Correlation analysis of
subcellular ATP dynamics and
changes in cellular morphology

February 2018

Rika Suzuki



Bl 5
&)

+ ?ﬁ? p'e % 5 No.1

wags | (0) o 7| K 4 gk FH

F W 3 E 4
Correlation analysis of subcellular ATP dynamics and changes in cellular morphology
GHifary ATP BhRE & AR REZ LoD FHBAARNT)

(NEDOHET)

U2 OHRETIE U7 TR & B, TRREIRIRIUCIE U OB 2%, 2 MR iP5 L 2 —
WE T =) U (ATP) OFEAIVREIINLTWS, LML 2SO RORER S IPEER 2 H
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CHIINOJRIITC ATP 2T L7=BilidZ < 7e7>o 7o, AGRSCCHMIRIEAERIEYT2 L OFEOA
\ZEH L, ATP EIZREORIRHBIENZ 2 DT ARG 5 2 & T, AR MR T 2R
FFEE S ATP L~UL e OFE AR LT,
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T, i) AERTCRIT D ATP JIE, 22877, R CRix O ATP lETEARE 2 72 ¢, IrFERR S
stz 7GR ATP 2 o —I2ou T, A 1), AR L 9 2 FEE LU LTz, Hd&ic, /i
K1), DL D 72 T IVOFRNTIZIRN T, ERAEECARRIART AR )7 FEE & 70 D & & ZoR LTS THIGE
RO L. ATP & — L EfGABE « FHBIENT 204Gt D Z & ¢, ABRROS T CRilRRAmMZ T %
ATP - HITEREFARAI A 2 &N ARS8 e ik,

ORI RIS T % HeLa a2 Az T CBIEE LT 2~ Ml &
O RFMZHUNT, ATP 858, JERBZ b & Z D5 HE T DA B /3 FERED 3 OV THHRI 2~
T, Al 2 S L & 0 2D 5 HINAIRROR VATPREZS LIy ME OFRARITE YD . ZHUL ATP
ERE STz, BIZZO ATP £8) & SMARRISROTZREZ L DIHRIZEEZ | ARSI & B8 Sy EhREH
Ip& THIES 5 2 & T MBI 7 7 F o LI INEITAS < Ml ATP OZEBNBIH 5 2 L 2R LT,

BT, TURE L HERE & OBIRNEREME] & U CRFEHIIRZ B Y 0T, AR SRR Co ATP RS
B oy R 7o@hie L ZEiiE & OBE AT, AR MRV T, SRS TH DK
EMSHER T2 &, By L U ClkEMSHIBIT 2 har RYTEER ORI ka2 KU T
ATP L~YUTED -T2, ZOR ATP LIS OME L EOMENGH Y . sEMEEN ha R

U7 O ATP HMHRYHRBICBWCTEETHD Z LT,

U I, EGUER & FRRSRRAT 2 IV CABRRIZRI N3l & Rt ATP - TEREFEAD rIf LA 281 L
T2 WO AGRSCORRFE . T, ZECHH LN LTS R O FHIEIRICOW TR~ 72415
MNZTeoT- TEBIIIRAE] & N ETESHHARONTE R (X A—U%ZF72R8E) OMIchH D LB %D
o, FA—UNFIERZTHIED M7 1t 2 ) OfFBRTREMREZ DU T, AGRSIORER A E 2 T
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Thesis Summary

Cells take appropriate morphology according to its functions. Their morphology is unstable, and
always changing depends on their surrounding conditions. Adenosine triphosphate (ATP) is suggested
to be related to this process, however, their relationships under physiological conditions are still unclear
because most of previous insights were derived from extreme ATP reduction. Moreover, although
spatial heterogeneity in activities of cellular morphological changes requires high-spatiotemporal ATP
analysis, only a few works reported such analysis so far. This thesis have succeeded to visualize
relationship between local morphological change and fluctuation of ATP levels under physiological
conditions, due to highly useful analytical methods: image processing to quantify signals
spatiotemporally and correlation analysis to evaluate relationships between the signals.

Chapter 1 remarks that unresolved problems in analysis of the correlation mentioned above: i) under
physiological condition and ii) subcellular ATP quantification. A genetic ATP sensor recently developed
was took up and described as one capable method for such observation. Then, some previous works
demonstrating usefulness of image processing and correlation analysis for such quantification were
cited to describe the objects in the thesis: to show physiological and local ATP-morphological correlation
via combination of simultaneous imaging and such analytical approaches.

In chapter 2, edges of HelLa cells consisted from two distinctive structures were focused on. The
morphology of the inner structure changed after microtubule influx to the local region under physiological
conditions, and this accompanied an ATP increase. The fluctuation of ATP and morphological changes
of outer structure were also visualized. Comparison of the transient patterns between physiological
conditions and cytoskeletal-inhibited conditions suggested that two typical cytoskeleton, actin and
microtubule, are related with local ATP fluctuation, respectively.

In chapter 3, neuronal extension and dynamics of mitochondria, energy plants of cells, were analyzed
simultaneously under physiological conditions. Neuronal structure growth cones (GCs) were focused
on because they are related to neuronal extension. In GCs, mitochondrial density and integrated
mitochondrial ATP levels were higher compare to ones in neuronal process. The integrated ATP
signals positively correlated with elongated distance of neurites, and the importance of mitochondrial
ATP within GC for neurite elongation was indicated.

Chapter 4 summarizes the outcomes of this thesis, and the prospects of these approaches for future
biological research were discussed.




