M2 VI AL F T u—TOREL
FN2RE LB R a bl A 1 = X 2 DfEH

AS—EY, WEMCY. KHRHED

DIgH - VAT ABIRRE EMBEEHAR - 7 AYA I AKRER
DRBRK 2 BE R 2R JEFT At 0 F IR e A 280 BF

Elucidation of chromosome condensation mechanism by a newly-developed fluorescent

indicator for magnesium ion
Kazuhiro Maeshima®, Tomoki Matsuda?, Takeharu Nagai®

UStructural Biology Center, National Institute of Genetics
2The Institute of Scientific and Industrial Research

< 7 2 ¥ 7 A (Journal of Japanese Society for Magnesium Research) Vol37. No.2

Ep e AN -



JJSMgR Vol37 No.2 2019
— e —

HE TRV T AL F T —-TORSEL
N2 FA L7eH 7 e hiti A 7 = X 2 OFH

HIB—18Y, REMC?. k4RI

DI - VAT AR ERRFERIER - 5 AV 4F I ABRE
DRIRA B SR 2B JERT A A 50 AR BB R 22 BT 2 0 BF

Elucidation of chromosome condensation mechanism by a newly-developed fluorescent

indicator for magnesium ion
Kazuhiro Maeshima®, Tomoki Matsuda?, Takeharu Nagai®

UStructural Biology Center, National Institute of Genetics
AThe Institute of Scientific and Industrial Research

Abstract

For cell division, negatively charged chromatin must be condensed into chromosomes and
segregated. While proteins like condensin are critical to organize chromatin into the appropriate
chromosome shape, free divalent cations such as Mg* and Ca?, which condense chromatin or
chromosomes in vitro, have long been considered important. However, technical limitations to
measure intracellular free divalent cations, especially Mg?*, have prevented us from elucidating their
function. Here, we developed a Forster resonance energy transfer (FRET)-based Mg* indicator
MARIO that monitors free Mg?* dynamics throughout the cell cycle. By combining this indicator with
Ca® and ATP indicators, we demonstrate that the levels of free Mg®, but not Ca®, increase during
mitosis. The Mg? increase is coupled with a decrease in ATP, which is normally bound to Mg?* in the
cell. ATP inhibited Mg?*-dependent chromatin condensation in vitro. Chelating Mg? induced mitotic
cell arrest and chromosome decondensation, while ATP reduction had the opposite effect. Our results

suggest that ATP- bound Mg?* is released by ATP hydrolysis and contributes to mitotic chromosome
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condensation with increased rigidity.
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MG TRT BB, L MIBVWTER2mIZHBEIES/ ADNA Ry MZEMRL. [HRE
k] LT 5 DNA DX %fED. 4/ 2 DNA %2 2 DOMBICERICHE L &< TR RS2 wv. ¥
R R, MRS KEICHFET B 7R T 444 Y (Mg*) 455"/ 5 DNA BEOBLERY 5 5
EFRBENTVLAR, EFT2FRI e Do, TEEELZECARAFRI N - T, BHS ¥
N7 BTHOBM % BEL THRIlRN M REOZEL 2 SBICRAITE 2 A Mg Tu—T 5 VN7
B MARIO 2 ¥ 5 Z L BRI L7z 512, MRIO 2 BB ERLMBD S 4 55 FAL A=Y
Y7L, Mg BEAMBSROBIC—BRICERATAZIEERTLEDIC, ACHELTVS
DNA DRF%§50. RBAEOREHELREL TVEZ L EZHELPIC LA FRBTIE Mg DBIBIFHT
&Y Fi e R hgiE A = XL BB L2EE O OB R BISE L2V,
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72 OEIIHN 0 RKBOMBES L TETVS, T01H1 HOMBBIC. £2EH2miIcdETES
/7 5 DNA B b T3, 7'/ A DNA &, MlGFRTIEICONLY, ¥FokhTr0%
B CRzdic it L, Retafh L IS 46 KD DNA DRIZ R B, EE, IV F Yy vt ofgttk
ERAED 7 N2 BRVPFAE SN, REEL NV TOREA I X LBHLPIZEND20H B, —F.
DNA 3B 2nm DL THMVA T, AEBHE2H->Tw5(Fig.)o CODNA REBHZ2ET S
ANYE YR BOBEAECEINT, BEEH 1Inom DX 2 LAY - 282 ELZLMOhTW
3 [Figlo LALEFESXZ LAY —AIZRADEBMITEoTWT, EWIIERET 5720, Mgk
EOPNSBERICHYBLILPEBETHL Z LPMSA TV, 22T MBEAIC 10-20mM &
SRICHFETAMZ 227 LAV —L0RABHEHPMLTRELZHO, EEoBELTI&ES
TOTRZVPLFHED LRSS FRENTELY, LALENS, MIBAIC7Y —CTHEELTY
5 Mg* DB b2 MR %8 U TeHll 3 2 FEIHFEE L b o Ao, EBRIC Mg hsfu fFgEIC
ATV EOPIERBHOE FTHo _ :
MREND Mg»* DL 2EHIT 2 HFEL LTHRE SO —T7OFABETER S W 245, BWERL
BELTF—SOBERIVDIAINY Y LA F Y (Ca) 2 THRILT H2HA T T —TITH LT, Mg#DZ
NZBLALHBIPEATVEZVEE>THHRETIIE V. ZOHEMAIRZ, HAET S CaEEHE2W
ATMZBREZAMEL LI EFE LW LILH D, BENTT—TTh, CaBREENELIC
bR TSI TIREL, FBNEGHTO M BENEICHEN 2 WERER C2BAE2ET X
3T LI L YRIBRAD CaBEELIC L B BBSERTED L) B o TV B, ARIFIFEH
W Mgt 7u—71id, BRIEINCITLATEZ C*7u—T IR EREZ VI OOEEHBELD
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Fig.1 DNA YR b IZE&PN/X 7 LAY —AMITAEN 2O 0, KELTHTTW S
(J£)o Mg¥ A F vHMEZ TL B EABEMAHR SN, KEMFHZONLZ LIZEIY XTI LA
V—LEEAHEA L. REA0BFESED (). k4 £ D I5IEFRiER.

Dy HRENTVWELOFMALTHWLZ L TEDY, KA DORAMMARE A = X LD TE,
HILEMOZEAT Y TTOAF Y T ay bEFFT 52561211 O 70 —7 Mag-Fura-2  Hi
WTWwYs LAL, TEFF Y AFVZATIVEIZL ) Mag—Fura—2 OMITERN~NOLY AR ILH)
LT D b O0, EIEMBIZEL T2 HICHAANEEHE ST L E v, [l A Tl )
Tl Ol A Mg® iS22 b 2 RGBS 2 DI CTH - 720 RIFMIBIZHIHE L 228065 28

JHENWEBETFI- NS 7a—7 B SNHED TE WA, & & THIAT S MARIO A
PR X N D URTIE DT 2P OHREDARTH 7207, F/z, ZOHTH LI DERHICHLA 70—
7L #Z 5N MagFRET &, Mg@ a3 2 A BRI R T &, 22 M@ 2 G L7z oE0h >
T FVEALR BN 720, ML O Mg* EE L2 BT 2 2 LR THETH o 72,

F T A GH I ERA Y o Mg* ik g >~ 2327 2 Cor A OMINEA Mg Ji&sz 518 (CorA—CD)
WA H Uy ARSI S BN T db » 72U BWE O M Thermotoga maritima & BIFBIED 2 5 V1
Methanocaldcoccus jannaschiiy 3 & OV MIEIE AR S RPN T o o RGBS 70 —= 2 7
L7z CorA=CD IZ 2 flif{o st 7 v /7 Mk fllAGbETHE Mg 7u— 7 2/ER L, SFiliz 17>
2V, ZOHT, Mg@REZLICE ) b o & RELEALERZIR L 72AB R H D CorA-CD 2 M
o7 —=TICELICHREMAD T EICED, MEANO Mg B % @5 L (SRR T g 2 06 Mg 7
7 — 7 MARIO (MAgnesium Ratiometric Indicator for Optical imaging) % % L 7= (Fig. 2) V- MARIO
EHIIEN O Mg REICEDEME (RHER K I mM L ¥ V)2 HF 5 £ 912 CorA-CD 2
BEINTBY, M@ WA TH L 2FHOEEY Y7 BAAELIZH] EFEOLNTFRET AR I %
FEHL, AOBAATHE S WRRICK X S ZLT 5. 20 MARIO ®Oii{i¥-% & b HeLa MJAAIZEA L T,
Ta—=7 8 Ny HEREMNIEB S, SO CHRENZE LTy A AT T ABRELC
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V) FRET (Forster resonance energy transfer) 23 U, ittt 287 2 (it 5 14&')0)'%’@—1
PVF =D Y V8RR ISR L, S adotatiil s s (F) .
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Fig.3 (A)MARIO %@ MICRB S 7 HeLafillled ¥ 4 55 7 A4 A=~ 7, EE® DIC i
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I
) =212k 0, ;r%ﬁwﬂ ML DIEEEMRTE S, FEOMI{ET ) — X iE MARIO ®
FRET sttt 2 m Lz o, BEffFE & s L Tnb "I'lwhllllla B THOGIRE
WA EH L, 220082035 TR, IKFLTW2009h 5, (B)EGHMELLZ gL
72077 7, KEERER %2 £ L, 250G E T EA L. e T L Tl oTWh, X
k4 X 0B IE Rk,
ZNTRIDEMLI: Mg@EEIHBLRoTELDTHALIH? FEHSIETMBANO Mg> D% <
TATPR Y YR HERELTWAZ ENHMONT W20, ATP OBREICIERET A2 EIZLT
ZZTHL - EEROEHR SAPIE L 724806 ATP 72— 7 ATeam'” 2 fl PN FEHL S &, fllla o ATP
H DAL R TRz, ZOFEH M52 T BB ATP #EEAY ImM BB L Tni Z s
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b#ot@@A)quATP@ﬁiiMMﬁﬂ HED D 72D, HSRAARTE B R det ARk A - 43 L
EoT, ORI ANF -2 L TV L ATPE B S LIck b L bz, ZDOATP
WA DRI Aﬂmed,ATPMgthﬁ&watMyWMﬁ%n Mg* A A L.
RO EREAMEE S NS & E 2 517z (Fig. 4) FEBS, in vitro FEERTIZ, ATP OFF4E T TlE Mg¥ic
£ B Yt REEATHE S, ATP ONUKGIC L ). BOREAERI R > 720, 72, ko
ATP mZ iR 5T & Mg BEAT LA L, FOMIES S8 LA, $icFL—% —%2HuvT Mg> i
B T3E5L, 4 @Wi%ﬁmLt(hurmﬁ%@Mg% BEHX7 LIV — LADOEMZH
O, X7 VF V=A% HEWEDT, geta itz iE L Tnwb 2 & E/RL T (Fig. 1), in vitro

IMEMED EFIC LD B RIEREATTINT 2 2 EAHMOSN TS, Mgh O L sl iddetafkic
A M LVARDH S, 2 D OBMIA~O Gt AGEGEFEIC AV RVWEMDbN S, Pk, KR
J 5 DNA O [#Hi7=GBHA D= AL ] BT 2L DTH 5 (Fig.4) -
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Fig.4 Ml 023 HBII Mg* 4 4 Y AL, REfFosma et s, Mg+ »id ATP
DIWAIZED Mg—ATP ST 2 2 L IZ ko> TGS NS, S0k 4 X D IBIE Lk,
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ML OB R OARD I ISR S N v & BRI EITZ TN < 2D Bk
DORBBEAEZ D, 72, DNAMEEGT A Z E10E o THIER S A LR &0 & F & F s
BILEEZLNTWD, F/2, Mg IZMBNICERICHFEL TEL DY 37 Holl & 2T T
BY, Ki?%téi?i&m%ﬁﬁ#ﬁhé:k#mbhfwé Kifge T S5z 4 / 4 DNA
D3RS M AR, HOE Mg> 71— 7 MARIO OFIHIC L b, Mifatgiomieic L > Tk
SN RO PREAIHED 2 L AWFES NS,
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AMREOKFAMAFEOE S T, L biF. MaMN Mg BB HTH 2B EHRAEET 24 -

R REREIZ - #THRE EAHERIZ. MILN ATP S ISR TE 2 SUER R4 AR 2R - S EE
HEHIZ - RAKRZELEMER - BHETHRBICR BB VAL T KK TH 7 Thermotoga
maritima 3B X O Methanocaldcoccus jannaschii D% 7 5 DNA &, XEBEEF Y aF N4+ YV —
A7uTVxs bE@ELTEN BRC 2 5REE2Z1 T Lo FFRISTHBLERPE - F2MHR
[DRUEEYE |, B IRESE  RIEAEFEHEEF % (CREST) (JPMJCRI5G2, JPMJCR15
N3). # X UBHF% (16H04746) DR % ZiH E L7z,
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