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Research front and hotspots of neuronal calcium sensor-1

Zhu Yu-zhen, Zhang Qing-wen (College of Physical Education & Training, Shanghai University of Sport,
Shanghai 200438, China)

Abstract

BACKGROUND: Research front and hotspots of neuronal calcium sensor-1 are always the focus for the
researchers in this field.

OBJECTIVE: To probe the research front and hotspots of neuronal calcium sensor-1 with the methods of
quantitative analysis.

METHODS: The methods of co-cited articles analysis and word frequency analysis were used in the article. The
objects were 363 articles from Web of Science by US Institute for Scientific Information (ISI) about the neuronal
calcium sensor-1 from 1982 to 2014. The network of co-cited articles and keywords was showed in visualization
mapping by using CiteSpace Il in which the burst nodes represented the high impact hot papers and the most
frequently used keywords, and revealed the research frontier and the hot spots of neuronal calcium sensor-1.
RESULTS AND CONCLUSION: The physiological functions of neuronal calcium sensor-1 are the research
frontier and the hot spots. The transformational point in time spot of the hotspots is during 1994 to 1996, 2000,
2008, 2012; and the different research focus showed in each stage: the structure and characterization of the
protein during 1992-2000 and the protein function and the role during 2004-2012 are the research hotspots, while
during 2008-2014 the hotspots place extra emphasis on the higher function (e.g. memory) and several
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diseases(such as schizophrenia, cancer, autism, depression, senile dementia, neuron damage, etc). The determination
of the research frontier domains and hot spots of neuronal calcium sensor-1 will indicate the goal and direction for the

further studies.

Subject headings: neuronal calcium-sensor proteins; memory; neurons

Zhu YZ, Zhang QW. Research front and hotspots of neuronal calcium sensor-1. Zhongguo Zuzhi Gongcheng Yanjiu.

2014;18(42):6856-6862.

0 3IZ Introduction

A 22 7045 1£ B & & (neuronal calcium sensor-1,
NCS-1)H )2, —RREAVEmIL T #ATRE, 2 —FF
BB RAGTHFOEAR. AWEUSEREOALET %
AR, TEBE5FIBMNE RGN E T FAr ZAEEA
#0A odeab iz Fas Ry . RakT sl izl
BB e EHFC, S B IRAY 2R A9
o EA R kAR 2 R A AR 20, 45 B 15t
AR AT BTG 2 K AR £ 49 % ) Fainle Y, R
B AR AR & E S Febkik RAF R, s D kAL
MR AN, B2 A4S A R G AR 3K S AR R A
LI H BFPAT A B RILTRE, Bpat A sh kil gn bl R I An
%, AR KA SR o,

Drumond % ' it 2t K R 3478 B 44 #55k I 4 2
BB R T ASRAY R AN B G 6 EE, BT B KR8
E R E DAt iR biR 5], 4R 288 bR 4IRS
TAPZ A RE O ERXRE DR T 0 RA, mEA KR
T F R0 kA 88 64 HEk | 4R R Bvh K RAIR R E 3D,
B B3R MR BRI, 12048 & T AR E
(2T T 4RI, AP R TS RE O HIREATH, MR
A, RApinie. BELIART AR P, AR HEE
IR EA T At b iASe R4 49 R L A 32 3 A %P b2z IR
i B 0940 22 LA BB B A B 2, i
LR . AR R A ) FE B AV 2 A R B A T
et g B Rk AN P Mg st ARG E—
K B proline144 % % mserine144(P144S), 1#4h4 1454%
B G KT B I R KRB AL GG K, A2 4546 B
8 (P144S) R T 44/ R = b A5 4b o LIz Ao I AT AE 69 R
F ALY PR B R R A R A AP R T
BEREG $—RABHRE, HABARGI02)K T A
2R BEH(GIU102), X —k kA MILEFAR LiglE Tk
4R Z R AERREIR . RE RSP RIS RE 69 4 32
e, HEAPZ S B G A8 958 ATE S| 4R P A
t9iNFnid AR, LA RSy I, AR HERTRR A
JEIAT % F AL 9IRAT .

HAYZTABIEBE G LI R, X —ARE) 5 REE
KRR 675 ik AR, ARk RE F ARG A, AR
A —EG O G . HRFEAFTEKRT
KEWARR, A—ZEL L, XEHRHET “B3”
Fo “RE, #HREINEIR L3 —F G RA KRR
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FHEAT AT AARIL 69 I k. 5TiIX —F & SR o9 A 7 A2 A EE
R A dedR, A B FARILE B —F & R aB AR,
AR B &0 1) A AR R A B R B T B, H A B AT R AR AR
— R4 B gy ) AL B SR B i 6 ST AL
R, LHAd Z AN BR G B R 69 R A5 | 4B A
KA LI A %, A2 A5 BTG AR 4 5 IR AR
71 kA KA I AMG RN K, 6 RIAT Lk
ZR¥ R T R, NEE R A BB — &G 4
BB ARG A 70 5.

1 &#FN75%  Data and methods

1.1 BRKER LFHE—FHiH ek 2EAZR
FRAF R P (Institute for Scientific Information, 1S1) 4 pa 44
Web of Science(SCI-E, SSCI, CCR-E, IC)% & &
(http://apps.web of knowledge.com), 1982 %2014
940K T, MRS LA AH2014462A278 . £
#2934 & A 4 N “Neuronal Calcium Sensor-1 or
NCS-1” 44 £A9 440 %, &35 £AH “English”,
LAk RA ) “article”, SRR H R A0 LAk £363 4.
1.2 PAARABRITE

Pt D5APZ TR BR G AR RAD K 69 Lk,

@AM 2 A BR G ARG 6 5 IR B AR K 6 LK.
@ — £S5 3B0 5 .35 Lak b9k % (Authors). 2 Bl (Title).
1% % (Abstract)#= X #k (Descriptors and Identifiers)#

=

7,
HHBRER . L akegtEd . AE . ALk R0 X
E

13 BA%5% &/ Citespace Il T AL 547 314434,

Ot F+F Lk & 7| SAB VAT AR AL T | AT, BFR B 4o
T BFIE) R A% B A1982 £ 20144, A ZXREH2,
KB LA R B R ILIE (burst terms), 3+ 4T “Detect
Bursts” #tl, 3132|245 K 5. T ERER SRS
A I ik(cited reference), HAMBAIS0ELFE. @
SEFFE I k& 5| SAB VAT AL, BEX BT 0
B R A% B 41982 220145, ifA 35 ERE H2, BN
PUARTB0E L%, RiEEA44ENoun Phrases. 7 .5%
Al k4% X 4# 15 (keyword)., T3 Lk & 5] A 3B AT £
R, AFCGRE 4T B IE X 1A)4EE %2008 £.2014
. WIEBEEEN, BEAMEANI0ELE, AEL
A i%4%Noun Phrases. & X448 X413 (keyword).
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VA B 3FY g ik o 69 KRB R R ¥ ik 45 A (title) . 2
(abstract). E-ZA4£# (author keywords)F=ik 3| Fl A% X
k69 3 P 3RI K sk 49 %4295 (keywords plus), £4E5% 5
#Cosine, thF& ZiE4E 45, K pathfinder# 41537 M
%, 54 R W 4% (pruning sliced networks)#e&-F M %
(pruning the merged network)i#t 47 1k, 4451744,
BT AMNE R TEIFRL,

LA F 4R BN AP RILT &, AF Sk g | Lakit
FRkAER, BRI THACE AT,

2 #R541#F Results and analysis

21 #EATEERECHARIBIENRRADSHIIL
X kA Citespacell AL AT 204, st L dk & 7]
HABEIATOAT. BEAR B IR 7 2D, ARIERFER A
A, HAATRG R B Z2214, H A AE L
311 421, £99.950 9%, %A # L #kZ153, &
0.049 1%, “THZ o TAR & FIRagikE #1982, MmAf
IR S LAk E . A4 % RAMENL, REASSS
REATE, LSRR, H BRI R A HR AT 8
OHT, FHLIRER Y, SIOWEROF AR, BRAE
AXHIEATIEAE P, A RX—43EE. P .ENodes=
417, %4 Links=1 160.

AR T AT Lkt TG 9 %k 2 m kK
LE—RYRANL, XRFRATLHRE., THMER
B, AZTUAE BE G ARG | SRR AT R T EEA T
AW &, A AL v Bl ey &R E AR SR 5.4, vAPongO
H S REMS R E—H, REBKANY, M LAk
M Modularity Q=0.890 2, -F ¥ 3 % /& silhouette=
0.707 9, X —HIEAL R B AT | Ak AR B i AR
Ik YT E M %, B BRI SN TR E IR L AR S
. KA DATEABERALT S 00IRAE.

A2 TG BB A 5| kT 404 L ak 4% 5 |
RE, RBHENRERNLA OESIREB 095 V0%
5, ATH0-40. XFEAEEMMRRGIGNRE, AL
B TFARK A R0-15R K42 (1), ARIE LRG| R
FAREW), TR B FHERRARROHEATF B &G
JREME . M. ThEe. VER R REATT AR, TR
Bsn iR BER AN Z B FAEE, AME. AMLFE,
AR FFE R T, O HWF LN, AAPEALS
HEREOGHRABAENF A T, L EEXRE 64
I8 ) RE AT T ARG AR AR R, RN T AV 2 U454 B
B G AR AT .

ARG AR A i AT A RARMG | R 69 L F
KR, ERET —AMNFRARIRG SRR, #3]A
KRG IR TFAZSILE, RAFRAIR T 69408
AR, ARG IRE L LR EH AR T T aRAR A
BHORARKXZ ., LRAERIAE T G F T o2 A
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ERBEAARARILEY . A Lak eI A A BRI L
A T: OX#HRE - NHELIAFHFETRXEH. @
TR B A A RF AR 9 A, oA Xk
A ML B A R b, ST kit AT =k &k,
FESM, IRMAY 2 TG A BB G B R 6 A AT
10 B3| 36 LA H R A7 RIMA 4945 B 1419,
FALR AT K b ohAZ S K, R A Sk 7| R %
A LK, X108 Lk 98— B A — e L
W, RATAL, RRTHRGHALYE, 14T 4
ROG—A 7 @),

NBE2F 105 5| AR RS LHKTAA E, HHL
FHAH LI, XBLINRXA TR OB ARATEH, =2
AR 2 TAGAE B O R FRAEMKRAN i T
ATARR, . X3 B ke AR oot R CLAE R B . BRI BF
. WP e, AKX, MEFAEWHIHF
A4, BREIBERAR FBMF TR —F G A AL
F12%; AR AN ENARIEZ G RETE M. RE A
WIRBLE b, KB A B ARG i —& G
HATARR, FIARX — AR AR BT @), MR A X —4AR
AR AL . 108 S5 Lk P ai5% B T REAT(R
2), &SI A950%. RETEE IR RERES,
AR A R RAVZ A, REAZ A KRR, L4
Pongs 2 !"ayix 5 X T4 T3] LB £ F RS
L, AT T HBE, AR A R4 P 5] FIR%(109)
RH ek, Pk (centrality)(0.18)#=Sigma(2.00)
HRK, XEPENMZAEERZTONFRT, X5
LFRGFRART Bl F MR K9S RE, RET A
AT B AR5 R T 6.

Pongs 5" e L F iR, fEIRSh, WEASERE
& (Frequenin) 2 —#f & 3 BR IR L BE MR AL /), FF45 B
Frequenin5 1k & @ feilit & @ F %, BLA*H455 T4k
RIF 5 L0045, T 20A T Ri&T, delLRAp24E
BB AP Z KA, A A FrequeninZ RBAVLZ R LA
TR A F AR 894545 5K 8 . X AN ZE A5 IE R
EQWHHIRITI T &%, 80T —AF 8. RIEAHATT
S — PR T X —E; KT 4931X5 8 LAk RF 69 A
JEATAP 2 TABAE BB A S B EAT T It A, B2
R10E ST P 095 —KkBE, L0938 55| L
HRA AP 22 UASAE BB G AR T BANEAGIR T, H
Mcferran%®(1999) ¢4 i % S ak R I £ 6.98, B
EANZOQRAR T ORALATRE K, LR REREE
B, AR A AT W P 945 K, FIAR T AR —
M), Bk McferranF(1998)42 i T 402 L4544
RE G b mitFaPC124a 0 M #AT R A, 384 T
Heth A EY, RIULAE17. BROAL10E HH3| Lk
TRARAVE, £ PREIEMRSERATZ A5 RE
B e T st iisst. (2 RIAER6.72, sigmat
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Label (TFIDF)ial$iik % Label (LLR)XJ SR Lh A %R Label (MI)ZZ FLA5 BAR % SERIE AR

0 51 VILIP ZERAE a1 calcium-binding %454 ef-hand EF Tk 1991
1 40 golgi /R HE golgi /R Essential H &1 2003
2 33 drug Zi¥ receptor &1k Essential H &1 2007
3 30 myristoylation &1L Myristoylation & 5% i1k ef-hand EF -4 2000
4 29 targets # 5 calmodulin 458 71 Magnetic i 7 1993
5 24 -l -l Generation =/ 1985
6 24 anionic 711 anionic 1 &+ magnetic i /] 1979
7 22 sensor-1 f&& % neuronal #i£Jt Evidence 1iF 4 2002
8 20 derived #7/E schiff i Biological 411 2004
9 18 antibodies Ji & antibodies {4 Analyzed 4 Ht 2003
10 12 transition-metal it J% 4 )& transition-metal i J% 43 )& Nis2p2Nis2p2 & ff |4 1975
11 11 Muscarinic ##i fi; Muscarinic ##3fi; receptor-mediated 32 {A /3 (1) 2008
12 11 at(4) Neurite #fiZ5¢ Degradation iE{t 2005
13 1 recycling fE recycling {5~ nis2p2 Nis2p2 & {4 [4] 2007
14 11 Determinants ¥ 5& [K % Determinants ¥ 5& K13 Neuropathy fii£:5545 1987
15 9 bis[(mu-thiocyanato-n (i3t bis[(mu-thiocyanato-n {5 compounds b &4 1988
£2 HETEEREAMRIGENE 10 BSH5I MR RAMRER SR
RENY Bl B e vy ¥ SCHR SN RE RHME
Pongs O Frequenin-a novel calcium-binding protein that modulates synaptic efficacy in the Drosophila nervous system. 109 7 4.77
Frequenin & JLMi A28 22 ¢ P9 115 S Al e i) — Folr R S 45 5 a1
Hendricks KB Yeast homologue of neuronal frequenin is a regulator of phosphatidylinositol-4-OH kinase 98 7
FHZETC Frequenin [ RE [ 5 44 2 B M 196 JULRE 4 F28 S0l 1) 0 15 4
Burgoyne RD The neuronal calcium sensor family of Ca”-binding proteins 92 7
S 3 R — R TT P AR SR
Mcferran BW  Neuronal Ca®* sensor 1, the mammalian homologue of frequenin, is expressed in chromaffin and PC12 cells and 72 1 5.17
regulates neurosecretion from dense-core granules
P2 TR I 1 —frequenin ZERTFLENA IR RIS, TERE RS AN PC12 AN AT AL, IR bl EU8 Lokt
BEMIARE 531k
Zhao XH Interaction of Neuronal Calcium Sensor-1 (NCS-1) with Phosphatidylinositol 4-Kinase 8 Stimulates Lipid Kinase 69 7
Activity and Affects Membrane Trafficking in COS-7 Cells
NCS-1 FI R I U LAE-4- 150 3 18] (00 AR TLAE PRI B in vk, 5%mg COS-7 4 J i 5z i
Bourne Y Immunocytochemical localization and crystal structure of human frequenin (neuronal calcium sensor 1) 69 2
AN frequenin(NCS-1)1) 51 41 i Ab 27 5 A7 FH i A4 25 1)
Mcferran BW  Neuronal Ca(2+) sensor 1. Characterization of the myristoylated protein, its cellular effects in permeabilized 57 2 6.98
adrenal chromaffin cells, Ca(2+)-independent membrane association, and interaction with binding proteins,
suggesting a role in rapid Ca(2+) signal transduction.
NCS-1, HATEAL & BFAAE, 7EME B L RvE e 4 M b i an i oh e, B RFASIE I P IEIER, S4iaE
FURARTLAE ], 42 NCS-1 7R P4 25 715 5% 3 e
Tsujimoto T Neuronal calcium sensor 1 and activity-dependent facilitation of P/Q-type calcium currents at presynaptic nerve 57 7
terminals.
NCS-1 FISSAl AT HZE AR PIQ U4 L ¥ D AR ] 24k
Gomez M Ca2+ signaling via the neuronal calcium sensor-1 regulates associative learning and memory in C. elegans 52 2
T NCS-1 (545 5 P il 22 dL A G2 S Ag 2
Olafsson P Molecular cloning and functional characterization of the Xenopus Ca(2+)-binding protein frequenin 51 0 6.72

[P TOE R4 88 7 45 5 81 11 frequenin (11901 52 b A0 D) B4 b

1.67, P MEAT0.08, XEHIBEMNT T8 L@ LR TIE
LFHRFIH, ABRRXBELFEOTRES ZHEANNL T
TR E, XS —FIEANZ TS ERE G

8 KA RATHHT, AN Z AN R @ AR A,
(R3).

A4 22 454 B & @ (neuronal calcium sensor-1);2 i

4 3 5 48 R ARG R RTIS

22 W#HARTHEREORRASNINIREERDN Sk
KB IR F %D, LF ¥ o R 4kia it B 1% W 4+
HINEZ, T KA Z—AFFR AR #EP, 3 9K
PRI kY 2R M2 B — R ATE ERERE F A
B L. 148hCiteSpace lll T AL A, 2t kA F &

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

IIRF IR 5969 K AEI3) , 43X —ATUIRAF R 09 4L B ekt
FE SR B 240 2 UABAE BB G 04 4 R F), frequeninsZ
HF- 1940 %, kgL A neuronal calcium sensor-1.

freq-1. ncs-1; HIIARR F e A4 AN EZ R %, 4
S&8. PC12@ft. ShiREM. RIEAEARS, ik
BMKALE T AR E, RO RIFR EEZLREYT TA
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£ 3 MZTEEREANSIMCREIAREELIER

Hp SO ] S ] iz P A sigma
PR O AR IR 1 neuronal calcium sensor-1 88 6.18 1.07
PR O AR 1 frequenin 52 6.02 1.25
[yt (33548 ncs-1 48

ML ARG nervous-system 39 5.90 0.31 4.98
“ditEn binding-protein 35 7.68 0.36 1.36
PC12 41 g pc12 cells 31

WA SR crystal-structure 27 0.69 1.00
4o cells 26

i plasma-membrane 25

*Kik expression 23

®5 BUIKEIARAMHETISEREARAMN 8 MRE

WRE WEIEH Label (TFIDF)ilfiikiz  Label (LLR)X SR LAY 2

Label (M)A {5 B %

P45 I 4E PR mean(Citee Year)

0 16 memory 4z Memory it iZ
15 receptor 5% {4 calcium 4%
13 methylphenidate Methylphenidate
LR E)) W HH I (2Y)
3 12 spectrum Jil% Mutant 534544
4 11 beta-subunit 3 ¥ ji% beta-subunit 3 ¥ ji%
5 11 traffic 2% Neuronal #1Z:7t
6 9 Mixed ¥ &4 Derived JR%:
7 8 crystal g4 Synthesis 554514

cAMP/ PKA 2009
IR (CAMP)/ H 1T A(PKAE 5 %
following 2009
cAMP/ PKA 2008
R 0 A IR

Structure 454 2010
Cancer I8 2011
Following 2009
Activity 33 2013
Activity 73] 2010

F4 TR BRMETEEREQNSMXREA

) O]

1992 FhiRLE

1993 RN, Sy T4

1994  WikLER . LS AR, MARS. BIEEN. KEEN. 5T k.
AR, RS TERR Y. AR, A EA

1996 Khi. BEERIGIEA. MBS, ML G E N

2000 GEIE. 4iGEA. MESEN

2004 Jusharib. BME SRS MK

2006 k-2 BIAUZZE . G

2008  WEHGWLULEE 4 Wi B EF T, BES. 2

2010 ALk

2012 ARBLUM. EOfEtE. R

B he, WAX AR F RFHMNRA KR, 5
Bt G KA A BRI T X — . PR T X
R E AL e, POOBBEMR, RN AR
—ATIR T A9 TR K, HAZARE F 5 e K AEE —
AR S — Bt 1A AR A SR ) KR 6 IR, RAFR 69
FaAT . & (centrality) 38 R K49 R anikE M), A
0.69. AR AAHE R G aRLEMGIE L, H & E R e9Ht
RARMET AT 62 AT AR T @, F S
B AL RS BELEE 4 B B. R -2
(pentane-2). 45446%0 . V4% 4%, 45A%8. EF F
M, EE KA EEG., XX ARmE: — KRR
AR hee ek, T RARTIE(BRIEBLILES 4 # Bk R)3F &
TP, KRR ENERORGBE, 5% E.
5% G . EF FHEafRELEE, TEAEWE A 5A
Al 1 R AR KR IAAY R AR RE G T A B R

6860

%6 WMETHEHREANSN. SR OMERR

WM U RO P b

2008  #liliE(C:0.40, F:4); 4:i4(C:0.35, F:8); Fithor34hE(C:0.31, F:6);
5 L BRrg4R4ni(C:0.29, F:9)

2009 PC12 4i/fi(C:0.72, F:11); 45f55(C:0.39, F:5); HEAMFE(C:0.22,

F:1): RU#UY(C:0.20, F:9)

2010  Zi{riR(synthesis)(C:0.24, F:4); f§iik45#9(C:0.20, F:5); EAREENL

i 4 2 ¥F(C:0.14, F:4); i212(C:0.13, F:5); —4i45#)(C:0.12, F:3)
2011 W44 (C:0.12, F:3); % %45(C:0.06, F:7)

2012  ADP E#IEALIA T 1(C:0.22, F:5); ik R (mdck) 4i)(C:0.08,

F:3): %A EE45 4 41)1(C:0.04, F:7)

2013 ZAEHISIE(C:0.09, F:3); 4-#fi(C:0.09, F:2); 415 1(C:0.08, F:5)
FEX AR & R R, T — TR AR )
SRR PR,

Sigma 1849 K /N 2R kA2 AR R A F AT,
Sigma {A# K, Z A RRGA I AR, KET A5F
ARG AT . KAEE] “APZ A4 49 Sigma /AR K,
A 4.98, RIS T AYE 4G BIE G AR BT AL
2 E, FRIEIX—FE 5REEG 6, 2
LAE N, M EEARL T Rkt AIEE D). 4)
b5 0 KA R WA EG . 6% 8. Josbaik. &
F %1% Sigma 18 1< F) 44 %k 4835 T2 K A E G S 6 R An
k. MAARANMARRI G AE. TR ER. RER
FATIX — &G S HEAT T QI IR, § AR ARG R
RATE G A,

AT EAHFRNT AN R RAGFRRE, KA
R ALHA (timezone view), 3t VA %4215 ARiR 69 BF 50 4 & AT
AT, AT AT F AR E B A6 KA H AR B
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e, £RET, MRASHETNNE S IZEYE
1994 £ 19964, 20004, 20084220124, H—MrHk
AR ETE, RILER KA E M, R4 X4239095] A
SFEB I M, ik b B — AT R B 69 90 K k9]
(FR4). 4o X4E0 5| M E . Obe, 19924 22000
FHARMEEZRE T THRORGEMAET, 2004525
201250 2 25 F THRIR &G R 69 heFatE FIALAL,

H B\ R BB B, L R 494 T B AR
IAE20084 4720124, [ pb A F7& # 6935 M35 4k 64 BF
RAE, 4532008 £20144F 64 K418 HAT R K M Fa bt
18] #5A0L (timeline view) 47, A80X B AR 7 £+ @).
KA R EHEL AN R E P (RE), A KR A
RRMRE, W HTRR, RAELFRFRAERA FE
1IRA; BO R TR X —AHIREFREEARN T EZ
—. UKES T B R —APHAY L2, AR EMAYE S, T
FAPARIE ., KA FEAD R AIBAR T I, TR G R &M AF
KA, BORERERRSFEEAYRFANRIER, Kol AR
JE MR GRS B RS, X — 5 LR A AR FIF
3|53l AR R R T, AR EEAEER102Q
RERE T EORERIER GEIR, 18 LA 0 IR A= tm e
JEZ ) 6 A BR ik AR, B G S sk M A B G Bk
%P1 B AR A BRAN A A Bk SR BEAT A
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