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NANOPORE SENSOR COMPRISING A
SUB-NANOMETER-THICK LAYER

Inventors: Ming-Sheng Xu, Hangzhou (CN);
Hongzheng Chen, Hangzhou (CN);
Gang Wu, Hangzhou (CN); Minmin
Shi, Hangzhou (CN); Mang Wang,
Hangzhou (CN)

Assignee: ZHEJIANG UNIVERSITY. Hangzhou

(CN)
Appl. No.: 13/643,296
PCT Filed: Sep. 24, 2011
PCT No.: PCT/CN2011/080142

§ 371 (c)(1).
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Foreign Application Priority I}ata
(CNY i
Publication Classification

Int. CIL.

GOIN 27/453 {2006.01)

vevenenens 201010547393.X

(52) UK. CL e, 2047601

(37) ABSTRACT

A nanopore sensor comprises second electrophoresis elec-
trode or micropump, second fluidic reservoir, second micro-
nanometer separation channel, substrate. sub-nanometer-
thick functional layer, first micro-nanometer separation
channel, first electrophoresis electrode or micropump, and
electrophoresis electrode or micropump that are sequentially
assembled. An opening and a nanopore are provided through
the substrate and the sub-nanometer-thick functional layer,
respectively. A first electrode for measuring ionic current is
provided in the first micro-nanometer separation channel, and
a second electrode for measuring ionic current is provide in
the second micro-nanometer separation channel. The present
invention provides a simple method to prepare a sub-nanom-
eter functional layer having a nanopore extending through the
sub-nanometer-thick functional layer. The pore size is com-
parable to the spacing between two adjacent bases in a DNA
strand required for single-base resolution sequencing. The
shape of nanopore overcomes nucleotide conlormation effect
on the identification as bases translocate through the nanop-
ore.
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See application file for complete search history.

(75) Inventors: Ming-Sheng Xu. Hangzhou (CN); .
Hongzheng Chen, Hangzhou (CIN): (56) References Cited
Gang Wu, Hangzhou (CN): Minmin LS. PATENT DOCTUMENTS
Shi. Hangzhou (CN): Mang Wang,
Hangzhou (CN) 6.267.872 B1* 720001 Akesonctal. ... 205/775
Z2006/0073489 Al* 42006 Lietal. o . 43576
(73) Assignee: Zhejiang University, Hangzhou (CMN) (Continued)
(* ) MNotice: Subject to any disclaimer. the term ol this FOREIGN PATENT DOCTUMENTS
patent is extended or adjusted under 35
U.S.C. 154(b) by 241 days. WO WO2009035647 3/2009
- WOy WOZ011046706 42001
(21} Appl. No.: 13/643,296 OTHER PUBLICATIONS
“ B . He et al. {Adv. Funct. Mater, Jul. 2001, V21(14), 2674-20T79).%
22 PCT Filed: Sep. 24, 2011 .
22) ! °p (Continued)
(86) PCT MNo.: PCT/ON2011/080142 Primary Examiner — 1uan Van
371 (il Assistant Examiner — Steven Rosenwald
(2), (4) Date: Oct. 24, 2012 (74) Atrorney, Agent, or Firm — Han IP Corporation
(87) PCT Pub. No.: WO2012/065480 (37) ABSTRACT )
) A nanopore sensor comprises second electrophoresis elec-
PCT Pub. Date: May 24, 2012 trode or micropump, second fluidic reservoir, second micro-
. ) . nanometer separation chamnel, substrate, sub-nanometer-
(63) Prior Publication 1}ata thick functional layer, first micro-nanometer separation
US 20130037410 Al Feb. 14. 2013 channel. first electrophoresis electrode or micropump. and

first electrophoresis electrode or micropump that are sequen-
tially assembled. An opening and a nancopore are provided
througzh the substrate and the sub-nanometer-thick functional
Nov. 16, 2010 (CN} oo 2010 1 0547393 lay{:l_", rcspc'cliw,:ly. A first ch_:clrodc for measuring i.on.ic cur-

rent is provided in the first micro-nanometer separation chan-

(30) Foreign Application Priority Data




iR
PCT I HIf#E

MFA (Priority) : B¥EF EBEARELRHAE
é—//”\EE%E xEtH:’?ﬂ EF"»*E , TEIREHIRA, XitEFE
TR R HEIER D BRI HIER, RI\EERERAE,
B )5 HE DL — B HE R HIAE AR HiEH, ?%‘JEF'
B AKEER KXMBER], A ER

AEPIE: RiaTH EF'V‘E)\E}BiEn B & B B SE A
AAE S —KRHLHEFZHELI22MHNW, XA
%ﬂ W K ARBUR TR R E R HigH, WERN

R Fruset: SRR “ONEILER” , RETH HIE AR
[ 2 7 ) e B e S s BU A O R 58— IRIR B A HR R 2
HE120H W, B B F £ S S e 5 5 —
Kxe&%%'JEF'r‘EZEI;@W\HVSL SAE A B $2 H LA 5
i1, B N = DAL S B 2B — IR BRI B A iR 2 H N HIHE
H, %5 BB RAERE.




S
PCT X4 RS

P gl

(12) RS FI A fERAF AN EFRSENR

(19) HF-HRF=HEER ~
H & R %
—_—

«3) B2 H —
2015F 10 5 1 H (01.10.2015)

WIFPOIPCT

o) BEEA®S
WO 2015/144021 A1l

(51

(21)
(22)
(25)
(26)
(30)

(71)

H &R 3H5:
CO7D 405/14 (2006.01)
CO7D 401/14 (2006.01)
CO7D 409/14 (2006.01)
CO7D 413/14 (2006.01)
CO7D 417/14 (2006.01)
CO7D 401/12 (2006.01)
AG6IK 31/454 (2006.01)
AG61K 31/4545 (2006.01)

AGIK 31/4709 (2006.01)
AG6IK 31/506 (2006.01)
AG6IK 31/497 (2006.01)
AB1K 31/4155 (2006.01)
A6IK 31/5377 (2006.01)
AG1P 35/00 (2006.01)
AG1P 35/02 (2006.01)

bR 5 PCT/CN2015/074813
E R H - 2015 4E 3 ) 21 H (21.03.2015)
HEEE: 3
AfEH: RS
AR

201410108818.5 2014 4 3 H} 22 [ (22.03.2014) CN
201410124591.3 2014 7 3 H 30 H (30.03.2014) CN
201510101220.8 2015 £ 3 H 8 H (08.03.2015) CN

HiF A HIL KX%¥ (ZHEJIANG UNIVERSITY)
[CN/CN; H [ T 27 F N i pa il (X s BT bl i 66
5, Zhejiang 310058 (CN).  H ERE B _E ¥ 25 ¥0T

9t BT (SHANGHAI INSTITUTE OF MATERIA

(72)

MEDICA, CHINESE ACADEMY OF SCIENCES)
[CN/CNTY, A @ [ 77 #8770 2 8% 555 5, Shanghai
201203 (CN)-

REH A EBEE, (DONG, Xiaowu); 1 [EHTIT B
77 P4 i [X 4 B0 I R 866 5, Zhejiang 310058 (CN) -
B (YANG, Bo), &7 [E #7158 B M 17 79 il DX S bt
% 866 5, Zhejiang 310058 (CN). ZEEE (LL Jia);
Hh [~ i3 117 45 P 22 §& 555 ‘S, Shanghai 201203
(CN).  3CHR (ZHAN, Wenhu); H [ T 4500 M
17 P 3 (X 43 B0 UE B% 866 F5 . Zhejiang 310058 (CN) .
SEIFE WENG, Qinjie): T [FFHTI A LA T PG X
Zx BLYE IR 866 5, Zhejiang 310058 (CN). RS
(ZHOU, Yubo); F [E [ 77#H % 2 & 555 5, Shang-
hai 201203 (CN).  THFAKI (HU, Yongzhou); F [E Hi
LA BT 7 FG 3 X 3 HL il M 866 5, Zhejiang 310058
(CN). W& (XU, Lei); ' E Fi#lgT 555ZuChong-
ZhiRoad, Shanghai 201203 (CN). XUi#8 (LIU, Tao);
HP LT VT A T AN T P X A 2% 866 Y5, Zhejiang
310058 (CN). fT{HZE (HE, Qiaojun); H [EHTIT &
Fri P TIT UL 9 X 4% AL ME BB 866 5, Zhejiang 310058
(CN)o

[ WLEE 0L



iR
PCT I HIAES

WO 2015/144021 PCT/CN2015/074813

W F FE K B

/13

Ly 3l CIH &4

R
LAY e
L m
Y“E‘;!.-N\ Rs Ra
Ra I

M Hool e S AR B HE 24 252 [ n] 422 52 (9 SR B0E 77 -S54

20 WRABCRIEER | BRI A, HUR R/ T TR B M & EA R IT )25 -

__.i"" RZ
gt
; Ra
Y\h'” Rs

S oG E R L 2052 Bl 9e s 3 eaa a4, o
B A. Bs Riv my Rav Rav Rys Rsy Q. Y. Z Fll Rg Wil oG 1) &M P g X
V & F(CHy) 1> Hip m=0—3 [142 4.



PCT

1 for o0 A
PCTACN2015/07T4813

ERdE=EiE S

AL EERabSFEE

CO7TD 405/14(2006. 01)i; COTD 401,/14(2006. 01) i: COTD 409./14(2006. O1) i
COTD 413/14(2006. 01)i: COTD 41714 (2006. 01)i: COTD 401/12(2006. 01)i: AGIK
31/454(2006. 01)i: AG1lK 31/4545(2006. 01)i: AG61K 31/47T09(2006. 01) i: AGLK
31/506(2006. 01)i: AGLK 31/7497(2006.01)i: AGLK 31/4155(2006. 01)i: AG1K
31/537T(2006. 01) i: AGS61FP 35/,00(2006. 01)i: AGIP 35/02(2006. O01) i
fEEFEESFIGS-3E (IPC) BEE F Ee i E S 5 2S5 F0 IPC 3 Rp o 3s

B. e

e SR P G PR EE e k(bR B S S SR SN Sy 2R )
I~C: COTD405/—. CO7TD401/-. COTD409/—. COTD413./,/—., COTD417.,—. AB1P35/—

113 7 SRS SR b B B R EE FR U o iER LA S e S ok

= E St 2SR a0 TS FE(BEIE FE Y-S . A iE iR D> )

CNPAT:;CNKI; WPI; EPODOC;REG:CAPLUS: Akt., ##HE. M. W 3ER. cancer,

tumor, ni trogen—containing heterocycle, #REHHEFC ITV. = VIT. 0 VIIT =ik T &5 =0
g

C. a3
E -3 — SISO, . JEUHAEOSERTE

o CM 101921268A (S 2 sFEFrEaEPFIS PO SF) 22 12 H 1-20
2010(22. 12.2010) S QS 3r, JLHRE=N1

A CM 102459187 A (35 S8 4 B L)FT R L 7)) 16.5 A =20
2012¢16.05.2012) W5, HHEICHE 11

-~ Ch 19221 72A (FRIHEFFIEE (FRAL) FTR L) 28.2 A 1-20
Z00T(2E.02.2007) £ RS -

COOFc 53 fFE C EatrsE TP Tl . =1 W 1= e = R B eF -




7733 bR i
ALllck ﬁﬁﬂﬁﬁ#ﬁﬂ ﬂ!. PCT/CN2015/074813
BYE #9432 1 (a) G) XTHEtE. Glnsikel Tk FeERHERPE 7w, SFXR AN
5| uE HIfR R
1. AH
BaEN) PRI ZEK 1-20 &
1 FRIER X %
filiEE(1S) BAIER 1-20 i
RAER £ %
TAbHTEQA)  BORITEK 1-20 i
LS T &




PCT XA RIf#E

2.

2.1

-

b

2.3

.

HFHFESR 1-3. 5. 6 F1 19 I PFEMENEE T SEAUMHMA =S Y. WEEF TS0
VI £,

A EESCE 1: CN 101921268A (Pl K 2= G &P 0%E)22.12 A 2010(22.12.2010)
ATEESCF 2: CN 102459187 A (dE=-mgk - FUIHFH R LA R )16.5 F 2012(16.05.2012)
TEE 3L 3: CN 1922172A (FEIHrFjEE (Fidh) F/{HR A F]D) 28.2 H 2007(28.02.2007)
(2.2 @

LA SK 1-17 28 =X P il S 9 B HOG S AR e 25 5= _E al EE S a9 &L sl vl-5

19-20 # EAF|ESR 1-18 (- IFTR4L S P EEPEH S P7E Bl S U s 259 b e i

S 1 # B—Fh () A S-mEMEFE G SS{E-S Y. ScilEf] 16 F0 17 S A fiEib-S5904
E SIZETFE~ C. X EEScAFE 2 253F 7 () Janus SEEHEIFR . SciEs 11 bS5 A
imftESYRIE A EAE T3 C. T3 3 247 TR HfCHREFF L5, S A il
&P K BITE T3 A PTEEESHUACEE . BRl b XS b 3 1-3 B85 01 i hth 5iC B 35 Hh 4l
AR IR 1-20 =8, BHHF =K 1-20 HEHFPE, 7S PCT 429 33(2)AHR5E -

XFHE SO 1-3 #iAh A RN SCEI B oK. A il P AR s 6O AR m] B Pt -—
Fh Akt FPHEIF . BERXTEHESCMAF 1 2FF T A9 Akt JIGEIERH G0 S-mEMEREF LS9, X
HEoCfF 3 A F T vl T maesiie &4, MelSAE P iR EEsk 1 f9ie SPsEa
FHZEBE K. ITH IO 2 Br 22 FF -5 85 A E S A RE F AR BGRI ZE sk 1 i91E&

BFRrERfRI I A A REfes e FiAE AR L. Eitk, SFIFESRK 1 El“]:—li.@if:l:'?liﬁh';"t.
FEARAGMSEIEEmMES WM. B&OESEPE. FFS PCT 429 33(3)9i
RF|E=R 2-20 A FEOEEARA G S B 2IER TS WA, B &6 :
=24 33(I)HITHLE -
2.4 TN FHPEVR O
AR 1-20 OHE A EvT LIFEBE 259l {d . #om B & Tk sc

5 | UE 0

2= B W5 | F X Bl 30 -

WA E=R 18 W BB EWPFIFER 117 (E—IO B SN ZSPHE S BRIZESR

Ela&E

AFEE3CAF 1-3 L R M-S Ea RS 558, HEHF HE FEHAR BRI ESR 1

PCT/NSAMRZ3T F|(FE V £E)N 2009 =7 H)




I
PCTH G E A

ylrﬁll

A B PSP RIS R &
o HIRR s

AL B 3E 1 R PEA

it 2% E T HIRER—E T #s
& BLH B R SRS

AT




PC1

TEHIE R

Bt ARTREEAR:; WARHKALERTE;
GEM: SMEEARMEL, BF (REF) SERER S

(BEH) #ED

MARA: Hi5HLEIER NIRRT R REA
1) Hi#F. PLREHAR
2) H¥: BAS

4) Vo

3) ﬂ"ﬁ MR AT AT T AT (FRFIH

R REMEL BEEM TTEEFS)

: NAMRPTR (A RE XFHIERSM)




PCTHIERE K

PrfE: BEXTH
flElE: AEBR. BRI
AN AR 5

AFBHANG: RE—FRxr “N” , BREibrb
5 H B L5 H 2 & B BT R BOR S AT A B @ R
MR, BEIRAZIBTTA IE SR, FHAFZH
JAZ ArE AL T B Re ), (EfARFEER1. (AF
—5E I EMED

AEERPFARN: AT REGHEEWS NE, BREE
EABIFEARE, 1+1>2, WEBHL

ANEX R TRE A, BEXH T RFRBARN BT
HSARTFB




E=4EJER. B, EXK. #iKPCTHH S

e R 13
BHERE 76 83 15 24
B RE 29 22 1 5

WL K% 29 18 5 5



PCTEZHIPCH

% Patents per IP Class (Top 20) by Group

27% ——

‘ 15.0%
‘ .

53% ’———7_J
% Patents per IP Class (Top 20) by Group

25%

27%
27 %
27%/_\

27 %
27%

Il 15.0 % - GO6F 17/00: Digital computing
or data processing equipment or
methods, specially adapted for
specific functions

I 9.7 % - HO1L 21/00: Processes or
apparatus specially adapted for the
manufacture or treatment of
semiconductor or solid state devices
or of parts thereof

[0 8.2 % - HO1L 29/00: Semiconductor
devices specially adapted for
rectifying, amplifying, oscillating or
switching and having at least one
potential jump barrier or surface
barrier, Capacitors or resistors with at
least one potential-jump barrier or
surface barrier, e.g. PN-junction
depletion layer or carrier
concentration layer, Details of
semiconductor bodies or of
electrodes thereof

[ 8.0 % - None

M 7.1 % - A61K 36/00: Medicinal
preparations of undetermined

27% ~_

44%
from
algae, lichens, fungi or plants, or
derivatives thereof, e.g. traditional

harhal mardicinas

14Y

—— T1%

12.5 % - COTK 500 Pepbides havi
wp 1o four aming acids n a hally
defined sequence, Derivatives the

I 5.4 % - GOGF 900 Autangements |
programms control, e.g. control o

Il 5.4 % - BO1D ST00: Separation, ol
than separation of sobids, nod Full
covered by o single other Qrowp o «,
subclass, e.0.

Il 5.3 % - GIHE 1100 Measuring
mrangesmnents characierised by th
use of optical moans

I 5.3 % - GHR 30k Arrangements
testing eleciric proporties

W 5.3 % - GO2E 600: Light guides

T4 B3 % - COTD 31100: Heterocyclic
compounds containing six-memis
rings having ane oxygen alom as
anly batoro atom, condensad with
alhe nings e

I 6.3 % - HOL 21/00: Processos of
apparnius specially adapted for th
manufsciure of irestment of
semiconducior o solid state devi
or of paris ihereol

I 31 % - GIN 100: Sampling

B 31 % - COTK T Peptides havin

1mY

A 1HE Fopds oF Iondstufs
1%

Palants 1

Doc Courd (Glcbaly 354 285
All LS Pajent Liigation: 155

AT%

- BA%
-

% Patents per IP Class (Top 20) by Group

I 24.4 % - GO1N 23/00: Investigating or
analysing materials by the use of
wave or particle radiation not covered
by group or , e.g. X-rays, neutrons

M 7.0 % - GO1V 5/00: Prospecting or
detecting by the use of nuclear
radiation, e.g. of natural or induced
radioactivity

M 5.8 % - GO1N 21/00: Investigating or
analysing materials by the use of
optical means, i.e. using infra-red,
visible, or ultra-violet light

I 5.8 % - GO1B 11/00: Measuring
arrangements characterised by the
use of optical means

I 5.8 % - HOML 21/00: Processes or

70% apparatus specially adapted for the
manufacture or treatment of
semiconductor or solid state devices
or of parts thereof

Il 4.7 % - GOGK 9/00: Methods or
arrangements for reading or
recognising printed or written
characters or for recognising
patterns, e.g. fingerprints

Il 4.7 % - HO1J 35/00: X-ray tubes
4.7 % - C12N 15/00: Mutation or

14

35%

|
—

4T% —— k— 5.8%
% Patents per IP Class (Top 20) by Group

PERIEE

J:

I 1.1 % - HO4N 13/00; Stereoscopic
iebavision sysiems
I 7.4 % - GOAN 2700: Investigating or
analysing malerials by the use of
elecinic, electro-chemical, or magnetic
maans
I 7.4 % - GOBT 11/00: 20 [Two
Dimensional] image generation
B 7.4 % . COTE 1400; Pepiides having
maore than 20 aming acids
a .‘!_-I 7.4 % - C12N 500 Undifferentiated
human, animal or plant cells, e.g. cell
lines
I 7.4 % - COBF 203/00: Macromabecilar
compounds obtained by
polymerisation on o & macromoleculbs
having groups capable of mducing the
Tormation of new polymer chains
bound exclusively a1 one of both ends
of the starting macromolecule
3.7 % - GOTN 15/00: Investigating
characlerisiics of parficies
A7 % - GOAN 3500: Automatic
anabysis nod Emited to methods of
materiats provided for in any single
one of groups
I 3.7 % - GOAM 17/00: Testing of

Y



PCTERIPCAFi

WK FHPCTEA EEEFEG (PHED AH ()

Bk, HPHSHWEZHRGO6F17/00 A& T4

e THRERO B R A SRR A B K

EAEE T

RERFA RN Z —HERZETGOLN23/00: #

BB RS SRR Ak, B an X 2R

-7,

EEARERE S EE R 2R, CO7TKE/00: E5E

ERERFIFESEBREZANEERIIAK;
WL K2FEH. G, CEREM b ik,

HATEDY);

R IR

HO4N13/00 MAiFHMRRSE; HEFHG (FHTREERHRE

MEIAHO4N15/00) .



PCTERER 71
A Wi E X T1089 4
B A=
JEHRE 10 28
RERE 15 31
E¥ERTE AR 0 5

WL K2 0 6



I
PCTHEREIN

REA R PEREER;

RFELSTH. BB AAHIPCTHIE;
WIFEARER AR =R 23R R

BB ARBRY B LR 5 RIS AT SRR (SRR
AR AEE TR « ARERENRIE X HRES;
ARAFRAEREER (ERSHE. BRERSERE. %
s BARSS)

Irnl

Limly







	PCT申请助力技术保护与技术转移�
	内容概要
	专利向外申请的途径
	什么是PCT
	什么是PCT
	什么是PCT
	什么是PCT
	PCT文件的解读
	PCT文件的解读
	PCT文件的解读
	PCT文件的解读
	PCT文件的解读
	PCT文件的解读
	PCT文件的解读
	PCT文件的解读
	PCT文件的解读
	PCT申请的要点
	PCT申请的要点
	PCT申请的要点
	近三年北大、清华、上交大、浙大PCT专利申请
	PCT专利IPC分布
	PCT专利IPC分布
	PCT专利作者分布
	PCT申请建议
	幻灯片编号 25

