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Bioinformatics analysis of early light-induced

protein ( ELIPs) in Syntrichia caninervis
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Abstract ; Thirty nine ScELIPs unigenes were obtained based on the transcriptome data of Synirichia caninervis, an
extremely desiccation tolerance moss. ScELIP1 and ScELIP2 have complete ORF. Several bioinformatics methods were
utilized to analyze and verify the characteristics of ScELIPs such as homologous relationships, physicochemical
properties, conserved domain, signal peptide, hydrophobicity, subcellular localization, secondary structure,
transmembrane structure, functional domain, three dimensional structure, active sites and so on. The results showed that
ORF of ScELIP1 and ScELIP2 are 711 bp and 624 bp and encode 236 and 207 amino acids, respectively. Both of them
contain a complete Chloroa_b-bind-functional domain. Subcellular location prediction revealed that the two ScELIPs are
both located at the thylakoid membrane of chloroplast. Secondary structure prediction demonstrated that they both have
three transmembrane helixes, among which the first and the third one form a double symmetric structure through the Glu
and Arg residues. The ScELIPs has at least four active chlorophyll a binding sites. Finally, protein sequence alignment
and phylogenetic analysis revealed that ScELIP1 has the closest relationship with moss physcomitrella patens and Tortula
ruralis, while ScELIP2 is closer to higher vascular plants, showing the evolutionary trend clue from moss to vascular
plants. This study laid a solid foundation for the subsequently cloning and functional research of ELIP:s.
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Table 1 The main Web-based bioinformatic tools

used for sequence analysis of ScCELIPs

I HT N2 (Ttems) 437 T ( Softwares )
. CDD~—~http ://www.ncbi.nlm.nih.gov/

PRSTI ,

Structure/ cdd/wrpsb. cgi
AL i EXPASY —-http://web.expasy.org/ protparam/
ProtScale——=http : //web.expasy.org/
B KT .
cgi-bin/protscale/ protscale.pl
R POSTR Prediction——http ://psort.hgc.jp/form.html
BRIy

WoLF POSTR-~-http ://wolfpsort.org/

W EgEfy e, DAS—— hitp://mendel.imp.ac.at/sat/DAS/DAS.html
- ChloroP—=http : //www.cbs.dtu.dk/services/ChloroP/
Y TargetP—— http ://www.cbs.dtu.dk/services/TargetP/
PSIPRED—~http ://bioinf.cs.ucl.ac.uk/psipred/
- & |
ProteinPrediction——https : // www.predictprotein.org/
= i) SWISSMODEL~-~http ; //swissmodel.expasy.org/
AL ST NPS@ —~—https://npsa-prabi.ibep.fr/
Ifes T SRTING-~http ://string.embl.de/
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Fig.1 The sequence alignment of ELIPs by MEGA6.0
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Fig.2 The phylogenetic tree inferred from the protein sequence of ELIP in different species by MEGA6.0
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Fig.3 The CDD prediction of ScELIP1
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% 2 ProtParam X} ScELIPs {91 {4 4 B 7
Table 2 Physicochemical property of
ScELIPs predicted by ProtParam
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FasE ML 48.56 40.77
Jig Wiy T 2 R 1 A 82.37 78.26
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Fig.5 The hydrophobicity analysis of ScLIPs by ProtScale
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Table 3 Subcellular location of ScCELIPs predicted by PSOTR

240 L 5E o7 ScELIP1 ScELIP2
IS (RS S A5 0.844 0.850
oy TALN A 0.785 0.700
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Table 4 The result of signal peptide by TargetP 1.1
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#R ScELIP2 0787 0233 0.003 0061 C 2

ChloroP 1.1 Server F 45560 HA5 5 I E 1 Mt
SR E ALK, HX ScELIPs BTN 25 R an sk 5 s o
5 R WIR M 5% ScELIPs & it (A8 A ik, 45 R 8K
A5 (Score 7£ 0~ 1, KT 0.5 Al 5 & A M8
ALK, HAOHU AL ) — & S =R B
R 45 Fi1 49,

%X 5 ChloroP 71|45 8
Table 5 The prediction result of ChloroP

c¢TP Score TP K JiF
ScELIP1 & 0.525 45
ScELIP2 p 0.568 49

2.7 ScELIPs £ % 25 #3351l

AR SIZ v 55 IR 235 A S FUI 4 531 FH DAS \ TMPred
(http ://www. ch. embnet. org/ software/ TMPRED _form.
html) | SPLIT SERVER ( http://split. pmfst. hr/split/
4/) , TMHMM Server 2.0 ( http://www. cbs. dtu. dk/
services/ TMHMM - 2. 0/) . TOPPRED ( http ;//mobyle.
pasteur.fr/ cgi-bin/portal. toppred ) ZE /E 2% T. H., FH A
DAS SPLIT SERVER FI TMPred L [ {1 X 3% 15 0] vfi
e, =35 45 R4 PR ScELIPs A7 3 /> B I Ay 5 fi
DX, P& 6 fr7 (LA DAS S i) , e 26 A3 B (L, AR
Aot (R R A I X, WA Ao S (M s ) U
FN PR H AT HE 5 [81 ik i ScELIPT (% N st A —
AN (L, 0 L 315 5 IR BT 72 B . TMHMM
Server 2.0 il TOPPRED L), Probablity {g4 3% il vz
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& % %12 &

P, “HEEERY BRI A% ScELIP 8955 2.3 4 15
JEIX Probablity {HA T 1, Al i 5 IEIX , 25 1 M85
JEIX. Probablity {E1E 0.8 747 (EIAREAR)

ScELIPs #5 [IE 45 #4455 7]
A
—— % A

6 DAS X ScElips ¥ [5E Z5 4 il 45 R
Fig.6 Transmembrane domain of ScElips predicted by DAS
¥ : A B2k ScELIP1, B [£] 2}y ScELIP2
Notes: A means ScELIP1,B means ScELIP2.

A cones b BEERERERLEREEEEC] [ [ ] ] FEREENT] FEEL] S

Pred:

Pred: CCCHHHHHHHHHHCCCCCCCCCCCCCCCCCCCCCCCCCCC
AR: MAAMASQMR”VCAMTGGAL?GIALPSRNV%TARMPRQLV?

10 20 30 40
NS FE [EELELE] [ [[ 1] | [ EEEEEE. L EEERe B | [
Pred: __ 3

Pred: CCEEEEECCCCCCCCCCCCCCCCCCCCHHHHHCCCCCCCC
AR: GRVVRCEALPEEKYVNP IDQATKKTITREEVLONQATNES

50 60 70 80

conf : JonnnaRNNRNRNNRRNERNREERRRERREREREE-o00H!
Pred:
Pred: CCCCCCCCCCCCCCCCCCCCCECCCCCCCCECCCCECECT

AR: EQRSIFGEKPPAGSPYGRPEVERRPETGNLSPWSVFAFDG

90 100 110 120
cont : JilBa=s-onniNRNNRNRRRERNE:0REonnn-NREEs!

Pred: —(j T ——
Pred: CCCCHHHHHHHHHHHHHHHHHHHHHCCCHHHHHHCCCCCC
AR: AAPETINGRLAMLGFVWAIIGEKTTGLSVADQLFSPGATG

130 140 150 160
(PR FE | [ [ [ [[[FEEREREREEC L[] [ BEE

Pred:

Pred: HHHHHHHHHHHHHCCCCCCCCCCCCCCCCCCCCCCHHHHH
AR: LIWFLASVQILSYASLVPIFNARESTDARSFGPFRAKAER

LA LA g5 2RaT AR E P 2% ScELIPs 4 54 3
T Y A S S T T R [0l
FEME . AR DX S ) S BEIR T R WL 6,

& 6 ScELIPs BR GEHS PR FE L B

Table 6 The location of transmembrane structure of ScELIPs

5 R e 7 1 2 3
ScELIP1 124~145  160~173  196~220
Eze-2ivbon:d|
ScELIP2  110~130  144~155  178~202

2.8 ScELIPs — 4% £ %l

PSIPRED #1 {4 %] ScELIPs — 4% 25 4 5l (4 £
RN T R AR R o BREE(H) 5 k208 B
& (E), AL ERE MR (C), il % M 1&
76.5%~78.3%">" . MW AT LA i, ScELIP1 47
74 o B8E, 14> B & 8 il IR iE, ScELIP2
A6 o BRER T A i R E

PredictProtein %} 2 45 ScELIPs 2 254 {1 751 0]
455 5 PSIPRED REHH , HCHR > 28 HE IR 5L S HR
ST FEAE ARSI, AN i ST , O m] S
1ET6% L 1,

546, JPred3 Server, APSSP2 Server FlI HMM-
SAM 58 H A5 14 73 A X} ScELIPs 73 At Je
WA T RMIEER

QIPFE EELIL] | [ LEEEEREEERRRSSRRLL] ] | EEEL] LEE

Pred:

Pred: CCHHHHHHHHHHHHCCCCCCHHHHCCCCCCCCCCCCCCCC
AR: MAMTLGAMTATTTGAMSMSSVRARNVAVSSPMNIQGMRLG

10 20 30 40
Cont : JUNEEEEn-oEn-niNERNNEEERENRNERRERRRRREREN!
Pred: P —

—>
Pred: CCCCCCCEEEEECCCCCCCCCCCCCCCCCCCCccceeeccce
AR: QMSRVSRTR?MAVEPEQSK§EVDATPVTP@ATPATPAMA?

50 60 70 30
cont : JINNENNNRNNREERRERononnnBENEE-on-nnRREN
Eesas

Pred: CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCHHHHHHHKHHH
AR: PLPATPSPSKSKKVSTNFFDVESFAGPAPETINGRLAMLG

90 100 110 120
SRR [ | [ [ [ ][5 | CEELEEEE Bl | [ ][] ][RR

Pred: ) (j)—(—
Pred: HHHHHHHHHHCCCCCHHHHCCCCHHHHHHHHHHHHHCCCC
AR: FTTALGVELETGEDLATQIGLGGVOWE IVVAAIFTGASLI

130 140 150 160
cont : JonnnEnEERNRNNENERERNREEERRRNRRRRNERRNN!

Pred:

Pred: CCCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHHHHHHHHH
AR: PMFRGVTVDDKSKPVESSTAEKWNGRFAMIGLVALAITEF

170 180 190 200
cont : JnnnuNRNNNNRRNNNRNN =R o RRRRNCHRRRN 170 180 190 200
Pred: | 3 ) cont : JE-ENEENE
Pred: HHHHHHHHHHHHHHHHHHHHCCCHHHHHHHCCCCCC Pred:
AA: WNGRAAMIGqASLILTEAI%QGPLFVWFF?NRRFPV Pred: HHCCCCC
210 220 230 RR: VKGSPLY
(D -5 e Conf: L.anBBE TN AL HEM:
- +
5 -pIrE Pred:H-olR i€, E-BHr &, C—4 M IR e
— —BlgE  AAHETS

7 PSIPRED 3t ScElips & B — R MBI R
Fig7 The secondary structure of ScElips predicted by PSIPRED

E:A [ ScELIP1,B & ScELIP2,
Notes: A means ScELIP1;B means ScELIPs.
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2.9 ScELIPs &4 S 45 #7

FIF NPS@ $24tf) PROSITE %} ScELIPs 17
TEVERLAS AT, 25 5 K I ScELIPs & 4 283G PEAL A :
N A7 5 R O C W IR AL A S 2 L
il 1T Wl A A N- R Ak A7 05

FIF NPS@ $44Lf4 Geno3D %I 4% ScELIPs [543k
557 ¥, 8 — & )& F Chlorophyll a/b binding 6
(CABO) HE IR, A5 M\ RSCB-PDB Hh i AR BIEE fi e
fFY) CABO 8 IR %> Tish Fanlsl 8 B, il
DIFt ScELIPs E A4 a Fil b 2550051,

K
P IE S F

RS S e VA=
TYREER

8 NPS@ Xt ScELIPs Bt 4R R 45 & i s K S5 M FHE R T 45 3R
Fig.8 The distribution of chlorophyll binding site and structure characters of ScELIPs predicted by NPS@

2.10 ScELIPs = # &Rz PP T LT ) = e R34 5 CABs 1

ARSZI AR FH T Phyre2 F1 SWISS-MODEL it
ScELIPs JEfT = ZESE R T, vl 5EM: 99.8% LA |, iF
ifii Fil PyMOL #4443 #fr ScELIPs PN 35 %) AH £ A F A3z

PRI P ey 5 e, RS BB AT AR SR
Hh RS A A TN 5 SR, UE ] T A R R S 5 —
= o e LHCs 0 — s i AR A E IR Z

SR ARSI 9,10 Bz o i 9 R FF 5 SR TR R4

3 %45 i

AWFFE LA ) 25 8 2 S 4 500 12 R i, S ok
22U LU KT R 0 8 i 23R4T 2 5% % A 52 % ORF 1y
ELIP [#%1] :ScELIP1 F1I ScELIP2, 41435124 995 bp
1904 bp, ORF 43524 711 bp il 624 bp, 4i i ) &
FF 5043 315 326 F1 307 25

REERR T 9 /) PRk 53 A A& B, ScELIP1 5 3 &
LBt IR N — 3, RGO R 5 1T ScELIP2 5 HA
I AFAEYI RO — 3, R GOC R T . B4 1)) R &
TR ELIP 25 1 IR 1 404k 25 57, 5 78 ELIPs
HESE AR IIRERE Y RS2 5 55 1) i1
BTG 9

ScELIPs {551 [X. & Chloroa_b-bind 45443, J& T
CABs M. PRALYE B2 15 ) ScELIPs 25 [ 2
R R SRR 1, S5 AR E

BT BRI 25 R R, W 2% ScELIP 344 —Bri:
SRS RR, A0S A 4S5 R 49 A2 BRI 5 WA
PLor AT R W] 35 8 AL T AR R AR

ScELIPs () — 2450045 o 1RIE, B frZ Ml
WRE . RS MELERION 3 > o BRI B K X, PRSI
FE 1.3 P o BREX . —4EBIT IR 1.3 PR
TR L 73 2 R ARG AR S R PR G5 1, 4 R
SEE NIRRT TE 1.3 B AR E, B DAAS 5250 vh Y
P> ScELIPs HAT 4k R 255 T fE

LR TIR, AR SR AR 1R 1 P 4% ScELIPs H A

&9 SWISS-MODEL il ScElipl & 5 = i1 8
Fig.9 The Three-dimensional model of ScElip1
predicted by SWISS-MODEL

& 10 SWISS-MODEL Fiil ) ScELIP2 & H = #4% 8!
Fig.10 The Three-dimensional model of ScElip2
predicted by SWISS-MODEL
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