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Abstract: BMP4 is known for its critical roles in embryonic development, mesenchymal development,
organogenesis, and the initiation and progression of tumor. To know the functionally important residues and
3D structure of BMP protein will be helpful for understanding its function and its relationship with other
proteins in the BMP signal pathway. The present study aims to identify some functionally important residues
and its interaction with corresponding ligands of BMP4 protein. Here, a total of 100 non-redundant protein

sequences of BMP4 from various mammals were retrieved from NCBI database. Of the 100 sequences, only
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72 sequences were selected for multiple sequence alignment and the phylogenetic tree was split into 10

evenly distributed partitions, namely P1 - P10 in order of evolutionary time cut-off (Fig.1). Based on these

results, detailed analyses on the evolutionary conservation information were performed through a variety of

bioinformatics tools. Conservative analyses show that the TGFp-propeptide domain contains 22 highly

conservative residues. However, the TGF-f domain only contains 84 class-specific residues (Fig.3). To

further explore the functional binding sites of BMP4 protein, the ligand-binding pockets were predicted using

software MetaPocket 2.0. The results show that there exist three binding sites and the ligand-binding sites are

surrounded the pockets (Fig.4). This study will provide useful information for identifying key residues from

functional regions and predicting unknown functional sites in BMP4 family.
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Fig. 1 The dendrogram of 72 sequences of BMP4

i_

EH PL~ P10 WLk LRI TP 51 %5 [R5 () W K% Kl 43« Vertical lines in dendrogram P1 to P10 show different partition identity cutoffs (PICs).
Homo sapiens. A (NP_001193.2); Papio anubis. Z:lE#EH (NP_00611258.1); Pongo abelii. #5[ T 5242 (NP_002824799.1); Macaca

mulatta. 7% (NP_001084317.1); Macaca fascicularis. fr# /% (EHH61386.1); Nomascus leucogenys. UK (4T 10
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(#1701 (XP_003267752.1) ; Camelus ferus. ¥73%%¢ (XP_006185483.1) ; Physeter catodon. #£7fii (XP_007102536.1) ; Balaenoptera
acutorostrata scammoni 1. /MifiE 1 (XP_007192940.1) ; Balaenoptera acutorostrata scammoni 2. /il 2 (XP_007192939.1) ; Lipotes
vexillifer. [ fi§ K ( XP_007446029.1) ; Orcinus orca. J%fifi ( XP_004279389.1) ; Saimiri boliviensis boliviensis. V. 5 b #2 & %

(XP_003930566.1) ; Callithrix jacchus. i@ (XP_002753963.2); Damadama. HZ#5fE (Q29607.1) ; Chrysochloris asiatica. 4x
FEiE (XP_006864690.1) ; Dasypus novemcinctus. JLHi A%k (XP_004449379.1) ; Loxodonta africana. JE#% (XP_003408681.1) ; Trichechus
manatus latirostris. %' HLiA#gE2 (XP_004370931.1); Bubalus bubalis. EJE/Kf:(NP_001277806.1); Bos taurus. <7 (NP_001039342.1);
Ovis aries. 473 (NP_001103747.1); Capra hircus 1. 1113 1(NP_001272575.1); Capra hircus 2. 1115 2(AGL767331); Pantholops hodgsonii.
AL (XP_005968706.1) ; Condylura cristata. /£ &85 (XP_004681919.1) ; Tupaia chinensis. i (XP_006160615.1) ; Sus scrofa.
B (NP_001094501.1); Orycteropus afer afer. 1JK (XP_007946535.1); Canis lupus familiaris. K (NP_001274099.1) ; Leptonychotes
weddellii. B/ /R¥#5 (XP_006749118.1) ; Ailuropoda melanoleuca. KHEAN (XP_002919689.1) ; Odobenus rosmarus divergens. AT
% ( XP_004404933.1); Mustela putorius furo. ZZR5E (XP_004738867.1); Felis catus. X4k (XP_003987694.1) ; Ictidomys tridecemlineatus.
HufA Bl (XP_005338023.1) ; Ochotona princeps. b5 % (XP_004584889.1) ; Pteropus alecto. JifdllHXP_006920236.1); Rhinolophus
ferrumequinum. H8k%45 k15 (ACC64542.1) ; Sorex araneus. i (XP_004601806.1) ; Suncus murinus. SL&1 (Q8MIVS5.1) ; Myotis brandtii
1. AR EEE 1 (XP_005873648.1) ; Eptesicus fuscus. KEF#lE (XP_008137260.1) ; Myotis davidii. K H i HHE (XP_006776363.1) ;
Echinops telfairi. /N5 %8 (XP_004698653.1) ; Otolemur garnettii. /N H K% % (ACHS6512.1) ; Tarsius syrichta. 3k 5= IR 1%

(XP_008048560.1) ; Equus caballus. &y (NP_001157442.1) ; Cricetulus griseus. 222k (ERE88364.1) ; Microtus ochrogaster. 15/
R B (XP_005355432.1) 5 Peromyscus maniculatus bairdii. fi il (XP_006988364.1) ; Mesocricetus auratus. 44 il (XP_005085853.1) ;
Jaculus jaculus. JEHBEEL (XP_004649253.1) ; Ceratotherium simum simum. )& (XP_004426219.1) ; Oryctolagus cuniculus 1. FEX#HEf
i 1 (NP_001182652.1) ; Oryctolagus cuniculus 2. RXK#{EF4 2 (NP_001182652.1) ; Chinchilla lanigera. B4 (XP_005376826.1) ;
Heterocephalus glaber. #& il (XP_004892481.1) ; Octodon degus. #7#]/\ ik il (XP_004638796.1) ; Erinaceus europaeus. #i 14
(XP_007527426.1) ; Meriones unguiculatus. /70 i (BAE78823.1) ; Myotis brandtii 2. A7 [ i H-lig 2 (EPQ12299.1) ;5 Rattus norvegicus
1. #Z 1 (NP_036959.2) ; Rattus norvegicus 2. #55 i 2 (AA025745.1) ; Rattus norvegicus 3. #5553 (Q06826.1) ; Mus musculus
1. /MEEL 1 (AAO25745.1) ; Mus musculus 2. /MK 2 (AAC37698.1) ; Panthera tigris altaica. PH{HF]IF & (XP_007083397.1) ; Cavia
porcellus. JK Bl (XP_005004602.1) ; Monodelphis domestica. ®J7 i 2 fi il (XP_001362591.1) ; Didelphis albiventris. 15 41 i

(ABA86558.1) ; Sarcophilus harrisii. 5% (XP_003758879.1) .

35 —— 1)

. ¢ r[l[llll

B2 BMP4 EALEMIRIHT
Fig. 2 Analysis of the domain of BMP4
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293 ~295 (SPK) . 298 ~300 (SQR) ; 2/t
JAAT A5 (amidation site) , {7 F 2051230 ~ 33

phosphorylation site) , £7 T2 291 ~ 94
(SGEE) . 102 ~ 105 (TGLE) . 146 ~ 149
(SIPE) . 154 ~ 157 (SSAE) . 210 ~ 213
(TRWE) 5 4/"N-PliEALAT £ (N-glycosylation
site) , A7 F2JERR143 ~ 146 (NLSS) . 208 ~
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P1 to P10 indicate the consensus sequences from all partitions, respectively. “x” indicates class-specific residues; * -

in class-specific family; the surrounded residues indicate conserved residues.
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protein kinase phosphorylation ), 309 312
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1k (Richter et al. 2014) %5 J5 TR #4845 T 2411
fath. Hur, BENEX AR Z . W
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YIeEThaesase 73AE . A/ B5 (2011) @i
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ST IR Th REAN S5 A6 (5 JE T T 3o R0 95 510 1 LSk 4
HRGRAN, IR AT,
B IAT P81, 20 LB X e ) n] 153 F
PRI EE, I L 53 Tl WS SRR Y. 1 2 1 =
Yt Bt — DR SUIE PR Re A AU B S
R ¢ % (Zhang et al. 2003, K 2= B4 2005) .
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P F AR T2 . 5 Z M TGE-B
gERIR, HWFRERM, ZEIRINE T M T
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Table 1 The ligand binding sites on the surface of BMP4 protein

G

Binding site

B

Residues

Trp325, Trp385, Trp322, Tyr397, 11e326, Met383, Leu386, Glu388, Asp 324, Lys395, Cys341, Pro342, Phe343,
Thr359, Asn362, Ser363, Lys370, Gly321, Leu384, Ala328, Asp387

1

2 Cys308, Arg309, His348, Leu349, Cys405, Pro342, Pro344, Leu345, Ala346, Asn307, Cys341

3 Trp322, Trp325, 11e326, Met383, Tyr397
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B4  BMPAZR 2 ER IR EE S H D REAL =

Fig. 4 Trace residues and function sites of BMP4

a. c. BMP4% (HTGF-B4ifie; b d. BMP4%E (4 TGF-B45 #4115 1

a, c. The TGF- domain of BMP4 protein; b, d. The reverse side of the TGF-B domain of BMP4 protein.
A. cAMPHICGMPRI) 8 (T BEIR AL 215 B, N-WERALAL A8 20 (B 040 R 8 AU S (3 &0 h B E AR 45 S 148, R

DR TR AR B I E R 45 45 (07 4o

A. cAMP and cGMP-dependent protein kinase phosphorylation site; B. N-glycosylation site; Red dots corresponded to the sites of pocket, and

purple corresponded to the ligand binding sites.
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(residue propensity) , HLUkF g hk Ik B ] T
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PRI s DI AT B 22 1) 5 i PRI 7K 1 ke s
(Janin et al. 2007, 3MAESE 2011) o Zpdfrie
IRy X3 E RN REAL R AT B 2 07 &R
WKL, Trp. TyrMePhe. Hrh &5 1 A3 45 447

MR Z . HADTRIEWICys. Lys. Gly. Asp
S5 RFR Y hy R 28 LR e s o
W], BoEES SR S REE
MRS & AR IR 2 E S, AT
G AR A TA X B AR A i AL R
HN R IL LR ST, RARRIMER BN, 4
SERTHEN, B HOHE S & 1 A8 i s S R Tk
Al e H M ThRe s AL . B TR i)
JE 77, IXEERRFENT T Le D e [R5 A R
POCHEL, P, ORI AE S A
FCBEAH BLAE T BOME R B AIG, RS 40 12 1)
(R AH HLATE H 3 B0 8 2 ) e DXk ) = ) 45 44
KA, TS AH Y. (1) A BRI RE o
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