2015 2016

Quantitative analysis of virus particles using nanopore-based resistive pulse
sensing technique

Yang, Lu
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In this study, we measured the physical properties of viruses on a
particle-by-particle basis using Tunable Resistive Pulse Sensing (TRPS) technique, and the results
demonstrated the feasibility of TRPS for virus sensing. First, the particle size distribution was
obtained from the magnitude of resistive pulse signal. Then, the total particle concentration was
determined from the translocation frequency of particles, and the infectious titer was carried out
to obtain the ratio of total to infective virus particles that is capable of indicating the
infectivity level of virus sample. Finally, the zeta potential used to evaluate the stability of
colloid system was also measured from the translocation rate of particles. In addition, we tried to
plot the bivariate histogram based on the diameter and zeta potential of viruses, and every virus
showed different clusters. This result revealed that it is possible to discriminate between various
viruses.



B X C—19, F—-19—1,
ZEBRAE S H) D75 B
WA, MERS °= AR 7 HIEZR ED oA )L
AN K DBYENR R &2 LIRE D . A& O
MmEGBNLOOHDH, —H T, UAILA
SEIE (] 2 T TR O A RS R R w7 A
JVARHEIR TIRFIZ AN D T A VAT Z—)
WTHT7 R ERIRIE R E L THEE STV S
WsT, UANADE v T IR T &
WERIBIFEO L TR CTEETH D, VAV A
s Ea~MEA L, B2 HER ST
L8t ~EE S ) A— FVOREERT, EH
E@%(ﬁf&Fk%@ﬁﬂé)k%@W%
ICAS TWAEERN SR> TS, TAILA
R ORMHIZIE, FBEAE B O R
fbEiibe, B PRISEFIH LT 7 —
77 v &A= ELISA X° PCR 72 E OREFED 7
#ERH 5 (Heider, S. et al., Virology 462-463
(2014) 199-206) , Z i1 H D FEITRFEA 72—
FT, L FM L2000 —EOFEMAE L
WO ZEMTERVWEINThHoT272H, Th
HIZHE DL L EELRREEN RO TV D,
i, a—nNZ—hv o —FXEFEN
HEKMEHINE T T E L
T, T =L T Y T e EOAEKRY
VN OBHEA~OICANRERITWS, =
OFHEEOFERIX, -/ A= VAT —LD
B ZESRA T LBV, RN EMR
BIRIR O I/ E LT B BRI & R T2k
TEOBXIENZEMT L TH D, ki1
DART BT D L. DRSS OEIRIE
Sz o, RTOBESEHAENT 5, —
EBEZFMT 5856, EXEITOZILE
eSOV AN R & du, 23V A g - g - 58 D fi
HriZ & o TR - DRLEDN RSN SN D
(K1), Zoksichi+% 1ET v b
T A, TAULT U — - EE - B RRE - 5
JRIEMENTRE & 7o o T2y T RT ORERLA
BHX, EAE., U7 A, SiIN, PET 72 EZT
BB A, RO gNano &9 F /R T7F
A REIRY DL EZEOF 2 —FTIVRT &
FEHLTHY  FFITERZHED TS, gNano
VLIERLF- A RS U TRT A X & fHH
T&E 5720, BRHBHENDAN > TN e
W2, RTOHFEED AEDHHS Z LR TX
LR YOREEAEL TS (Kozak, D. et al.,
Nano Today (2011) 6, 531-545), F/ KT %
EE RN I T EHIL, DNA O
V=l T T ERPIDICERIL L TW D8,
7 A IV AR~ OIS O D B OBFFED K
HHINTUV,

2. Mo H®
AT, T/ RT B TR X
DE— A L RRI T L UL T A L ZDEHH
BITH 2 & T UA N AR A~OIEMEE B
AL, IHIZ, UL NVADY A AR —H
WAL E DT — X Bt U A VAR T
DFRIEDRREMEZ B 5T 5,

Z—19,

CK—19 (Jtm)

-~

9

ik e
vl [

Duration Larger
particle

Standard

= particle

. S [ Less charged
i t particle

X1 FRTEY U TEOHKX

Amplitude

3. WD L

gNano 7/ R 7T A 2% W TH—T A
VAR LT A LAY T L ORI
RE, P—2EMNOE VT %\?TTDO EE(JIL
sV AR (BREIIOZELAR) 1@ 3 kL
T OEBIZHB L TNDT28 (iﬁ 1 (Hﬁfﬁﬁﬂ‘f
TOYE)) . A XM TH D IR F
JERY ZAF L AR 2 W T T A L A
RIEXFY VT L= TH2LIL-T, ¥
A NVADRLESABRD NS, T/ RT %
BRTABEORL DT Z v 7 A (I (#/m2/s))
WX FICEZIKENGE (Jeph) & EBERIZIET (Jeo)
LR (Jpa) DBEENT D672 > TN D
(0 2), MIWEBBENT AR DT T v 7 A
DB ORIFRENG O (A 3), EX
VKENE & ERIREL ) DR DB — 5’$ﬂ75>
"mons (4,

AR a3
1
R~ DZL @)
] z]eph +]eo +]pd (2)
3D,AP
Jpa = @

Ce
]eph +]eo ~ 7 ({particle - {pore)E (4)
d it C RIFORE L R7OES
Do AT O LmEER D AT OEmHERE
AP RTWOENZE 0 BRHROFRLEE
& EBHROFEER ¢ B—2EN E BRRE

TT ) OA VAT MEGEMETH Y | RIS
SEERLAZEZTHREIA L AD—2 L LT L
{HLNTWDS, RIFFETIEIT T /) ALV R
EERELE L THWTYA LAY T IO
RIEE AT, R, B— X BALOWE % FhE L
776

7R R R
(1) ANV ARRL - ORLE A ERE LT, FE
BRClE, "7V A XH 100 nm OF ) RT %



FHL., A7 EHOT v ST ANV A%
SIS ET- PBS (IR 137 mM) B&EIK &
FEH L, FAIOR FAE/LE PBS DA T
L7-% .DC B L JEN T TR+ %) /K
TI@EiEm s, BV AEE=X ) L
7o MBEIGUTCELE, ENERT YA X%
SHEE L. 500 fHLL EokitE T LT,
2R UM THEHER 114 nm OFR U AF
L o ERER - (CPC100) ZHIEL, ¥+ U7
L—yarvEitolze 7T /) UANVADH T
2 RIZELSK 80 nm D IE 20 R DERKIER 1
EHLINTWAN, MELERE, 77 /v
A VA DFEIRIFR T 8249 nm (n=497) TH 1 |
F—H2DEEEEZ R Lz, &6, K2R
T RO =T RRRESMND, VAR
BT MT L L L TV DARRE TR 7o ki
ERRLNRNT ERbooTz,

120

90+

60 |-

Particle count

30|

50 60 70 80 90 100
Particle diameter (nm)
2. 77T UAINADRPEG ARG

110 120 130

(2) A I AIGIEIRE DR T- IR A2 RE LT,
RIENEREN T BRI 7D 7 T w7 A TR BT
ORIFEEIZEB L TWA28, < )LF 7L
VX B X VR FREEZ RO, RED
BIE & RIS, REREMORY AT L o fE#E
PiFEHNCxFY T L— 3 U &xfTo 7z,
X 3T Lo, RirDAh T P AE—FR
ENT O TWEIENFRIE 2R E 7D
(tHBEFR%L 0.99) AEHERL - & U A NV AZNE
NOAa—7FEHKRT5HZ LIk -T, Bl
WBHDOT T 7 0 A VAR DRENE ST
(1.2x10%2 {#E/mL).,

18
m  Adenovirus

- 15L ® PSparticle o
@
% 12t * -
g ..
% /./,
8 of
= ° n

3 1 1 1 1 1

0.2 04 0.6 0.8 1.0 1.2 14
Pressure (kPa)
(3. Kif-OH Ty NEEVSE

I 512, HEK293 = FEMRsE LT, 77
S IOANAEEBEIERSETTT—I T >
YA BT oT, FHE LR, UA L AIGE
RO 4.3x10° pfu/mL TH 525, Z i
RYE Z 459D ™ A )V AR T OR 70T % 5k
LTW%, 7T/ RT3 7 ORER & ik
L CEBICHFEELTWD T A L ARF- D8 &
G D B HRIFDE DR ITK) 279 TH Y |
DA NVAY TN DEGED L)L Z R T
HIENTET,

3) VA NVAR T DO —XEMERE LT,
B — & BALITHE T OB T D oy 0D 2 TENE RO BE
[H~ORL O EMEZ RFd 5 ECEERNR
A helpoTWD, EBRTIT, RiTFNT/
T i@ 5 BRI ERKENT & BRI BT
NERENT 57T v 7 Ahh, FRFOE—X
BB SN, REEORIE & Rk
FHEHANWTEY VT L —a BT 7%,
< IVTFRNVT— B L DR DY — X BN
FHIE Lz, B LT T ) UA N Zhi+FD
SRR — Z EALIE-17.542.5 mV (n=497) T dH
D (K4), ~AFTAEBROTT ) TA LA
PBS (pH7.4) {ZHI2 & 2 FRFEERE Lo VM
MRHDHETRTED, 52, YL EoWE
T =N TANVADRLF YA ALY —XF
NAH LTRSS L K5 IRT X,
BRI IR AT HILETUA NV AL
FIE C& 2 AlHetEme Sz,

150

120

8

Particle count

-20 -15 -10 -5
Zeta potential (mV)
X4, 7T UANADE—H B

 CPC100

Adenovirus

Particle count

120

Zeta potential (mV) Diameter (nm)

5 TT ) UANADREE B —ZEND
EEEANTTF A



5.

LA RS

(MEREamsC) GE 1 1)

)

L. Yang, T. Yamamoto. Quantification of
virus particles using nanopore-based
resistive-pulse  sensing  techniques.
Frontiers in Microbiology, 2016, 7:1500.
(&)

DOI: 10.3389/fmich.2016.01500

(¥Rl G 1 )

@ L. Yang. Quantitative analysis of viral
particles using tunable resistive pulse
sensing technology. 2016 AIChE annual
meeting, San Francisco, CA, USA, 11/15,
2016.

6. HFIERLR

(1) #F7EEH

¥ ¥ (Yang Lu)
W TR - Tk - 25
M7eE%& 5« 60757392



