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REQIHENSTFENE"
ikt
(PEREREMMATENAH FEREAKRE L 100101)

C RAELERRBENNA, FAGT ARBANBRRIA S ELARNT—F. £af
FUHEEARA R R R, 20 tHHETEHLESTFEDEHNE EREK—-RFIEA
SRR, EE B ENER—F AN SR ERABERSIATER-THE., T TEPENN
ERVELE A¥BESEVERANER, LR, SXENER X EEE MR, LEURER
REALBETHFEZHEE, ERTREFMATRIUR, EMAFECEHGREN A EEET
S ERMEE. EEESITOAREERITMREEE GRIECHAKREERL, 2E91L2R
XEH—THRG, VY FERNGFERRERE - SFORNE 20 2 5 RS ERMIA
LHEBHERZ—, REBEEEHITAT RS Science Warch BFHE A T— K2t &
MITEIBFFITH (Hottest research). 1995 5, 1996 £ & FH — b £ H4E . 1097 E6F
FiEy 16 (iR E% , BEESE £, 0 TEYE FEREE HEENEF) MW LA
FHEFFETE, IM—TREEE T EHREMIHREEEIE. 21 HHETREF 24 A FlEayit
Gl

1 STENEFHEER :

M S0 ERATEENELUR, EETHMFARRSIAET, EEMEIMEE=ET
E KEyRome, i &R BB ERIEH RO L XEREE FHRFRLY.

FFEYMENBREENERE THHEEAGA RN —B . S5 TKPFRR LTS
R RE G ANRERE LM EARE BRI RESEFIANIRERER(EE K B,
%), RREEFESNYAERM (DNA, RNA)  EX (GREEB) AFE (P.O0E0) L REEH
FHROVESFES LREERN, NIELAINESEES EAEAREN—BMEETTFKFL
FERTHE—, THAEEERENME REEREFHRZ A M FHZATHEE TSR, FE
BTRANZHFLEMARETE MAMARNR. A FEDENRRKRKES T EGRES
SEEHRHEBRATTME TR EGBENESRE 21 2 A SRl s E Ry
HRIFFLURARYT X, FIREFNMBE 2 (NENESD. AT 285 %) FHRER.
EREGBEERERMOSTFEDFERAST AR P IS AERFHERNE L, TE
R AFEREHE,
2 AAMEBEENF R
21 EPAFFHREN=SLEHER

BRATREDRD TOELTBIT LSRN, 2250 X SR &iEs ke

TEXRESRIBE 1998 P EHERA KR LASENEMIRE SF R SON TERIEN AL,
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EAEAR-NOEAN=ZSHEHRE 1959 FREN, Hlt/ed TMENBHEK, %R
BARNENEORKE N2, EdEANEERE, 0 FRA FRERKEBE
§918 4, 1993 SFIER Rt B4 1% (Structural Biology) MIBTREZ B, N 1999 F 1 AE
AR FRABEHEEERBORERE, EOE. K RELIX 7963, H8H 633, 2
F 12, MEPRSFESEZHEHHME B HSRBANNNE, B8R/ HBRESYE X
366, HPHZE AR 1997 EE A XB/IME (Nucleosome) B0 BUA AL #H1 E 72 K
(43 2.8A), BMARTHEH 2500 FiX#NTR. S—EMYOERE LS S MEE
BB RNEE, 5h5E 146 BETA RN DNA, X—7AHKBEX TRERRR .DNA HE
HE5EENHEIBRHLEAEEN, RARRHBMEEYN, T BIRERERTAT
EoReREEREREIBPHER,

EEHAFR-HEHMENE, BEELNRAEEARASHNBTTRAZ T4 EESN
B8, LR MNEECSRITHESRT A 00 LG, BRPEFELRE 20 1M EF.
BEAASERPEORY 20-25% (EPARSIANERED, MZ &, BEFEE, TR,
ZEE,BESE). B8 NEREARARRSHSWRITTER FINER SRR H
HWINEEMSE T . XELEHEYFYUITAKRY— R, BNAE5RKRHAE, X2—1EF
FABBERI.

.2 ZEARWRS 'HRR'

EORETFELE GV ABESEN=HEN, EORNERAGT —EEEHFY
HERERSIRBERBORNEET EEH, ATTRAXIENUE, X P LEEH RN
HEHFERE, tEFIENESREARPEEERITENEZNENFRETR, Xk
FERARCHTT KENITENRE—IH FRRNEZR, :

S5EHFRABETEMERL/IEREIATENR HRR BRENRERE . XTEHEF 1972
F2E Prusiner HEHEFH/LAT L FERY Kuru RUREXR P RAEFERATR.
EFAHERERT LEREHRFBL, XEEABREY, 241 10 5EFFE, 1982 4E Prusiner &
B - RERNREYE - RS ERNEAR (KA Prion, EERMERNBRET). &
X, IARFEER AAERARITHESHEX, —BRFEYLTEF EARN BRKA, Prion
MR- R AR ES R, CEUSEREY? SITR, RRRNRRDNOEIER
& Prion TF7E, AHE—E&GTSELRREMA FRERK Prion RENGERKH] Pri-
on, FELEABAAREHSEER EMN o MENE, FENBFBSARRIUER
& Prion ATAEH FRBEM A A WL, NTEE—FSEaRTEIR TN FEHRAE
{0169  BERLSRY Priono B, Prusiner IR EHBETIR Prion BFERY, AR ELE
GF - EAROEEER, X— ARG .OEMN X —dkik, AMERKET 1997 FiEN
RAEBRERYE, BIEA A Prion £5EREYNRERRHE L, BREX—F FUNTR
BEXABFEBH#H—-FRRHEDE,

2.3 ZMEREFOAWR

St R B A ASEEE TR ELE#T Bl AR EEAETRFT (49 30 ZHEI) 8
MEFR A" 5 E E H 2 (Sequence Genomics) " X—i+2ITFH 2005 F5E K. AEREATEE
HEHER LB ERAF . XI—H AT ELRIER. REEXFEREESHEMEA EHH

2



AR AALEEEAFR D LEMBEER L BEMALERAFRE 60,000~ 100, 000
AMEATLARE, ENNRREMELGALE-IEROEFRIEHAN, HRXLZEMNE
B ThEeEE 4 (Functional Genomics)” M FEMRIEF N T RARITXERERFTREINE
BRRIHEE, LRI E MK ZHEEEH , FAFZ IR SWEBRH (Structural ‘Genomics)” s
SRBAR=ZSRSHUEEL A BMREELT, SHAFRBREBIRR=RERNESR
Bik4-51) BEAREMNENEASEARMNZRLSHHRR— .

A AL 7 ) AR B R K N RA BRI R (NMR) PO BB . BRI NMR ®I7EE
AR =455 REER T4 B/DT 35ku BUTR, 18 900 JEERELIRIGEET S+, BerH A
RUENERORND FREAN—FESR, XECESHERAFORRATEHRFERE
o

EEMBNERRRR ST, 1998 FFME Argon ERLEEHITAR SUHT
&, SeM¥ERRIME THALERERRENIBAR S B E QRN = HELEHE— AT,
THAAME N FUERFAYMEHN— R B RNFASH, AMBZ—TE2ENES
Tty sr ., Bihit, BRARNESRLA 1000 AEAHTEER (fold), BiZSEME=
BEHMATEEORMTRLYAA 0R AN, ERFEM L NERHEC BT ERTN
LS, MALEZRAMRENEQFELEY(E S (Boinformatics) IR, FHFTEE
AR E RS E, AMMEAZEERNF - EERTR, MFLETUEFERALN
. X —ARRAY R BE THERA I EEMFOTERYN—RIIEER (AT 10,0001 %
B)HITZESNHUE. B, SEHRFRBIAERAREBAT WREHRRRHATX
PMEABTRERMBE RN TE, B FAREREMRENEORPHF 20-25%—EE
£3(20.000 £73), SNATATR, € MR AT EKEERA, Bt Eis s E 05 = ga5hn
EFF R RAR— M ELUGITRIEIE,
2.4 ESERARSHEBNER

(ESEHEES (Signal transduction) REMPBREDF . FTFEPFNANTHRAZZ
—, ARBENZEERARIEHESRAERANEERA. F S BEEVEES T (0
X AKATSE)BEELISRASEEMELRIEAFRTEE_FH, RELELR
RPN RO B A YA, SRR EDH SAULESEREER. 5
FARBARSEAS ST, EETNRSFERRAANNMTE, NHEERE (K
“crosstalk BIE"), KREMTHRGESEREFHERE, RENS—ERMEIFEIN,
XESBERERZEANHIRRA, EHTEM LSS, E5EHY—REEA ,XHFT
HFRER— RIS,
1.5 AZARAESRMNEREFNIER

ERARPEORFIEREARAEEET ML IMASHESHE MG EEIE
WEMS (B, Rk, WER, B/AE, FHESFS) #THERESR, F00MEER
“ho B TFHRREHABESETHEQRAR, Bk, SN ECRLIUE R . 5 TR
TEEARRTARBEDNEYET. BARASABURERBETHRERE—FBM
8?7 E LT RS R ANEERK, TN XRNMERIE®A? RS LR
KR AR RBITING, AT BIA S B R A8 XEBEFTFRRER, XTEMEER
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HEE. AEERTESK, ALUNRTERRARSTFEINELRE, BRNAN—&
A FEB/NEQREES TIEA,

KU, B3 TASERAIN A, TRAMBEBI GRS | R ESLUS T IAN HEARA
AIUGEMERESS . EXHERETRE-MRFNRAREAER, A TEAFENERR
ERRE (cell body) FHET, ERELTBERBEMRMARE S Bit, BEHEMARSEN
EEMHBTHENEYRERSEENER, STENTRMELTRA GitEEREY
R,

3 SERMRE

1997 ERFENLESE DD BER (Biochim. Biophys. Acta) 2881 50 REM %
KPMAMESE 50 FPoFAEYERETILY HRE RS ER:

1) TRESRERARMNLSERTRMAESHEFSHRERNEE.

2) ERTFRFLMARGRELRRLPHNEA,

3) BEEHMEMEM(RNA) S HEHRMRNE,

4) BEERBITHTR.

HEZRNIMEREREY B LRMETLUENRSE,

4 RESFEMFRRHRRNBELREBOILEARE

KEATEWFABIRE 20 FLOR W REBSA R, BN B LR, BT
FESBREEKFHEERE—ST RNEYE.

L R R ERERE T MG Z R, ERR "BEXE" 8 RIFT %
T RATENTHRERRIEE. EMERENRZR AFEXR, RARRIE., W, FX
ERFRNBEL+LEE. ERFRARASNSAANERAR, CORETAMNEER
. PRESHKPEAE. E—-BRPHARER ., HSASMAREES4LE RNE
Mo BXMS FAEPEE R AR IR R REERSBAX— K, SHHER FH ST R
FALE, HEEFRMERFROBALABERLE M. BRXITAMRTLATRSSRE
BY5CHF, XS A BX 0 BIR A SR R X R RER SRR, I R XTI M R &
R 4MERBERRENBEEXTSEREFHFERR. EHEARERNRIKAEN, &
BEXFWERESHIHCUBERE, EX—ERTERFILEMNBE LR,

SEIR

1 The Hottest Research of 1997 in Science Watch 1998,9(2):1.
2 Herklots,H.: A matter of biochemistry: A short history of scientific discovery. Biochim. Biophys. Acta 1997,
1335(50th Anniversary Supplement):43.
3 Hirokawa, N.: Kinesin and dynein superfamily proteins and the mechanism of organelle transport. Science
1998,279: 519 - 526. )
4 Pennisi.E.: Taking a structured approach to understanding proteins. Science 1998.279:978-979.
5 Rost, B.: Marrying structure and gemomics. Structure 1998,6:259-263.
6 Shapiro,L.et al. : The Argonne structural genomics workshop: Lamaze class for the birth of a new science.
" Structure 1998,6:265- 267. :
7 Luger,K.et al.: Crystal structure of the nucleosome core particle at 2. 8A resolution. Nature 1997, 389:
251 - 260
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S (oxidative stress) S#2ZRITHER

X (FEEEREREGYHI

BEEMSBTHARULERER (AD), BEERERK (PD) SMARENS, T
NEEEMELEANEERRE TALHSHREANE. BR AD & PD BFHAHET
RMER, RRUMERIFENNTIRE, EFSFLRY. NASEE (ROS) R (R
{LRE#, Oxidative Stress) 7E AD M1 PD RMMMB+EEERA. EAPET. BRARE
Eit® 4% ROS B A RMBRARAL S5 HEBITHARHRAERUAHMES X
F. FOEMEHE X XH ROS BNEHEER - #ENSEREMNIEFE X bR
Al. RARERGSHERRROXRE TR TORENS CRERETERSEBA
AR EHE (8 MAO-B MEAR B ST BSRIERNA BEmES MPTP 57~
EMBHERBYRORG T HBLRITHE, ERUAEEAUNFE.

AD FEAUBEMIREZ —REAHENEER (AB) BRMARNBETES
SN, ABRWEFER, BRTMARE, B Ap—BRRERHNBESER~ESHR
BRI EEEET. HAGHENLS ROS (H0,) 3.

BETB (NF-kB) £—F DNA SAEANKRAT, ¥BFETHSEMRA, W
AEALAEER. ERABRNBNERA, NF-B 5—HUHEEAB (1Ba) HLEE
MR- HEE_RGEEY, FETREA, FEREYEE. HXLARTNBE,
NF-xB 5 1xB %%, NF-xB @B iR, MAAME, 5HFEERZ TR0 RAFIIHE
G8, WESRERNEXNBRNRE, FEE5RENRSHXNARET, ERRG
BERRAET. _

# % E T HEMUE NF-xB, {5 A NF-<B S AMAER, MARET TNF-a. IL-1p.
EAMS C BHET. RALE. WS, pENHES (AB) %% MARETH AR%
HER SRR ERENSH. RIIR, NF-xB ST A4 MR E R TR 04 f
T, BESBATE—F “EIE” MTE. BAEENY, MBIRTHEAR PD, AD #5
ARATEEEX, h5REERETHEEREEX.

TR, GREATAKES ROS FRAXERGET, HHREAT ROS EARAEH
EMAFELBORTERRGERT, TEHESHESTRLABHEROTE. KR
ROS FigiEMBEARR, TTSEGRTHELRMMBRRINH. flw, REHGRETNA
RMHE T2 I0E ROS BRMRGIIR, TH~LNRTILBTNHIITR, KhEsa
Lo A2 S PR P A T4 B F B NF-xB, 1 NF-xB (8% 55 30500 ST B FF BE 25953677 (57
B,

HH LR, FEANKSERERZTHN APRGRMHAERTHBRIER,
KRBT RAUE AR LT E £ER AD W PD RIEHFEAETR. Hit, FREAEH
B3 EHESARA TN FHHUEMAFMNF FEIE AD # PD (%%, HIEE
ShE R — AR 2RO RS
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ERIHTE K FHOLE R AR
[~ 510631, Tel: 020-85211436, Fax: 020-85213411,

e-mail: xingda@scnu. edu. cn

ZH R FERANEGRENHA, MBEMHERERAREL S0 —H
NEX#FH, HEFHRATREMARTEEDSNS T 4R, 449, BEE/ME0HE
ERANHLEARRREAIE, BREEMENIEFTRNYELE. JRRRI R
HENBRER, WEHEGHENTRAAAREERNEL. REB[EMFRDE, BotE
SRENERAFEN P FEARRMAREMBARR, RREGHEFANLEEY
% B Al RS ERNERBERRKR, SENRIES T, TAR. ARILAAND
MASEDY FIEAGRORIR, AMLMEPEFARTEARLETEK (BGF): NE
FEEE: WNBESHBENRE. XEFNYETENIANMREEYENHRATFRRE
EHRE, RNBRSEDEZMBPLOATERRNER, FRAEXNWEWFENESE
REFE R '

L YRS B R TE BRE RBBOLE RIS RAEEYE 2 TR A

HWCZ2KR, EE®SHNIES, EAEYFRARM A ZLEN H—MIRAR
FHIETF I, SBEELE 10—10° HFlom2.Sec: WKIEMAE 180—800 nm. EWHIESHINS™
REETHEY P, RBREDEERNEEGFEHIEARNER. —LNPHWREHA, &
PEBEASEDRERSE . EWhPE A RAEIREVRR, HESEYWEANERT
RERFAAEBRR. EMERBEAREDEPELRBIRO™Y, RAREHET
B N#FMEEFR., —~LEXRELRY, THREBKZHEFNHEHEETOAEEN
o BHURATRERIBT A N & B1E:

® EYATEFHEEEX¥PHNAZMHAA--RERERWENENZEH (BREFE

BREEWAFEHBIRE):

© EYHEIRES M E RN KBTI R ST R
LB ISR AR EERR: EWRT R SR ELRER HF TR MRE:
EMEMBHRANBRERISHPRAINA: AFRARZSPARMBHUSBAT
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But EDEMSIRAIEERGLMEY (NMBREEAGSTELEES
%) BRINAL
® LtYHuNEAEaRARINEYIEFATEINA:

2. XEEYS THEERERORATGRIEEARTIR

AT RAR T LU HARKTOLRERRIR, X NERRRT MM KR AN R G
BHRENNE, RMXNMEERREMR, EAKE—SHTERM, AOURRT ok 9% 6]
546, MAZRHALRMAESHEMER, Eit, b THRELMZEIA, LRATBRA
BTFHEn @4, X— Sl R ani xR,

RAFHGRERARRZERF L 90 FRYPGREM—IHECR, HBME FRIFRHMTFE
RFOLH @ HR B LUR MR BERE ERAEHWNARE, BRAFGURNEMMERALE S
'k, BRABHNRSHE, XAARKZESWE, DREFTERNE. MYBTLK
BAR, FHFHRBRNARBLESHERRARERANFG, LURAFNBITRER.
BT RAFGZROFFTLHRAEGFELEDYESINE T 55, B%), pHHE, FUER,
HREUKE R R (niietl, RGRE) FERERRT, BIHR N HF G R o7 LR Bix
LT ah.

R G IR BARRE B PFH S BFE R — DN REFMTE. EEVENARFRE
EXFE—EYR. ENPFOLEEFRRM, BLUBEHRTOLRBHENIHF, BTN
WFS e — B, FHXBRET BRI DR. TS T I AR iR R S5
Fo RAFBUHBRANS - PRURAET, BTFRAFGRREEXSZFEEN, —BX
REWMBOCHFNIRE BE), RARGHIHFIEE. REFMABAURKEEBET R
EOEENER. BECRatREFRAMTESENERSf. TRONHANERE.
YRR B HARUR
L& TEHRANPHE
AP THANHR
IR 12 BT BE 5 B9 0 R
A F R BT S R AT AR B M2 I TSR
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Dynamic redistribution of calmodulin in living cells during cell division:
An in vive study using a GFP-calmodulin fusion protein technique

Don Choy CHANG, Pin LU' and Chao-Jun L
Biology Department, Hong Kong University of Science and Technology, Clear Water Bay, Hong Kong.

Abstract

Recent studies have suggested that Ca®* signaling plays an important role in re gulating
key steps in cell division. Using confocal microscopy, we have demonstrated that a localized
elevation of free Ca™" is closely associated with the onset of cytokinesis (Chang and Meng,
1995. J. Cell Biol. 131: 1539-1545). In order to extend this study to down stream components
of calcium signaling, we have now fused the gene for calmodulin (CaM) with that for green
fluorescent protein (GFP), expressed the spontaneously fluorescent chimera GFP-CaM in HeLa
cells, and imaged its distribution during mitosis. We observed that GFP-CaM undergoes a
dynamic redistribution during cell division. Specifically, we found evidence that translocation of
a sub-membrane fraction of CaM is involved with cell cleavage. At late anaphase, a localized
elevation of GFP-CaM was found at the cell cortex beneath the membrane at the equator where
the cleavage furrow was to appear. The timing of this cortical CaM elevation coincided with the
onset of cytokinesis. These findings suggest that, in addition to Ca** ions, CaM may also play an
active role in regulating cytokinesis.

Introduction

Cell division is a precisely regulated process involving a number of different cellular
signals. Besides the well-known cyclin-dependent kinase system, second messengers like Ca’*
and cyclic AMP are also thought to be involved (for reviews, see Hepler, 1994; Means, 1994;
Whitaker and Patel, 1990) Using the zebrafish embryo as a modsl system, we have
demonstrated that a localized Ca™" signal is closely associated with the onset of cytokinesis
(Chang and Meng, 1995). These findings strongly suggest that Ca’“signal plays an important
role in regulating the cell division process.

A natural question that follows is whether the down stream molecules of the Ca’”
signaling pathway may also play an active role in such a regulation mechanism. The major
intracellular calcium receptor is calmodulin (CaM). The binding of Ca’* to CaM enables it to
activate various target enzymes and therebyv regulate many physiological process (for reviews,
see Wang et al, 1985; Vogel, 1994). The involvement of CaM in cell cycle regulation has been
suggested in earlier studies (Means, 1994). Thus, we would like to examine in detail the
dynamic redistribution of CaM during the initiation of cytokinesis.

In this study, we used GFP (green fluorescent protein) to label CaM by fusing their
genes together. GFP is a natural fluorescent protein discovered in the jellyfish Aequorea
victoria (for reviews, see Cubitt et al, 1995). When the cloned gene of GFP (Prasher et al,
1992) was expressed in E. coli or other animal cells, it gave rise to an endogenous fluorescent
protein, without requiring added converting enzymes or substrates (Chalfie et al, 1994). Later,
the fluorescent properties of GFP were further enhanced by selected mutation at the
chromophore (Heim et al., 1995). Since then, GFP has been widely used as a marker gene in
many cell or molecular biology studies (for reviews, see Cubitt et al, 1995). In order to study
the dynamic distribution of CaM in the living cell, we have constructed a GFP-CaM fusion

! P. LU's current address is Dept. of Physiol. Sci., Univ. of New Castle Upon Tyne, United Kingdom
2C.J. Ll is on leave from Dept. of Biology, Nanjing Normal University, Nanjing 210097, China
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gene (Liet al., 1999). When this gene was expressed in HeLa cells, its gene product, the GFP-
CaM fusion protein, had the expected fluorescent properties. Using such a fusion protein as our
probe, we were able to study the in vive distribution of CaM over the entire cell division
process.

Results

The GFP-CaM fusion gene was constructed by linking the S65T-GFP gene at the N-
terminal of the CaM gene with a 21 base pairs linker. After the GFP-CaM fusion gene was
introduced into HeLa cells, many cells were found to express this gene and produce the
fluorescent protein. The presence of this protein can be observed easily using a conventional
epi-fluorescence microscope equipped with a FITC filter set. But in order to examine the
detailed distribution of the GFP-CaM fusion protein, it is far better to use a confocal
microscope. This is particularly important for studying HeLa cells at mitosis, since these cells
usually become round-up during cell division.

Expression of the fusion gene did not appear to affect the normal cell cycle or interfere
with the cell division process. Fig.1 shows the typical distribution of the GFP-CaM fusion
protein in cells at different mitotic stages. Each image represents a projection of multiple
confocal images taken at different depth of the cell. Thus, the image shows the distribution of
GFP-CaM fusion protein over the entire cell. Also, to identify the specific mitotic stage of the
cell, we stained the chromosomes with a fluorescent dye, Hoechst 33342, and recorded the
image using a separate fluorescence channel.

As expected, the distribution of GFP-CaM in HeLa cells was dependent on the mitotic
stage of the cell. At interphase, the distribution of GFP-CaM protein within the cytoplasm was
more or less uniform. (Figs. 1a-1b). When the cells entered metaphase, however, GFP-CaM
became concentrated at the polar regions of the mitotic spindie (Fig.1c-1d). At anaphase, the
cells started to become elongated; the high density GFP-CaM spots migrated with the spindle
poles and moved toward the opposite side of the cell (Fig.le-1f). Later, following cell division
at telophase, a high concentration of GFP-CaM protein was found to remain at the spindle
poles. But in addition, fiber-like structures containing high density of GFP-CaM protein were
also found at the midzone region between the two daughter cells (Fig.1g-1h).

Figure 1. Upper panels (a, c, e, g), confocal images showing GFP-CaM distribution in HeLa cells at various mitotic
phase. Lower panels (b, d, f, h), paired images showing the structure of chromosome in the above cells as revealed by
Hoechst 33342. (a, b) interphase; (c, d) metaphase; (e, f) anaphase; and (g, h) telophase. Bar, 10um
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Figure 2. Time-dependent measurement of GFP-CaM distribution in a living HeLa cell undergoing cytokinesis.
Panels (a-d) represent a series of GFP-CaM images obtained at different time (t) starting from late anaphase. (a)
t=0;(b) 2; (c) 6; and (d) 10 min. Bar, 10pm. (Reproduced from: Li et al., 1999).

Previously, distribution of CaM in 3T3 cells had been examined using an immuno-
staining method (Welsh, et al, 1979). Since CaM is a relatively small protein, it is susceptible to
redistribution during the fixation and detergent treatment normally required in the immuno-
staining procedure. Using the GFP-CaM probe, we can examine the distribution patterns of
CaM in living cells. In addition to the high concentration of GFP-CaM found at the spindle
poles, we found a dense layer of GFP-CaM at the cell cortex underneath the cell membrane in
the living mitotic cells (Fig.2a). This layer of GFP-CaM was relatively thin (less than 1 pm
thick). This sub-membrane fraction of GFP-CaM was apparently not strongly bound to
cytoskeleton. When the mitotic cells were treated with 0.2 % of Triton-X100 for 1.5 min before
fixation, this sub-membrane fraction of GFP-CaM could no longer be observed (data not
shown). Interestingly, the distribution of this sub-membrane fraction of GFP-CaM was found to
undergo a dynamic change during cytokinesis. In late anaphase, before the cytokinesis process
started, the concentration of GFP-CaM at the sub-membrane layer was generally low. Yet, a
slightly higher concentration of cortical GFP-CaM can be seen at the equator (Fig.5a). At the
beginning of cytokinesis, a cleavage furrow began to appear at the equator of the dividing cell.
The density of GFP-CaM was found to elevate at the cell cortex underneath the emerging
furrow (Fig.5b). As the cytokinesis process progressed further, the localized elevation of GEP-
CaM at the cleavage furrow region became even more apparent (Figs.5c and 5d). This
observation suggests that, a localized increase of cytosolic CaM may be part of the signal
transduction mechanisms required for the formation of the cleavage furrow.

Discussion

Calmodulin is the major receptor of cytoplasmic Ca2+; it is known to play important
roles in regulating many physiological functions. Although involvement of CaM was implicated
in the regulation of cell cycle (Whitaker and Patel, 1990; Means, 1994), so far there has been a
lack of detailed information about the redistribution of CaM in response to cell division. The
results reported in this paper provided the first observation suggesting that the distribution of
CaM is closely associated with the process of cytokinesis.

In our earlier study using zebrafish embryo as a model system, we found that a
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localized elevation of free Ca™ was associated with the initiation of cytokinesis (Chang and
Meng, 1995), suggesting the Ca®* signal is required for triggering cell division. The important
question then was: How does the Ca” signal regulate the cytokinesis process? Our working
hypothesis was that the calcium signal may activate the actomyosin contractile band in the
cleavage furrow by a mechanism analogous to that found in smooth muscle (Mabuchi and
Takano-Ohmuro, 1990; Satterwhite and Pollard, 1992; Chang and Meng, 1995). When the
Ca™ concentration is elevated near the equator, increased amount of free calcium ions will
bind to CaM and activate a CaM-dependent enzyme called “myosin light chain kinase
(MLCK)”. Once activated, MLCK will phosphorylate the Ser-19 site of the light chain of
myosin II (MLC) (Yamakita et al., 1994). Such phosphorylation will in turn promote the
growth of the contractile band by inducing aggregation of actin and myosin filaments
(Mabuchi and Takano-Ohmuro, 1990), and trigger the cleavage furrow contraction.

Part of this hypothesis can be tested by examining the distribution of CaM during cell
division. If this hypothetical mechanism is correct, a significant amount of CaM must be
available near the cleavage furrow when the contractile band is to be formed during
cytokinesis. Results of our GFP-CaM measurements not only indicate that this is indeed the
case, but also suggest something that is even more interesting. We observed a localized
increase in the concentration of CaM at the cell cortex underneath the cleavage furrow; the
timing of this cortical CaM elevation was found to coincide with the onset of cell cleavage
(See Fig.2). These observations suggest that, CaM may be more than a passive component in
the Ca®* signaling transduction pathway in regulating cell division. Just like Ca® ions, the
localized release of which represents an intracellular signal, a localized aggregation of CaM
may represent a second signal that is also required for initiating the cytokinesis process. In
such a way, the process of cell division can be more precisely regulated.
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