Visualization of individual heavy meromyosin
molecules by fluorescence microscopy and force
measurement of rigor hond by atomic force
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FENREOER Visualization of individual heavy meromyosin molecules by
fluorescence microscopy and force measurement of the rigor
bond by atomic force microscopy
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The purpose of the present study is to open a way to study uni-molecular physiology
of actomyosin motor. Observation of a system consisting of an emsemble of molecules
scarcely leads to elucidation of elementary processes of physiological acto in, since they
are often hidden by averaging out. Obsevation of uni-molecular behavior, on the other hand,
can allow a direct evaluaton of what we see. In uni-molecular physiology it is technically
essential to visualize indivisual molecules. In the present study I first developed a method
to visualize, by fluorescence microscopy, indivisual heavy meromyosin (HMM) molecules
of skeltal muscle. In the first step monobiotincadaverine was incorporated into the S2 region
of HMM with the aid of catalysis by guinea pig liver transglutaminase. The enzymatic
biotinylation altered neither the actin-activated ATPase activity of HMM nor the ability
of HMM to actuate actin filaments to slide. Then Ultra-avidin-coated fluorescent nanoparticle
that had been developed in our laboratory was attached to the biotinylated sample. The
attachment of the tag to the biotinylated HMM also did not alter the motile activity of HMM.
Then using an atomic force microscopy integrated with an epifluorescence microscope, the
interaction force was measured, between a single HMM molecule at the apex of an AFM
cantilever tip, and actin bundle fixed onto cover slip. The tip was brought very close to
a single HMM bound to an actin bundle that had been fixed onto a cover slip, and was
scanned around the pinpointed HMM molecule. By this procedure a single HMM molecule
was successfully captured at the apex of a cantilever. The measurement of “force-distance
curve” allowed us to detect binding and unbinding behavior between a single HMM and
actin. The force required to break the rigor bond was 16pN on average. As shown in this
study we now became able to handle and manipulate a single HMM molecule and to make
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a direct observation of its mechanical behavior.
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1. BLBEMET A ESRRTEIIFIHIN &

2. 77  HMM BOHEEREZHITF RN ZDHDIT, B+ onm UTOKREITHB 2 &

3. 77Fy, HMMiZ®L®ELRZNWZ &
FTHRDENEE—X 2R L2 25, ZOLRBIZEI bDITEP-TOT, BADHEETERLE
YOERERTAZEIC L, ZOE—XE, H14 X, HETIHIENABROR, ©—IXREHOLEHME
HEZBRRZaVIr—ATHZLRTEIOTHABREY., ZhERALT, ED3o0%Mk2HR
TE—XBERTHIZENTEE, ZOEEELY—X2 VL4 F ot HMM iZES X853 72DiT, ©4
FredFREsE, TET 4 v Ta— b2 ¢k, TET 4 VOBFHEETHEIN IS TE
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B CESEE L HMM iR 0 sz, HMM 2 b —X AL TH, 125 4 FuE87 v+
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£1 HMM & HMM- ©—XEEELDT 7 F 745 AV M BVEE,

Nitrocellulose- UltraAvidin-bead-
coated cover slip coated cover slip
(um/sec) (um/sec)
Control® 4.8 + 1.0 (n=34) €
Biotinylated HMM?® 4.7 + 0.9 (n=34) 4.5 + 0.8 (n=35)
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UTOEO5RZLT Ty RA v b7 Fu—F, 12k, AFM Est5kiic HMM- E— X2 A &%
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MBFA%, w4 F2FERABEBA%EET. HMM OF 7 F Ly RA~DFES L RBEDREOTE S DS
BRI (K3 a). ATPHFEETTIIZ DL RBRRIIR LRV &b, 77 F 2 -HMM H
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DY T—NEEOEEF RO AR INETREEINLZ LREI o, ZOERIZE - T, TEZX
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iz,

BUED X5z, HMM —E—XZHWVWT, AFM XYV E—F—F 0 1 532 HBITHREL,
FOHETHHZBETSZ LBEEILR-T, 2D LiZ, S0 —F4HE, OWMEOHKE
RKELSHFETHHLOTHS, -
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RERV 1 TABRZRO—HHEE - WELTolt. 7, T—F—F LR VEB15F 2% HMes
TR T DO DERBERET o/, Zhid, F U2 Bz REICHRE LRV VB 7
DER, T—F—F VI ROBELRRDRVEREOCHEE,» b5, TORE, EHEEEE -
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MBI HMM 457 S 2O CRMOT S FIRICH D INFZ IV Thofr, CHIIBECEERIF
VEBPO—EBEVIIICMET S, KiZ, ZOTNHLERZZHMM 1 8F07 7 F 2 ETORYESE)
BREERAS T, ATP FHELTOT 7 F 2 & HMM & OROFH NSO D1z HMM SFi37 7 F
VHLEZBICHNTT Y VEBIC I VEBEF IO TSRELITLED, #-7T, 19F0EIE
WEEBBTHZ LIITERN, ZORBEEZRERTEZDIC, BREBYRITICw IR I F2EA,
FREATEHECHRKER ZMAT., Zhick v HMM 1 5F0B5EREIc Uiz, SISzl ung
OOLFFORYVERHEZBE L, TORYEEIRVERICHTITRANARTA S 7 CIIBEHTE
BRNWSDTHole, B#IZ, HMM 19F% AFM b o F UA—ESHEMIZIR L, 20 1 5T L ER
REESNZT 7 F v L OMEEREZ AFM THELKL, X7 LA F ROFEELRVWEEZDOZFALD
BEDON (FAHT—EEH) % 16pN &3k, TR OLOEBMEERNED 10 nm THE - LE2HLM
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MEHIABABT DRI R BT TOWT—HOLE LMW TX 3, LoT, RBEMBHICH LEEER
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