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Ferritin s Institute of Bioinformatics, SIB) ExPASy
s , ferritin ProtScale ORF
(Phascolosoma esculenta Chen et
Yeh) (Sipuncula) (Phasco- 2
losomatidea) (Phascolosomatiformes) 2.1
(Phascolosomatidae) (Phasco- 1
losoma) , , 6 ferritin
, , , 2 SingalP (http://www.cbs.dtu.
dk/services/SignalP/) , 6
ferritin , , TMHMM (http://www.cbs.dtu.dk/
(Nemertina) s services/TMHMMY/)
s ferritin ) >
, ferritin
(Mollusca) (Echino- 2 Ser (Ser34 Ser57), 1  Thr (Thr158) 1
dermata) ferritin Tyr (Tyr27), ferritin 4 Ser (Ser57 Ser39
Ser11l Ser121),2  Thr (Thr133 Thr158),4  Tyr
(Tyr27 Tyr32 Tyrl35 Tyrl65), ferritin
1 5 Ser (Ser32 Ser35 Ser54 Ser55 Ser56), 1
1.1 Thr (Thr91), 2 Tyr (Tyr25 Tyr30),
ferritin [ 4  Ser (Ser36 Ser57 Ser93 Serl59), 3 Thr
(Phasolosma esculenta) (Dendro- (Thr133 Thr158 Thr169) 2  Tyr (Tyr 130 Tyrl35),

rhynchus zhejiangensis)
(Sinonovacula constricta)

(Tegillarca granosa)
(Apostichopus

ferritin s

japonicus) (Acaudina leucoprocta)] (http://wolfpsort.seq.cbre.jp/)
, GenBank , ferritin =~ 14.5% ferritin =~ 20.5%
ferritin ferritin ~ 13.0% ferritin =~ 15.0%
1.2 ; ferritin 21.0%
NCBI BLAST , 19.5%
SingalP (http://www.cbs.dtu.dk/ services/SignalP/) ExPASy ProtScale (http://us.expasy.
; TMHMM (http://www.cbs.dtu.Dk/ org/cgi-bin/protscale.pl) ORF ,
services/TMHMM) , NetPhos s 1
, Clustal W 1 , 6
, (Swiss , 1.0—1.6 , -3.3—2.8
*1 SHEEEREEFTIBRIE
Tab.1 The basic characteristics of ferritin sequence
(bp) 5 (bp) 3 (bp) ORF(bp)
1017 151 341 525
1179 104 565 513
895 163 213 519
996 120 360 516
1222 114 513 519
1188 118 545 525
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Tab.2 The structure and function of ferritin

174 Ser:0 Cyto:14.5
Tyr:0 Cyto_nucl:13.0
Thr:0 Mito:8.0
Nucl:4.5
169 Ser:5 Cyto:15.0
Tyr:1 Extr:9.0
Thr:2 Nucl:6.0
172 Ser:2 Cyto:19.5
Tyr:1 Cyto_nucl:6.5
Thr:1 Nucl:6.5
Extr:3.0
171 Ser:0 Cyto0:20.5
Tyr:0 Cyto_nucl:14.5
Thr:0 Nucl:7.5
173 Ser:4 Cyto:21.0
Tyr:2 Cyto_nucl:12.7
Thr:4 Cyto_plas:12.2
Mito:4.0
Nucl:2.0
174 Ser:4 Cyto:13.0
Tyr:3 Extr:11.0
Thr:2 Nucl:6.0
(AAY86949.1) 65.0%, Acaudina leuco-
, procta 64.0%, Mus musculus (NP_080562.1)
o- , 63.0%, Bufo gargarizans (ABD75379.1)
2.2 61.0%, Bos taurus (NP_001069658.1)60.0%,
ferritin Xenopus laevis (NP_001084057.1)59.0%,
ferritin ferritin )
( 2 , ferritin
Aplysia californica (ABF21074.1)75%, Ostrea
edulis (AFK73708.1) 73.0%, Amblyomma 2
americanum (AAQ54708.1)72.0%, Branchio- (EEREHAEKLMFQNQRGGR) N-
stoma belcheri (AAQ21039.1)71.0%, (NQSL) ferritin ,
Eisenia andrei (ACL14179.2) 71.0%, ,
Rhipicephalus microplus (AAP72263.1)
Hyalomma asiaticum asiaticum (AAS66655.1)
Tegillarca granosa Asterias forbesi (AAB ,
60883.1)70.0%, S. constricta A. japonicus (F70Y70  Q73K53)
69.0%, Haliotis discus discus (ABG88846.1) £ ,
67.0%, Homo sapiens (AAA 35832.1) (F10L0)

D. zhejiangensis 66.0%, fiil Ictalurus punctatus
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ProtScale output for user sequence

ProtScale output for user sequence
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Fig.1 Analysis of ferritin protein hydrophobicity
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[Amblyomma [Sti EEREHAEKLMKFQNQRGGRVKLKD1 TAPEKEEWGSLLDAFKVALELEKKVNQSELDLHGL 118
Hyall [Asterias  BEREHAMBLMKFQNQRGGH1VLQD IKKPENDSWGSLKDAVQAALALEKHVNQSLLDLHKL 116
Rhipicephali [Dendrorhynchus BEREHAMELJJKFQNQRGGRVVYQD IKKPEKDAWGTL TDAMQAALDLEKHVNQALLDLHAL 116
[Branchi [Phascol EEREHARKLMKFQNQRGGR T V1.SDTKRPDHDEWGTGLEAMEVALNLEKNVNQSLLDLHKV 118
[Bos MLPCSLFLPKHTSTSLVFLRSARHGFALLPRWVPRLSSDYPPAAPTRLLAAMSSRRPAD 60 [Eisenia EERBHAEKIMKJJONERGGR 1VL.aDT AKP TRDSWGTGLEAMQTALELEKNVNGSLLDLHKV 118
[Homo MITASTS———— 7 [Zegillarca  BEREHABKLMKJJONERGGR VL QD 1QKPDLDEWGSPLEAMQTTLALEKSVNQALLDLHK I 118
[Mus MLSCFWFFSKHISSALMSLPRVLIRFTAPQCLASRYPLGPLLASPRRLLASVASSQ—~~ 56 [sinonovacula EEREHABKLMK[JONERGGRTVLQPTSKPDRDEWGSGLDAMKAALNLEKSVNGSLLELHKV 118
[lctalurus MSS 3 [Aplysia EEREHAEKLMKFQNERGGRVVLQDTKKPDRDEWGTGLEAMQVALQLEKSVNQSLLDLHKV 118
[Xenopus Qs 3 [Ostrea EEREHAEKLMKJJONERGGR VLD IKKPDRDEWGTGLDAMQMALQLEKTVNQSLLDLHKV 118
[Bufo MES 3 [Haliotis  BEREHAEKLMKJJONERGGRTVLAD TKKPDRDEWGTALESHQALSLEKNVNQSLLDLHAV 118
[Acaudina sk kkk sk okkk 1 L : k% Dok ok ek Rk Rk
[Stichopus
[Asterias [Amblyomma ATDHNDAQLCDFLESEYLAEQVKATKELSDYVINLKRVGP——————— GLGEYMFDKETL 170
[Dendrorhynchus [Hyalomma ATDHNDAQLCDFLESEYLEEQVKS TKELSDYVINLKRVGP——————GLGEYMFDKETL 169
[Phascolosoma [Rhipicephalus ANDHNNAQLCDFLESEYLEEQVKATKELSDYVINLKRVGP—————-——GLGEYMEDKETL 170
[Eisenia [Branchi ADTCSDPQMMDFLEGEYLKEQVESTKETADHVTNLKRVGS—————— GLGEYMFDHETL 170
[Zegillarca [Bos ASDKGDPHLCDFLETHYLNEQVKS IKELGDHVNNLVKMGAPE-——— SGLAEYLFDKHTL 235
[sinonovacula [Homo ATDKNDPHLCDE TETHYLNEQVKATKELGDHVINLRKMGAPE-———-SGLAEYLFDKHTL. 176
[Aplysia [Mus ASEKGDPHLCDFLETHYLHEQVKS TKELGDHVHNL VIMGAPA-———~AGLAEYLFDKHTL 231
[Ostrea [letalurus STDHNDPHMCDF TESRYLDEQVKSTKELSDWVTNLRRMGAPQ———NGMAEYLFDKHTL 172
[Haliotis [Xenopus ASDKVDAHLCDFLESEYLEEQVKAMKQLGDY I TNLKRLGVPQ-——~~NGMGEYLFDKHTL 172
[Bufo ASDKVDPQLCDFLESEYLEEQVKA TKQLGDY TTNLKRLGVPG-————NGMGEYLEDKHTM 172
[Amblyomma —~MAATQPRQNYHIDCEAR INKQINMELYASYVYTSMAYYFDRDDVALPGFHKFFKKSSE 58 [Acaudina ADCKKDPQMCDY VETHYLTEQVEATKETGDHI TNLKRVC———————- TSLGEYIYDRETL 170
[Hyalomma - MAATQ-RQNYHVDCEARINKQINMELYASYVYTSMAYYFDRDDVALPGFHKFFKKSSE 57 [Stichopus ADSKKDAQMCDF TETHYLTEQVEATKETGDHITNLKRVG——————— TGLGEFTYDKENL 170
[Rhipicephalus MAATQPRQNYHVDCEARTNKQINLELYASYVYTSMAYYFDRDDVALPGFHKFFKKSSD 58 [Asterias ADSKGDAQMCDW IETHFLTEQVEAIKELGDHITQLTRVG- -~~~ PGLGEYTYDKENL 168
[Branchiostoma - MAVSQVRQNFHEDSEAGINKQINLELYASYVYHSMATYFDRDDVALKGFAKFFRIQSD 58 [Dendrorhynchus ASKHNDPQMCDF TENHYLTEQVEATRETSGYLTNLKRCG———————-PGLGEFLEDKELN 168
[Bos GAGAPSRVRQNFHPDSEAATNRQINLEL YASYVYLSMAYYFSRDDVALENFARYFLRLSR - 120 [Phascolosoma AEKNGDDQMQDWIESHFLTEQVEATKELSDHI TNLKRVG PGLGEYMFDKETL 170
[Homo e QVRQNYHQDSEAATNRQINLELYASYVYLSMSYYFDRDDVALKNFAKYFLHQSH 61 [Eisenia AAAHNDAQMTDFLEEHFLEEQVESTKQLGG RVG-——————- PGLGEYTFDKETL 170
[Mus DSTRPSRVRQNFHPDSEAAINRQINLEL YASYVYLSMAYYFSRDDVALYNFSKYFLRGSL 116 [Tegillarca ADKHGDAQMMDFLEGEYLKEQVDATEE ISDHITNLKRVG TGLGEYMYDKETM 170
[fctalurus e QVRQNFHQDCEAAINRQINLELYASYVYLSMSYYFDRDDQALHNFAKFFRKQSH 57 [sinonovacula ADSHGDAQMCDFLEGEYLEEQVEATKDLSDRITNLNRVG———————- KGLGEWHYDQKLL 170
[Xenopus QVRQNFHSDCEAA INRMVNMEMYASYVYLSMSY YFDRDDVALHHVAKFFKEQSH 57 [Aplysia CSNHEDAQMADFLESEYLAEQVDATKEIGDHI TQLKRVG PGLGEYMYDKENL 170
[Bufo QVRQNFHRDCEAAINRMVNMELYASYTYLSMSFYFDRODVALINVAKFFKEQSH 57 [Ostrea AGSHNDAQMCDF IESEYLEEQVQATKEVSDHI TQLKRVG -~~~ TGLGEYMYDKQLQ 170
[Acaudina —~MAVSQCRQNYHEDCEAGVNRHINLELYAGY TYQAMSFYFNRDDVALPGAHRYFKKASE 58 [Haliotis ASKHSDAQMCDFLESEYLEEQVKATKETSDHI TNLKRVGGLAWVNTCTTRSPHSSPQPSR 178
[Stichopus MQPSQVRQNFHELCEAGVNKQINLELYASY TYHSTARYFDRDDVALPGAHKYFKKQSE 58 . DRI Lk ek Dok
[Asterias VAT TRQNYNETSEAGVNKQINLELYASYTYLSVAFYFDNTTVALPGAHKYFKKASD 56 [Amblyomma Sh—r 172
[Dendrorhynchus ———MSLCRQNYHEECEAGVNKQ INMEGYASYVYMSMASHFDRDDVALKGAHEFFLKSSS 56 [Hyalomma SD 171
[Phascolosoma - MSLSRPRQNYHAESESGVNKQINLELYASYVYQSMAWYFDRDDVALKGFHKFFKKASE 58 [Rhipicephalus Sh 172
[Eisenia —-MAESQIRQNFHVENEAGLNKQINLELHASY TYQSMAFHFERDDVALPGFAKFFKKSSD 58 [Branchiostoma D 172
[Zegillarca - MAQTQPRQNFHVESEAGINKQINMELYASYVYQSMYMYFDRDDVALPSFAKYFKENSE 58 [Bos GNENNHN 242
[sinonovacula —MAETMPRQNFHADSEAGINKQINMELYASYVYQSMSFYFDRDDVALKGFAKFFKESSD 58 [Homo GDSDNES 183
[Aplysia ~-MSVSQCRQNYHSESEAGYNRQINMELYASY TYQSMSFYFDRDDVALPGFSKFFKKSSD 58 [Mus ; 237
[Ostrea MSQSQPRANFHEESEAGINRQTNMELYASY TYQSMAFYFDRDDVALPGFAKFFRDSSS 58 [Lctalurus GSESS— 177
[Haliotis - MAQTQPRQNFHCESEAGINRQTNMEL YASYTYQSTGFYFERDDVALPGFSKYFKKASE 58 [Xenopus 176
Wkt kr okr o skok RoROR DD kL Rk Lok ok [Bufo 177
[Acaudina KGED——— 174
[Amblyomma EEREHADKLMKJJONRGGRVVLQP 1QKPSQDEWGTGLEAMQAALELEKAVNGSLLDLHKL 118 [Stichopus K-ED 173
[Hyalomma EEREHAHKLMKJJQMIRGGRVVLAP 1QKPSQDEWGAGLDAMQAALELEKTVNGSLLDLHKL 117 [Asterias GED-— 171
[Rhipicephalus — BEREHAQKLMKJJONERGGRVVL QA TQKPSRDEWGAGLDANQAALELEKTVNQSLLDLHKL 118 [Dendrorhynchus S 169
[Branchiostoma  EEREHAEKLMKJJONERGGRVVLQHTQKPDHDEWGTGLDANQAALALEKSVNQSLLDLHKT 118 [Phascolosoma DODS—— 174
[Bos  BEREHABKLMRIJONQRGGHT CLQD TKKPDONDWKSGLNAMECALLLEKNVNGSLLELHTL 180 [Eisenia 172
[Homo  BEREHABKLMKJJONQRGGR1FLQD IKKPDCDDWESGLNAMECALHLEKNVNQSLLELHKL 121 [Tegillarca 172
[Mus BEREHABKLMKJJONQRGGRTCLQD TKKPDKDDWECGLRAMECALLLGKNVNQSLLDLHTL 176 176 [sinonovacula 171
[lctalurus — EEREHABKLMKJJONQRGGRFLQDTKKPERDEWGSGVEALECALQLEKNVNGSLLDLHKY 117 [4plysia 172
[Xenopus EEREHAEKTIIONERGORVVLQD TKKPERDEWGNTLEATQAALQLEKTVNQALLDLIKL 117 [Ostrea S 171
[Bufo  EEREHAEKLIKIQNERGGR 1vL.QDTKKPELDEWTNTLEAMQAALGLEKTVNQALLDLHKV 117 [Haliotis GsRT-— 183
[Acaudina  EEREHAERLMKFQNQRGGRVKLNDVKAPERDEWGSLLDAFTVAMILEKKVNESLLALHAT 118
2
Fig.2 Multiple alignment of ferritin
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Acaudina leucoprocta: 0.14023
—‘ Apostichopus japonicus: 0.08965
Asterias forbesi: 0.15536

Dendrorhynchus zhejiangnesis: 0.17642
Phascolosoma esculenta: 0.12448
Eisenia andrei: 0.14596
Sinonovacula constricta: 0.12303
Tegillarca granosa: 0.11534
_ Haliotis discus discus: 0.15600
Aplysia californica: 0.09291
Ostrea edulis: 0.08253

Bos taurus: 0.12300

Homo sapiens: 0.07372
Mus musculus: 0.12246
Ictalurus punctatus: 0.11305

r Xenopus laevis: 0.05133
L Bufo gargarizans: 0.03958
N Amblyomma americanum: 0.02694
Hyalomma asiaticum asiaticum: 0.03739

| Rhipicephalus microplus: 0.03396
Branchiostoma belcheri tsingtauense: 0.12336

3
Fig.3 The phylogenetic relationship of animo acids of ferritin

(Andrews, 2000)
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ferritin
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MOLECULAR EVOLUTION AND PHYLOGENETIC ANALYSIS OF
FERRITIN OF PHASCOLOSOMA ESCULENTA

LIU Yan"?, HOU Fu-Jing’, ZHOU Jun', WANG Zhong-Hua', LI Tai-Wu*, SU Xiu-Rong'

(1. School of Marine Sciences, Ningbo University, Ningbo, 315211; 2. Department of Applied Chemical Engineering, Ningbo
Polytechnic, 315800; 3. Ningbo Green-Health Pharmaceutical Co., Ltd., Ningbo, 315505; 4. Ningbo City College of
Vocational Technology, Ningbo, 315100)

Abstract
drorhynchus zhejiangensis, Tegillarca granosa, Sinonovacula constricta, Apostichopus japonicus, and Acaudina leuco-

procta), other ferritin genes were found in the NCBI database, and related amino acid sequences were downloaded. The

Based on the ferritin genes obtained in laboratory (including genes from Phascolosoma esculenta, Den-

SingalP program was used to search for signal peptides. The TMHMM program was used to search for and predict the
transmembrane domain. The NetPhos program was used to predict the phosphorylation sites. ProtScale was used to analyze
protein hydrophobicity. Clustal W was used to make multiple sequence alignments. The phylogenetic tree was constructed.
The results show that none of the ferritins had any signal peptides or transmembrane domains. None could be located on
the cell membrane. The ferritin of T. granosa was predicted to have four phosphorylation sites, the ferritin of D. zhejian-
gensis have eight; that of A. leucoprocta, nine; and that of A. japonicus, ten. The ferritins of P. esculenta and S. constricta
were predicted to have no phosphorylation sites. The hydrophobicity of ferritin showed some differences across these six
species. The maximum hydrophobicity appeared at 1—1.6 and the minimum value was within the range of —3.3— —-2.8.
Multiple sequence alignment showed that ferritin had an iron ion binding region (EEREHAEKLM FQNQRGGR) and
N-glycosylation site (NQSL) base sequences and that both these areas were highly conserved, indicating that the role of
ferritin in iron metabolism may be significant.

Key words phylogenetic analysis; Phascolosoma esculenta

ferritin, molecular evolution;



