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Mechanical measurement of developing embryo by multi-probe scanning microscopy
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During embryogenesis, the embryonic formation 1is associated with the
mechanical property of cells involving the tension occurring between neighboring cells and the
elastic modulus, i.e., deformability of cells. The understanding of cell mechanical behaviors is
crucial to elucidate how embryonic cells are regulated by mechanical cues. In this study, we
succeeded to measure the spatiotemporal dynamics of the apparent Young’ s modulus of cells by the
atomic force microscopy (AFM) force-curve technique and the relaxation modulus of cells by
approach-retraction force-curve as well as stress relaxation techniques.



B X C—19, F—19—1, Z—19 (@)

1. WFEBRAE 4O 5
FAMERER T 2D IFRE (A H =7 ) 13X, Mﬁﬁ@&m&@<%%bfwé&%2%
NTno, Mila A =27 2%, B0 GRIREAEI-ED &9 1) LR o ZEEE) ©
HBIND, LENR-ST, ZNHOMRA =27 A% 1AL~V CTEHAIT 5 Z &, Mﬁm@f
H=ALFHICBWTCEETH D, ZNE T, B THIEERNL, v—V—T 7L — 3 9k
RNy NEAHWTARENTE T, L L, L—F—T 7 L —3 3 VB ~OE A
REWTZOIAERED S) PR 2B T2 Z EBEEL Y, it<ﬁt/t/%&i%ﬁm&ﬁﬁ
DHBNEFRE TH 0 22RO FHIIIEE TIE ARV, & 512, BRSO TIL, &R 725
O 1AM RCH -7, THIE L~V PRI L L, ﬁnﬁ%%i JEf-[#1 77 88
wﬁ(MWD%%wf\%iﬁ&@%%ﬁ@%%k%@ﬁﬁ—@%mﬁiﬁﬁ@ﬁ%wﬁmﬁ
%Ltovw%7m—7ﬁﬁﬁﬁﬁ%%%éﬁé & T, IR &SR o RIS R 1
BETHD, LT, TNEEHTHI i FAY T ﬂLTZTk@éAEwﬁﬂi%ﬁ
%Méﬁé EMBIGEE RS 5 72O R R TH -T2,

2. WO BER
AWFFETIX, BAEROILHPHFHAEZ B LT, ~/vFaaf R7Xa—7 0 F LA—=%fn
7ZAFM 2% L, 74 —A D —TREIZLDANTOY U TROX A LT T ARE, BLOE
B7 A=A —7 B ILOICTFEMEAEIC L DEFHERDO X A 5T T AWEEZRRETHZ &
ZBEWE L,

3. WFgED ik

AWFFE T, (1) ~ Vv Faoaf R7a—T B FLA_A—0%E, (2) 74+ —Ah—7RIEEICK
B FEANHIPLD BT DY o RO Z A T 7 ZE., (3) IS IIREFRIEREIC X D EfER O
ZA LT TAPE, T LT 3) HET +—A D —T7REEIC X DEEMBEERIE OB O/
FE. BiTolz, BAERZ, WX 2T LARY (Frata ) y—27arer bL0 i
LTCWel2wWie) Wiz, I AERO IR R & B & o 21T -7, LLFIC%E
ONRERET D,

4. WFERE
(1) vAFansf RFa—ThrFLAa—% 0k objective lens
TR BEMEE (AFM) D%

FAMITE 10pm OMNZFLTWD, E- T, ik -&{éea water

® ASFM 71 o F L N—%Z D F EFHINCAIHT 52 &

NEEL W, 22T B FUARA—FEHCERN 10um @
DU B R EBINC D LI DA FL— Sohodal Probe é :
L= E Y U IV REOEMZPE | B FLR—L _
I NREMOKEIC L DR B ST D Z LTk

B (K1), 2o~ AFaafZrra—ThrF 1 ascidian
SNl k0 B U SRR AT RE 72 o 7 embryo
M1 ~NFapoAf RFXa—T7h0 0 F L —DOKEAN,

AR RS FE (A — /L S—(F 10um)., substrate

(2) 74— AN —TRIEIEIC L D FAEMRE

v NFagf RFa—T o FL_A—FHNWNT T +— 2T —TREEIT o7, DFER . Fis
ICHA L 1 AL SAORNTOY > TROBLDZ A LT T AFHRNIKII L, DY
TROEZEEN, TEANLDOT 7 I AU REEEBEHEICEFEL WA Z L2 RE L, &
Bz, 7RO MMERENHIEZ D Z L ITPI LT,

(3) I JTREFNREEC L 2 R AEWEIE

MY o T ROBENAE L D 2 &, 2, FERFR ORMRMATIZ, 1L~ Ty
VIRNREL BT D ENGD oo, ZOFYERS & RYER S DEGIIARHATH - 12, £
I, wATFaaf X a—T R oF L= AFM S TRERRIEE 2 VT s o
FEFNFRMERD Z A T T APEEIT > Te, EORER, AT O o RO, KR 72 R
@#ﬁ+&m@ﬁ@ﬁﬁ#ﬁ THIHNCZ L L CWD Z e 2 ROz, &5IT, MR % S
WZRRT 5 Z kT . ERBOTPER DOLFAE A ST L. T ORISR S I A PR OIBREIZ BN
T%k#é:k%%mbko



DEE 7 4 — AT —T7HEIEC XL D RARRE

RO X I, IERERE TIX, BAEMMBORERMIERZ 2 A L7 MCRETHZ LN TE
By — T S IEIMBREORIEDT-H 1 DO~ v B ZHEICERZE L, XA L5 T AD
WRFE 0 ARREITE LUK FLCLE S, ZoOMEEMMET D HikE LT HEE 7+ — A —7HIE
EIZ LB FAEMIE 21T > T2, Z OFEE, IS TIFEFRIELL THE O AL AR =R O REZE M2 b
28 & m ORE A fRRE CRHIIT 5 Z S ITREh LTz,

(B) FoMoRR
~NTF T a— T MO R ARG D7D, HAEMOILAREE TH 5 BEiaOEBME & E
FURAEEZ Sl L, Z OB ICET 2R A 5L Z LN TE T,

Lo Lo, Fue—7 EMEEL AW T, BAERD 1 fijZ L OfEROERFITICIZICD
THEh L=,



1 1 0 1

Fujii Yuki Koizumi Wataru C. Imai Taichi Yokobori Megumi Matsuo Tomohiro Oka Kotaro Hotta 4
Kohji Okajima Takaharu

Spatiotemporal dynamics of single cell stiffness in the early developing ascidian chordate 2021

embryo

Communications Biology 341
DOl

10.1038/s42003-021-01869-w

80

2019

80

2019

80

2019




67

2020

AFM

2021

2021

FG 2020

2021

Y.Fujii, T.Matsuo, T.Okajima

Measuring Mechanical Properties of Developing Embryo with Tandemly Arranged Colloidal Probe AFM

28th International Colloguium on Scanning Probe Microscopy (I1CSPM28)

2020




AFM

2020

2020




