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Abstract: Plant dehydroascorbate reductase (DHAR) is a physiologically important reducing enzyme in the ascorbate-glutathione
recycling reaction. In this study, two DHARs genes (SmDHAR1 and SmDHAR?2) were isolated from Selaginella moellendorffii. The
SmDHARI and SmDHAR?2 genes encode two proteins of 218 and 241 amino acid residues, with a calculated molecular mass of
23.97 kDa and 27.33 kDa, respectively. The genomic sequence analysis showed SmDHARI and SmDHAR?2 contained five and six
introns, respectively. Reverse transcription PCR revealed that the SmDHARI and SmDHAR?2 were constitutive expression genes in
S. moellendorffii. The recombinant SmDHAR1 and SmDHAR?2 proteins were overexpressed in E. coli, and were purified by
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Ni-affinity chromatography. The recombinant SmDHAR1 showed 116-fold higher enzymatic activity towards the substrate
dehydroascorbate than recombinant SmMDHAR?2. The recombinant SmDHAR1 showed higher thermal stability than recombinant

SmDHAR?2. These results indicated obvious functional divergence between the duplicate genes SmDHARI and SmDHAR?2.
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BAREEE XY TR B Selaginella moellendorffii
Hieron. /& BRA A 9 — D IUAEFR, FEHE Tz 50
FRAITFIRA T LA 45 b S —Fp o FH g
G 5REGM, AT R B RESR 2 4
DHAR JE[H, Xz K iR 454 . Rkl fr
It i H S5 M 5 A AL T BEEAT TR RIBESE, R
R AJE 7R DHAR TEAE Y39 58 30 vh 59 /E LR B8
e 30

1 #HHE7 %
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VLR EAR R A POE 2 Lo BERRTE AT T FoA
TOCIREEFRAE (25 °C) 5% 1A, BOHLM H 7 5
RNA Y520, F3oh gt Zait | ZEFIMR 4 N2
RNA, VENHLUFF IR IB A
1.2 T EABFIXF

S RNA $2HUAH] & Aurum Total RNA Kit 4 H
Bio-Rad A7, DNA $EHCGR & . Bk 2 Bl &
LI K DNA maker W | Qiagen A F, REFIRFE
RNA PCR Kit (AMV) version 3.0, Tag DNA B4
FIHAD PCR X1 [ TaKaRa /A7, pGEM-T Easy
Jii ki W H Promega 2N wl, BRI P9 DI A
Invitrogen A F) o
1.3 DHAR EFEFIINEESH A

Y52 M I+ DHAR & HJF %) (GenBank
Accession No. AY039590), #JH TBLASTN Ki%&
GenBank TR EST $dl %, 301500 2 4%
5 5B I+ DHAR Fr o 25 BAT B A E o k75 7
S 23t Pfam FIBE, #E %75 MG EAHA
DHAR Z5HAFAE. FATRIX 2 HF 510054 44 A
SmDHARI1 (GenBank Accession No. FE475698.1) #l
SmDHAR2 (GenBank Accession No. FE454714 #l
FE454715),
1.4 ;IF%1H DHAR £FE 52

OB VLR S48 0.1 g, H IR & U0
TP BRI B0 5 RNA FIHE 4] DNA, JF
DI RNA Mtk , F Revert Aid First Stand cDNA
i &5 i cDNA,

M5 SmDHAR 1 Fl SmDHAR2 EST ¥ 51 53l i% 31
514 SmDHARI1-CL1/2, SmDHAR2-CL1/2 (¥ 1),
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S H Invitrogen 2~ FlA o 3 5l LAY R & A
cDNA FIJLH 4l DNA Rtk , FIH 2 X519
SmDHAR1-CL1/CL2 #l SmDHAR2-CL1/CL2 4343
1T PCR 4734 ,PCR 7= W45 1% Iy N5 M 56 g v T R
M alifl H i 4500, a4 3) pGEM-T 84k
o BEAR T 1 A TORE A AL B KA T T TM 109 JR
Z AU, 7E X-gal/IPTG Amp e b PeH 4~ FH
P B R AT X ] T o

x1 AHREAARGHY

Table 1 Primers used in this study

Gene Primer name Sequence (5'-3")

SmDHARI SmDHARI-CL1 CCCTACCCTTGTCAAAGTTAC
SmDHARI1-CL2 CTTCACAGAGGGAACCGTT
SmDHARI1-SP1 CAGCTCTTCCCATCTATCCACA
SmDHARI1-SP2 CGGGGATTCTTCTTGGTTT

AGATATCATGGCTGTGACTACC
SmDHARI-EX1 ACTGAGG

TCTCGAGTTATCACGCGCTTAA
SmDHARI-EX2 ATGCTT

SmDHAR2 SmDHAR2-CL1 AGACTATCGAGATTTCCAGTCTC
SmDHAR2-CL2 TGTTGATTACATAAAATCGACACT
SmDHAR2-SP1 CGGCTATGGCTTCGCAGGAT
SmDHAR2-SP2 GACACTTGGCCATGAAATTA

AGATATCATGGCTTCGCAGGATGT
SmDHAR2-EX1 GGATCT

SmDHAR2-EX2 Z((}}?}ATTCTTACACAAGCGGTGTGA

1.5 RFEEEXRDH

SmDHARI F1 SmDHAR?2 [/ 3K 11751 5 H Al A4
DHAR J#4IiE i Clustal X 1.83 JEAT&IEMIFEY
Xt, $RJ5 4 BioEdit Fahifixt. FIH MEGA v.4.0 1)
neighbour-joining(NJ) 45 % ¥4 # i fL #) , Bootstrap
{H>4 1000,
1.6 ;IF%&# DHAR EERABALERIENH

i T W5 DHAR SE 78 VT B AR IR 20 2L )
Feakor A, Hie GRS Ul I 1A BRI IO R B
ZEN . R AN M RNA, JELLE RNA it
J 5G4 R cDNA o #R4l SmDHAR1 Fl SmDHAR?2 1)
SR A BT 1 RS Y) SmDHARI-
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SP1/2 Al SMDHAR2-SP1/2 (¥ 1), #47 RT-PCR ¥
W TEHEAT PCR & 1Y, B4 cDNA FEREN 3 pL,
I HLILRE B Actin FEFAVE R NFR . PCR N ##
JEE: 94 CHIZAETE 5 min; 94 °C 30s, 60 C 30,
72 C 1 min, 35 MEH; &5 72 CHEH 2 min,

7E PCR 0 1 LA S A H B R 9 pGEM-T #AR 1
FHERT IR, AR cDNA A4 9 PCR B0
FEATEXT IR, PCR S5 #E4T 1% B Babi&e e i ik
R, Hiyk BARER 2 pL, R T 50U A1
PN N HEIER, XF PCR =k f5 0% .

1.7 ;Ifa%+tH DHAR E2EFREHANEE. e

EEFREEDd L
HE SmDHARI F1 SmDHAR2 () ¢cDNA J¥ 5%

i+51% SmDHARI-EX1/2 #1 SmDHAR2-EX1/2 (%
1), LRI cDNA AR 43 5 #547 PCR 473 .
PCR =¥ 2 fg Uy, % H#:504 6xHis b5 25
PET30a RibZE M, AR KIAITH BL21 JRZ&
AR K DU 56 UE T 5 AR Y EE A R AT T RIIR
RN LB BigR ik rh I giad i, DL 11 100 #ikefa 4K
RiFEZE ODgoo N 0.5, iNA IPTG BEAHKE 0.1 mmol/L,
37 CilkifsT. BRERBEHHMK 4 C. 6 500xg
B0 10 min W3R B A, 2% b A (20 mmol/L BRIk
0.5 mol/L NaCl, 20 mmol/L Na;PO,, pH 7.5) #H&,
UK BB ERA# . 4 C L 10 000 g B> 10 min,
WD B R L R RS RO R E R TLTE £
SDS-PAGE il A5 H iy g7, SDS-PAGE £
MR 10% M5 B, 5% W4 . HZiR A
S5 Ni#£ (B H T Amersham Pharmacia Biotech 2%
Al), AP RS B0 LTE EAE, DA R A OF
M AAE, HZE s B (0.5 mol/L BKME, 0.5 mol/L
NaCl, 20 mmol/L NasPO,, pH 7.5) ¥EMi H&EH,
Wtk B B8R R AT T — 2D B2 IS ST
1.8 Lg% DHAR ERMEEFFEMHFRMA N FR
TE TN ZE

TE%Y) DHAR 25 A J2 A W) 45 e T Ik 5% 7% iy
(GST) BFRIEN—A WAL, ARLHEXT GST H LK
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) CDNB (Including 1-chloro-2,4-dinitrobenzene) 475 00 P’%%%Igz
P 7 2 i Habig 212979 % NBD-Cl (7-chloro- OA%)]-[B;I};I{IRI
.
. : b A Ab I 52 % CrDHARI DHAR
4-nitrobenzo-2-oxa-1,3-diazole) F¥ 1t £k 16 P & % 100 |7 PrDHARz .
M8 Ricei 2589759, %F DHA (Dehydroascorbate) C IZSJZDﬂeAsz
»
BEAL TR ZE 2 0 Edwards 0905 . REA ) bl ||
ML Tt 2z Il 52 v B N0 5%35 o SE % mGSTU3 j|Tau GST
2ERRE I e vk R e B AR IR R T RIR log- et
A

15 min, 7Ef71R %50 5 #0 i % DHA JEY 41k AtGS/%tESTLz JLambda GST
. 100- 0sGSTZ2 7
Yﬁ‘@ N Aggg%l Zeta GST
1.9 SIRI%# DHAR BB 4gtsl BrOSTE, Trhecs 1

. s P AtGSTTI0 eta

PEHRZ L EXC-4 11 (PDB: 2yv9A) f X it EeGSTT] 1
FRARZE R AT, DA Align 2D F2£JF (InsightII ) |Phi GST

_ Human Mu GST 7
Homology #&it) #4758 HeXt, iz InsightII #) Human Pi GST Out group
Caenorhabdil_is Sigma CST

Modeler BEHAGEEER 10 = 4E 2540, 774 10 445 '3 Drosophila Sigma GST -

ANEER PR 10 DRI IXEEH), Ptk e
%, L) Profiles-3D X425 TPEAY , EHURIEE5 14 -

2 HERE04T

2.1 ;Ifg%tH DHAR EEMARGZEERXZS

TEHL 5 AMRFRAS R AL s 1 i A 0 0 i
DHAR FEN SR G, GL4E & BE AR 1) /) Sr 0 85
BRISHE W) KB Ceratopteris
TV A =42 Picea glauca. Y1 HH
Y K B Oryza sativa F1 X F 0 A4 9 # f6 5+
Arabidopsis thaliana . 735 DHAR 3 R g EH & GST
BERFREA, TERGELF /0, Y GST %
R ZK G HABZEAY ) 404E Tau. Phi, Lambda. Theta
Fl Zeta GSTs JFSIBRIN AT RELF 4. RS
REWB/RITA DHAR HERR R — KL, mHAE
KT 98% M LFrH (Kl 1), FAi Tk Iix L DHAR H
HEW 2 /N2 (D1 1 D2, 1), SmDHARI H
SmDHAR2 73 5| % AE D1 3 D2 32, Fihhg—/)
WA /NS BEEE R 5 4% DHAR JEH, 33X 150 BH 7 fili
HAE Y B, DHAR JEH A4 T —h&m
FEHREZHM, EXWIERNEZ SRR ER 2 A4
A LB DUTEV IR A b g O B 1T ok

Physcomitrella patens .

richardii .

Bl 1 ;1f%&4 DHAR EEMEREZLE N
Fig. 1  Phylogenetic tree showing relationships between
SmDHAR and other classes of plant GSTs.

2.2 IFEMH DHAR EREM S EFEEWHH

PIVT RS &M cDNA DL FEF 4] DNA B,
514 SmMDHARI1-CL1/CL2 435l 5k 5] SmDHARI 1
cDNA 5EHEAF5 (F 2A), SmDHARI cDNA &
1AL 657 bp BYFF B EAE (BLAEZ IR T).
60 bp [ liFlEgm i 51 fl 68 bp FlidEgmfdF51 .
cDNA Zift 218 NEIERME A, W/t h
23.97 kDa, SmDHARI JEHN A 7514 1123 bp, 245
SANET, WETKESRR 61, 53, 72, 67 F
85 bp (& 2A).

51 % SmDHAR2-CL1/CL2 /¢ % 3 F& 15
SmDHAR2 W) ¢cDNA 5K )F35 (B 2B).
SmDHAR2 cDNA J¥ 514 7 726 bp A FF i el 24 (2
FEZ %), 60 bp AR SRS X Fl 35 bp F iR
ity IX . cDNA i i (1 £ AL 5% 241 A2 LR, il
M4y F 44 27.33 kDa. SmDHAR2 3 [H 4 Jy 51 K
1220 bp, f4F 6 NMNE T, KN 68, 59, 58,
60. 78 F1 76 bp (K 2B).

2.3 If%E1H DHAR EEBYHELARIEER S
33 RT-PCR WF5E 7T 5 45: 41 DHAR &R 78 IE &
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ARTORFEIAZT (W ZErE ZEFIAR) T RIA 0
RT-PCR J5Xf PCR 7= fSh AT IF, ¥ 45 R %W
SmDHAR1 1 SmDHAR?2 3 R TE YT/ B0 T 4121
ik (3), XFEM 2 > DHAR 3[R 24 p i %
REEEH, IRV B NA KR E h RS f
YEM .

catctatecacacaggeattttettegeacgtagetcagecatecttetagagtttgegee
A gg g gLag g gagtiigeg
ATGGCTGTGACT. GAGGCTGTGGAGGT TTTGGTGAAAGCCGCGAAT GGCGATCCA

M A VTTTEAVEUVTLV KA AA ANTGT DP
TOCCGGC‘!"I‘GGCR g GM"!‘chagtatatcatctatcttacattgctttttttcatctctttt
s G D
ttcttI‘.tgtcactccaggtcﬂmemﬁmmmm
P F § Q RV L LTTULETEIKG
GATTCCTTATAACTCCMAHCGTGGAT.\TGGMMCMC CGCATGGTTTTctatttyg
I P Y N § K D M E N K P A WF
tttcttttattttccttgttgggacatggtgaattttccaqgttttTmﬁcmTCﬂ
A

GMGGTWCCWGATCWGATGGMTGGGTCGOGGATTCGG&CGTTATC
E G KV PV I KUDUDSGIE KWV ATDSDV I
ACGCAGCTCATCGAGACAAAGTTCCCGTCACCTTCTCTGGTTACACCACCTGAAAAGTCA
T ¢ L I ETKF P 5 P 5§ L VTP P E K §
AGCGTgtaagtttocctogtetttttotttogtocttgttgtegagatggoctttgatttg
5 vV
cttgctcaaact ttcagTGGCTCGmTCITCPCGTCCTrCGTGMMTCCTCN\GAGC
5 K I F s § F V K F L K 5§
MGGATCCGAGCGATGGHCCGAGGCTGWCCTGGMG&GMGCTGGATG&G
K D P §$ D G 5 EA ALTULETET LI KTTULTDE
TATCTCGCCAAGAATGtaagttctttogeotattectotogttotocaggaacaaaaagte
YL A KN
ctggettttttgt tgqtggcangACCkTTCGTGMTGGATCMCATCTCUGCTGTGGA
G I s A V D
TCTCAGCCPCGCCCCCRAGCFCTACCRCCPTMTCGCGCFGGGCCAHW
K L ¥ HLKTIATLGUHYEKOQW
G'ICI\GTGCC&C.\MATCTCMGMTCTCMCﬁACATGGAGGtaaaacqcacaqaaqa
S VP Q R LTWNILWNSTYME

aaaaatattcctttttocccagtgtaattategtcactcacagtogtgtototottttact
cgttgeaggCTCTCTTCAAGCGAGAAAGCTTCCAGAAAACGATGGCTCCGGCGGAGGTAG
A L F KR E S5 F Q KTMAUPATE V
TCGTCAAAGGAT GGGCCAAGCATTTAAGCGCGTGAgcaaaactggaaaaaccaagaagaa
VvV KGWAI KU HTEL S A *
tccceggagattcaagagaategaaacggttecctetgtgaag

B ccagtctottggagetettecttetegegategaggegatttgocaggagagtategget
ATGGCTTCGCAGGA' CTTGAAGTTTTCGGCAAGGCGGCTACTGGGACTGGARAGC

M A S Q D VD LE VYV F G KAA AT G T G §
CCCAGCAACCAACGAGGAGATTGTgagttctatcttoccatagotgggogagettecattyg
P S Q@ RGD C
azazcuatgg:autg:aatgtcttccaggtccnwmmccsmm'rcm
Q R Y M Vv
TGGALthatgaaacttttggar_tr_gr_cttctttggttccaattccaaqtttgtgattct

anaqumCm&CMGGCMCﬁATGTCGAGGMGGACCCMCMGCCTGA.
E KH L PY KATJY V EEGVPNIKP D
G‘Gﬂcagttacgagagatcgattgat tttttcttaggagaagggatttgttttctogea

ggt‘l'l'ATGCMCAC.MTCCCTCTGGCTTGI\TGCCGGTTCPCCGTGACGCTGCTGATI‘GG&
F Q P V L R D A A D W
"I'I‘CM!.GA WTWTMWWMC@CCWG&
I ¢ DS DKTIFEHYVEWNIEKTFEFI KEPS L
M&CTCCMACGAG‘WCWCGTgt aagtccgatttcattgttttoccgaagetogac
K T P D E F K S
tgagatatgagattggatt ttccagOGGGGCTGGCRTCITTCC&GC(ﬂTW
G A G I F P AFTHNW
TCAAGTCCAAGGACCGARACGCTCCAGCGAAGCAAGAGTTTATCAACGAGCTCACAGCTC
L K s KDRWNUAPAKU GQETFTINETLTA
TCGAGGAGCACTTGAAGAAGCACGtaagetttettgagtttetectcatetaagatttet
L E E HL K KH
tecatgaacgttettectacaaatgtgtttgtatttetcaggGCCCTTACATCGCTGGAA
G P Y I A G
mmcmmmcmTMTmmcmcmmcmmsmc
F A L A P KL R H A R
wmmmﬂcmcrcrrcccmﬁcumccmchmmummncc
L KHF I DF WV F P S5 HNL @Q HV A I KUY I
AGgcaagttttttccaccaggottteocttogotttogtocgacatgatetetcagatgtt
E
cttttoctottttgtttagCTCATGGAARACGAGGCCAAGCTTCAAGAAGACGGATTCTCCA
M E TR P S F KKTD S P
Gmmmmnccccmcmmmsmmcccmwmmc
D EMI I AGWOGQTIEKF L P D K I D K
AACTCGG chGCC‘l'I‘CRCAA’.‘CGC'l'l‘G'l‘GTMt ttecatggccaagty
H § G Q E K KTA AT FTP L V
tcgattttatgtaatcaaca

2 SmDHARI (A) 1 SmDHAR2 (B) WIHER RS 8
SERFT

Fig. 2 Nucleotide sequence and deduced amino acid sequence
of SmDHARI (A) and SmDHAR?2 (B). The intron sequence is in
lower case. The extron sequence is marked in gray. The stop
codon is denoted by an asterix.
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3 Im%# DHAR ERERFEHEL P HIFRIEZER
Fig. 3 Expression of the SmDHARI and SmDHAR?2 gene in
various tissues of S. moellendorffii. 1-4: leaf, scale leaf, stem
and root tissues. +: positive control using the pGEM-T
constructs including target genes as PCR template; —: negative
control using RT-PCR reaction without template.

2.4 1% DHAR EHMZH4EMIEE

Bl 4A JE/R TELL 2 VTS 641 DHAR &
1 =225, RAL)E 5 Profile-3D #F47T 20 5E
PRI AR ZE, FR N 4B i, M ]
DL B Ko E B IR R AT B8 2 1EAE, 7 T2
fIYEFEl . SmDHARI Al SmDHAR2 H.A 2 H k%
Mg (GST) 454, 048 2 a5 | o BREER B
P12 2B B U DR AR I A5 A 3 (N R o 25 44 350
IS 24 o SRR C Rums i, 2 454
B 10 ANEIEFR A linker AHIEHE . 2 DEEAM
N A i 25 A SR LR K A2 T R e K 1/3, @
& 14> B-a-B-o-p-B-o GEFGIL. C ARum&E AL I 5 B
FEAFK 2/3, SmDHARI 1 6 1 o B, ﬁ'ﬁ
SmDHAR? tt SmDHARI1 £ C K3 £ 1 4~ o 2 (&
4A BAAFETRAL),
2.5 IFE%&MH DHAR EEMELEES

#1384 & pET30a/SmDHARI  Fil
pET30a/SmDHAR?2 ﬁa\%ﬂ%fk?ﬂk%ﬂrﬁ BL21 &%
BMMh, & PTG %% 5 & Bl SmDHARI Al
SmDHAR?2 & HREZE RGFT A BL21 ik d7al i i
Fik (K 5). EAEHCERZEMr A, Rk
EHEH (B 5), SDS-PAGE 45 H /R E A/ T
51 #Yy SmDHAR1 F1 SmDHAR2 %5 1 K /h—%,

DHAR JEH Y GST B o1, i THEY)
GST Xf Z ¥ CDNB, NDB-Cl, DHA %5 HAy
JZ AT, BT RAFRATT A B E T SmDHART Al
SmDHAR?2 & H X} DHA . NBD-CI il CDNB =&
Prikid e, 45 % 0], SmDHARI1 fl SmDHAR2 %}
NBD-CI #l CDNB % A i %, {1 2%} DHA HA fifk
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B
10 1 — SmDHARI
— SmDHAR2
o 08T
51
“ 0.6 [
z
E 04
% 0.2
[=]
u 0 1 L 1
50 100 150 280 250

Residues

B 4 SmDHARI 71 SmDHAR2 & 5 = 4 4 #89 LG

Fig. 4 Structure modelling of SmMDHAR1 and SmDHAR?2. (A)
Structural comparison of SmDHARI (green) and SmDHAR2
(red), N: N-terminus; C: C-terminus. (B) Evaluation of the
structure of SmMDHAR1 and SmMDHAR?2 by Profile-3D program.

66.2 —F= =E ==
450—=
35.0— =

25.0—==
18.4 — =

5 SmDHARI # SmDHAR2 & B 7 X fF#T & BL21
BIFRIEFNLE 1L

Fig. 5  Overexpression and purification of recombinant
SmDHARI1 and SmDHAR2. 1: protein marker; 2 and 6: total
cellular extracts from induced bacteria containing recombinant
SmDHARI1 and SmDHAR?2, respectively; 3 and 7: supernatant
after ultrasonication and centrifugation of cells expressing
recombinant SmMDHAR1 and SmDHAR?2, respectively; 4 and 8:
cell pellet after ultrasonication and centrifugation of cells
SmDHAR! and SmDHAR?2,
respectively; 5 and 9: the purified recombinant SmMDHAR1 and
SmDHAR?2, respectively.

expressing  recombinant

e (18 6), ULV DHAR & HHA B ST
NI R E RGP . XF DHA BYMEALTE M 2 2 18
Edwards 25" )71 , 4ii4L Y SMDHAR1 F SmDHAR?2
B R 43 2 0.039 mg/mL il 0.655 mg/mL, J
N 3 min J& Aaes [E4 B2 0.539 i1 0.078 (& 6), &
i1 5 SmDHARI1 fil SmDHAR2 A3 1 5 5 A
19.76 umol/(min'mg) #1 0.17 pmol/(min‘mg), SmDHAR1
(RIS L& SmDHAR2 19 116 f%, #iW] SmDHARI
1 SmDHAR2 *%f DHA 7% M4 B K4k .
SmDHARI fil SmDHAR?2 ZE [ #4 J) 244 % 14
RnE 7 pis. 458 78 SmMDHART fil SmDHAR2
HHMRIFREE AR KSR . SmDHARI 7E
50 CHIIRPRFEE e iG k) 80% , XT/RE

0.6 r
05 | ~
smDHARI1
04
& 03
02 -
0.1 ¢ smDHAR2
o //”/
1 2 3
t (min)

6 SmDHARI 1 SmDHAR2 BYEGE 144 #7

Fig. 6  Activity analysis of recombinant SmDHAR1 and
SmDHAR?2.
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Fig. 7 Thermal stability of recombinant SmDHARI1 and
SmDHAR?2.
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PtDHAR2 MV------ LEIAVKAAVG--APDI-LGD 0
AtDHAR 1 MA------ LEICVKAAVG--APDH-LGD

AtDHAR2 MA------ LDICVKVAVG--APDV-LGD

OsDHARI MG------ VEVCVKAAVG--HEDT-LGD

PgDHAR| MA----EALDVCVKAATG--VEDK-LGD

CrDHAR | MASAAVEPVEVLVKAATG--EPEK-LGD
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El8 DHAR ZEH CPFS RFEFHFF 5454 ELAQ
Fig. 8 Sequence and structural comparison of CPFS motif in
DHAR proteins. (A) N-terminal amino acid sequence alignment
of DHAR protein, CPFS motif was marked in red. (B) Structural
comparison of CPFS motif between SmDHARI1 and
SmDHAR?2, Blue dashed represent hydrogen bond.
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