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Abstract

Abstract

ELISA (Enzyme Linked Immunosorbent Assay) is a universal protein
immunological assay technique that combines the efficient catalytic properties of
enzymes and the specificity of antigen-antibody reactions, with the advantages of
rapidity, sensitivity and simplicity, and has been widely used in clinical testing,
environmental monitoring, food hygiene, forensic identification and doping It has been
widely used in many fields such as clinical testing, environmental monitoring, food
hygiene, forensic identification and doping control. The detection limit of conventional
ELISA methods can only reach the pM (10712 M) level, which cannot meet the needs of
early detection of many major diseases. Therefore, the development of new
technologies for the detection of biomarkers with higher sensitivity to achieve early
diagnosis of major diseases has become a major issue that needs to be addressed
urgently in contemporary society.

With the development of micro and nano processing technology, microfluidic chip
technology has gradually become the preferred platform for highly sensitive detection
of biomolecules due to its advantages of miniaturization, low sample volume required,
easy operation and integration. The digital ELISA, based on microfluidic technology,
is an absolute quantitative detection technique for biomolecules that can effectively
address the limitations of traditional ELISA methods. The digital ELISA disperses the
sample and reagents into a number of micro-units, and then incubates and counts the
reaction results in each micro-unit. The catalytic reactions of the enﬁyme-labelled
complexes attached to each microsphere are confined to a very small volume, which
can effectively increase the luminescence or colour development intensity of the
product molecules within the microunit, ultimately improving the sensitivity of protein
detection. In this thesis, a digital ELISA microfluidic chip technology plétform for high
sensitivity detection of CEA was constructed using microfluidic chip technology, with
the main work as follows.

1. A microfluidic-based droplet generation chip, an on-chip fluidic drive
technology, a stroboscopic-based high throughput droplet generation visualisation and
regulation technology (SVMHD) and a microscope observation and recording platform
were investigated, on which a digital ELISA microfluidic chip technology platform was
constructed, which has good stability and is suitable for high frequenby droplet

generation, regulation and real-time observation. Using this platform, homogeneous
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Abstract

and stable droplets were generated within the microfluidic chip, and the droplet
generation frequency and size were tested and the droplet generation process was
visualised to ensure 1:1 mixing of the dual aqueous phases, and finally the SP-AKP
polymerase concentration was digitally detected.

2. The correct reading of the signal was hampered by the diffusion of the enzyme-
catalysed fluorescent product molecules between droplets. To reduce the diffusion of
fluorescent molecules between droplets, a droplet dispersion array (DIA) microfluidic
chip was designed to trap dfoplets under a microcavity to maintain dispersion, thereby
reducing the diffusion of fluorescent molecules between droplets, allowing the readable
time of the droplet signal to be extended from 1 to 30 minutes, greatly improving the
operability of the subsequent detection system and the accuracy of the results.
Ultimately, the accurate signal identification resulted in a detection limit of 309 aM for
polymerase and a minimum detection limit of approximately 8 fM for CEA within a 6
min detection time, with a reduction in CV from 30% to 10%. This better meets the
needs of early cancer diagnosis and initially completes the development of the
laboratory phase of the digital ELISA.

3. In order to advance the engineering of the digital ELISA microfluidic chip, a
series of exploratory works were carried out. Firstly, through the exploration of
injection moulding materials and processing processes, a set of materials and
processing processes suitable for the batch production of droplet-based digital ELISA
chips was developed. In addition, in order to effectively filter air bubbles, a bubble filter
structure was developed, which can achieve zero bubble storage for droplets‘. To reduce
the fluorescence background interference of the material and shorten the incubation
detection time, an aluminium plating sputtering process was introduced into the
microfluidic chip, which shortened the chip incubation detection time from 6 minutes
to 4 minutes. Initially, we have achieved the engineering of batch production of digital
ELISA microfluidic chips. A solid step has been taken from the manual assembly of

products in the laboratory to marketable assay commodities.

Key Words: CEA dection, Droplet microfluidics, Digital ELISA, Plastic chip
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B R—RERNE, AR RIS A KR, KHIDL
sk—HEU2ERARMEEITRRF . GLOB-CAN 2018 FEHIfETHEEEN,
% 2018 4 R—IEH 1810 HHRMERILLK 960 HBATELTAB, HF,
(5 430 T8 R AR IR 200 TBEFT LR B S B R 2R
LTI, Lo, FRERELABE (& 116%), BEBERTNEE
B (SERITT R 18.4%), ERE, FREERAEMFEL BB
hEER, ERNEAERAMIEER. 5 2025 4, RENHEREE
BT 100 7. MBI E O MR RIS G AT, R 30 F, &
E BT AL Sk 1800 5. FHEE BEIRNRE MR AER, SRBHAS
BEERORME, RERFHAT, 5 ERRETELA 10%. ENERE
2R mTHEGE, MEES. TR Al EIEs R, Mk
HIFET- R S RIS R AT . ARV RO A IR A RAD. 1
R RI, TR EIRIE N 5 FAEEEN 60-90%.

Incidence Mortality

Leukaemia_ -
3.2%

Pancreas
4.5%

Esophagus
53%
18.1 million 9.6 million
new cases : deaths

B 11 2018 4F 10 FEW WBEKHRFIASE A1 BN

Figure 1.1 Distribution of cases and deaths for the 10 most common cancers in 2018



EFRITHEBANET ELISA R

HaT, PRI EFERESBENN . ARAEYFRELRRE AL
351, S48 AR A FEME CTO. BRI X B SR P%. REE CT,
PETCT. SpecCT 2, ELZAE85 %I 1-3 mm A/NOLES , (BRI H W7 BB
Mk, AR AT BE 23 RS BE VAT - T L, S48 2 /AT S 77 7E M B A oo AR S 1 Sk
A BRI, IR IR AL B VE RO, R
SR T AW . TREZE W BEE MEAR, Eﬁﬁ%Tiﬁﬁ%ﬁ@i’z
Wi, RPN R B T, BNUARERIE CEhE”. [EREFTA
Sof BB R AME R R, TR X e R AT Sh A il .

WERENFRSRE, £ EWETE AT U & FIPN R+
e B ik AR 4 T B ACERE I, MBS IEH B R RETREUEIHET T
R 2590 R RO FE AT IS B TE 70 B E £ 0 An S B FE B A . DNA . mRNA
B, A=Y, BREFAAREEZAZESHYT, FETHEARBMEF
O, AR YR EVITE R AR S A ARG, FWEERERELE,
TR B MG RSN Ja T T R UL R T R & T AR EEM AR AME.

DA, BEARLEVEANEENEN ST, REGHNTFESTENLIER
fr. EARMREREIMSEARNREFESFEERRE R X TREEZH
Sk, R AR (AR B B R 4 A I P i BB M A B R T R B A
EE, JIZ AR R RIR . DS SR UL R RS, B—F &R
RGP EARARIZ SR ER S, KZESFEEMRXIEBFREYR
EYITE TR R R B R R S AR R, WA T IRATT RN AFETR ST
EHIBET R E R E, HPSHEMXE Elﬁ%%i%‘&?ﬁ%%ﬁﬁ

(carcinoembryonic antigen, CEA) 10, 4§ 748 22 4% B2 (X, B (neuron-specific enolase,
NSE) I, e 19 B (cytokeratin 19 fragment, CYFRA21-1) 12, 1fij&
B W ERERUL (serum pro-gastrin releasing peptide, ProGRP) IBIFNBHIRZH fa 5 1R

(squamous cell carcinoma antigen, SCC) 141, F 1, CEA B—/ W IFEIR S,
HA BAMNIE A KR e DS O g AL, & REDT. B! R
S BB U0 203 S Fh A BT, RIGR DROZECN EHEBRSEY. BT
RUNREARIVEERENSE, EPEAERER 2., ng+EAHER
TS ENRENMOTEERRNREETRER, ERERBLEZERBTIRRE
RERBEER, ERFEENRKEX. |
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1.2 FBEFEYNERENSGE

EAGESYRRIEY EET BARED SHMTEAR RN . kg
ERMEAET, BT ERAN IR BB A iTHR, AEE4AA
BRI AR, SEILBARE BRI . FUEREIRGURNE HTER DA B A
et (anE 1.2 Bras).

(a)

E éf;(g-

ik e

B 12 BARUPREAGERSESHELRE
(a) HEEMN (b) ROk

Figure 1.2 Common types of antigen-antibody immunobinding in protein detection

-V S *
R 0 Kbk A

(a) Direct method and (b) double antibody sandwich method.
HEERE RA—FHAES TURBTRRIR, MIEN e RBIPFHAR KT,
4 B R FUA TR ITUE, XFFPUEREE RS FA—HURR AR &
& LR DR EREY, MRASTF. BETFANES, RAMEE T HRNENF
B. TEAREMBAREES MR H, #éﬁé‘ﬁlﬂﬂ@ﬁ?ﬂﬂﬁﬁ,‘}}\ﬂﬁﬁéﬁi?
ZFERENEAREMRARNTT %, X ERBESIR R UL RET XOAR, &
%Elﬁ»ﬁ%é‘ﬁﬁiﬂﬂf%ﬁ%%?ﬁ%%E‘Jﬁi)ﬂﬂﬁ&‘%ﬂg?%%”E‘J*ﬁ?}fwﬁﬁ%o

12,1 ETRFHRNSE
ETF 2 E AR EEEE HEHERENE (radioimmunoassay, RIA).
BEBE 675 Il 52 (enzyme-linked immunosorbent assay, ELISA) . 3%t %% 5 51
(Flourescent Immunoassay, FIA). iR &ZE#TiE (Lateral Flow Immunoassay,
LFIA) UL R R4 FA$HR (Surface plasmon resonance, SPR) &77 #4129,
WS S 4T (RIA) 7E 1950 4548 H Rosalyn Yalow 1 Solomon Berson #1T
FRIE, EABREENRE T S FESL BT RKEREE. 298 KU ER
EREERE R ER R 2 A RS EERENR GRS AR o_Z-Ejjﬂ)\f%?)r!ﬂﬁ
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ETFEREEARNET ELISA TR

B, RAFBPURMSEL N, XL R T SHiAE S S ETURNE,
MBS BRI . %, RIA R&MIERERERTEEEFH
FTETAY —, FImPEMnFEE (2R, LEEKR), WHAY R
MZAEERRENNEATE. EthATUELFRINEGHENEEFERR, T
EEH, BEEHERMER, TEM-BARBRNLSEIVEER. RIAFEETK
PAERSETS, B RXMITERIRFIMERE, WS EREFRUKAFMRE
FA# s R, Xk SES RIA BRTELBROHER . |

ELISA R7ZEXHET LR b, WEEnEERN AL, BdE5REY
i 56 R S B R RS G E N AT, SR AN . XEKEERNME
BB RR . KEERIRRARE RGN, BEREMEETREERER
SEEBAEAS B EHRENAAITER. Stevens FAFKMA TIREENR
SR T —FhEI R ELISA, SEHLETSIRAE BRI HIV-1 R p24 BER
B RARCT, R R 1.3 B .

@ f : e (by

;:’.‘mwm{ma et BLRA

Hp gms& ?;

NP growih: &

Capduss oy

B 13 (a) 4 ELSIA B#; (b) ETH1K4 Plasmonic ELSIA R
Figure 1.3 (a) Conventional ELSIA principle; (b) Nanogold-based Plasmonic ELSIA

principle

FIA FIREE ELISA #4l, REUAEYHBBERATALTT. ETAK
SRR, ZHEABEBRRONNN, REEREFTEZRGENERAE
MEHAT MM . BRHIK FIA 2EFESME EHTH, HIERNEFS
o ATRERNREE, AENERSHERERAFRAN LRER T ZNA
EEARAERNT. Ye Hu £ AR EMRREOFEY AGR2 FIER
k, FEGKS AR D—ERE, ZERAS AGR2 ERFES KR, REETL
B Ak ST SEIL T AGR2 AN, AT REUEIEE T 10 MU,
HAWEE A 1.4 Bios.
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" goid s~y probe ¢ AGR2 [ magnetic
“" nanoparticles protein seperation

B 1.4 FETBIRE FIA K3 AGR2 BHZARE
Figure 1.4 Schematic of FIA detection of AGR2 protein based on magnetic beads

BB BRI TR B R AR, Bt A A MU, FIERAR
b\ HRIERATRBER ATBHRANEDA FRUGEFITE . BT SmHER
AR B VRS, 9T @ET 47, He Zhang A Yen-Heng Lin FI AT H
REVE T BOEREZRE, 85 S BT IR R Xt B AR E BT
BRI, EHRESERNHARNEE, MIAREELNERE, SEHGR
ZIERESHETR, AHTRE, EXRNRBEEREM. N T RRE—
[F B, Jesse V. Jokerst 3H T ETHMILFEFIKIMRES A, FHEJERKMER
TIRETE R BEAGIEAMER O BRTLE, SCHLT BRI AHER, &4 SHmE 1.5
Him {EZFIME FIA G BT AENEBHT, LT BEREY CEA
CA125 J% Her-2/Neu I RBUERI . M4k, KUMILIETIMEHIT B TRT
BB TR AT, i HE4. CA72-4. NSE Al CYFRA21-1,

LFIA &—MERNEBNEEORMTE, REFREE LOHBR. ERER
AT, BRI NSKEEREE LA SHEMRE, BEE
Rl Lk (6 B SIS A . BRI R K B E I T RBA RO SR, B
# LFIA R—FE ESFERN—S RN HE, BENREEER, ZFE
BRI LR, RASUTEZ BN,

5. magnetic  sewe aptamer §
beads




ETHmEHEARNEF ELISA TR

15 (A) MILERREERSHAAR SEM B; (B) BRNEEREE; (O &HH
REHFAER; (D) ARRNERERIZOLES.,
Figure 1.5 (A) SEM diagrams of microporous arrays and uniform arrangement of
microspheres; (B) Assembly diagrams of chips; (C) Diagrams of encapsulated chips;

(D) Fluorescence diagrams of microspheres after immune response.
T SPR B G E 45 & R —Fhaz it (AR DM 7. 7 SPR 1, ELfE
BECERERPEEREEENARESRE, AEMESRE, Mk SPR
EE . ARERERESTEEN &R S AR REMITH RN,
I BRI Y B B 0 2R AR SR AT . Tomas Springer #E& B3R TH
HAT CEA REGRERN, HAAEYR/EBEFNER U LEGKTRINS SPR 5
SHATIHOR, LI T SPR AEEEE T CEA R RBUERI . SPR %Rl i 4
B, BXRGZINHRBAMEEZ TR,

122 ETBREHENSGE

ET B2 RS REER. MG TERMLER R . RI\LE
I RAAE, 7] CA4r AT B 28 RO AR I 7 VA0 LSRR . A
TR I A I B A R TR AR B Ao 75 SR B AR AL SR SEBAG Y, T AL
By PR B I A W B ARR T 3R B AR 4 F /5 U AR R T A Sk SE L.
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i Vos
Capacitive o /e 8 '

anti-MIG

DSP SAM
laver

coupling

e GaN UID AlGaN

B 1.6 ETF AlGaN/GaN HEMT K& BAN RER & EPY

Figure 1.6 The schematic diagram of protein detection based on AlGaN/GaN HEMT

BEE AN TRAKKRE, e Emrmas R SHRES s s

TE 87 N 2 0 F AR I o . ZEE T R R, EWTIseLrIT K

%5 (Bio-FET) 2 H thi# WA R . Fahmida S. Tulip 25 A 7E AlGaN/GaN HEMT

(BHEFIBERSEE) MR ERHERE (T BT WERE (dithiobis

(succinimidyl) propionate, DSP) HAHAEFME S FEHE MIG FLiFBIHFEM

W b. BERTAATTRRERNZARST MIG #HTll, KATEEN 0.5-500
ng/mLBY, A FENE 1.6 Bk,

Jan
4 j“EIectrodes

Small Aggregates s ' ' .
A ™, :
s Lock-in-
Ampliﬁer
3pm Large
g Beads Aggregates
3 H i
Small: g
Aggregates i
T Yime {s)

B 17 EFAEEAWRTHRFRATRE

Figure 1.7 Schematic diagram of electrical detection based on size of immune complexes



ETHAREHEANET ELISA A

Anran Gao % \PUFI FIREGLR BRI E (SINW-FET), FHIREGIKE
ST TR s, RSB RAL S IS I SEBL T PSA B (B8 R GUE A,
K TFIA2] T 1 fe/mL. Na Lu 2 \PAF|FIMRBEAR, 7E SINW-FET FIZER!
RN T HGEE, e T e aE, B T RIERE, W TR
k. FA, (EEEERBEMNEMTEF, St PSA F CYFRA21-1 £ T 10 fg/mL
BT R Ak, B R FLAR B 2 B o FI7E Bio-FET HORGZ
B3, f& T Bio-FET %R, Z Lin EALEMRZBEN T HER T HEK BN, X4
Se ok R IS RS YITRE AR, E AN T R MBS, M5
T RERESY, mE L7 R, DA SRR .

Regeneration al 25°C

{icen ranst

CEEE  PRIPAAR ?1 BEA-Biotin
f“/w Sireptovigin % Antigan

Bictirphated o b y
antitiody w@f" HRPruibady

Y. taggedNe

B 1.8 AT EERUNTESEHKBAEEEERREM

Figure 1.8 A reusable electrochemical immunosensor for protein detection

FEET BAENEARNF, BEAAEAS R BRI R R R H Rk
S MEHIH Celectrochemical impedance spectroscopy, EIS). 7 Rz (eyclic
voltammetric, CV). BILZ KR (electrochemiluminescence, ECL) RAR 7k
MR 227E (differential pulse voltammetric, DPV) K4r#7. EIS A1 CV BHE AN E
S I ER AR R AT R AL, B T i R AR, 581 ECL 3k DPV
SEHAERE TS AR NE, Heineman 5 Halsall B IKIRHE T BiLZEEER
S I 38390, [ JE 25 A AT A KRN R R AT ASE TN F DA R 3 pg Bl ng &
YR EE IR0, Yao Xie 2 NFURI iRt o 2 A B BT, EAF
950 4 R TR R Lk, BRUERIE DPV STLT CEA. CA19-9 % PS3 %
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SHEEQRMNRN. AT EERNREE, FiAREEESMRETR. B
AR FRE RGNS G R B, SCHRIE S BIHOKM. 2, Wooyoung
Hong % \MIE&MIFRTAINT —~BARBRAWE, 1 EIE EWET
EHRTIE, FTESRER L HRP ARG, (EERIF % RS T
CA125. CEA F1PSA B RBUERN, FFBITEREEY S T B e
BMEEFES), RNERME 1.8 Fiw. |

GRS BRI L 11 TR, Erh BB Gk fH % ELISA
£ B MR AR, EESHT AN,

%11 BERSHNEARMFEN L

Table 1.1 Comparison of protein marker assays

B HE RER R
ST Tl RFUR IR HA%E
U S 5 I E P p’ i
RIA NE 3
LI T 2 EERE
g R R B A B 2 . TE
ELISA * AR NG TS
=R
H# %G IERET] FIA RIHHETH
37 498 B AT
M S EMTE e LAY
LFIA =
REEE TR IS
' A Scht B3
SPR
EE s REER
BEK
& Yl 4
Bk ) Bt 5 R IE
5TFERL

13 {54 ELISA

ERGESEMHBENEARF, ExFREK ELISA (Enzyme Linked
Immunosorbent Assay, BEEE S IR FiHAE I B —FiBH M E B R R F TR,
B EES T BEERE TR AR M e R, BAPUE. R FiE
LR, CERKRRE . FREEA. &MTI4. BEEEMNEFRNEFRS R
2B T IZ B, EATEEGERAHE 10 LOIRRRERXH AR
ME AR, TMHPLRSHRRANR ELISA 7k, nk BN,



ETHAEBANET ELISA B

TR B R . BT A SR R T U BB E S E KM A2, JLFE T UE
3 ELISA A M HIERF .

‘(« Enzyineg
substrate

4, 22N
Enzyme s Q Fluprescent
product

o
Qetection
antibody

B 1.9 ELISA JE¥EM
Figure 1.9 Schematic of ELISA

BSEE S BRI SE (ELISA) HiAR %75 -R/R & (Peter Perlmann) AFEE- B
FL/R (Eva Engvall) T 1971 EFF KWL, LIEARICLERG, RERRESE
mr:

(1) R PTAE AR EAS AR RE, FFRFHLEENE.

(2) EAAEARE LR R A A R .

(3) fERIBUVE S S E SRS, KPR HUEBR R E K ki
M, RBEBEAEYE. FANELEEHRT SRR I REERES .

(4) FENER, EREIRA UEHFHHFRE MR EARNS R
5 E AR A R T BB B .

(5) FLESRT M EMRERE LR RNTTEREE SR oIt
BJEa A EMRS Ak LR SR A PR KRR — R B

(6) MASERMHENE, KOEBRELEAECFURIOETY, ™
Y B SRATZRMRMEBEEMR, YT RESRE/ IR MIRER ot
1T e BRI AT

4 ELISA B{ESBER, BMRNAZRS, &ARERRENOHE
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B AR5, BTSN RN ES, SHIRSAA—RIIRRE
VBB B R TEAR R B0 1 F R — IR, 22 ARV 28, 45 T LA
JHFE (OD) ISR FHRMIKEE. B RI%H ELISA 7B MR IR R Atk
pM (102 M) EHM), ETEH 2 %2 ERGR IR TR, HinsEaE.
% RGE R AUBR R AR RS B SR S IV VR B A RAE 10°
16.1012 M BEKUS 1, B4h, AKKME P EERT 106 MARNEERS TE
X4ZWEART, EREEM 22 MEARR S T MREAFREH 99%17,
1550 ELISA T H AR 4 B4 NE R T, MR N EAREY.
Hit, REESRBENEWREDRUFEA, SIUERERHEHLE, B
ZRAMRE S B BEMRRNE KR,

1.4 #F ELISA

TR, MEMMAMIERNERE, MAESFEARELAEG MM, TR
RAED. SEERTERSER S, BHEAED T T8 RERNPRETE.
ETFUMARBEEARBRNSF ELISA (B 1.10 FIR) 2—FxtES o FrI4
StEBERMEAR, AIEBERES ELISA FiERNIRKBRE. $F ELISA #
4% ELISA FiEHEETRORABERE, HMAGHRANRESE, &F%:
Hk. k. BE. BEARNSESE, REEMMMEX EERAR. %4
ELISA E#7E 100 ul~1 mL AT ETEE, HFRNFTEBEIIESY L
TR N BB AR B B BUR YRR - BT VRAE PR 5 AR B A A S BT B 7= 4
FREARTE, M RRERFE SRR, ERIGRI4 T 2Ry #
MAEREERT, SHARANEE LKL ES RN . $F ELISA MR
5875 BB 2 MAT (BME TR EERE T 1SR, REESME
BITTHHTEE . RNERITHESE. FES R ITERES E SR EN
RIERFR &I — MR AMEFRA, XFRREE T RS TREIR, FRHRER
THEBEARES THRAEARS GIRE, ATITAIEE ELISA Ml RGUE . 77,
AR S A EEAR 4 T R L], T SEH R 8RR 7 T SR ER MR LR
R, IR DB B R RS B REVEE AR 2 T B R XM EL
FATHE KR BAERIIMSLLTRHEN “8F PCR”, HAMERA “HT
ELISA”.
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ETFHREBRARNE S ELISA 7

{ !
;

Bibdos
Gadeclinn

e siten

v
(o plagt
o BeruRs

&ég Bageet Caphuse M Detection 4 Anngen Aapitdrnd
ey sty Cantibody with gtadtositage
ot lag

Traditional, analog ELISA . SiMoA-based, digital ELISA

3 105 148 10

0 16 162 16°
rumber of enzyme labels number of ereynm labelks
* Reaction volume = 100x10°%L » Reaction volume = 50x107¥L
« Diffusion of product = dilution = limiled sensitvily  » Diffusion of product defeated by sealing = no dilution
= Milions of molecules needed 10 overcome = single molecule sensitity
nackground and reach delection limil o One molecule needed 1o overcome background and

pach detection lmit
B 1.10 4£% ELISA FI%F ELISA ikf0nith. i ELISA FEY, SR MERE
B4 FRRERIE =R €17, TURBIRERR A TSRS A—H “07, SRIE

HEER R T IR,
Figure 1.10 Comparison of conventional ELISA and digital ELISA methods. In digital
ELISA, microspheres that capture a single target protein molecule are recorded as a Binary
""1", while microspheres that do not capture a target protein molecule are recorded as a

binary "0", and the process of reading out the result is the process of counting.

MEF ELISA MT{EEERMUEH, JURESIEIHRIUA KIS LK
SRR R FENL EIRST, BT CART DA A IR AA 4 A SR SE B AR ST RIIREE , TAAR2)
AR (1-1) Fims:
e~Apk

k!

SR AT R T4 ELISA B, ARIEFRCAIBIER SREBR MBI EER,
kR SHEAR BRI B F I E. EARMT ELISA MRS, KT
FAHLER Y BE T4 (AEBD. '

PX=k)= 1-1)
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WME 111 fias, SRR PTUREUE DTSR, W AEB %7 0.1
i CPERA SR EF 0.1 MBS T, RIMARI AT EAZIERHIUE 047%
MRS T FAEL EBA T, KEEEHEST 1 A0 AMEAT, TS
AR K5 TN . 25 AEB 76 0.1 ] 1 Z A, 0 AEB=0.5, KRFHELD
FROVNTHEE, ERAERAE %G S TRARU LES T, TE
SR FEHBIL B BB EHURIRE , (B0 LR RS A B2 T BB LA
HIAMFARREBEERFHRIERE. X4 AEB ERER, KSHEBHKS L
L HEESFIEEL, SERAHRETH, WU R T TS, M
HNFERNEE S THE, REE TSR B IOL8EM £ 55T 1T
BIRLIRERITHE AEB.

Bl 1.11 ¥ ELISA I TfERER
Figure 1.11 Working mode of digital ELISA

$F ELISA 1 R— 1 ERE ERETRBRAGE CV, & XE Bk
PR

Noise% = %x 100% (1-2)

Fot N OVRMEINRAE M. El, HTas 100 MFHRES, B

R 100410, JAHAIRAHRE R 10% . SRIUNE 25 A5 T MIRE RS 4

BT B 20%MIRE, THFETERS WEERE, RXREA G ANE

B, BB TR M. I, MBS TR, W
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ETRRBEBRARNET ELISA A

B (R 52 A AR AR KT VA A AT 832 o 18 F $F ELISA AT 2 EER
T RER A BB PR

H¥ ELISA W@ SBAT: mERmIeH R BRI ZE AT,
HERN: (1) $F ELISA Ml R 8% T 1= E 2 RSk EE ke fb,
RO RARR A BB 2 FOR T R MR, TER T WS E X RRHIREE LT
PR BB BT S ELU RO, B BBk B T A AR S B BT & EL R
100%0E, HAAMATEEBRE. () ZHOMET (FMT10°LELD THA
HUBE RIS FRBIIS, R ESNERE, SIMEBETER (0
2k 1) HEERRIRE. (3) HREIEREA N TR SR 4 T AR R R R T —
—St R AR, T ETESTRA BRI ERRER2 THEERR.

EHERRT TEREBSX — KBS BRI 2R T B EIT
A F A L ELISA 7T LL4r s s\ ELISA A sNEF ELISA.

1.4.1 fBxX#F ELISA

#7 ELISA —FFiamt 2 Uie R R I, 2 H David C Duffy M David
R WalthN e &R I —Frim RBUENE AR TTE, BERBEA SiMoA
B RS HEEREF ELISA @il 4 41448 ELISA B3O R R AR
ARG A LIERARN RS TRARN . LRERREDT:

(1) BHEaENEIEMAZIEE BinEa 2 TRF LT

(2) REMANTENEDE LA NGAR p- LA EHE, FE5HEEAD
FHEE, BRI EINLRREEEY;

(3) PRFEBRARLGE RN FTIEEE;

(4) BRI TR RE R ST LB LR B-F ARG

(5) ¥ E—SERERBABMAMES R, BBk (BRR27 um) 2%
BN 45um, FERN 325 um MBS SR, s EBEs, AR
FEE A

(5) REEEY L HIBBRLRYF= £ R

(6) AR, SitRNMEBERAERE, RFWERSmTERLERST
W
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Forrration of side
immunocomplexes
sy hoatds

b

1. Engyre subwlale
2. Gual silio
3. Fluorescenss 1nagin

. Thstds of
o w indiiduat
@ S L pmded o we

@ Magnetic % Caplure §§§ Detsotion e Ardigen Strepavidin-f-
beads antibody T antibody with ) gelactosidase
bicdin tag

B 112 BEREF ELISA. (a) BENMERASTHESR LRHUGHR, HEER TR
AHA—FHRARN. (b) BEREEEEESMHRERERBABE ZRITRAHRE .
() WEREFN—BIHEMBL. (O BERNSBRATUEMEZARE, AT
LTI . 18
Figure 1.12 Digital ELISA based on arrays of wells. (a) Single target protein molecules are
captured by an antibody on the bead and detected by another antibody conjugated with an
enzyme molecule. (b) Large amounts of beads, with or without the immunocomplex, are
loaded into microchambers for fluorescence imaging. (c) Scanning electron micrograph of a
small section of a femtoliter-volume well array after bead loading. (d) The enzymatic
reaction results in the accumulation of the fluorescent product inside the microchamber to

allow fluorescence imaging.

ISR ELISA BT 4 RMAHEE GBS THAT lBRIE, 725
BB P 2640 TR T AL A A R T R MR B RO 564, SETL T 52 0
. R ETTR SiMoA BT & 4RI BRI FIRAEI T 30
aM, PSA HUKIUTFIRIAE] 1 M.

AT, BUERECT ELISA 777 — BB 0 & MG

(1) BHE—EER p-LIEEs. AR, CABMSURY, F p-LARE
HE, DU B A HI— 52 1) pH TS WA B RIERETIBE . BSh, X
AT 1 U0 T R I B LS8 A T L L

(2) S E A PRRMES F AN TR S, SERMENTE R,

(3) B THATRMN, HFER T 1 . |
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ETHRBEARNEF ELISA A

(4) BEFEHERZ 4S5 um, FE 3.25 um WEEMEZREFIMA, RTXE
BEMRAEE, EERELK.

4+ ® SiMoA Technology - 3.4
Plate Reader
. 4 :g
% & 8 x&i
:t-% :E b A & W # g»% &
© &
ﬁgﬁ % o
S & ” :2 & %
e 3 oy
”ég ﬁ - " : §
L4 el
- .« -19 =
B 24 4 £
k) H § %

%

¥
) & @ & W R

3
i :
SRS \‘3 NS KRN
[Streptavidin-$-galactosidase] M
B 1.13 ¥ ELISA fif£4 ELISA % B LILBHRBNRNEEIRURLE, LM
G AT ELISA ffE4 ELISA KRRIEE, SEaEKNSEERRIHAKT
ELISA R4 ELISA KRR

Figure 1.13 Comparison of the detection range and detection limit of B-galactosidase
between digital ELISA and conventional ELISA, the red and green dots are the results of
digital ELISA and conventional ELISA respectively, the red dotted line and green dashed

line are the detection limits of digital ELISA and conventional ELISA respectively

FHit, BEFA—FHFEET, BEts, MIEEK, IR 4T R %
ELISA “F &,

142 &EINEF ELISA

VAL A 42 2 — TR O R R LV ) 2 AR A P A R R R VR 3
DLEATAEY) . RS FERNENEAR, AE/NML., mEES R, AEEE
PR EAAMIUR BT, RIFHMERT HEREF ELISA K ERRM. B
B, RSB TR . B REN—AEREMER PRI B HR
RS, TIEEASMHRREGRESR, FRAESH. BMRERELEE LA
TR 2 BRI AR, — M EAE R RN TR LB
MR DB TS 2 R . WEERMAERE, HBUEIRERME IR
WP R AR, BARREANS R BRHHRABRAE,
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EIE &b

}af) (50{) i x3 ﬁm

“ lvalve with ftmnnsnne AP ey yallve without
pressure

Figure 1.14 Features of the microfluidic device used for femtodroplet generation and

manipulation.

Shim & H T —FRE X $F ELISA F &, B HUEA N E05 BREs 7 TR
(PSA). PSA BA-FHEA PSA PUARENAR/N 1 um PS MFKIHIR, ek
PSA RIELE _MPIAIAZ 6, ZHEELENEMFEERNESL p-F AT
BEL. RERHERAHE RBEE SV RICRY B F3MEE (FDG) {1k
AFANKE—BHEAER 5 um HHRBERMETS, HOREERERN 13
X 1054/s, 1A% MHz 7K. 85, FERH EMBRZEMREIT, & 20 FAMRREIGR
FEingat i eE X, LU/ LBE, EHRBERENSETOLE T B
4T SEAT s . PSA BOWREETT LUEIE S RS ST HE W SOk € & . XFITVER
DUIMEZE 46 M B TEAR, XEETE& ELISA FIRIURR.
F@BRME S TR R A RE TR R KR E RITMREIFFNES
YERRE AR OARAR T R B WA . XA, SRR P A BB T RIIRE
ST AL RER R RA N, E/LaAETRNNRARGES.
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ETMRBEHEARNOEE ELISA R

A. Immunocomplex formation

8. Reconstitutition info enzyme substrate C. Formation of pL droplets

L .

D. Droplet arrays in chamber Antibody-coated ¥ Target protein Eieczgzg :;ed %39,{3

molecuis antibody

E. imaging in three channels

product Beads  Brightfield

B 1.15 f#F] ddELISA TR FEARIE. (A) ETHREN=HHEREI . £X
B, ¥ 10 AAAERNREFMAZSHE BEREESTRRERT. REMAEWRLN
BRHET SpG, HEREBASTES, BE—MNERCHERESY. REBBERST
¥, REIMMFNEEESUNE, —/PMEIBHFSE - IMREEEW. (B RERHE
£ 2 uL (BRI P EA. (O REHSHRERRRYIN 2 nL BEW S ERETFHBR .

(D) BRBEAZF, HRAEBES. (B) E=MEEPRBER, RAMEER®
¥, BEERABRL. ‘
Figure 1.15 Single molecule protein detection using ddELISA. (A) Bead-based sandwich
immunoassay. Here, 100,000 antibody-coated paramagnetic beads are added to a sémple
containing target protein molecules. A biotinylated detection antibody and SBG are then
added and bind to the target protein molecule, forming an enzyme-labeled immunocomplex.
Based on Poisson statistics, most of the beads will have zero immunocomplexes and a small
fraction will have one immunocomplex. (B) The beads are then reconstituted in 2 pL of
enzyme substrate. (C) The 2 pL mixture containing the beads and substrate is then
partitioned into picoliter droplets. (D) The droplets are loaded into a chamber, forming
droplet arrays. (E) Images are obtained in three channels to identify the “on” droplets, the

beads, and the droplets.

Limor Cohen 25 AT R T —F i A&7 ELISA SLPER BN EH
WREELO, BARBEA FE—R, ERME T REEEES, S v R
B E, FEEKEANTIRES 20 aM, O/ TRAZIE aM 24
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HT WA RRE RS ELISA BABEEERGRA A L8, THE
BRI HATE R R MG S, KR T RER, FAT Ak, F5HE
e A o) 26 B PR — T2 L T B A O SR TE KNS S AR A, RS
TR T s R F ELISA MRERR, EREIHTHMRE. thin. SUKHE
BA BRI TN SRR, MARERUKAE S ol
MR ESH R, M TERAR TR, BHERM R ER N A%
SR B 18] F S AT SR P RS 5 5 RIS A — S AR AR AL
PN, BENRLHT TR RENE.

15 WYMRETEAERRHE

AR AMEEARLETRABREAMERTE AR EWRM N
ELISA %5, STHL T X5 B AR S04 B ML A RBUEI . B EBaH
RE, WHEEEREMORIIIR. 7 ELISA BEERET AR, &
T4 B 3 ELISA S0RE A+ 3F ELISA 5 4 TRLKHESL
HERFFALM., RMANAELHDT:

2 IR EMIRARE R, A T BRI SRS EE R
WFvk, BESIES ELISA BEEE R MG E (bR £ T I 0 1 AR
BRMEVELR AN 4R T $F ELISA RO IR E K s =R R H 2840 ELISA ISEHL
k. BJEERT T M ELISA f AR =B 8. |

B B T BT TR R A RS A AR A BT
R B BB RO & AT ML B EHER (SVMHD) 70 BBETIAHETT
&, FEHERIE, WETHT ELISA MRESHRATE, ZPEAERETH
Bt EAMNER. WRAMEHIN. FEETE, EMRRTERERT
¥ —Ra s OV, SRR RO, AT TR, B ARG T AR
2, WREIUKHR 1:1 184, BJEX SP-AKP BABIKEHTRF AN . Rt
BRI T B AT TH SR OV ik, BEEEHTRE.

5= BB TR A TERR 2 3B (AN S S R AUREL A
R R, 9 T B0 TR BB, Wit T —Fhmn s
5 (DIA), HH W e AU T DRI 8. SN RV 59640 T4 8L
BAEREE, A FEAHETE, BUEXRAR SRR

i
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ETFHMABEANE T ELISATFA

HEOFEY CEA 1T REEAN .. THRETF ELISA ER EHMEBIT K.

S0 T 3350 ELISA SR8 & i TRk, 37 7 — RFINERR TIE.
BB BRI T TEMHRE, R T —E&4HWHALF ELISA &
BB AR T TE. BRI, FIR T —MSRIEsE
. AR E BT, SEmE RN, 2ERIES A o\
HTE. WHERT TERUHEHEHT ELISA BIREEHA. BHTAERE
F T AR R HIERE &EL—5.

FERER AR ST TR BIF AT T84, FExT TR B Y i R A
SRR R BT AT T A

1.6 AENG

REMNEIVRI BN R, HEE BRI Eee s X RRE,
R T AT EEMER RN R SHTEFMEER L. RELUEAXEME
WEMNTARES, SEMENAT SREMEXNEQREY—CEA, FHEHAN
FATUMBEAFEDNEERN T E. BB A ELISA 52 R Il i
BEARSYAERRERRERE, REFEBNET HF ELISA RERKM
R E RS T ELISA RSPk, RER84 T B RT3 ELISA HilEH)
W, FE ARSI TAERHEAT T RSN,
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E2E T ELISA BEMRE R ENBE

28 ¥F ELISA BBNRERLANNE

21 8|8

BERAEALRBRNERNER, RAAaREENERATENER. —2&1
#, KEFEEREHROELTHRY, TERN T SHAEGTT, 20T RRE
FIVETF AR, IR T BENERE. REN, EMERENEY, hAK—&
EEMCYRES KA T2, WanEafRie Y. (R eexh X Sbrin YT,
SEUUMPE R ATRE, RERBUATTHEE, WRBHERRSEEEFR.

BERENEHS, SUEAREEEERNEE. —J7H, #RKE. B%E
FhAL R I 5 4158 B2 B LA J A B LA RO RS W Bk 28 R v B KB 4R T 3 — 0
JINEY |G  —AAAK AR T B 4% Bt TS S M AR R UG AR AR B N | AT
@, hkBZIANNER. ERX—RUFROTHRE, REFNOHE
S RGRLETIAE . ST R T LUG E MM AT T REERER DS R £,
538 REMSITERA— M IEEFERMEEEE.

E T HMAFHERAR K BERBRBERRESRABDEHEGRE, HESH
Vi rh S IR T 9 S AR 7 22 18] BT 46, AT AT BAF= 46 1 B SR 43 B AR g - 921,
AMAEEEFENREEARENE. RRSENEERRNS A, AR
MR TEAET Z R AR, Bk, MBHRESEARCHEATHRTR
&gk R (PCR) B9, ¥ ELISALT., BB, DR IhAEMEABREAIR
RLR A RRES V%% 2 N . FEXEEN S, ¥ ELISA stAT LASEH B E Bin
SYIRREEN R REUERN.

AT SEBMF ELISA, AAMAE AR SR A B R E R AR
H, AEZSRHMRESH . SHARERIEEE . RREE LIS R
DL R LE SR B eE, WEHT —EHF ELISA MBNMARETE, &
T4 EERENREN, E4REERMNAR. REMRN. A ZBRET
&, 44 bWTEAS MED-X BT AR IATRIRR (GREER (AR RIEE L
TRMEBEESES, SP-AKP) HOR, 7E 6 4H4hz pse il 7 X BRI R & BRI = REUK
B, FEIEE] 100 aM E L RIRI TR . |

21



BETFHMABEHEARNEE ELISA TR

22 ¥F ELISA iHMRIET SRR

W AEF ELISA MENMIBEAEAEE SRR KEI SR
&, BABSINEREN BN, W THMETF, BB RN 5EME RE R
HEBHENENASE, TRXESE, BHRREARERAZRENREE
B % . WA R TR BRI AL R IR . UM RORETE . AR RO A T RN 4 RE 3 AT
SEL TR

505 ELISA MW AR & 5 i 0L F LA A

1. ¥ ELISA MBI E S

MR BRI EE D AR OEE R E R ARSI A, WU
ke R EIE . RIS E TS ES S BT 6, XERT T ERE",
fEAEHT ELISA MEMAET &+, T ELISA MBHAESF BR% L,
BAF TR R RS B TSN, A A RIRE T A A SR 77 AT 2 8 E 3 =
WA, EESNFEF, AR A IS EBI R, BRI R AR B 7
SESEHHGENA R . IRIEBRIR ISR, TEHMFE AT N, B AAIHT
B R EN R ARSI BN T R, AR R SR A R SR ARSI &
RIEVOE I A B JLATEAR, W LUK BT 24 A3k 5, T-junction, A+
F I (flow-focusing). FET+FRE/UALEHF, HHARFZESEHE —ERIEH
BAERBO, EREREERBUKNEREERIERT, BEMWBMRRE. WRHE
B O X B BB AR ARThAE, X3P ARE RSy —t 2 K5 +
FREELAERITHTE BEE, SKMBEHASHA, REFNHLETHT
ELISA ViR £ R R, |

2. MAIEIEE

TR N RAAEE R T SR, AIRAES. BT, BEEM. SNRE
. ZRE. SH LERNSEHFESREBRBEENRES. EEREERZH
TUHHEESENES, ETLETRESTHMRE, BEXSERZEH LI
S s Hr AR Bl AT SRS 24 .

3. BEEREERIESRE

FEETRBEOEREEART, WO FRG TR ERF . MEE
VG &1 % DA AR 4 (K BT AR AL IR 61 e R 6 AN F] A 161 €21, s )i i, THIRIE R
GREFIRE NS . KB, SENREEHFERENENEE (R, K

22



E2E ¥ F ELISA AWM BEFERHE

¢\%%\ﬁﬁ%)mwoﬁﬁ%ﬁ?ﬁ?ﬂﬁAﬁﬁﬂﬁﬁ%ﬁﬁ%Fim
WIS, SER A SUKAR B & B0 UL R R T B R LR D, ¥
BRBHPLT %ﬁ%ﬁﬁiﬁ@%ﬁﬁmgzlu>ﬁ%,Wﬁ%%“%ﬁ”ﬁ
A, BEHBEEEHUEER T EAREMNE. $F ELISA FENERE
#Hﬂmﬁﬁ%%%%%u&ﬁﬁﬁﬁﬁ—ﬁﬁﬁmﬁﬁﬁioH%,%E%%
SR IE 2.1 (b) —REE BT IR A R 3 B SR XA A He 1R R <
W

(2)

B 21 BHEREET. () BEAIRE (b) ELHR

Figure 2.1 Droplets in the microchannel. (a) Normal camera view (b) Real situation

BRI B4H UM EHATIRFIFHES TR R, RETEFIER 2.1

Fr. 0K 2.1 BB, SRR —FPET UK B A2 3 A 1T IR IR B e #EE
SRR BGEAE G, 75 TAv AT 2 B A TR et O E S SR B 3% . o — 2
T8 I P AR I L ER AT B Skt HH R %), BASR U, ERURIESRF, SN
15t 30 F T B8 0 R R BR R A SR S ARISET01, S e l6e), B E7E AL 52
BE—RIDE, YHMATRENREARN, mE—MRPERMERES. RE
ZMRES, SN S BESFESD, HE RN E e A E T R ek 1
HREE, BEBE XN EREAVEEF, R AL T RS R
Bfg. ETZHER, CLTI TN RITREMMECEHRERL S LRGHE
Mmool S5HEFLER, MRS E AT p-PIV (micro partlcle image velocimetry 7
R TEmRR FEGIERA) REFLHIMRE KRG . W REH
MBS, WMEESI 1%, hEER TN, ER, JLFIER
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HTFHRIEEAKET ELISA B

MG ERPEE MBS S RESMNNSHE. Bk, RREENRESER
B, I T ARG E R
% 2.1 BB E SRR AR E T 8.

Table 2.1 Different approaches identifying moving droplets in microfluidics.

i R £%H
‘ AT LA CA R ot AU SRR R
FEARHL _ BRMEE, BEERELNE.
TR (= 1000 fps)

CMOS/CCD 818  TTUHIRIE AR, K. BARKIRIRMIZE (<100 fps).

#1578 RS BEMEAE R E E VR R
Tt R EE ) KB 5 THE SR FR A AT ERE ST R -
- s s ' HAREMERBNBIEE.
BahimseE A LA SRR R, TR .
SR

] AR RIS B % B e W AR
 RERSES. SEEMRET
SRR LHBERIRAD, AR BEBEER

T PSRN X IR IE -
BERRE . RRA.

4. WHEESTEMRE

HAEER T, A RFINERR B ANE MRS Fik, SREETR
TR E BT LABIE R (Bltn, (UFE BAR 0 TR B UL T A AT AT 5008
WK, WEBHEE, 8BRS FRRETRRESRIOE TR+
AT MR EEE. Rk, RRENHETUSENE B THRE.

WRARME
A 2.2 ¥0F ELISA MR MARET &
Figure 2.2 The Digital ELISA droplet microfluidic platform

CCORAML
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B2E HF ELISA MEMAETFENHE

B BERTHTRIRERF A ELISA RILT LR (73 {ERHE
IR AL FE OB AR MEHEAT X 43 00T Ao AR 8 H B SR A R Y T AT A
SR, F565 B MR AR R A R . R R, R
BT LA 5 AR RO B RA, KT A BRI S B R WL ER A 4T
2R e 077 58 B e B IR A R 52 7 1 S B T PR AT 1K 4
B T BB ITRE TOLE THIRE . |

RIELL LI, BT ELISA MRHIRETFEMBEEMmE 2.2 i
R, FEAERRHRES ETEREERNRARSIRE, 2 TN
WEEREERATIMNEE . ETROLEMBERBRGE S RKERE . THREA
THAT AN A

221 MRIFNLEE
R 2.2 TRMHENFREIIR

Table 2.2 List of materials and apparatus

WA BB FR

&R

BERR
SU-8 3025 JeXiER

W HERES S PDMS Sylgard 184
SUS B (PGMEA).

1H,1H,2H2H- 2R FE =R
KR, STEMAS. 2B SRR
IEM R
EFOEZIHL MA6
ERHAE
FE AN
FRIBEAX
BERER
CCD

LED /T

MCL BFHE
Micfo Chem, &KX

Dow Corning, <&
Sigma Aldrich, £HE

LERE L EEAERAT
SHTEN
Karl Suss, #&H
EERENSEERAT

BARIERH R RARAH
ERBEEIETFARRELAT

MHS5200A, Minghe, China

Retiga R1, Qimaging, Surrey, BC, Canada

MCWHL5-C1, Thorlabs, Newton, USA
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222 WCERRIES R ESE
MAEBESAREE—BREETIARNMEFIMES (Microelectro

Mechanical Systems , MEMS) #IJ{E T 21 PDMS BZIhH AR - izt il
ST ST BRI &R PDMS A H#%.
e, RAXZ. BEZmBARBERAER, SUEREINE 2.3 FiR:

SU8

=P AR

B¢ 2
B 2.3 REAEARERE

Figure2.3 The process of silicon wafer mold fabrication

LYESRRES : R TRIONE LR T, RIS 5:1 /9 98%IKBREAN 30%
HEMNEIRATER, MHEF] 120°C. B 10min J5, HREFBH, EETKER
3. REFARRRTERGNER, HET 180°CHMR LINE 20 min, ﬁ &
TETH, BEEREIZER.

2EE: BTIRBENER TSR TIRLE, REH SUs-3025 RRRE
ERAERE, MOSEEFMATREE, PBmESE. BT SU8-3025 thirs
M, R 2 BT AR, R R TR 2 B i R H . AR AR
FEE 2000 rpm, SIRR 12s, AR 40s. AREMNEANLYETKTFE LEHE 2~
3/NET, BRI R AT REHIRT

3ETHE: KE R BT 65°CHIR ENE 2 min, MRIKIEI SCCEE] 95°C, fn#k
45 min. REERAH 1~2 PHEZER.

4. JE - J5 AT A 58 BB RE BN S 2N AT HE R RR O, BRI (B B2 204 1 min.

5S4t BIRLE R E B TR, WEEMAE] 95°C, FRFL 2 min,
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£2E ¥HFELISAGREHRABEENME

RIEEEBREZE=E.
6.8 BREABA SU8 E'z%;ﬁﬁﬁlﬂ, AWHERY 4 min. REFHERRE
BeHAT.

TIRRE . BRI B T 170°CHHR 14 20 min, JAJ5 HAKH1. B,
B BORE KA BIE S R

RE A LRSI fER7 IS, BT kA PDMS [EELHI/ER T ELISA BURIGH, A
HSBE 2.3 fim:

wewim | | EiepMs
B ENEE = E{PDMS
PDMSHTH, = EEFRES

2.4 PDMS B HIfEREE
Figure2.4 The process of PDMS chip fabrication
LREAEMRTLE: BERANEFERSEE 5 ul RRERN EP E—

FEMANETFRESE, FHEESHEF sh U L, RAEHHEES, BEFBUH.
L BRME A REERML, BFIT /54 PDMS BRIE

2.0 E PDMS: # PDMS XAk 5ELFZFAELL 10:1 77E, 3£25¢, EH
B AR BN, FEARETRSS, REAZEEHALRET
PR R AN R GRS PDMS SiEE R EE L, BEY 3 mm.
K HAEKFE LB 10 min, {# PDMS F-FHAFHMEM, REHA 80°CHtE
% 1 h B E PDMS 522k, /MO PDMS W ERIE TR

3 IR EA ISR B HIE . % PDMS BHR BRSNS VIR I LIS
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EF MR R EF ELISA %

T B WS 7E DO ~F SRk SR IR B, MNEZE TR T, #EE, REFZRE 1h,
i PDMS £ B ERFFES. LREL 41 WLBITREREMAE A M B A
4y, 36120 g, IBEHA, BOEERIBHIE PDMS BHRE A b, MEAEKTFE L,
BE R, RE, BIHREM IR R ER PDMS —EMEFIH I, HF1% PDMS
FIB, ARG HIRIRE A B F RO E M IR . — F R AT LU HI B4
HEM S A, T PDMS SimfES 7 BflfE. |

4PDMS i F Hifl&: PDMS A #I&EE PDMS BRCE A Rl fEPERER
folo LAE HILF R EM G AR, (RIEEC B 57 # PDMS, ff PDMS EE 7 2 mm,
fEKFES L#E 30 min, [EIEHFFEH PDMS, AEHRA 65°CHAEF IR 1
h. 1% PDMS 52&ELJE, /ML PDMS Wi ERIE TR,

SHTFLES: %8 PDMS &M sMEYIEIS /G, RA 1.5 mm AAZRIE
SATFL. KRBTSR EWEE DM —ERANEE TEEILFELR 1 min,
B EREEHEEE—E.

6. Bk AT IHERERE PDMS £ & FAKRHMIRERFE, BETM
FRSAEET 105°CHR RN 12h. HRABBERESFEAZTEMH (W

B 25 &SRS EME

Figure2.5 Image of the fabricated size-based microfluidic chip

223 RIERFEERER

FARIREN 3 B 47 T AR AR, IRshA i RIS A TR . AU IR
RER. S EEEE=HSER, RhafA/MSERIEMRASEASE
JE, RN aE. MEERER T AEGE 0-100 kpa, ¥ 0.1 kpa 7
EREENERIER, XRET —SRRE, FENSH RS E AT E
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F2E BT ELISA BERARTFENMHEE

SRR AR E R R E R, Bk, ERABT
Ho (10200 pL FI4E) TREURER:, WML, SR RICERRL—
T, SRR AT T —i2. AR HR B A Bk

b SRR N 2.6 R, REEEERAT HRASEAEE, 5
SWEATIES 10 il BHATIEFABYS 11 BE, ARGERSR
—HEsk, EAREAERE . BE ﬁ%%ﬂ%ﬁﬂ;%%mﬁﬁiw
AEERE, ATEMEREAR/N (10-100 pm), TIERMEAERGEER. BEE, Mo
ORI AT 2 R 30000 £/ BLA% 30 um BOWE, 3¢ ELAWROBAETEIE, Bk
WETHE, RR. FESRRINTE:

B 2.6 BAEERE
Figure 2.6 Chip injection set-up

224 TRESERE RN REHIEISEH
Eﬁﬁ%uﬁ*ﬁCm)iﬁkﬁﬁﬁM“ﬂﬁﬁﬂﬂm~l%%m Zisus
B, RREG R, (1) T LB B B2 (O UK RS () RET
xp () = x(t) x p(t) - 2-1
SRR b, RREE S (0B R — A RS, TTRRA:
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ETHRBEAKNET ELISA BTA

p(t) = Zm__maa — kT @2-2)

HpsRKP T ERY, TRRERY, KRB, RESFX (2-2), £/
A, SREES R AE L M AR AT LROR Y

%0x 2 =3y X(jx2n(f = kfjuae) 2-3)
St = 1/ TRRMAE, SR (23) B9, R RIS RS
B rorigins SRR T SRAEIR o ORHS . BETIE, IR RO
EEHRTH:
8f = forigin — K X friasn (2-4)
ST YRR, TRV L TR R S0 R IR RO, 3
HRITES GRS MAERAES 6P,

i 11t

(a) Original signal

fdroplets

{b} An equivalent
signal {

{c) Sampling function
fﬂash II

{d} Modulated
sampling result #

{e) CCD Captured
results

A capture period Teco

B 27 EHRERRERRRA R (SVMHD) RE,
(a) SR flow-focusing SMEERBREFMIEIES . (b) ERBERE—AH
B EBE MRS, (o FENFEXN W KEBER R AERERR. (@ A
HIRREERBRRE U HBEER. (o) ¥Hl CCD ERFERPNHRBERR, ZHR
BARR RS RNERN (EARFHKIR).

Figure 2.7 The principle of strategy for visualizing and modulating high-throughput droplets
(SVMHD). (a) A typical flow-focusing droplet generator provides an original cyclical signal.
(b) A sinusoidal wave represents the four states of the original signal in one cycle. (¢) A
periodic impulse train with duration of W is used as the sampling function. (d) The
modulated sampling results show the static images of state IL (é) A conventional CCD
captures thé static image in a capture period, which is a sum of modulated samplin}g. results

(as indicated by the blue arrows).
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®|2E ¥F ELISA HEMREFENUE

%F SVMHD FEMEHRNWEBME 27 Fim. H27 (@ BRT i
BRI RS, EAREIEA faroprerse 9T TR, RA VK HIRAAER
HRRABIIARES: 1, I, T, IV. RS , AT A IE %45 B GURRET faropters)
A AR SR S RB TR IARA . 72—~ LR, S TIAR
AHE FRE S MRS RE. K5, EARRERSR GRBERET
B, friasn) FHIBIAES . MEFREREIR friash = faropters/N» EANHIE
([ 2.7c HIIN = 2), MFETRERS 2 IR R RORAS (B 2.7d 9IRS 1D.
EXHERT (AR (2-4) BE6f = 00, WHIEERERES (8 2.70). Hit,
A MRS RT T, 192 31 OCD 4 B 3R BN (B 2.70).

RS, BEEREEESENEMINES. AR O KT T
GRS . [k, VAR SN RO F, T DZE AR R B R A
BRI 1 opiers 5 FREER fr1on 2 FIEOAIAL. SKRE, BAATLLMNER SVMHD
Al S B RARSS RS B, T2 B 5 T T M AR
.

SR B faen BT (2-0) 0SS =0 B, WM BR BT BB 1L
R BT LUK AN W BN TRIC AL for oo frvns v fivanr oo
R, MIBE BRI Ly opiees -

fdroplets = L ifN_l = F(fN—l’ fN) (2-5)
fn = a1 :
— B furoprers T E H, BATLUED PR AR ERIBE FRRFEER (v):
v =L X faroplets (2-6)

H AR OEE PSSR L M EIBEE .

At TR BERAEINE fr100n (SR ), MR ERFRIACSS)
HIES . FEXMERT, ROTTUERBERAS (MENIELE FHAR
FIRESHIER.

SVMHD % B X E/FE=AE45: RS, BiiEs A mERR RS (n
Bl 2.8 Fin). ERERSH, 467 REZRM LED ATHERNITHIE. LED
THRERE S RAERSH, iS55 RAESRTETI DT FMEN S, AT
HRESERE, FHBOLEAY, UWRRAEMRESH EEANEBER. A5,
KBREARMAES RGBT WERE, </EEEEM CCD MILHR. HR&ME
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E TR ARNET ELISA I3

FAVHENLA CCD SR EE I X S B R HE T AR B

LED
lamp Signal generator
[TTIA
. Microfluidic chip
Lens ; CCD camera Computer
E = ‘”'\;:}'
‘ :- ——f3 |->

& 2.8 SVMHD ¥#E&2REE.
Figure 2.8 Schematic of the SVMHD setup.

225 EiEESHIZEE

/ Ex :372nm
AKP Em : 445 nm

2.9 WREHEE (AKP) HEARINSRE

Figure 2.9 Schematic images of the fluorogenic assay of alkaline phosphatase (AKP)

EERMEREE (AKP) (ENRSCOESE, SRENE. RUEH,
BE AL 4-F A THIBEIRES (4-MUP) 2RI 4-FESTHIR (4-MU), %
FEMEE 360 nm BIYEBEE T AT LA H 448 nm A IE AT, (H2.8)

SRR v, A AR R R A R RAB SIS, 71
ZERAT 405 nm SEEEAME FECR T4 448 nm WIEBIDNEE, ERMKELS XT3
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#£28E ¥F ELISA BFEMAETEENHAE

B R T CMOS ARHL (BERTE 100ms) HMEBETORESEE, BAK
et EUGSHAT AT AT

2.3 R 5118
2.3.1 BEERSNE

%T?ﬁ%‘?&ﬁiiﬁi%%@ﬁﬁﬂ’ﬁi‘iﬁ, B BARE SRS RARNHE.
ZWd, [FREF ELISA R My A £ EmBEERE (Il 2.10 Fim).

e

fi=t2r2H2

2=1431 He

(a)

11866

Frequency (Hz}

- - - -
- ' ey -~
I - 2 g
n < o

f:fz ‘ flzfs ‘ f;f4 . f:fg ' f;fs ' f;f7 x f;fs '
Consecutive frequency points
(b}
E2.10 () EBELEF, EFAREFAETHBSERER. SRPRATHRS
SWRIRNAT. Fit, SRREFEMMEEIREEN, BEXEER. ¥T cCD, FEAKH
RAMIT =100 ms CGEIREEAEH 10 ) RWRER. HHRH 50 pm. (b) KBS
HEFRTEFFIPTHE N RE. BEF(frv-1, fr)EAR 2-5) FREXL.
Figure 2.10 (a) Static droplet images at different sampling frequencies in the sweeping
process. A same duty ratio of the flash light is adopted in the experiment. Therefore, the
images get darker when the sampling frequency sweeps from low to high. For the CCD, a
long capture period T,y =100 ms (and the capture rate is 10 frames per second), is used to

capture images. The scale bar is 100 pm. (b) The calculated frequencies from series of two

consecutive sampling frequencies. The function F (f N—1s [ N) is defined in Equation 2-5.
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ETHMAEEANETF ELISA B A

1 B AR BE B g i A BK ENS Ao WAUKBIRE S A RFF N 4.0
uL/min F1 1.4 pL/min. M@= ERE S, FHEHEREEG. BTRDERBRHAE
HHLAE B, BRAERE ENRNATIRE) fran MERHEEE (Fitn, EARLR
ti3 30 Hz & 0.6kHz), 3HEiTf£4iH0 CCD ek TR LR B . & 2.10a BT
T RUCGERE T R 2 H A BBV O RAERE (B E A faroprers/N)s FFHHAR
BHf for oo feeaFfio PSR P REERFE AR SR, B
FRMNERIE S B2 E M. RIEER (2-5), RIZKE T HEIE
FEIBEITE faroprers MBS, M 2.10 TR, FILANIX LESEG RWIRE
BERERNTERER. ATHRIEMELSE R, ESHEEMEN (OptiMOS, Q-
IMAGING, Chicago, IL, USA) XXy #T T iR, UTHEREHME, &K

Faray
e )

WA E S TRSRRTE B SRR AE R 2,100 FFIH . RSP, HEHEIR
WM VETE 1144.922.0 Hz £ b, X S5E@ANNEBRUSRISRZR 1144.5 Hz —
B, AOSER. NBiEd, £x%F, ATHRREERGKARHFRAEH (Fim,
SIS T, g =100 ms), XA] LA &K CCD RA Z i 2 -

232 EEEHRYIES

angE (2-5) BioR, AT LUK B AR 5 faroptees AT BRI S 61 - BILL,
ML LY, TR ERR, MASREIEME. B, ERFKFET
Rt (W, W 2.7c fiR) B9, B LSRR ) BRI
FEER. B AANEINER (Ly,) TURTA:

Lypr =W Xv 2-7)

FEL, 5T ERBEIAIRE, Ly, SRR ELREBHIEE AT s, XA
4R SVMHD RIS . AT BRFEER RW XSS ER KR A, BAERRT
A5 [ I 64T RGBT [RAIZE ARG A AT 7 SVMHD. ZESEie, BEAN I A1 AR
FAKMOREGEFESE. EZEH SVMED, WA BB A E foropets
2217.743.7Hz. RJE, BRI frroen BN SRR R, FFH R HRrELES
M 1 ps $-FHE 200 ps. FIRATEMRINE 2.11 BT
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E2E HFELISA BRRHMABETFEHME

A 2.11 R RwWIH R EGRER. (a—) BKHRFER R 1 ps 2533 200 ps.
52, WHAKERES R E R 7.0 pL/min # 1.8 pL/min. K& LI BERAE.

HA RN 100 pm.
Figure 2.11 The effect of the pulse duration W on the droplet image. (a—f) The pulse

duration stepped from 1 ps to 200 ps. In the experiment, the oil and water flow rates were
respectively set as 7.0 pL/min and 1.8 pL/min. The blue arrows indicate the droplet location.

The scale bar is 50 pm.

B 2.11 a-f 1, BEE BT IFLERT R AR K, IR B EINAA B . 2 F SVMHD,
EFEES, WHEIEEriHERN 85.3£02mm/s. MIEAR(Q2 —6), BIEE

(Lppy) 1379 17.06£0.04 um, MW =02 ms, X5E 2.11 fﬁﬁﬂ%ﬂﬁ%ﬁo G
i, A 2.11 ce 1, BRATRILA B A AR -T 588 18 o O GR AL 1S 0
B, REMAMBERHBRREARMAR. 0 AR, [EREGEMIRSE T SVMHD
WV, B, BHEW, SYMHD K76 B 52 Sk n i B A Tk 2 B ik 1R 42
BRI RO RRSGI, TR RBR R AR .

ERETRBEHMAES, REEEERRENRER USE LT,
EEMEEBE/NT 1ovs. STFHEME LED 4T, BRIk RFEA [EE L9
W, Bk, SEEBT RGNk, SRERD CERZJUMKEIL#
X Mk, TR . BEFHE, WAERKDGE (B SNELT, 8
BRI TARD), BT HREEERAENE RSHELRE. Fik, TUEH
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ETFHMABEARNE T ELISA 57

£, SVMHD B DA B2 IR Fl TR AT 2 T 8 B v itk

233 EAEREEAAK

SVMHD A TR ¥4k $5 ELISA FHBMREAERIRE. ELBF, &
BB HTVE, BREIRR faroprers MEA 2472 #i%%. G, NIEE fr1a0BE
BNy 2462 #%. Bk, RPUES oA S RS R A b B I AR AR X LAY
(6f=1Hz).

212 (a-h) BWHERERE. HBKEASHERELYRNEIEBSIRBHE. B
BFE Faropters) RN 247.2Hz, FFMNHIAR (fr10en) BREN 246.2Hz. EEZH
B, WBIRER (T.q) 5100 ZEFS, WIEENEH 100, HHIRA 100 pm. TTRIAR
£ 1 B AR E R I EL R 30 pm MURFAMKARIR A AR 1:1.

Figure 2.12 (a-h) The droplets generation process in a chip. Two colour fluids were injected
into the droplets moving from left to right by the nozzle. The droplet frequency (f groptets)
was tested as 247.2 Hz, and the flash frequency (fflash) was set as 246.2 Hz. In the

experiment, the capture period (T..4) was 100 ms and the capture rate was 10 frames per

second. The scale bar is 100 pm.
B 2.12 FiR, EHERIELEGPTLIERBEIMRERTE. e
B B KAAERS O RT 1:1 R A, BE BN KHEED Y eI vI1E A
TR, WA BE, WA MR RESE R BB RERERE, B
JRER BT T — MR A RAB A . ’
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2 E ¥ ELISA REHMAETFENAE

2.3.4 FAHF ELISA HEHRE T A REIR S ERE# TR

)
_ Positive

213 HFRARGETEE
Figure 2.13 Illustration of digital detection

FEEG T ELISA Billdh, BANEE AU EE CHERKMESF,
R EABEARC A R E S BRI E R 0. BE, 7T MERRHER
S BRI L8 A B —MEEN AR E ETARES T BE, T
MIHAR R, FENRE LSS FHESEOERS - RBRREES,
BRI S 7E B T o el N B L R A FIRE AU ST pM, (R T AR
T ES BIRMUAR IR « ST MR B FHATROR LR B R 1, R KERBIIA
KR BN S B TR — R R e . 5EANBERAMETL, ERTE
KRELRETEGRHESRNNREENRER (RHEKRD & (SPAABs) F
TABRBEBERE (RER (R RIEELmIEBRREE, SP-AKP) ENES
MORKEE., ¥ 8A SP-AKP {EA 14 pL i+, AI7E 6 SM5h WEILEY 4-F ¢
WERBERES (4-MUP) AZ"0"BR"1"HI{E S 4R, XEIRE SPAABs-BRAUKALT
B—FiR EES ARG SR . BT REAIET SP-AKP #IH EHIEELME
B8, BHENESBRYKRT .

NE 2.14 a fis, BRIEBRGE (PAA) Rl (SPAAB) AF 116 nm KIEERR
i, KMEHRE PAA EEmARE . BT FafRENLERIE” (CCEE)
FiEB, B KB AKP TR EA SPAABs FI=4H3R78 T SP-AKP. K& 2.14
b B H T B SP-300 T ER (PAA HHERRAER 300), 3 HFTHRE
(] SP-AKP 31414 300 nm, XREIFIALEST (DLS) MER]. 4 mg SP-300
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EFHRBEARNET ELISA iR

4544 649 pg 19 AKP, #H24T4F SP-300—11000AKP. AJ5, K 4-MUP

M SP-AKP HIEILIENE, KA AT 4-MU LUK HAE 360 nm BUKHY
448 nm EEFN. WA 2.14 ¢ RHIFR, WELSH /I ELMAIAEMNRMETT 2
N FE B SP-AKP #E% T8 AKP [E . B2 i) AKP Xt SP-AKP HIFEXH 4L
VERET N AKP B 10.92%, RIFAFA SP-300 4F 1200 MEMEHFHE
AKP. [F}y SP-300 BH = MEEH, FEIREMITHLL PAA oy Aot
g, FTUL B ERE S FIRIFHUE R R AT AR WS, A B B a0 EE EAE .

) FE &% e R B S AL 2B B (CCEED BB M BERR S AKP [&] € 2 ERR SP-
300 _E#1%&753] SP-AKP, EARPRIT:

(1) B 0.2 mg SP-300 TE L& (RFERIES#IAS]D, B4 (14000 rpm,
7min) 2B IR FIEVAETR, A MEST WL 2 1k, 48T 100 uL MEST &
B

(2) AKP 33T M-20 COKFEB R E =R, F MEST BRE# AKP Ao 2
mg/mL AKP/MEST Y%, B 120 uL, JEF 37°CHTF 4T H e K AL 15 min
J& F§ MEST SRk m Ik

(3) EDC/MEST ¥ (200mg/mL (1 mM)), ZB%E#HRE. HRIHE, 8%
JIN 120 pL EDC, B R FE=RMER 2 h LLSEAT A E 25

(4) F=¥)F] PBST IEWRLEEFIR, 4EURFETE 100 pL Tris-HCl &R

(5) 8 R RhEE. EERUABGRE, ATRIE.

ERBIBR B ER B R RAE T AN T |

B BCA BEAR T ETENE 2 SP-300 L) AKP HIE#ITEE. WE
[ASEREIAER, LERMEEARTH AKP KE, LUBEREIEIRE SP-
300 GiKBUL £ AKP H145 4857, FIBEFROCIENSE AKP 71 SP-AKP HUBEHEAL
ALk, 930 DIE—RFNES . SP-300 I E BT HKBHIRER 217
X (NTA, Zetaview, Particle Metrix) k1%

SRS, AT T SP-AKP HFHM KRS, aE 2.13 Fin. SERAE KRR
EARERE, MIRMGIRE R SP-AKP A MRS 7 HEf, SP-AKP JURBIKIE
SERA S HRESMERE T, S MRS S R WS T 857 h
W R G— R MOPTERE 0B 1ES 4. EEERRARMBEEERN SP-
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F2&E HFELISA BRMREFENEE

AKP {5 BHMOCHIREORERE L, @4 SP-AKP MR CERNERM) 1, &4
SP-AKP #K Bikiuk FR4EIZE 14 pL W+, 3 025 mM &Y 4-MUP =4 T 25
) 4-MU 559640 AT LIZE 6 4040 posit B EGs) (B 2.14 (D . B2, F
AOER (T THE HUBRAE , A AKP 40 BDAE7E — B PO HL AR A7 A2 B YR FE 0 4-MU,
R v AR TR B A RS (2,14 (d) i)

(a) © s srakp <
' : ° »  Free AKP =
& 25 : ‘va
% N
X
2 4
g 0
2151
2
£ 10

0 100 200 300 400 500 600

Time (s}
(b} 36 “@
;\ o SP-300|

40 100 1000 10600
Size(nmy)

B214 () =&E, B8 CCEE FiEH# AKP 34 EES SP-300 . (b) EiifE
MR E R AKP FEXHTIHE AKP BiEHE. () F0kt SP-300 4KFURLAT SP-
AKP R DLS R~ 6. (4) BT (D 8 AKP (=010 R (i) SP-AKP (=
0.05) WIFKER. A BEEERTHE, SMBRITE SP-AKP JRFRL. FHER (D
i FRFABENEAER, AEHLRTRETHY HERE.

Figure 2.14 (a) Schematic diagram showing the covalent immobilization of AKP into SP-300
by CCEE process. (b) Activity of immobilized AKP relative to free AKP measured by
catalysis kinetics. (c) The corresponding DLS size distributions of particles SP-300
nanoparticles and SP-AKP. (d) Fluorescence images of (i) free AKP (A = 0.1) and (ii) SP-AKP
(A =0.05) in droplet. A: average SP-AKP nanoparticles per droplet via theoretical
calculation. The inset image is a larger image of local position in (d)ii, and red arrows

indicate the diffusion paths in droplets.
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ETHRERARNE T ELISA BT

ART, B 2.14 (d) i MEERE T I8 A TR ERE BT #EH
FIAT B SO 0 1 BR . X R R A TR T 4-MU B — Mgk, R
7E VL ) Y B0 SN 2 1] R 2 (85 0 4 T 1A T et S 48 o AR A 7K AR
B R, AR BB . — BRI BeE R R T B AL
R, T ERHE T SRR S BR SR (SNR), ELKH7
R AR, SRR RAER . XS T B IRE R EEE TR
ME R, XTI A 7R M e R ee 7, JHw EBF, B
T A5 e By B E E R T U R A A (5. 58— AKP 57T
ML, REFERANEEERAEELMERRN SP-AKP EE4%E 1 il
8], 38 T EMTHET & BT SRR AT, (BRI IE
H MUY SR AT 2. Bk, T Akt MR R 2 18] 1 5% 0 9 B R K 813 X
RIAEE. XA EEERGT BHE T —EHITHANH.

185 Fl SP-AKP REINESIFEINT, 45 BURORR 5 B TR . fRIFIRHY
WEARL, BT SP-AKP HIWKERIURFIRNMRHEN SP-AKP K43

( Average number of beads per droplet, ABD). SEH R E T AR HI SP-AKP K EH
B, 0% 2.3 R, SANE=AFATRE, RIE S EES 5000-20000 4. 1R
FEVRA B, TEX SRR T, KRV WL SP-AKP, > &E7&—> SP-
AKP, FE LA LUE A 5 EATERIE AP R BLR H 506, AR 01 F5K
RIE SP-AKP B T. B4t /1 FSHE, REBPRIGHERAXNTER

ZSERRHT Lo

% 2.3 AFERREK SP-AKP BRXR A (BWER D=30 pm)
Table 2.3 Different concentrations of SP-AKP and the corresponding A (D=30 pm).

SP-AKP Concentration(pg/mL) Iy

1 1.4x10-2 0.1

2 7.0x10-3 0.05
3 2.8x10-3 0.02
4 7.0x10-3 0.005
5 2.8x10-4 0.002
6 1.4x10-4 | 0.001
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H2E HFELISA BEHARETFEHAE

 ADOSE

B 2.15 SP-AKP 7£ 2=0.1. 0.05. 0.02. 0.005. 0.002. 0.001 KfHI¥PZILFENRESEE.
Figure 2.15 Digital fluorescent signal images of SP-AKP at A~0.1, 0.05, 0.02, 0.005, 0.002,
0.001.

WAL — &FIK SP-AKP IREHE, 4=0.1, 0.05, 0.02, 0.005, 0.002, 0.001,
G BIMEATATEE. 4 BB TFHTDEEGME 215 i, SibRmaig
A 10000-30000 4. 4t T & MREFGTHEEN 01 5 5HEANE, BEER
DHERAN, TTEBRLF .

0.14 -
012 A
.
0104 o, -
4 o oo s-«wa?%cm s s ///*

0.08 4 / p
:—2 0.06 - ) - ¥ = 1.0984x-0.0003
o , / R =0.9847

0044 ./ e

o P . e

oo &

000§ B2 0.04 0.06 0.08 0.10

A

B 2.16 it 5%k A RKXABE

Figure 2.16 Relation curve of theoretical A and actual A.

B 2.16 NSEhR A FIES L (X RS, EV—EMREXR. LRRHAZX
¥ ELISA ¥ 5F & 5t SP-AKP {55 75k B 7o KAl FR 2979 300 aM, CV £ 30%
EA, WNVEERERE 3 MER.
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ETRIRIER AT ELISA TR

2.4 KENE

3 #5 ELISA Sfifa it A 72 5 A B in S I S b R R E B AR A,
GRS R T AR IREN S B L BTN BOR ) R R A AT
WAL FIR 5 KRG SVMHD M B MENEILTRF &, WETHF ELISA BRI
BTG, STEAERIFNEEY, EEREER. WEMRN. 2
KRR T BT AR K B8 BRI A BTN AR 58 SVMHD, fE XS
¢,@ﬁﬁﬂ%ﬂ%%ﬁﬁ%%%ﬁﬁ%ﬁﬁﬁ%,%Ei%%ﬁéﬁﬁﬁﬁﬁ
FES, ETHUMAMRGES. [N, BTFATERSES, ZRBTLUER
TEAEA B TV O MR 0 A Se Bl . iR SRS ME— A B B I In— MBS K&
25, AN, RS T UHIMRRRLTHENRE, BE T AZHREERE
MgREG A NTEE. 2T%TE, ERRESHAERTH—RENRE, 7
SR AERSR .. RTH#ATIR, BRI T HRE M AERGEE, BRIUKAE 1:
1 IBA LR RTHS— e, REX BRI BB IR T T, KM
B S N AR AR T 62 F S E TR (A1 8, MR A B RO H) 3, SER
ERATEET E aM RBI RN TR, B CV &k 30%, Afyd—DSul.
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£3E ETRHSUFESINET ELISA fiESH

2318 ETHRSHEIINNT ELISA ROREGH

3.1 B|8&

LR ER R, FREHE AR R RERE, 3 A RA%ER
TSR A R L. R TR RO R A R, A
BB (TR T ) P S SR AR B AL P T Y
VW) R, SR, SRH (SNR) (FELE SIS i E 5 S s
SIRBEZ H) B R M AL

BR, F—SRENEATRNSEREEWED, MIBKEEST (%
HE, -FEETED MRS IR, TR A WA RNESH, 2
e 1 PO B AR AR B . RO (R — s R IR, S i
o T4 B AR T I 52 SR LU RS BSSOZE B K O R IR, BT YO
RS R A TE— . FTARES SR AR, #SBREN BRI, =S
B R .

= PR RO T LGSR BRI TR O (1) ZEXEBuE
PERERE T (2) FREME LA P A 7E R S A2 T A BV SRR
MEH, (3) UTREEET, B EEE A TRWE R, RS
S|SB SRR . AT, QIR L TSR MO RS — A
R R R B R S R e (S R B E B R A A4
(—ABK, B F FTAR AT 10 1 E B R T  Hrl sl 3 A 0 R
s, AT, SRS MR MEAE SEUR FIAR 2 18 B 2 BOAR EL A Fi DA R IR
R SRR «

AT SRS T A BRI ("1 ) 1 A O B U (10" 15 B LA
S XS I, DU — BT 9T LN ST A LR B LB SR B P T 7K
ALK (WO/W) SRR . B TRFREREES, T UERRE
2 BN, AT, PSS N R R BRI T R R
PR I T P DS A B R M, B PR AT B S MR 2
WU DA 4T 0 A BOE R 196 95, 991, (i 3 R R B A L M 77 VR
= 578 e R A 9 P R 0 42 45 FO SR A W 40
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ETHiERARNE T ELISA BA

SRARYUX— . 7EXLER A, KA A E R BB ERE T R E A
S2 et SR LI TR LT B LE AN DS 100104, (BRI TR S BE AR D,
B4 T s Be it AR ME B T BEIR 2 B 5% (YA R (R AN SR AN PR 45
SR R RN &N, S BURE T B, REA TR ES . Labanich
% )R TIE T THIL, WORIEAZE RO, BB 25 B T DA E SRR
TSI T RE M S E R, (AR R AAE SR B & AR S P
& Eul A S B & BB S HEFUAEAE DU JLANER A ) SR R 51 B 2R R A
St 2, FWAREESREEREMRERRE: i) dTERRAFEERNNE
R —ANEZRNTRE, T L TRE BN RER I & BRI iE R R Z 2R,
FEENE, XEFNREEMER, HHELAER (PFOA) MERFIRRE
(PFOS), HE, FHBETEMNNREAF®, BIFTUECEAREANTEZY
FREMAR PR . EMNSEKTFEZEEEERRRFEE 2006 FE31 7 —
Tk, PO Ty AER=008, FHk, WS, milE. BHERiErT
SEREA R — MERAIBER.

AT LS ELISA B4, SHEINEREAERNE A MBS,
AEFFE T —HIRE S BE A ET ELISA HURES R, S4RG8BES
TR Bk T AR AR 2 (B 2% e 4 F 9 8, B T B F sl & B s 54,
mE 3.1 firk. ERNOEFRN RS+, T RB RSB/ AREFUMRY 4-
MUP {5 KK, B M B LA FREAER 30 um (27 14 pLD KIHE
KR . SRS, BOE A R N, SRR B A AT SR R AR . B Rl
RoM/ AR SN EER/ N T RBENEE, 8MNRETREEE — AR A
GEEAY. BAREH/ REEEYTE 14 pL R ] DUREE LK) 4-MUP
FerE RS IITE e F 4-FR BT (4-MU), BE SR L BMERNE HIk,
RAVERBEFE TR HER TRH 28RS (DIA) LT DIA K,
ERT RSB, NIRRT BRI EEESME RN R T 8RR R5ET
BRI, RS T 58 640 F7 DIA AL S ERR B R FE S 1 3 Bl =
LA DIA BI%FRriEge.
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F38 ETRESEEESIRET ELISA fRESH

B 31 HFERAURGETRE EZ‘L DIA Eﬁéﬁﬁﬂ'ﬁﬁ?ﬁ“ﬁﬁP KR

Figure 3.1 Illustration of digital detection and performance of preventing fluorophore
diffusion in DIA.

32 RIS BEE

BUE, 4T3 fatiem b2 e : BROLERIFEY A Tis
EUARERRETE, ATLHREEERIANSEO, £—%, BRATE
K-SR # B HBE, A TEREREEARBEZ M. $=, 4
FE AR AR RS . RS, fENBIS, AT ERERARA
B2 A, EEEIFE. E40E, MRTRREEEKIRES TES
MREEENSE. AR, BENEENER, BIELAEHS TRARES R
008, s, SATAMET M B R A LR T ER Y (R, B
—, BRI BT B =55). % T RN B X S 8RB R
AT T 300640 T4 BRI

4T E LR L, , OB KR TF RO, REMIISIBERPETRAP = KD/lq, K
D RBEHET MAR, K = 2/ FHEBABEZ ANARRY. ERAT
AR, BRREEA S Bk, TTRGEFRASE, WHT L
B Rk AR AR L, TRA T T MR A BURE A, RS = d/2r
(EEMFR) 7 M-I 07 1 E BT, AT R T

a &
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ETHRZEHEARMEF ELISA TIA

/;3“§ ,;M‘K{‘

b 1 000 Frrrrrrruri TTTT TTTT1 TITTiT1T 1T TTT TrirrvrIrrIT TTTTTTTTT T I T T 1T 1T7TT I:
d LR T T T 3

- 167 ]

- 1 -

L 10 .

- -~ a _

100 3 ~ 10 3
c o .

L ;». 1 -

i ~10 i

X 10k 10 .
R - 107 3 2 . 7 I =
: 107 107 w0 10" w0 107]
L 8 _ i .

}- [ ]

T ||||||I|
Lo seud

JIIIIII|I§II|IlIIlIIIIIIIII||III||II|IIIIIIIIIIIlllllll;!ll
RV SRS W U S W S WS - S

3]
E32 FEER. () HAREZABRNREE. BRERE LA NSREEE. (b
FE3 B AR 4 R A MO I BRAT BB R . BB PR MR 6= 1. JF
SFRERER, TR K aBREEN-12, N TRABRIREREN1 6
©). EXBBRFEERNS — 1~2/n2. XXLBERKBBEHEP~n?/4 x KD/ H .
Figure 3.2 Permeability model. (a) Sketch of the membrane between two droplets. The
droplets are considered as cylinders in the height. (b) Permeability of the oil membrane
separating two droplets in a diffusion limited model. The permeability P diverges for
touching droplets & = 1. The asympotic scaling shows a -1/2 power law exponent for
touching droplets and a -1 exponent for sparse droplets (8 — o). The crossover is obtained

for & — 1~2/m?. The typical values for the permeability at the crossover is given by
P~m*/4x KD/r. ‘
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F38 ETHRHSEESINET ELISA BiRESH

FEREE—IE, BATANIRIEZ A BT (R — AMSE M. =g, W
TR AN ER I (B 32). BERPRRNA:
| - P=KD/l,, (3-1)
Hof, 1, W2 SRR, WL, K TR 2 A M BN, 8L, >
d.— 2r. WEJUTZHWIE, L,5X

1 1 f”d 1
— T — y
’ leq 2r )y d, — 212 — y?

o Va2
SRR IE . A& E’Jﬁ-ﬂﬁ‘f?ﬁr, BRI~ EREERRE = y/r.
ANLENEFES =d./2r, HFH
2r _ (* dé
%_L6—1—ﬁ

AT RERS, BAVEM—NRENRE, 5IAE =cosb.

dé = —sin@do
{=0 0 =mn/2
(=10=0

R ik

do

2r f" —sinf
n/26 —Vsin? 6
HT6 €[0,m/2], Vsin28 = sin6

Zr_J’”/2 sin
), 68-—sin6

leg

do

leg

f”/26+sin¢9—6d‘9
0

6 —sinf

m/2 Ky /2
= f —df — do
0

6 —siné 0
/2 Y
=fo 6—sin6de—n/2
PAEBRMNBABRAZE: t=tan(6/2)
A4
in 6 = 2t
SO = ot+1
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ETHMAEHANET ELISA A

2dt
t2+1
8 =0et=0

dg =

b=n/2eot=1

m/2  5d6 1 25dt 1
fo 5—sin9=f0 T+l _2+1
. 2t
1 26dt
=f0 o(t?+1) -2t

__fl 2dt
2+ 1-2t/6

FEH:

_(* 2dt
- fo (t—1/8)2+ (1~ 1/8)?
BT B = (t - 1/8)/J/1-1/6%

dt 6+1 du
f DT mf REES

-1

_ 5+1
= ————/[arctanu] 2]

J1—1/62 =

O Oy

i

g ERATR, PRRIERA:

,_kp_kp( m 1 N LT SR S | RS
_E—T -1 ——_\/1_—_1/_67 arctan |=—— arcan\/gz____1 (3-2)
HFarctan(a) + arctan(b) = arctan((a + b)/(1 — ab)), TATAPHRER

fafb -

,_kp_kp( n 8 L [5=1 Go3)
e r\ & emog At

FRER, PREEMRESZRATMRE. AWE L, RITEPHIREN
BH—MRIRE, FASEREEEE LN, MR RNR/NESEEE 1T
HEE. FERAF RN TUTEUS, WMERNRBREHEEEA. R, ERE
BIR, LS XA, PRILHIA

KD =
P~——— (5 - 1)V2, §~1 " (3-4
- 2\/_( )™ ( )
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$£3E ETHRESEEFMNEF ELISA MAESH

MR, XTERHIMEE, HhFlh

KD1
T s —1)1. S~ : —
P - 2(5 1)1, 6~ (3-5)

5 — 11 K (5 WL/ 24 10 LB, SBA R BT 535 0.5 MBS0 T
3 b T ST R 5 Y

3.3 tREi .

AT G ERTOCEEY BTN R, AR T —Fhfa] B H VR Fe B R
I, DRSS ER B, AN TAERRENT: AWHANE 2
KA TS A BIE /2518 30 kpa A1 28 kpa. 72K AR HIRE
4% %% 0.28 pL/min F1 0.30 pL/min. 7E ik, |8 330 N EEA 30 pm (CV<3%)
BB BB B A BT RESHERER, RBRATEHRRESIX S,
BRAVEGIX NS ERFIMES 674449 “droplets isolated array” DIA (B 3.3 a). DIA %%
BHPIMSER, — o RBARSINEE, 5o REE LA T RERE
MEREERES (B33b). BE /MM, 7T UFREER A SR T L
TN RF-FrEAR . SRR DIA, A 1R R E R T RV e vl 598
BRI A TR UhE, VAR BRAEAT, TERFSMUTEE (B33 (o) i) H
SEFFRKLAR, A PR A RE LR, REKHESEEET 77 HRREK
ERIKEEER, BB . shad, R SIS HIREUN, BE—RRIT (B
33 (¢) D). EERITEFEANITE DIA MW IHRRRANEHER. FH
R B S A TIRAT DIA 55 7T BURE Hh SO R R SRR R T TR A )
#. MH, DIA &HSHIESERET IE, FviEse, RIRMREEg
FF. $t5h, DIA 5B FHol i taarwiae. MECRERBIINRA, BB A
B BB SRS ARG, TR E e RS E. MESKRES
FE, MEERIEANBRT, BErEEfEAm, BESWRE, ERHEE
FEWREwY], TUEEFEMH (B33 (o iii).
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HFMAEHEANEF ELISA A

@ ] Storage (b) _Chamber Layer PDMS |

Water Inlet:

Dropiets hannel Layer Slide

lets Separated

E 33 DIAEEBENFEE. () SHEKNTFEE. (b) DIA £ 3D EE. () TER
BHaEE, 85 () ZHARBERETRET G Z1E%s), KREKI5 SKHER

FITHENAE Gi) WRER. EEAZEHEE, TEAMRE.

Figure 3.3 The Schematic diagram of DIA device. (a) Plan view of the Chip. (b) 3D
stereogram of the DIA structure. (¢) Microscopic images of the workflow including (i)
Confined droplets are flattened in the flow channels (ii) Stop flow, surface tension guides
water droplets to trap and disperse under the array (iii) droplet recovery. The upper is a

vertical section and the lower is a top view.

3.3.1 XBESHEEIT

ST R SRR M IR, AU B 0 LT B RO T A
£ 5 H A TARIT, WEHER (donamper)s BEBE Rengmper)~ BIEHEE
Chopmer)~ FETEIEIEE () 25 (3.0 MWUERENET ) Acngmmmer BN TR
B (dgrop)s UMEERMHBES EAMER. L8RS, N7 EE E
EWHESE R, RAZERRNADREFISRHRRE. Bt BTREE
PRI S TR EE Y, FTAdgrop MAZTX2hchannnets Penamper BEAT B
ST dyy, DUEHOEE BB RS EIREIR . RIEEDHT ) Aenanmne K T 1R
B, NIRRT E R R, s BOTRBRELA A AN, T SeHAE B HY
FoHE. BEE— TR, SR OESREER L AT 128, s
TR IR A Bt KR P
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E£3E ETHRSBEEFIHET ELISA HRiESH

B34 (a) %ﬂ?’ﬁ%ﬁﬂlﬁlw&ﬁ%ﬁ%‘&ﬁ?ﬁa (b) DIA B BHHNBHME.

Figure 3.4 (a) Device design parameters for efficient droplet trapping and recovery. (b)

microscopic image of the isolated droplets in DIA.

R ERERATENSES = d./2rfENEE, BENRE SENS 7L

T EAR R LNV B O AL TE AR B MR OO AR R R 22, BN G 98

R R AR 3.5 (a) FTR, AT RIEHEE A AR RIA BB R A RS #

HERBE/ME, EEFRFEEAHMEHZTAWBE 3.5 (b), NTKxSdgrep LA 1%
M 1.25.

@)

B35 () SHERAARRIRE. (b) XTXRTFREKIFERME

Figure 3.5 (a) Schematic diagram of chip area utilisation. (b) Crossover point to find optimal

35

value of droplet spacing
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EFRREE AT ELISA B A

3.4 SRR

3.4.1 SEHMRIFILER

£ 31 ERMHENRREIIR

Table3.1 List of materials and apparatus

PR B IR

CINE

BRER
SU-8 3025 JBZIME
T FEREE ST PDMS Sylgard 184

SUS E¥# (PGMEA).
1H,1H2H 2 H- & R EHE =8k

MCL HF#%
Micro Chem, JIE&X

Dow Corning, =H

Sigma Aldrich, &E

KRR, LEAE. 2B SRR igmigib EEFIERA R
R LB 2 ol STS, ¥*H
Bl MAG Karl Suss, #&H

B Olympus
= EERENBRERAT
- EESE EERENBERAR
SETREN B ENRREERAT
FREBAX ERBEITETFERIELT
EEEER TR B |
CCD Retiga R1, Qimaging, Surrey, Canada
LED 4T MCWHLS-C1, Thorlabs, Newton, USA

342 HEREAHTIE

REWMARBEAFEEL2ETHERNMEBE FIMAS (Microelectro
Mechanical Systems, MEMS) #{{E TZH PDMS BZIMMEA . iz e
FRENFIANEE: kA HEEHZH PDMS & #l%&. HF PDMS GHEIETE
Rl E—&NEHEE R, XERAEER. HTAZEWNHMRIESH BERNEEM,
AN R EERE, RITEHA TEANBETEZMTZE 3.6, 24T

52



#3138 HETREBEESHNET ELISA fRESH

LC100A

=P =N d AR

o
5
5
s
S
kD
&

R ZRICHY TREE

3.6 BEAEAHERE

Figure 3.6 The process of silicon wafer mold fabrication

LIBVERE A : BREATNTELRAET, BINETRELA 5:1 B9 98%IREIAR AN 30%
TEMSIRSER, MHE] 120°C. B¥k 10min J5, HEEFEHE, EETKERE
3i8. RAEARRRTRELRFORER, FET 180°CHMR LR 20 min, EREAH
=&ETHR, BEARMIIRE. HERERNEF BT AEMERTRRERK 2
um EMHE

2EMESE— B mAEEEZI (LC100A), FRRIERF LIk 1.4
um EHIVEZIEE . 120°CRIHE 90 s 5, B 9s, BR45s, HARMUETH, AT
J& 135°CHEHt 30 min. H—BEEMHIETERK.

3BEREM: REAEMELEEREE 2 um), HERMAREERBRA 35°CE
EE A TR B 12 min, S EBTKEEREF, BFALHAT.

4IBERR B RNE 98%IRERRAN 30% L AN AIR S RIELEET,
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ETFHREREARNET ELISA IR

VEVE 10min, BE—BENZIRIELE. RSB, AEETKMEERN,

- AFHRAT

SEWEE B F AR EERALKE 4 RS 2.4 um / LC100A
SeZIBE. 120°CRIBE 90 s &, 5-SMEEREIERY, B 45s, HKMHL
$@ FATFJE 135°CHIME 30 min. 25— E %I B HIfESE AL

R T AL R A BOR R BB T 2R, DOtz
ﬁ%%%%%ﬁ%hﬁ%%%ﬁﬁ?%@mmmﬁﬁﬁﬂh%ﬂﬁ%%?%o
7R, BEERECERNER, —ENEEEREH. UoAK
REAEFE, BECENMEEFEA T T LS 8 pm, T ZEEERIRS
MRE TR, EREATFRERSETZIE, B 30 pm 10 pm FMEE
B .

3.43 AFIECH

REERII TR B

LIS FI R E (-COOH) WHERE ZEmizk, £31d EDC/NHS J&ft, 5 CEA
BRNANEERERE RN, SOMIENTIR BN RESERNT:

LREEREYE: 72 1.5 mL B0 H, 5L 10 pL BERER (REEHMHBO, N
\E 90 uL [ PBS H, BRMIKIT H RN LR RS . RJEU 6000 rpm K
ZAEBE L 5.5 min, BEFER. AEOEFIMNA 100 uL PBS ESHR, 44E
DERE, REESE 80 uL #J PBS/SPH H . "

2 Wik EA. FIF PBS/SPH BWE T kBB 4] 10 mg/mL ) EDC (1-3-=
G ERE)-3-Z 8 - WAL ) A NHS (N-REFFHBTK) HR. XM
YRR ENRIA, DENTBAEINEEE. S 10 uL IAZHES T FH#ZE
=T, mixefcomfort @y (25°C. 1h. 300rpm), 4F% 20min B IRRED 55
ERESE (BFEHERITE). BEEERESE 1 FHELRIE, TWE LEBEHE
BBk E B 7E 100 uL K PBS H.

3 REHRABEE: 3% 30 pg CEA WIRPUAIIAZIEEE 20 MBEREWT, WITE
4J. mixer comfort J# & (37°C. 4h. 300rpm) 7E 37°CHIZMHFTREGIHEEL 4 /b
. WEEESSE 1 PREORE, ZRIEE, BRERSSHIRETE.

AREBRE . T GRG0t A RN B 14 F IO AR R R, 3K
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F£3E ETHRESHEFNES ELISA BiRESH

BRI UEAATE . F5 3) BRI, A 100 uL 10%M BSA ¥
W, EETEERNE. %F%@%F‘%BSA B, FHBREERERLE 100 pL PBS
d, 4CTFHRBREM.

3.5 #HR5TE
351 -XESHMML

7 FENE S A TR EEMNERM b, W FEEA 30pum KEH, 1
DLER T B d namper~ henamper s X= 580 RERpannne & — M ABER R,
E AT ZSEHT T HERER, BEhohanmna IUHE. ER=1RA
KA panmner ] DIA T4 T ratEse. MRESESE (GREBZHETHD.
BHNE CRIRRIVRRAEX T4 R K S RFE N E 2 D FREEER (mkEE
W HRTE R B 4 b BARIESTE4H>1000 MEZ KON REME . LR RNE
3.7 FIFE 32 i, Bhnannne = 25 umbt, WHHHI SRS, AMEE
WO%LELBEE, HERIRHSHERERZZE, AEEREFHIEE 3.(a)
FAAEY), XESTEARNTLT SEER, REAFW0"&"1"HHAHE. =
Rnannmer = 15 um, VRS 4513 HLEFE, SAE RS SR EKKER
XAE—ERE LR T BEE . BRI Monanme BT A RIERHE HHREZ
2| 100%, {E7EEWRIERS, BBAMBBAERE, BLIBMTEHE, FRTHE
W, H—HHEBETHAREMNH. Bhmannne = 20 umif, BHHIES, B
AT DA B TR, BI W] BASEHL 100% A0 IR R ABHER . BIAE 15 F KK,
(B BAAEEL BRI . FTUSHTFERN 30 um KB, Bl hchannne = 20 pm
ANBRESH

# 3.2 DIA BAERERIEIT AR Rbmnnaff DIA S4BT

Table 3.2 Performance metrics of the DIA device with different R pannner

hchannel(pm) Droplet Cover (%) Capture Efficiency (%) Droplet Recovery (%)

25 89.4 96.7 100
20 82.6 100 100
15 76.3 100 929
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ETRHREHARKET ELISA B 7

channel=25 pm

channel=15 pm

B 3.7 Ehopanmne 3 HETF 25 um (a, by 20 pm (e, d) F15pm (e, £ B, EHH
BEBRAKEBEANEHUER, () ?ﬂﬁ@ﬁﬁf@@ﬂﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁ&ﬂiz
M. HEHIR=100 pm

Figure 3.7 Microscopic images of droplet capture and recovery when R pgnnner is equal to
25 pm (a, b), 20 pm (c, d) and 15 pm (e, f), respectively. The part surrounded by the red
circle in (a) indicates a droplet trapped between the chambers. Scale bar = 100 pm

FEM, T HEAZR 30 um K, B DA RRSERRAE, RATRIR
dchamber = 25 um- henamper = 30 pm- x = 37.5 umAAcpannne = 20 umBJLA
TR R B B R 0 B e 3. SRR 4 0 1000 g
200%200 pm? X AR ER AL, BB R DIA 284 200200 pm® A
14 27 MR . B, FTEEIR DIA A E—NRF 300 F7 2 KA HEARA LA
BT IR 8 A 5200 MU REFITEE LA 41,600 MBI LA A SEPLBR 52 2 [FI
FERATH 5 WML LR, 5 34364 ANBURTE 2 7051 P 4 A 4 SR 31,0
BER (HBEEFHH) &k 82.6£1.4%. |
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F38E ETRESEEESIRHT ELISA MfESH

352 RESHBESIX R HEIRNG
(a) Droplets isolated Array Non-isolated Droplets Array {b) Droplets isolated Array Non-isolated Droplets Array

.

—
(1)
-

3500

o Droplets Iscolated Array 1

?F‘) 3000 4 Non-isolated Droplets Arra

g d

Ezsoo /

@

g 2000

&

© 1500

o o

5 1000 A

= o

L 500 {p—o— —
14 1 7 y ¥ y T T

500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000 0 5 10 15 20 25 36

Fluorescent intensity . Fluorescent intensity Time (min)

B38 (a) 7£ DIA MEMIES BERBRESF, FERE t=0 3. 6+ 30 Z36hif, HH

RHRBEEFTE. RERTABHNERBHLA. (b) 7E DIA FIEMRES ERHEFES

Hr, ZERFIE t=0. 3. 6. 30 FEFETBMAIIEER. () 7E DIA MEMIED BRHRES]
B, BRI o 9RO R B Y e B R 3R AL

Figure 3.8 (a) The histograms of fluorescence intensity from the droplets at time t =0, 3, 6,
30 min in DIA and in conventional non-isolated droplets array. Yellow lines indicate the
boundaries of negative and positive droplets. (b) Fluorescent images of droplets at time t =0,
3, 6,30 min in DIA and in conventional non-isolated droplets array. (c) The change of peak
value of fluorescence intensity in negative di‘oplets over time in DIA and conventional non-

isolated droplets array.

TRIEASCHR H MV 7 B8 1 vH5RRE, (A DIA E A IHEERE AT LIERR
Je4F 4-MU M IEVR TS B ORISR L. & 3.8 B8 T 72 DIA 22 B FMH M AR
BRBHEET, TR A M BE R | B R T B RS R .
¥ 4.75 fM SP-AKP 45K BURIFIEY) 4-MUP 1EATEMUKH, BT +FRELME
2 min A IR 8E] 14 pL B4R 30 pm KB EORRE , GEFE MR 5 PR
WETELBIZ1 0 1:50. SRJE TR o R S BB M RE PR 3R, i 3R AT
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E T s H A3 ELISA BT

TR A R AR A B (RO 3R 20 0 2450, B 3. () ARIERTHE
DIA FIEHAES B R, AR t=0. 3. 6 F130 Zr4hET, VBRI IEHR
BETE. SEET/NERE T BB B R SR R
EF RGBS, 75 t=0min i, FIMEREHE T EESERIER S, ROMH%
B R A i . 78 t=3min A1 6 min B, DIA &R RIHIERREIE)L
EARBE, [BRH MRS A PO E - EaaBE, BE2lus
BSR4 ES . XEYIREE N FHIRIE, 528 MR Y B S5
SRR TS SRR, FL TR T B B EE AR, BRE
DIA & A, W2 A BEBS e Ay K, #ETT 906 T M3 S 2ot m
T. 7E30 M4R, DIA FOUREME T EHI T RMIER, SZHMEAX
Hofy, 75 3ERE BV A oh, [ R VR R B T (0 e 52 2 TR 4) « 44, DIA
5 T A SRR T AR R RN, 3 ELAT LUK AL AT B A 1
ABIEK TR 30 4, RERERYHLARBHNTEST, TBAKIRER
Bt BEAFEKEANENBEREEZEET S LhEEESNEREINS.

4h, B 3.8 (b) BRTEARNBEHILERL, ERSHEBFRT, £1=0
SR — A ERERA N R AE. EEEBNR, £ DIA F, HERE
H ) 4-MU B35 8458 B IR Cu T 7E 30 434 R 3840 A 2R, TR 1%
G JERB B VIR T BOREANAE 3 e AR R, X5/ 3.8 (2) FHR
MR —F. AT H—SERMEML DIA SHMHE, RATYE RSN E
FEHTTELNS, HRET ARHES RN AKRREEE. B 38 (©
S DIA AR EEEEER /N, T8 M B R B3 B B M 7E
30 SMEhp R, Tii— R, DIA TLERTOLEMY 8, ANfEET
BER R AEE S . 7€ DIA &, 7E 30 min A B BT B, XRUET
T SP-AKP Befifh B G BB SR, T ELARE T A4 RAGER LR AT R
S

3.5.3 TkRIR&BEIRERIEN

i FETR, TFRATFTHAE R AEE, DIA 358 7 DA St BRI S
BrR, [FbEA1EA DIA 3B RIFRIEAETF ELISA A 4Tk, 1EA8E
I8HE, LA SP-AKP B@—%iﬂi&@zwb.l\ 0.05. 0.02. 0.005. 0.002. 0.001, %
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$£3E ETHRESERESNET ELISA i A

NP IEFAERE+ SP-AKP Gk B 5L B )EA%T ELISA MBI #EAT 4%
HH, BB R TATRE. BN R S 3 min JRIEHEL) 20 %
WRER, E3.9 () FrRNBR T EULEC 30000 AMEA . B SP-AKP IKEE
RISEHN, SRR ER S, HTFEASMEA U ER SP-AKP ZUKR 77— MR
¥ EP.H@%T%%%IE A<0.1 BFEAT AT, FKEE S = (FHIERRED
£ SUA—A SP-AKP GUKKLTF  BAIGEH T AN IR BE T 60 B A8 A1 P Ak Y80
W&, HETHREIHTERRILR L. WA 3Db FiR, LB ) SERERER
RIFHIIEA S R(IRIE NTA MEZR), RARBTHMEBTENRARE,
LIS EMR T EIRE, [ERE MK R2IAE 0.9908. HA, 4RER, #E 30
F7E, SP-AKP FUFMERIR H RN 309 aM (A=1.32x10%), CV 4159 10%

(B 3.9¢), SP-AKP Ml R REE & E & T 154 ELISA &%, Bk, BT DIA
3 B R B RSr B AN SP-AKP M HuEELL, 4350178 Bl T 5ot 0 T ERiE
(] f ™ B R 48 SE AR I B 1], BT DATE B2 Ao e 31 b T SE TR R e A= ks
WF&.

(@) e

A =
g

ik
=3
R

Experimental

b
-
&

¥=1,018x-0.0971 e
R%=0.9908 /

//’/ Background + 380
&

10 102
Theoratical A

10

A
» 2
3

1 y=1.019%-2.5132
R?=0.9908

Experimental
3

&

Background + 38D

T
SP-AKP{M)

B 3.9 SP-AKP H¥tFit#. (a) SP-AKP HFREMFIEEK, HK2r=01. 0.05.
0.02. 0.005, 0.002 F10.0001. (bAlc) LU A XA (b) B SP-AKPIRE (o). RE
BRI RERIERE. CRRRYT RSN EFRIHE0 3 6% sD.
Figure 3.9 Digital counting of SP-AKP. (a) Fluorescence images of SP-AKP digital assays at A
= (.1, 0.05, 0.02, 0.005, 0.002 and 0.0001. (b and c) The experimental A versus theoretical A
(b) or SP-AKP concentration (c). Error bars are the standard deviations of three
independent measurements. The red line represents the background count plus 3 times SD of

the background count.
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EFHIEBAKET ELISA A

3.5.4 CEA B0

H TR F ELISA & 2SR E 8 R gut il zkm R 5887 (309
aM) KR E A EELEPUR (CEA, 478 180kDa) FIERBUSHTEF T
B

(b) green-fluorescence(beads)

(dy 10

s ot
£5
E® %
qy e e
5501, .* = 0.995
™o L

5

© 0.1 1 10

prepared concentration (pM)

B 3.10 CEAKM (a, b, o) RERME I FHNBEHE SFHRE CEA HEEZRA
MR B Y, SENEAREER. (O BTETRRNAENES
WEK CEA RESERRELRE.
Figure 3.10 Detection of CEA. (a,b,c) Bright-field, green- and blue-fluorescence images of

stored droplets containing anti-CEA-coated beads and substrate after a 3 min incubation
period following immunoassay. (d) Plot of the concentrations of CEA measured by the

droplet-based immunoassay vs the prepared concentration.

BRI S BT CEA )% R MR

1. 242 mL BOE S 0-1. 1-1. 25000 MS, Z#Hi-biotin B, 1
BEMATERBR, RNARE 1% E A PBST (0.05%MiE-20, 10mM
PBS, 1%EE ) AEH], SRR 400 uL FIER (RIKEINIGFE . . MS.
ZH. HUE) 37°CHERE R 1 h.

2. RBEREERIE RBEATHRA, % L3E, P PBST ZHHRYEH 6 K.
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£3E ETRESEETINET ELISA #fiRiEth

3. A% 1%BE AR PBST BRIZRKIES, FHK polyHRP 7 HIANAE R LA
Reh, R R AL 400 uL & 1988 1) PBST Jvhl, 37°CHER KU 1 h.

4 RRLEMEZRATRIRM, b0, FIFI PBST Smlled 5 %, R
172 25 uL PBST H.
5. 400 uL PBST ¥ 1 1k, EETF 7ul HEBMEHRRF, EFE.

6. BX 6 L FEMIFENWR S, MEHF AR |

B 3.10 SRR A AR A X RHLE, EVBFHGEXR. BRIMIE
JTYETE 6 et AR B B RIRE A 8 M (1.4 pg/mL). ZRE LT TH
#1 ELISA £ 100 pg/mL), EEREETEFTKFHF ELISA. 17109 U0 2 K2
BNMFRERENRBEZINENEZRNERHEENRS] . B, SRUET
A4 30,000 MBS, HAPEEFEL 2900 MR, AR AT E AR
JERTE T RIS IRE N 1 M GRIRAE N 89%). A5, THEAN LT
WY 8 fM ] CEA #4724 8.0 MR K (JRIERY 0.026% ). HNSR % X R
IR = HEATRIET LR, TR R4S HE PRt — P A, T TC RN 2 T5 VA A 1F
BEATAEATE TR, 18R 238 ARG U At 1] , 33X AR HE B2 7T LUAR 9 SEFR 78 B AT 1% .
HRTSH 6 M5 —Ht, CV I 5%ER, MNTEEERE 3 MEL.

36 KB

T B RSP e 2 A A 8, 5 SR BB ALT R . AT
M 4 T RE WO I SO, 0t T — PRV R B RS (DIA)ES &, ¥
R A 2 S o LS B % DIA T A — V2640 34000 /MR 3551 82.6%
MREE SR, BEREOERINE. 5EKNIERERMIEFIML, DIA &
BT HNATHYH, RS HEE IR A 1 S8 EEKE) 30 488, KKIR
BT EERIERST RANTRIEN, HRA%HEREMER. RS, Bl
Ho 5 2R RIEABE 6 min KRTURTAIR, B ABERORIUIRIAE] 309 aM, CEA f1
BEIIIRLA 8 I, CV 7 10%75 4, RINTEERES 3 MBS, BIFNHE
RS MW ER, MBI REN BT ELISA.
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E4E HFELISA AW IRELTRER

B4% WFELISA BANWTELER

41 51E

BEMAMTHANRE, FBHCEEAR 2 SRR 0 BIR A S
WRAEA R R TR KF S . HRIE George Whitesides I X, FRIERA
BB ERERCRR T BRSO R (107 F 10705 WAL
RGHIREATEA . 11125 R TR BIBOR RS, & i — 2 A
MRERLFANAL. L, BFRTKERNGED, Hbt SHHTEHHE
RO 435 A A ST B R RS 0 2 B F R TR O K
BRGNS AAE S, PR ORI A TR s & 7 A 2 KR . (1,
B, 4P 8 X8R5 A0 5 DL B AL TSk 58 3 3 e
S, B, BUERATEH R B EHA T B EREENAE,

B B R IR R R RS SENARMENEAHR. AT,
B 7E 1000 SEACRIRHIEBEE S (L FIR A MR RIS, REABORTRHO(E
RESHARSY, XEBERHTEARCWHARERIRR AT LRRE
(LOC) B & RS AHT REE (WTAS) $ROLT 28, SUFR ARG 5015
U | SERMBEEEEIEEL, RAWAAZHIEELE, THEKIEE
W 2 B & FA TR, DRSS A RS . IR
B RAMTANZR, RERER, BIEARREEE.

4.1.1 FARETMEZER

MEﬁEﬂEWMﬂﬁ%ﬂ%%ﬁﬁwéﬁiﬁﬂﬁ%EM&EJ“Hﬁi
rhishl {E PDMS it 4 B A LB e R o — PR O R . (T
BH—ANTERSRTUMEAARSHTEEN=SEMAM LTS — ML
BIBES, FURERRE MRS, DOMER BT E AR A
XTEE, I TR R 2 ZE IR B R o i R 32 2 PR 1

4.1.2 MK
%ﬁ%é%&@ﬁﬂﬁﬁfﬁmﬁﬁ%éwﬁﬁ&;%%M%ﬁﬁ,EMﬂ
CLRRERESE, o0 AR, BAIREBIRRIR . BT & E R
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ETHREREARNEF ELISAHR

e fho R IR RS (PDMS)I 0 12, B - FERALE (PDMS) 2—MARK
EHENE., BIFNEMHEENTEREIME, BEAAEMEEERAR, 7
HHAFHIRHET 0.1um KM, 2 BTSSR = P AR RO E
[(120.122] | y&2s PDMS FUEMAERMAEE T (40-70°C) BEATHAELN, ATCLA
R AER AT 5255 . PDMS WU 7% /R PEAE B 5 7 MERR BRI RIE,
HBNEEFAEERTE, AU S PDMS. KESEE i, fl&HAl
FiAsE, EmMAFE PDMS #IEMFE BIFR —F R RS HT K ke
BRI, &R AR Z A . S @EFtE, bR
Bk (7 B4 B ALK VR ) &5, (518 PDMS SUAHT 4SR5 = o & WG I
#lz —. {8 PDMS (5 B 20 MR BEER. MTIEK. REERD
fa. WMHEA. RHIKES R, 415 PDMS ZERRIEF R AL (EH 5
B PR

413 FAZBIEEERY

DERFAEFERFE (PMMA). RREAE (PC) MEREZME (PS) FHM
A [ HIE e YEARLZE R A BOAR T T 0 L F R I H B D R 3 K e B EATTAE T LR
KEENEEEBELE. BEFABAMLEAREURRFIRESH. 12K
WHEER—RERBEEY, FEBUETRE (Ty) FEETRITEEWL,
A1 5 X RS B H RIS RE . BT EREW T/EREMENEE AR
B RALIRAS BB R 2R R T RE E . BN B AT H (L3 st , B
BlHE#E 4 FERIR R R BEA . SRR S AR (RE BB L X PDMS
) MgH, HOEMEERE RIEA T, A REREEMESHIERE, B
BRI Fy. 124 125 Ze S e R R AT A B RIS R T B B A R
ERERvA FE EU26 1271 o 98 p U U2SIR s B0, BE R B g TE I 4 T 2B ]
FRRE. B TENESRES, S KIEEFMRARK. PUhxe
TEEEEIWVH R EMNA, FEXRERLEF— BRI, @ UREE
IR . (EREEEEER R EE R RSB RIRE SR T AT (MEER R AR
gy, BXTFREWAESREFR, ExTREEHFAEF.

g FATR, BOFERESS (PDMS) BRI A AR M iE $ E A
F A EE R A WA R . PDMS FIABHAE S & RSN, £% 55
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#4E HF ELISA S AW ITRRLGFER

BOATUR S A AR P . AT B4 P IRAT TR RS ELISA s
AR R MO ZI T 2. PDMS {5445 FI3EEE plasma ALIREEA TR,
(B PDMS MG BT EMTRER, REERAGEE, BE—5ts
S M RES TRAEZEPML, R RRARET BT R. AT,
B AV T AR RSMTAR, E, 54N, ERE —F T NEERA
AR THIERSYMRAEE . FHE RSN TEBY TR RE
MRB RN EREE, SR THE BLISA B4, SR OHNTERE
TR R A TR, XA AR SR T ER. SREEY R
() PDMS St i T L2200, FIB M B o B840 B 1 i35 o 7T LAY A B
SUCEE KRS AEE M . AZEIMRLERE. MEEEHTE,
R GERAR AL RS SRR AL LA T TSR PRI A 3T ELISA Mt AT
BIURE.

42 EEEMRIEIXIHLIEEE

SFFIRATRIBFE ELISA TR 33, 0 F 55 2 58 Bl B /K T B & R AR
FEBREER AN, FEMELE&FMBIKFRIO LT RERE, TERB LA
B RPN T BB L AT X TR T T R 5 A R AR 07

42.1 REIEMA

M4l (2) REEMARNESN O BuAREE

Figure 4.1 (a) Surface contact angle measuring instrument (b) Contact angle diagram
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ETFHITEE AT ELISA A

KT A EA R R RGAKRE, RAIVEMER KRUSS 06
il X EasyDrop, 2B ZFEIA . PDMS FNZ 5 M RVEZE N T4
RIHHT £ B TANE Yh R E M AN, SRMRE 4.1 Fiw:

*41 ERAMNREEMEA

Table 4.1 Surface contact angle of common materials

Py K Bhif Y SA
BhH (A 60-70 20-30
#hH (B 30-40 20-25

PDMS 112.7 475

PS 96.4 6.4
PMMA 65.3 23.6

TPX 100.2 28.6

PP 83.0 27.3

COP 100.0 22.0
PC (A) 88-95 20.0
PC (B) 85.0 10.0
PC (C) 110.0 70.0
PC (D) 54.4 232
PC (E) 91.6 18.9

X B 95 26

AR R 100.0 50.0

ME 41 TTUEH, KRSHEHRE B R LBSRMEUKE, Eik EAREK
157 B0 3% R 3 /K VB 2R B AR SR T RE |

422 BERREER

ATHEEWBEARMEEZREER, BIMEARKEHIOLEME, 7
BIXt L FhEIE . PDMS F1JURE A KEZ N THEE FAM M HEX %)GEE
T 10 FBROESE TR, NIRRT REESTT, SRR 42 6
. UZSENSE, H35. TPX M T EAAEN PC MEFREKIIOLE.
HUE PS #1 PC. RHEBEENREMBIRE BERE R A MEERL
Wk, XFhTTEE— R E DR T XE B R IR R,
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#4E WFEELISA SEMTREGER

F42 BEMERRKEE

Table 4.2 Fluorescence gray value of commonly used materials

X10 FAM X10 ROX

g = 4,707 29.64

BH 5.569 33.777

TPX 5.364 35.048

- 05%E PC . 22.707 189.023
1%2 PC 1Imm 23.082 ’ 91.74
1.5%% PC Imm 5.002 31.632

144R 29.736 101.996

144H 28.834 102.58
ML1010R 8.983 51.442

DL001 61.991 125.843
A/PC B1+F 10.232 56.423
PS 7.041 36.918

PC 9.336 53.987
1.5%% PC2mm 5.086 31.659
PS 535N 1.8mm 10.386 53.242
W AL 8.638 51.883

SP-1516 2mm 65.868 125.159
SP-3810 2mm 31.051 94711
AD-5503 2mm 12.832 55.481

B L7 5 ATk, GarBmT) BBk, ¥I5 5% PC 71 PS 1k
SHBRATHI AR

43 WREFIET ZHIFTELiERE

T 16 P b3 T ik, ERA AU LT A RURIE BT B 2 AP AR R A RIS
Hitkgz, HEGETRERRRBSBRAY REBERER S BMBERER L.
RIEHETROARE, BRES A EEEART A ERLREEE.

B 2N, WREE ALY, (ol B, AR, 1
BT, ERIERG AR, B RS TR R IR L S AR IR B B IR D A R A ARG
4. fitn, FTLAEISAE 80°C A 2.7 MPa HIE /1 T Ak & 30 738, RJSTE 110°C M
0.02 MPa HIFE /1 T A4 1 h bl PMMA BRSS9, ZE2 AT, Y

67



ETHRBHEARNES ELISA BT A

B R EBEEH RN EE . BT RS HERE R RE LA th#
REPEEREFNY, FRE B S RN (BREREEL oA 05,
PRIk & TR AT . FER RIS AR, BeWEE i AIBEM R R
FIFEBIBHHT HABNMEFE . XL EHNRaESET MM L
YESS, FFEERFAREHREMNERE M. AHReFERKKNRENE,
BN E B EEE IR RAE R T AT, LB R miE .

B BE LA N RERM AR EREH W EFIFHERE PN ER
HEE AR TE . RG-S ITEREPEMER, WFE0EENERE AR
WEDR . BFEEEHRE T UL EFIRE T A TRERREREER.

5RMEERERR, BREDS KSR L JUAT R HER R BRI,
7 Be SRS ROR G 2 TRCKGOR B E KR EAES, MAS B E R
B .

GEWRE, MMEBEXLTUTHMIEZE, 1. PCRERS. 2. PS[AE
g, HP PCMEBERSHZRBE!Y. B%, MREEIEZHREHTEME
I PC k. Z2J5, FIARER. EREMEmFE=arE (FOTS) MIEEHAL
HEPCEMAEPCEARNERTE, REBXMABARERET LIRS .

h PC Polymer Chains Separated Bonding and FOTS Entrapment

in the Solution ecular Entanglement Hydrophobic Surface

v FOTS

"2 PC Polymer Chain Heat & Pressure
H42 —PSREMEERAKSETE

Figure 4.2 Schematic of the one-step bonding and hydrophobic surface modification method.

PS | RN R G E— SRR BGFHINEE X 5 PS gkt FitiT

Si~0-8i Cross-Linked Network

i, AT XA RS R RCR, ATX HRET 7 S5 R R~
YR A B, ' |
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4B B ELISA S TRLGER

43.1 WHEERTRIR

B43 () BRETHEME (b) HRE=42EE
() HEWNBRERTE () AEREFMRERTE (o) RMENREHRERTHE

Figure 4.3 (a) Micrograph of micro flow channel (b) 3D modeling of micro flow channel

(C) The size of the micro-channel before sealing (d) The size of the micro-channel after

thermocompression bonding (¢) The size of the micro-channel after indirect sealing

69



EFHRBTHEANE T ELISA A

2B RERHNEN D BINTEER, HEREE UL ZE R
Fig ﬂﬁﬁ#ﬂg,ﬁ¢ﬁ%mﬁﬁ RE 757 pm, BEEESERTUERE
68.89 um, [AEEEEEMURIERE 73.9 pm. REAERSERERERK T
10%, {BREEAEGE, ReEAWEERFR. RESENRENTERAE 2%,

IRIFRIEE T RATFTER . BAEHIHRWE 4.3 Fis.

432 BB R
B R TR ) & R AR SR, KA PBS ik, JHARINAECH
W, fEEF ELISA MifiisF a7 AR

B 4.4 ET PCRERENRMERRTERRL

Figure 4.4 Working status of droplet generation based on PC thermocompression bonding

B 4.5 ET PS HERERBRERRTERRL

Figure 4.5 Working status of droplet generation module based on PS indirect sealing
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#4E HF ELISA S TRIFER

ZRRETL, PC A TS KRR A B 5 B 1 PR BT
Tk A I RIER, TEHRETR b IS BAR M B R B 2 B WO KT S %%
FRETIR, W 44 PR, AUABERRENE, HHENE FEgs—
BB, FHR R — AR . 52 R iR PS A B SIS A
W, RS —, SEE.

AL HEE: A PS AR T A BIRRIE S, SRR X
BT R, R BT A AR T LS — R 5 2 B, — R
R =R PDMS & f, HfTrEBitER TRELE.

44 BREWHIELRER

WA R ARBE S F AWML RETF OMEKHRBEE A —BRTSR, X
B[S R T RSE, RERETE, TAREEZERAER PDMS R
FIES, SRS —ERERBES, PMREREEF. A THERERESE, &
AIXEES B IS S AT T Ok, X ENSE . S/ EEEES AR, B
RREFEEER SRR EETFESR, EE T2, Wl 4.6 i,

(a)

W E R ———

s R

(b)

B 4.6 BFEHRREURBRERERL

Figured4.6 Schematic diagram of chip structure and droplet collection
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ET MRS ANE T ELISA B 5

R P AR T 07, 7 A ORI I O B I LN TR 7 IR
TSI . R P A AR R ORI 45 1 R TE B — E M T8 S A R B BT
T3k . o5 F FRE B = A 0 LR 53k DB ROETE, -+ B~ £ B 0 .
BEEE+FAZE, IBEWBERAGTX, BERNEBL, REHENREI
SRR BRI B DB LA O I A R AR AR, B
RN R A A — REREE, B TR, T izE LR RS ORE AL, it
)L BT R I IR SRS SR I

TR BN E BN E - NRE E R ALR 2mm FERBERAL, H
toy A o BT ) o LR R TR S VR AR » S B BT - HE NS A PR )0
375 AR R B AR S SR RIFE R, GBI . HFEAR TR
B, SOEN L, ATTSSBUE SN, 25 BT vl VR U T N R Wi s
B, 44 (b) Fim. XTFEALFHE, BATELT AHKZEE, mE
44 (a) Fimm. M AFEAT AN

E, = émmur (4-1
HHEBE. SEZIRNZENFAIRRN
Fr = pougV (4-2)

H, p AMEIEE, gAEMEE, VAIEER. RE\EAXTM, R0k
WNESENFREX D EELERRAREySEART ChETWR, &
WRMEREMTEREY, F7A.

(a) “BEZ FrR & (by SR

47 SHELBEE
Figure 4.7 Bubble filtration principle

SEHF LW, BEFANZERTIECT 0, MAEETENER
R, BT EEREAREFrERRE M. B Fz FRTUES
AR AR . T BT A EE RS A i, B, oA RRGRIE
Zh3E AR AR PRSI B AR . X T B AR A SRR B R AT
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B/4E HFELISAGHRITEAMEREER

IRTHEHT7, T SEI IR 2T g

45 FRAHRANTIRLES

#F ELISA BiAR BRI S £ 41t BA/FE tE iR S 4k, T BA/FH VeV 25
TGS MBI TOLRE, BRI R A N s a4,
BRI OB R LT M. BEBEAT, BREREFE - ENETN
8], 4G P BE ERR R R E SRS, BERKIBELH R BRI R

BiiEE. BRCARE, HERESEMESSHBEERNESE A T RRREIOLE
SHRE, FEHBHRETSEE, AERBBERESLERITEN, HINE
EEHUMNIM T T Z. MR TERE RS |, RATFIACE EHEA
RIS T EAMBNER FEMBN—ERE B E, WEEE, MAsEHE
K M SR BT MBS RS RN G L, NI T & REERIROLE E,
mE 4.8 (a) FioR.

RAVERR R ER EEME R T — RS —EBEE 4% 100 nm KEEH
REE, REGIESH AT ddELISA &, DKRBRHEEMTIEMNR, RAT
5t E R ddELISA & /e R, 4R 0K 4.8 frzm. W T BROGHT A58 0.3
sv 0.5s 1.0s. 1.5s %A 2.0sﬁa‘7€%&51‘}:ﬁ’mfﬁﬁk1%rﬁﬁ, ALES, EAH
RIS T, EWFERISBHSH T, REZMEGS, FEERRRICKEYR
BBRTERNEMMREERFERAKE. ATH—PRAEBEIR, A Inage J
B E A R R AT B i, R 4.8 (O B, XWT RS
SRR T, BRI 25 Y, B EE MR AR M0 20 £,
XA 2 {8 BE R AT (/] B9k /D T PR« IX R E - FRRJGRT A IR, HEABESKEIOLE
BRRINGH. WRESMANRAER, 825 NTT LUER R HRD
40%~50%, MTTHRERIGHRERE.

I Atk /8 A VR P2 B MR B ek /B M YRR 2K B 2 R AT R Y, =S
T REHS UIKEE 1000/65535 AFABREHI A BE, ZERTRRICTY
En EE=FRREE T ETES . ARREFREHANEETRRREE
B ERE, RN T B I AR T KT R (R T A e B /R A
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EFHREB AT ELISA A

Camer s loms

Gy valpe
RN

Lo ax

Vi of expopure s} Yirne of Bxposam

i {8}
B 48 HRESRENE. (1) REMBEE, (b) M (o ALEER, BUKEZH
H2s. 1sHBR: @ F (o) IEEER, BANREIHA2s 1sHBSR; (O AH
BT A T R R B L (@) ARG AT, ST/ B R K = R
i F

Figure 4.8 Fluorescence signal enhancement. (a) Acquisition enhancement principle; (b) and
(¢) without mirror, exposure time is 2 s, 1 s image. (d) And (e) are the images with mirror
surface and exposure times of 2 s and 1 s respectively. (f) The gray level of droplets under

different exposure times. (g) Under different exposure times, the gain of gray difference

between negative and positive droplets is observed.

HT R RS BRI IE N RS WA/ RS, AR ER
L BE R 5 I MR R AR B 2 AR A CF R B B/ RRVRR R R EE- TR
5EMB/PIRBREZE) RHENHA/MRERICEE], WE 4.8)F7.
A ULRIL, BRI EA 2 s B R E A SRS, R R B RIS NERA/BER Y
REZREE, AFTH/FRRERRS . SBLRRED N 1.7 1, ZIUER
fA%IE, FEREE LR A — B R BETIE X, R\EMRBICH RIRIERL T, X
&t 2 F A BA/BE VR Q85 . BRERT IAIKAT, AALELBRRES, SREXER
SEAF IS ISR, TV A S AN UG s B XA, SRR TE
5, SEHE/MRERCR G RKEZERER. Bk, E£FHREERERIITIEEH
WH R ERISF ELISA RIS RIS, & 2/ BRT Al B 4.8 HIE5 50K
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45 HFELISATHANIRLEREER

E, FERAEEMRES “ W/ HRBRRERT, TSR AT
SS R 0%, REFE, GHTRIRINE. BIMHERETEMN3IA
SR DU RO B R ORI, B T SRR R AR T4, 327
TR BT 1 . BRI T 2 31 A S8 S I B R JEL M 6 44
GRAEN 4 S, HMRRE T SRR A TR 8.

46 KB | |

SRR A TR BRI, $T T — BRI R TR B iE
BRI T TEMFE, FRT —EE4RARET ELISA MARGHHE
WA EEMRRIMT T E. BASNERERSE, BT~ Es
VRS R G AREMETORS ST, REERL, FEREEENNE, £
BT BN T SRS T2, (8 AR A M 6 SMEhE5E R 4 4
B, i — AP TR RBNERAER, F15 SR ELISA HRES A
3 B BB AN T AR P
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51 BXESE

s TR A TR SN TR N R B RBUR R MEER L Aip
7 B G L R A B VR FE B ELISA $AR#AT TN RGOS, I
EEWR T AR T G R . RERE ELISA MRS MR AH
f. 7 ELISA %5 S 7ERERT CEA Rl Bl bl R R A TR, $ B
HELRE

1. AIRIUREO P B R, 44 B AT AR A 5 R R IR,
5 T R AR R R AR RS W TR BB . AR R
WIARRE S, SEMENET SHBHEENIFEEREY, OB TR
B E BRI E BRI, B ELISA MRERBNEAIFE
VIR IS 1) ) AR PR M P s A48 T 30 BLISA R38R UM s
$5 ELISA RIS T e 545 T B AT E0E ELISA B9R IR AN I Y (7] 7R

2. EFR3 ELISA MO HoRTEE M IR SR I T h R E B
R, B9 T ET MU EoR R RS A S RIS A . ETHINE
R E B AE AT LAEREE (SVMHD) AEMENELRTE, &
SCERS b, HE T 5 ELISA BORBT A BART S, T4 A ERIFHIEEY,
BB EEEAR. RSN, FEZEE, ERRETARERT S
— R SE TR, FERIERE BB . RTHAT TR, ELATAAL T R A AR
2, WENKM 111 BA, ST SP-AKP RABIREHT T HFHBN, 64
ERENAT SR, R T RRIAZIE aM B 2. RN BRI T MRS F5 4
PRI CV R, BEEERTHE.

3. EEHBHEALT YA TERE 2 B, SR SRR AR
MR, 9T EETRA TR M R0EBE, Bt T —F iR 4571
(DIA), WAL MR F ORI . % DIA AU 3 FHEXER,
AT DA— YRSB4 41600 MR, BARENERTEE. S5 AR RN
GBI L, DIA B T 555 FEEMUB A S0MSER, (/B N0R (5 B RO SE B (AT
M1 AERER ] 30 4068, KRR T RERNMRLTRANTREYE, Hit

77



EF BRI ET ELISA Bt

BRMSTEREMER. e, ERNESIRIEERSEREMNREER 309
aM, CEA MIB{EHMFRZH 8 M, CV 7 5%A4, RMVEEEE 3 MER.
I B B R AW E SR, W05 SRR EH B A HF ELISA.

4 EERTETRESS A TR AN A, BT T —RAMERRTAE. BT
SRR RN T TEMME, 37T —EE4MEREF ELISA MiES A #tE
WA= FE MR T TE. BANERERSE, BTR T —HENLIERIEN
R RREEM RS BT, EEERI, FEREEERE, £
PO A BN THEERST LE, HETHBERNETEM 6 284N 4 778
@it — R F TR A B AR R MR R, YIS E T ELISA Hifidd R e
W E N T A P HIAE .

52 WXHBIFS

AN S TAE 2 B £ Bl Sl N F IR BORTE £ W) 50T A T 7R Y LA
KEF. FRBEHAZETE, BRMIEST ELISA Ruftizd fr (& /Al
{ETE, JT8F ELISA HEAFEAEF T TRARER, LIMEEESTF
EYERBUENRN. ARSCHAHT ST

1. FFR TREMAETE, #BETETHNEARRIBERREERIMN
FE4E MG (SVMHD), FE%SRESH, I 0 REAT BIR AR S iR SRR AT
YAk, BESNERESREARIES, @ TUMAMRERES. RN, 8T
AREEEFES, SHERT L E B ET R TRE N RS Bl %R
o — R R BRI —AME B R A S . RSN, RSN T L TR Bk LT
FIVRTE, BT KSHEEERHEMAES R,

2. ErXTVRIEEOEA T IR, R TIRE B 458, &% DIA
A 3 T EKMER, FTU—REREIE 41600 MEH, AFRENER
. 5450IERERIHMESIME, DIA % TR TR &, BEES
FOREUAT IRI AT A 1 AMEREEKE) 30 4040, KRIRE 7 B Sl ST AR #R4E
Y, BRAGIHEREIER. #3T ZRENBRMHT ELISA, BIEINRERRY
e EEFN H AR SR KR -

3. %&bt PDMS & A0 TRAK. HRARESEM, WEBMAESFE
77— RFITEARR TR, SEEME RN T T ETishih, FRT—H
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E5E RESRE

EETRHRBF ELISA BTk B A BRI T Z, JF BRIt
FRMETRETELEE, SINGEEEESARMRHEIIREH, 1DEH
EinfaEse A, ¥EEI AR HE TR,

53 THEREZ

RXETRHHRRBREATFR T ATEARERNIET ELISA R4, #
BT BRI R PR = A REUE, EIRAREIIAIRR R HHE RIFRINAE S,
EXRFEEFLZHESAEZ L, BEHE—PEHNRE:

1. BATERR B —Fh e 8 B A SRR SE A LSRR SRR 3 HLSE I T 4P A,
ERBRERAT AR EEGR EHER, FRRERE BRIRAIRM,
BEERIERENITIGE, |

2. VRS EFES BAA T UBEE R0 TR R MY BuE E, EENRT
4-MU Z 25 BUE RIBRA 282 F» X F ELISA % A i SR 3 S L BS (HRP)
f#1LH Amplex Ultra Red (AUR) J&Y, HFuFERRE AT BURE KR,
JUBSF R TIE 3, RERAE P EEBINET BT

3. ACHEF ELISA R R X H—WER CEA #4T 7T RIEEARIN, T
EZRRERZHARN 8 Y FES MrSBail, Bty T %y
ELISA % 5 40 [F B R B ARAT A Fr it — B 5T

4. FEIGRSZPRAE SIS T, SR 0 B A KA I R Z it — P RIsE
WKIOE, WIHRE T ELISA fEEZRIEHIRINRBE. EHiEMaEEEs
FritE— 5 SRR . |
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