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The goal of our project is discovery of new molecular-targeted drugs against
cancer. To figure out this purpose, in this project, we tried to make clear the molecular mechanism
of S1P-PKCzeta signaling with three-dimensional structure level and a role of S1P-PKCzeta signaling
in cancer malignancy by internationally collaborating with a researcher who has excellent

technique, experience, and circumstance for studying about PKC signaling with molecular structural
approach. Then we found that S1P plays a critical role on constant activation of PKCzeta in cancer
cells. Also we successfully identified the critical amino acids for interaction between S1P and
PKCzeta by combinational approach with in silico docking simulation technique. Finally we showed
that the constant activity of S1P-PKCzeta signaling put a brake on nutrient starvation-induced
apoptosis in cancer cells.



X F—19—-2
1. WRIERH A S 4] O 5 ABEE AN AFRIRRISE
HAZECTHEIIERO LA THY ., FFICK 1 IRTHEY 2 ar—or | (Wl 3% ihomiiEaE
FEREBT 5L (A7 —V4) ROEFELETT 27 2y Gl o
W, BRI 10 IRIE S 22 CHEO RS BB Th o e | (MM s
Foo LA UHEHIBOBIE A ) = X NFIRBREREL, 20 5, % o
YT O R DT L — 7 AL —RBR < R BTV, .
FEDOHE\ZOWTIE [ VY —2A) OFENER ST
77 IR IS 2 ZoMEREME & X 7R RNA R B AREAT L L
TEATE 50~100nm OUNE/NETH L7 VY — KE
LTBY, Z0Ox7 VY —AOREMS B HCREROMIECER LD 2 — 5y MlIRICER T
HT LT, EOMENRIXEIIND LN FHTREHAR LR DoboTn, ii=
7Y — N HE O SEECRERT O Y —T > T 2 ERBEN 2 A = X NEIAHTH o T,
FITHEEDIL, =7 )V —LORR Y —T 4 T DT A B = X LD A, E
HVEVEEE CHLA T T 1-U VB (S1P) DR Z VNV EDT T Y ) —h~D Y —
T AT TSI AR CH LN L, BEOHRE S OEBIEEZIZB W)
THERBEZFFO T Y Y — AOEBRAHEKLIEIE, BOMENRKEICHH SND 2 &R
o Tz, ZRHOFESIX, SIP 7 U v 7 ORI X Eiilo = v — KT FER
BT 4 T ESRRNEIICTHI LT, EEEOMBIN RIS/ D Z L AR LT,
Fo, HEZ I LR Fa =2 FEWATLTSIP DEHBEDZ —4 v Ny FORRZED TEH
D.SIPICL > TT T A% —8CL (PKCL) NEHIEML I D Z & Z[HE L Tz, PKC
DB E OBEENRE SN THD T TG TTh Y SIP-PKCL ¥ 7 T IVREREE I &
LX) — WO Y —T 4 v TR SN T 5 Z L T SIP-PKC L v 7 AR ERR
DHIRYUEAI OB LIRIERN & 725 2 LM s,

P e
X1 : AT —URIOEICED
FETE R

2. 22D HHy IHVY—LBHKET
ek MDSphK2I1Z &k BSIPEAE

HiEOIX, =7 VY — A~OFE MY — S1p ) )
F 4V ZICB D SIP-PKCE ¥ /G <>@ FRBAIRIR D57 AR

RI40TDY

REBE A BERO & 5 B BRI O 72 BT /e . S
BHIO U — Fleti e B% Lk %kET e
LI LERKAELELTEBY, ZOEED PKCID & A i)

o T g e i v BEREBRE
BHIRERICIT & )7 B O SLARRE T & =2 BER

BN AETAGTROAEDT T 0= )y~ n Y — 7 v T D B
FRUHATH T, £ 2 CAREBRLFEIIIE  S1P-PKC CAHAAEHOZEMZ B S 20 L, BIR
METIE, DTSN T Ta—Fo sy RFBPUERI OB~ R ST D,

N LBREE AT 5 PKCHFFE D EP SR & [E

B[R TE 21T\, SIPIC K 2 EEOMHAEVEAIC L D PKC L OIEMHALFERE I DWW T, SRR L
RN TOR AN =ALDOREMER LTI EZ2EME L (K2),

3. WO Hik

A E BRI <1, ERE B RO BRI A BLR O BIFREEIZ DV CRIEBICEETE LT,
RO Z X DOMFEE THEIE L, —FEENTIT- 72,

FREE 1 @ S1P @ PKC C b9 2 48 AVE A SRk O R E

FREE 1 TlE. ERLFEEE NS E L T 5 PKCAFZE R LT F KT LA il 2 v
ZHWT, PKCC Lo SIP O EHEOHAAEHERAZ FET 5,

PR 2 - O FREER T 7 e —F 12 X D SIP-PKC & A EAEH o e AR

R 2 Tl EEELFEIFZEE NEE & T 5 PKCAFZER L OV T &S T e —F D ) T
7 EAEN L, SIP OEBEOFEAMERIC X D PKC L OIFEMHALHI RS DM 2 I 2,

P 3 O L ONERESICI T D SIP-PKCE & 7 F U v Z D& E O R

PR 3 T, R 1 THISMMIZ LT SIP fE Ak 2 R < PKC { ZRARZFEBLT 2 il 2
ERLL | R BRI L - TR ORI 5 SIP-PKC L M AEH O&ZEI 2B 60T 5,



4. WIS
(1) SIPIZ X% PKCL DiE AL & MR N T a8 b7 2 Bl O B %
PKC L OAEMEN TOM X (¥ —83%
M) VT YA LA T A1, UoRiEshi-2R (@ ZHOUSEIE ® BHEL

IBATBRACY -
A TN e PKCIH AT
SN oy s A/ L ARV el o = et XEE5|
@ aPKCDiEMIE

X)L ¥ — #% @) (FRET: Fluorescence

Resonance Energy Transfer) DJFH|Z K KB —

% PKC { BARATEIEAL L — & — (aCKAR: b " fa) P
atypical PKC activity reporter) % BH¥ Ve 2U0R Ve N

L7 (®3), aCKAR I%, @iEs < B me N, EE (OKemRORM
I BEORERTH LB VR E it

Ll N o VAT A UL ) @ B TR S X 3 PKCC (aPKC) BRAIEMEAL L AR — & —
X —FE) (FRET) B4z Wi 151

FRET L R—X —Th s, O ML TPKCL NIEM L L, @ PKCCIZHF R FERY] OFR
By WY Uk P) 2% d56E. @ U UEBbEINTZEERYINEAOEHSICHEG LT
FERRESENL, @ R FRET HENK Z 5L R DENEDEAN S KAILED D,
ZOEICLTEOEMIIZEY PKCL OIEMLREZ A Mlaoh CE=4—F25 2 &
RTE B,

(2) aCKAR & WM T S1P 12 L 5 PKC L fa & G TE(L D3 R,
aCKAR % F Tk~ 7e3 g @ PKC C iR ME & FTL

P2l A, %< OFEHIREIC I T BRI E O LUL D o IEHL

[EE H72 PKCC OWEPEEABIE ST, SHIZZ0 PRC B 102 o SIPOEEEMNH

COMEFTEN A SR TRTAERLELE A, 27 R o) °S‘Z§E$EW*‘*S‘PW”

ATy 1= R (SIP) AS PKCCICEEEEM L CIE E1m o 0.0 P

AL S/ B 2 LA hoT- (M4), o e %% 1l

‘g 0.99 p O efe% oot

X4 SIP {ZL% PKCE (aPKC) oD1EH HOTEME(L S S P
AN O SIP 2B S W5 L PKCC DIE#IHrERK 5 08| #mxs &
0%z bnsd (FodR), & SITHBANIZ SIP 2% o e
+ 5 & PKC & OIEFTEMEASLE 72 Lo L~ ClalfE 0123456782910
+75 (Foih), Time (mir)

(3) SIP @ PKC L Zxtd B AAEH OIALIEE & 531 A F1 = X L DRt

PKC L DA R A A I A RO LT 28 AR
ZERLL . SIP L OFEAHREL in vitro D%
THE L. £7- SIP 12 X % PKC & DiEMA{LRE
%invitro®T7 v AR THRHF LI E Z A,
S1P 1% PKC L DIEME R A A N E B AAEH
L. PKCC DIEMEALZFE T2 2 &2 0o
77o F72 SIP & PKCC DMAMEHIZOWT,
KX OFEMR ST R L TORAEB LY
MAEEHOREXZH O NI 572D, PKC
COSNEEERER D —ET L& HANTH 5 SIP & aPKC OfE =R
WA Ry X /v Ial—yariEick B:PKCL ONRMEED I, R : PKC L ITHE
% in silico MAT AT o7, ZOfEE, sip @55 SIPL 7 : SIP OFGEIZHEER PKCC
L OPKCE DEEARER AL SR b r— AL o7 I W #k : SIP-PKC L D AFERS
SVTTPRTEZ LTI L (K5), S5I2 aCKAR 2 AW=#aT v &1 L ohd £
\2k Y SIP & PKCL OFAAERICHAEE DT X YA FOREICKE) LT,




(4) FEOWEITKIT D SIP-PKCL ¥ 7' F U o 7 D& E| D fiRH

FPHEMORR 2 F T PRCC OFRIEE & OBIfRZFH~T2 & 24 PKCE ASEMIIR O 7 - T
— VAW ToBENH D LR R LT, SHITSIP-PKCL v 7 F U 7 e TR b—
AL OBFRERFI LIz & A RBIMREREE T T A b — v R RPUEZ2 R A 51 T
SIP-PKCL v 7' F U v ZISMEDEEI RS Z L ZWH LN Lz, £72 SIP OFEAICHED
TR BEERIESIP & PKCL OMAEERAEZET LI LICLY ., wlilngd 7T R h—v R
~NEFET L LIRS L (K6),

35

6 SIP-PKCL > 7 VU7

S I s G - C K DM OT R b — A
fé 25 HHTME O I
g, SIRNAIZ & D /w7 20 LRI
I £V EERIAIZFEBLY D PKCL @
1w Bapd sEo L, ki
£ 10 Rh—vRAERIT, ZZICH
N AROPKCL ERBSED LT
™ =V ZAOFEZIMR BN
0

DM, SIP OFEGIZHEDT
Pan/yysyy: =+ F J B AR ST PRCL TIRT
NEBEEF: = = PKCL SIPOMERITWA AR F—VAFEIIMZ 5N

DT7I/BEERE V),
S 1=PKCT

RENHIRG



2 2 2 0

Kajimoto Taketoshi Caliman Alisha D. Tobias Irene S. Okada Taro Pilo Caila A. Van An- 12
Angela N. Andrew McCammon J. Nakamura Shun-ichi Newton Alexandra C.

Activation of atypical protein kinase C by sphingosine 1-phosphate revealed by an aPKC-specific 2019
activity reporter

Science Signaling eaat6662

DOl
10.1126/scisignal .aat6662

Jung Hae-Yun Fattet Laurent Tsai Jeff H. Kajimoto Taketoshi Chang Qiang Newton Alexandra 21
C. Yang Jing
Apical-basal polarity inhibits epithelial-mesenchymal transition and tumour metastasis by PAR- 2019

complex-mediated SNAI1 degradation

Nature Cell Biology 359 371

DOl
10.1038/s41556-019-0291-8

Taketoshi Kajimoto

Regulation of protein kinase C by sphingolipids and its role in apoptosis

Kobe University-UC San Diego 3rd Collaborative Symposium, Lipid Enzymes Role in Cancer and Degenerative Diseases

2018

Taketoshi Kajimoto, Alisha D. Caliman, Irene S. Tobias, Taro Okada, J. Andrew McCammon, Shun-ichi Nakamura, Alexandra C.
Newton

Atypical Protein Kinase C-specific Activity Reporter Reveals Novel Activation Mechanism of Atypical Protein Kinase C by
Sphingosine 1-phosphate

Experimental Biology 2018

2018




Taketoshi Kajimoto, Alisha D. Caliman, Irene S. Tobias, Taro Okada, J. Andrew McCammon, Shun-ichi Nakamura, Alexandra C.
Newton

41

2018

Kajimoto, T., Caliman, A.D., Tobias, I.S., Okada, T., Pilo, C.A., Van, A.A., McCammon J.A., Nakamura, S., Newton, A.C.

71

2019

PKC

92

2019

60

2019




Taketoshi Kajimoto

New departure in the research of protein kinase C signaling with a combination of live-cell imaging of kinase activity and
in silico docking simulation

Kobe University-UC San Diego Joint Symposium on Life Science, Computational Science, and Structural Engineering

2019

https://ww.kobe-u.ac.jp/research_at_kobe/NEWS/news/2019_01_04_01.html

https://ucsdhealthsciences.tumblr.com/post/181651902835/just-in-time-for-the-new-year-how-to-live-longer

(Newton Alexandra)




