
U H R XA GC A B 50T MR 1 3 3k
TR PR G AN AE CCR LA rp i bt 76 % oAt
SR IR R R HEN B Y GC &
TR B R BT 3 DR DX ) T XU AR A 3 TR A
—ANSLEVEEAE . CCR 2E[H GC S e KIshad b
(1% B 8. 25 5 ] BB S5 A A B HE AL R AN A AF IR 1) 22
FA— IR CCR JE M AL 5 0 1 Al 3
AR—F, (H/% CCR FE PR (1 28 AL ) 53 FEAFAE v
5, A WFIE R B IE R I A A E AL KT 3 R G B
ALK b 25 EAFAE R RN CCR S P 4 i B9
SR N N i) C SR KB T 9 AMRSF X, 76
Joj F e ] RS A Ak T )/ L AR B AR 22 500 Sk
X} KNWYCYGK X — {57 X ki3 2, Hilh
X — X IR AR a5 LTI N BaB 4544, FEHE
BAAE & CCR AL i, o nl B2 HoR N 7
NADPH F456 DX, JUHOR L - 00 516 22 R ke 56
(K) FTRE B S IR 45 6 B A SCl X 2 4 1Y

35 % CCR R Z5 LA K ER DR 500 4 B
K KNWYCYGK 1E#8 2451 FIFAEEIE K BB
S50 ALRETE W — B o — SRR 4 TE A 1 , Horh
A Y(N - 35) (K(C - %) 5 CCR 3 H B AL
5 NADPH £557 i S iR 4 & i . K(C = i) A
Ko

CCR J5: [A] g it 2 5 1R ) B AR o B A — 3 (H

ANEFEY T CCR e PR g £t 1) 3= 22 BRI 14 A 28 A

THRAFTEE 225 CCR W 5 K& 4 it &2

C3H 4CL 3K 5 B g fith i) 32 B4 SL PR Fh 2 AH ], X

g Val (Ala K Gly, U HEI X 3 Fha JLm2 il fig 5K

BE A ot A8 oA OC Y i A I AR AN Rl AR )

CCR FEH G i 14 s B TR 5 FE S o1 o o R M/ Bk

PEEBEIR LU ) A SO ERE PEE BORE A — 2 CCR

HHTCRIK A5 T IR S5 A5 H 8, Ja 2R K R

FEEAL T R L, AROE AL T AR R, HaE i

CCR 5 [ 5 45 1y 0% 5000 0 53 A 235 SR AT, 2 o T

s b BT LAME SR F SR B E 1 RE

AFTE, DR S 8 A B 2R iR A BB, 55

b, CCR 2 H B 7E BRI 5 iU, AT REIF A 2EAT

HAEE e H4E S BRGS0k B e i i o

i rp AR SR VEHT; CCR EEH B9 N S A — 4>

I8 S/ 25 1) A iy NAD 255 7 (45 0 3, 2 ik

Frfdad RS N A 32 28307 s CCR 2 H = 45

R 2s (R 25 A e, @A ST 5E . i ds Xt +

WAWFFE CCR 3 FITEARBTR & b e BA —

FE TR TR L,
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