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Single-molecule discrimination of neurotransmitters with machine learning
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[Abstract] Single molecule conductance measurement with the Break Junction (BJ)
method attracts attention for discriminating biomolecules such as DNA and peptides.
Discrimination of neurotransmitters is expected in a biomolecule where a new detection
method with BJ method. Discrimination between neurotransmitter serotonin and dopamine is
essential for understanding nerve actions. However, these two neurotransmitters cannot be
identified by conventional technique. In this study, we aimed to identify serotonin and
dopamine using the BJ method.

In the experiment, single-molecule signals were detected by the BJ method. Single-molecule
signals of serotonin and dopamine cannot be distinguishable by conventional conductance
histogram analysis. The signals were classified using a support vector machine. As a result,
we succeeded in discrimination with accuracy of 0.7 by using machine learning. Adding
standard deviation of current to features improves discrimination accuracy. Machine learning
was able to detect differences in behavior of molecules due to structures.

[F] &BRBWMEMKSEDZLICLVELET ) Xy v FTICBBE LES T 2R
LEMAFT DT LA 7 Vv 7y a ryBY)EITES T OGYELRET 5Kk —
W72 F9ETH D[], B =DV E-DTH S Mechanically Controllable Break Junction
(MCBJ)VETIX, MR OB Z, BREMLUBITS 2 SICX Vs /¥
Y v 7RIS YD, TFETIE, MCBJ £l DNA v —7 o h—& L TORM 3 HI%F
SN ENTWD, Bl IEIZHE — DNA LW ) Wb B2 EREHNITE 5720,
il SRR RS, (BRI O EEEHL AR TR E SRR R R BT A — T AT
BE LTI N5, £72, MCBI iE1E DNA 721 T2 < T F R OB H B
INTWD, MCBIEITIRAWARSFOANEE L THIFF STV 5[2],

B2 72 R HE D RE S D ARy I R s
EWEND D FiglllRtTEr b= F—s83 Dopamine Serotonin NH,
NEEL AN EME CHHLN, ==2— HO NH, HO
P ATECORBERE R, Sbi, 1T
ek, BRSO TR fibivd CV TIL,
=7 OEBYBRE < 2 OB 6L Fig1  Molecular Formula  of
TS ORI E & R L TRk R RE 72 BT
TR RiEE L TR FRHIIN IR S D,
PER DBy F-FHA DT TlE, (BEE v A N 7T AEAERK LSRN IS E D I %
AT 5, (BEEE AN T ANERLGE, o FEZ@T 52 S 3E LV, By
FEHAOFRRIRSE T FICiX, BT 7 F AT AR OB IO/ SUVEITED &

\

N
H

dopamine and serotonin.



%o ARWFIETILZ MCBIVEDFMTICH M = EH 2 mH T A Z LItk b, mEEE X NI T
L bhhnwkn b= & R—=2RI U OBBIFEORIEZ B E LT,

[3=B&] MCBJEW EIZ R— 33> e b=V 1uM KR ZTH T Lz, £ Dk,
BN K R ER LT, RS S AUy v THEE —EICRD R
NG, BIRAEZIT T2, BONTZER N L— A0S 728 Lz, f/Ekm
D OB E A ST T AERRIC X2 By TARE R ETE & | B 2 D =i o —
BY O 21T - 7o, BEE 2 D238 Tld, il — R ¥ —< v a0k
EL9EDOY TN ESEEOFERE L EYD LEOY 7 & 5FEH W,

[FER - Z8.] MCBJ Ik F—s330t

to h=rOES VTV EET, Bz
T FIVINBAERC LTS BT E A 7T L% Fig.2
T, BONTERE A 7T L3R T
HWoTEY, MEROBRSHRBEELIRET D F
ETIE =Rt b= oiBlncx I
WZ EDRHLMNE R T, 1 [

FWT, Soni=v 7 s, B s 0-®w$“g“£Am
WTCHEE L7z, o=y 7 TEROEYE
e e . WERFIC 10 58I L, KIS & FR L Average Current/pA
B R E S LT, AT, ¥R Fig.2 Current histograms of
RS EICINZ o 2B E LMz 2 5HE D : :
Wb O A% Table 1125 AL % L 7 dopamine (top) and_ serotonin
SATIHHAFT I EDTExANEr =y b (bottom) measured with MCBJ
R—/ X UM 0.7 LLETHETHZ &gk method.

LT, BEERAZFHEICNZ D2 21X,

DERENRM EL, Ba h= 3 F— R L LT, BIROEERZENKE <,
1 OO T FNMIBITHERBDBRE N, BEEOREWER h=2DF, F—
NIVED XY v IR TCEEREEEZ LD B2 N5, BB ITEROZ LD
WRAOBNZFHNCHND Z ENTE, HTREICLD2EVWERIDZENAIEETH D &
ERHIVD, BETEERAWD Z LI L Y, kOB E A N7 T AOVERTIZHE]
TERWV2FED A ZNIAT D2 LTI LTz,

AWML, TERDFIETITFRN TE W sEYE ot =& R—"I %
HF LTS 5 2 L ATEED Lo, ARMFZE OB T8 2RI H L 72 oy 1301k
X, EROFEE B2 | SEHNRES T REEORR LT, v v TRNIZBIT 55
T OEHOERICER T EEZONABEEEOELEZREFHETH D EH BT
L7,

Table 1 Confusion matrices of classifying of serotonin and dopamine

Predicted molecule

Features | Without standard deviation | With standard deviation
serotonin dopamine serotonin dopamine
True serotonin 0.73 0.27 0.74 0.25
molecule dopamine 0.38 0.61 0.27 0.72
F-measure 0.72 0.75
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