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ABSTRACT

Subcellular localization of a protein containing
nuclear localization signals (NLS) has been well
studied in many organisms ranging from invertebrates
to vertebrates. However, no systematic analysis of
NLS-containing proteins available from Mollusks has
been reported. Here, we describe 7 silico screening of
NLS-containing proteins using the mollusks database
that contains 22,138 amino acids. To screen putative
proteins with NLS-motif, we used both predict NLS and
perl script. As a result, we have found 266 proteins
containing NLS sequences which are about 1.2% out
of the entire proteins. On the bhasis of KOG (The
eukaryotic orthologous groups) analysis, we can't
predict the precise functions of the NLS-containing
proteins. However, we found out that these proteins
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belong to several types of proteins such as chromatin
structure and dynamics, translation, ribosomal
structure, biogenesis, and signal transduction
mechanism. |n addition, we have analysed these
sequences based on the classes of mollusks. We
could not find many from the species that are the main
subjects of phylogenetic studies. In contrast, we
noticed that cephalopods has the highest number of
NLS-containing proteins. Thus, we have constructed
mollusks NLS database and added these information
and data to the mollusks database by constructing
web interface. Taken together, these information will
be very useful for those who are or will be studying
NLS-containing proteins from mollusks.

Keywords: NLS (nuclear localization signals),
Mollusks, KOG analysis.
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25z el 2] B S NLS  (nuclear
localization signal) 2}z B2} o] A|2dS 77 WAL
WS B elEHAR=Y 2 AFE vhed Ak AlA,
NLSE 712 W42 24 importin (receptor protein) I}
A3gk & A zAofa] e F o]Es]e|Alc)h E4, importin
+ NLS &2~ b2 NPC (nuclear pore complex)
5 £33 ¥ discharge®t}. A7), RAN-GTP2} importin
o] A% gt F NLSEY whi|7l2 3] ZofA] wojmgir}, 4]
7], Ran-GTP-importin complex ¥ NPCE 53] v}A] A%
Az olxxHojAr), thAlA, AxAde 228 £ importin#
He]gojzHA GTPe|H GDP=Z 7255} (Wayne ef
al., 2002).

ol#]gk NLS®] 7] 287]2t3} 8|5 7|&3}o 224 o
=7 22 Al s ANz ok AlA), NLS-like
motifE Za Qe AZR A Ad i 71 9t
ikl Aol S, AE Jled 3dE NLS 995 @2
o) wh 7l o] FE subcellular localization 7]Z}ed ojgl 7]
2 A7) A9WE 2 gl w3k A& 5 FAEEEe diEFy
FAxpda Ade] A#2 A F w2 345 NLS- 23k ¢
WA e] 7]5dTE Qlsle] NLS Zofo] 7|24+« w5 2
W] AslE Ao Azksvh Z4), ol¢) 22 NLse 7124
T H5y volr) veksl $4d7E 53l AEE 4
sk ole Adelrh 2 d® $4, NLS 988 £-834
transgenesis WS J)dske Lok duldes AR
=22 wE7] $3lo] plasmid DNAZ FARH4] =)
Zebrafish®] 73-%- pasmid DNAS €] A2 el FAls}bx| gt
Aol Az7l F1 AldE Hols]e v]go] oy 7] wie
o5 AAste] 3kva}l plasmid DNA-NLS complexs 34
glo] FALhe ZA| transgene expression® EES £413
Al7F R s 9 (Collas and Alestrom, 1997; Arenal
et al, 2004). =3k AL (drug delivery) ¥WHS NLS
domain®] 543 &8sl & Yo EAshs SR oLt

DNA¢ digt AoAd7 d9d 5l 2845 A4dske oA
E54E 27727 dle =ge] 9 (L ef al, 2008).

olggt AA A 2 AR dArbA] QAT ECAAM 9
2 5317 AEREEe] WS o83l NLS-like
motifE Z S FA7 52 WhllAE AAHew 246t
27} akedeh olEF V|2 A FF SA4EER 9 5
gk g elA MAshe oeksl dASE A NLS-3F w2
o izt A-E in silico AelA pslghezA] 5= &+
A Q7E e o F g 4 9l NLS 7|2A25 g3}
27} =2l E] ot

Al
=

1L

WE L Y

1. 2949 5
AR E BEHAMHE Intel server platform KP4T0P<|

tetra Xeon MP 3.0 GHz CPU A]2®lS AM-slgon, -2
A A= Linux Enterprise AS-3 £ ARgslscl, 444
A% % cgi (common gate interface) ¥ perls AR 4
A5 A4S 3t 3 NCBI-BLASTE A sl A £
A5 8 4 9 E s} (Altschul ef al, 1990).

2.NLS Hle|gjwjo) X 75

A AE-ZolA NLS (nuclear localization signal) & ¥3t
g oopneal MdEE FEI] SH dAEE AE A4
BLAST (basic local alignment search tool) A# ¢ -3
ol dleleue]l~E Fgstgint 20065 1149 At -
502l FAEE wAH ofrlxikE RE 22138 gl
NLS 993 4dZ3k7] 8 predict NLS ZE78 (Cokol
et al, 2000) & F5 odzle3 d= perl scriptd ke
scriptell Ml 43 4 Qlx 5 dlojefno] 5 WM Esle] query
2 Zgslgon, g AAEM NLSE 2da a5k
Adste] dloeiylo] 25 k5, o] B8 & 4 Q5 E Y
£ qlejslo]l~g AAlele] dAEE 34 BLAST A 5

Table 1. The number and percentage of NLS in mollusks amino acids registered in Genbank.

Class Aimins s Aming e P 00 Mo
Aplacophora 29 0 0.00 0
Bivalvia 5,756 78 1.36 19
Cephalopoda 1,801 52 2.89 10
Gastropoda 14,334 133 0.93 28
Monaplacophora 0 0 0.00 0
Polyplacophora 122 0.82
Scaphopoda 96 2 2.08 2

total 22,138 266 1.2% 61
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7¥519t} (Lee eof al, 2004).

ZE Y,

K

3. o] =4} 715 E4 & 9P KOG 4

AAFZ2] obvxabe] 715 +4E7] 4o KOG (the
eukaryotie orthologous groups) dle|g]lE  eo]&-s}gin)
(Tatusov et al, 2003). NCBI°| £8%]°|%l KOG dl°|H&
5% thedkE 3 BLAST 48 4] AF2% KOGE #thd
F OEE dlojeu|o]AE HETY Bvalue < o' Z70llA]
BLASTPE A}-3l«] BLASTE 53 & & perl seriptE A}
£3le] dglojelE Azt

AASE el olvmAl A9 22,138 JiolA NLS/} A&
= A9 266 AT AA ofr| A F 1.2% A=r} NLS
ANDEYE zgely Qgirk dA SA=e] g= dAEE
8,314 & 5 NLSE Z @t ofv|x=4le] 93jal AL 604
ol B3} vk 60 T2 AAIFECNM 5 NLS H<Ee
Egeln gl opr|nal HASe] A4 Hgde|l: 33009
v} o] AAE 7} 7} (dass) HE AwEH Hulzow B

m Total AA
B NLS_AA

1090 INFORMATION STORAGE AND PROCESSING

CELLULAR PROCESSES AND SIGNALING

M H _ 69.33

METABOLISM

0.68
POORLY CHARACTERIZED

NP OO~ IIMON | OCCENZEA<S <Y | wr~Ax>yu

QOther

Fig 1. Comparative functional prediction of NLS containing proteins against the entire Mollusks amino acids registered in
Genbank. Code descriptions of KOG: J (translation, ribosomal structure and biogenesis), A (RNA processing and
modification), K (transcription), L (replication, recombination and repair), B (chromatin structure and dynamics), D (cell
cycle control, cell division, chromosome paritioning), Y (nuclear structure), V (defense mechanisms), T (signal
transduction mechanisms), M (cell walfmembranefenvelope biogenesis), N (cell mdotility), Z (cytoskeleton), W
{extracellular structures), U (intracellular trafficking, secretion, and vesicular transport), O (posttranslational modification,
protein turnover, chaperones), C (energy production and conversion), G (carbohydrate transport and metabolism), E
(amino acid transport and metabolism), F (nucleotide transport and metabolism), H (coenzyme transport and
metabolism), | (lipid transport and metabolism}), P (inorganic ion transport and metabolism), G (secondary metabolites
biosynthesis, transport and catabolism), R {(general function prediction only), S (function unknown).
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(gastropods) 7} +d7F A7) 71 #hdstA] o] Fe] 2 A
o3 Holw NLSE x§sle ofulile] 7h &2 918
el 7Fe 5% 7 (class Cephalopoda) )% o™, 1
42 #% 7F (class Scaphopoda) 2 UYEpgir].

@A QAT Aol BLAST sloleivlel e S5seld =
£ oelieabz bl sk $59] 99 KOG Mg AS
3l A3} KOG-C (energy production and conversion) 7}
69.8%, 7155 & 4 9 el 19.12%% vepRke
KOG-B (chromatin structure and dynamics) 7} 2.685%
AR ekt 2 4717 e KOG 3k v

< gj&-5 NADHS} cytochrome oxidase 5324 48t
o3 AEEH 9 AskaTel wol AgslolAE A, o
gt B4 ARE 22 DAEE S5 BT el 71wl
F7h okl 59 B2 o o] A7slel B2 Bokerh
(Table 1).

PredNLS 3 28& 54 2215 o
AAEEY efr|eat 2% 266 7H%‘4.
KOG 245 Arg 23 7% | #e w2k =
T 84% Axger, KOG-R (general function
prediction only) ©| 20.68% % 7}7 o] vglon 7|0l
a4 gl Al histone DBA So] £3H KOG-B

S b

o NLSE ¥3Hl-
o] Mz gt

{chromatin structure and dynamics) 7} 10.9%,
ribosomal protein <] %35 KOG-J (translation,
ribosomal structure and Dbiogenesis) 7} 9.77%,

synaptotagmin % Wnt %= X353z Sl KOG-T
{signal transduction mechanisms) 7} 8.65% % ZAF%
or 728} RNA binding protein F°] ®3Hd KOG-A
{(RNA processing and modification) % troponin,
myosin 5= T3t KOG-Z (cytoskeleton) & 75 Zhz}
4.51%7} A= (Fig. 1).

olEF e AR A W zZEAA 28] signalingd
Bojke o] £z NLSE Wel /pu grku a2
4 led, ol Ao e B 9ol RUE NLS 29
o as el A ¢ VAT % 5 Y,

£ o A 242 99 T2 opled A
NLS E3H5o] =2 AE o3 dile 4zt 2350 &
AAe 24 23, ARy Hed S3k Conus
ebracus®| 737 S5 7 28 e 537 5 20 A9 w4
A} NLSE 9ok ek shier QA2 52507 =
= ofr|xAbE 25 conotoxin W FAAE A FFAA
polse T4 Bae] ARt AAeFe A AAEe
2 9} 50091 Fo] 4GSR A2 waslelq SozA Hi

ol oF 1009 29 peptide”} 23Hso] gk &=, Uz
g o Rz

23] (nicotinic acetylcholine receptor) &

3 g Y2 °VﬂE‘if’4 FEA

a1 Wiz 4173

a8 4 el S3l= Aplysia parvula®l A5-elE 6
A ellxst 3 5 AP NLSE 7BAx 99+,
egg-laying  hormone W§Zo]gler  (Nambu and
Scheller, 1986), = t}& 4 Fof 3= 29 Aplysia
californica 8 745w A3 A ey wee chilago)
NLSE Egdkn g+ Zles Ak 1 9] slzkeAs
o] #&l= Patella vulgata®t 7Velub=s| %<l Ensis
minor? 7% 3 histone A AlER20l 3A8E hox
A} FEE olF3 glsloH, 7En] ER9e Argopecten
Irradians, Mizuhopecten yessoensis® 7375 EST <+
2} vl kAR 2 myosin TR AR FEE o|F
3 99l NL8E ¥#3H 547k 55 ribosomal Th44
Z5.50]9} (Roberts and Goetz, 2003).

#AFxNe Pinctada fucata? 7359l AF AxlEl 34
7F ol At B8 R 22 drse] ollen,

Table 2. List of mollusk species that have NLS-containing
protein according to its percentage.

Species NLS No. Total AA  Percent
Conus ebracus 20 23 86.96
Aplvsia parvala 5 6 83.33
Enzis minor 8 11 72.73
Patella vulgata 13 43 30.23
Conus mnperialis 11 45 24.44
Fuprymna scolopes 16 103 15.53
Mytilus californianus 6 52 11.54
Sepia officinalis 9 89 10.11
Pinctada fucata 6 63 9.52
Ilvanassa obsoleta 5 55 9.09
Argopecten irradians 8 108 741
Mizuhopecten yessoensis 5 75 6.67
Haliotis asinina 5 85 5.88
Lymnaca stagnalis 23 428 5.37
Aplvsia californica 21 450 467
Crassostrea gigas 10 307 3.26
Mvtilus trossulus 5 157 3.18
Mytilus edulis 22 745 2.95
Mvtilus galloprovincialis 5 269 1.86
Biomphalaria glabrata 5 612 0.82
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1% NLSE 2eele +37edE glycinee] 358 £
A2kl Shematrine] Faks]e] 919t} (Yano ef al, 2006).
2 99 o FEE 2% E5 #1514 NADH H
cytochrome oxidase?} F= 437} 5o] glsler, NLS %
3k W72 histone W ribosomal S|}, wkEFH
3% (Schistosoma manson 2] k552 odlzle g o
$ a3l Folzt A7l wel ezl Biomphalaria
glabrata® 7ol 5 ¥ 99371 379 fibrinogen-
related protein¢| F55 ©|FF 1912w (Zhang et al,
2004), NLS £3% A<g¢lE nuclear receptor superfamily
o] 4%l RXR-like protein 3! ribosomal protein®] Y&
¢l ubiquitine] ®3Fse] 1t} (Bouton ef al 2005)
(Table. 2).

KOG #4 3 NLS o527 G347k 97} el e 9l
242, & $50) SH0] ohd 55 $A2 APz Dt A
A=) olzl JETLFE vk 750 537 A7) AEsof
ghern old mel NLS 23 iake o We] vhee oFids

2 57h Qv
e o

AAEE e opn|eAit A<D 22,188 AelA NLS~} <5
¥ olm|zal 9L 266 Ao ol AAEE AA o
Al 2 12% AEGd. £33 |4 FAse] sle dH%E
83814 £ F NLSE E33 opn|nibe] &2 AEE 609
Zol B3} slgivh. dA 82 AASE AL Sl 75 %
o] A-¢7} NLSE 233t ofr|wsile] Ths 7210 T 5590
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