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Abstract

AHARETE, BEOEEFI—REMTORI I It —& ) EHENF BEVE T —0ORKE
VAICKRBDENVERBETFATOT S LATHSAphaFold22 BV THENICITS L2 BEL
2o MTORDER—T'Y RERUNVBEDO—DTHB4E-BP1%Z, CFPE LV YFPO2BEREDHEKX X
NIVBEDOHEKEDED T, FRETREOEH— %L . Z0HBE. 4E-BP1O ) VEBLIC
RBBEZNT. TOMKICH T ZCFP-YFPOUBREAREN KESELT mi\ mTOR> I+ %
CFP-YFPOEXLED K EBBICERT D ENTE D, £, 4E-BPIOFTEMTORICK Y U
CBILEZTREUE, TOXETRBEN ZENXITIHUOALOAZFERATEIEZER, ED
BUZEATDETHRISCFP-YFPUBBRZREE B2 2 LA TE % A ZAlphaFold2(C &
PBETATHML Iz, £, EARONVEOBEICIZEVEFTML 2, 20BHEED/\X
=IOV TFHEZITV., FRBRIARVEDZERYIAALER, TOS5 5 LUERICOVWTER
CZOtYH—z]— REBT7TAZ RDNAOKERZFHAK Iz, TOHRT, FRICEBILETFA
S RDNAZHeLafil2lCEAL TEVH—ZRBRE E. mTORFMILHE KT mTOREERIZ A 1+
EFROBEEZHERIBZDETE Y —OREEFMEL 2. AlphaFold2(Z &% FRITE —HFLEN
BVWEBDNIEBHTRERERIIESET)RVEBERBESNBA 226800, 2 EHORICE
BEOMTOREVH—ERAEULICBRETIENDNEENTVWE, AIV=ILZRAVEE Y —&
HBOFABERFELEHTYE<ELVEOD, PBVMEHOFPHLSERICHEETIEONBESh I
CEEERDE, SOV ET7O—FRHIBREORIAKIZEERADEVSHERNI BTSN
We aimed to develop a sensor with better performance than certain genetically encoded mTOR
sensors using AlphaFold2, an Al-based protein structure prediction program. A FRET-type sensor
was designed by combining 4E-BP1, one of the target proteins of mTOR, with two fluorescent
proteins, CFP and YFP. In this case, the structural change caused by phosphorylation of 4E-BP1
causes a large change in the relative position of CFP and YFP, and the mTOR signal can be
converted into a large change in the fluorescence ratio of CFP and YFP. In the 4E-BP1, we used
only the site that is phosphorylated by mTOR and the area around the site where the structure
changes due to this influence. We evaluated which site and which fluorescent proteins can be
used to efficiently deviate the CFP-YFP positional relationship through structural prediction using
AlphaFold2. After evaluating about 20 patterns with AlphaFold2, we attempted to create plasmid
DNA that actually encodes the sensors for the top six patterns. Among them, the successfully
created plasmid DNA was induced into HelLa cells to express the sensor, and the response of the
sensor was evaluated by observing the response when applied with an mTOR activator and an
mTOR inhibitor. Although the candidate that AlphaFold2 predicted to be the best response actually
did not have a very good response, some of the candidates created responded as well as or better
than existing mTOR sensors. This indicate that the prediction accuracy of sensor design using Al
tools is still not very high. However, considering that we were able to obtain a sensor candidate
that actually works from a small number of candidates, the results show that this approach can be
used as a first screening of the sensor candidates.
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Development of genetically encoded mTOR sensor using_g Al based protein structure prediction

1. HREREEDOHRE
AFRTIE. BEOEGEFI—NEMTORY /HiEvH—KUEHEFIRVWEY Y —DRAKEE. ALK B9V /)
BEEFRH 7005 LTHSAlphaFold2x FAWVWTHERNICITI & E B L, mTORDY =47y NSV IRUED
— D THBHAE-BP1%, CFPE L UYFPO2IEFHDEN Y VNV EDHAEDLE S Z & T, FRETEDE V¥ —%5&EH
L7 TD{HAE, 4E-BP1DY) VERIEIC L 2HIEEL T, ZDMEImICHT T 72CFP-YFPOAIBRAFRA K E < &L T,
MTORY ' F L ZCFP-YFPOBEHMLLD K ERELICEM T Z I ENTE S, £9. 4E-BPTOHRTEmMTORICEY )
Vb AEZIIBEMNE. ZTOHETEENELCT IHMORIOA%FERT I EAEA. EOWMBUELFERT I &
THMEREL CCFP-YFPAIBREREZREIE 2 I &N TE 20 %AlphaFold2(C & 2EEFRTIHE L 7z, F/o #HY
YRUBORFEICL ZEVEIHMEL 72, 20ERED/RY —VITDOVWTHEETL. FABRIRVEDERKYIA
AR, ZDO 5 LREERICOVWTERICZEDOEY Y —20—-RT575 23 RKDNADHFERZEHAH T, TDHT,
EBLCEII L7= 752X RDNA%R HelLaflf2IicBA L TV —%2 T I, mTORFEML(LEIS L UmTORBER %
MITRDINEEZHRT 2Ty — DB %A L 7=, AlphaFold2IZ &k 2 FRITE—FERBZIRVWE BN
FIEHTIIERICIEHF YU RVWRBFEIBONAL 27250 D, Eo 7/ IZFOFICIFEEFEDOMTORE v — & RAFL L
ICRET2HEDNEENTW, AIV—ILERAWEZE Y —EHEOFABERZEEZHF VS RVEDOD, DRWME
HORNSERICHEET 2EDIBONILIEEEZDE. IOV AT TO—FEHIEREORYAHIIFFERS
EVWI RN LN,

2. MRABRREEOHE (F:R)

We aimed to develop a sensor with better performance than certain genetically encoded mTOR sensors using|
AlphaFold2, an Al-based protein structure prediction program. A FRET-type sensor was designed by combining
4E-BP1, one of the target proteins of mTOR, with two fluorescent proteins, CFP and YFP. In this case, the
structural change caused by phosphorylation of 4E-BP1 causes a large change in the relative position of CFP
and YFP, and the mTOR signal can be converted into a large change in the fluorescence ratio of CFP and YFP.
In the 4E-BP1, we used only the site that is phosphorylated by mTOR and the area around the site where the
structure changes due to this influence. We evaluated which site and which fluorescent proteins can be used to
efficiently deviate the CFP-YFP positional relationship through structural prediction using AlphaFold2. After
evaluating about 20 patterns with AlphaFold2, we attempted to create plasmid DNA that actually encodes the
sensors for the top six patterns. Among them, the successfully created plasmid DNA was induced into Hela
cells to express the sensor, and the response of the sensor was evaluated by observing the response when
applied with an mTOR activator and an mTOR inhibitor. Although the candidate that AlphaFold2 predicted to
be the best response actually did not have a very good response, some of the candidates created responded as
well as or better than existing mTOR sensors. This indicate that the prediction accuracy of sensor design using
Al tools is still not very high. However, considering that we were able to obtain a sensor candidate that actually
works from a small number of candidates, the results show that this approach can be used as a first screening
of the sensor candidates.
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