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Bl 2-12 T R A pas S VB AR AU 72 . GEARYRIE 0.4 pL min™
JKAHRIE 0.62 pL min™.)
Fig. 2-12 A series of images showing the generation process of an aqueous

droplet.
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23221 AR PR REREMEEHE

B 2-11 PR EM, DI RE TP RERE 1 1% 2 Z78 w4
WEREIREAR, TR Zimmermann 38 B4 ST HAMOBEH AR (AR
2-1) XIymzhPE Sr 8t iTin it &

1 5 \abR%] ™
RF = —(1+-—0L)
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HAr, ReURWBEEW SR, L ARBEKE, a fl b 55T EIEKE
BEMTERE, o EHR ab 2 ba GHRE 0<0<l), RyfRERBEHK LR, AT
A3 22 AT E

R = 2A_ ab
H™p Ta+b (2-2)
Hrp, P ABEMBEMERK, A MEEBEBRENENR. ERMGTEF,

RIET HTEM. RRERMPTERM TR D ER. FHit, BEAR 23

5
R1 (Ll) <a1+b1)2 (a2)3 (bz 3 <1+gaz>
R2 \L,/) \a,+b,/) \a, 'EO ' 5
2 2 2 1 1 (2_3)

1+'6a1

XA ATELTE, & Ly E Ch7= 448 K E 4 BE A 40 88 A
KE. B2 1 MG 2 MRSTAEEST TR (B 2-1). NTERAUEH,
HiRie 1 EEAE 2 R RIBT TS AREY, RI/R2=297, RI>R2, 5§23.12 %
HR) v TIATAR — 2

L/um a/pm b /pum a R1/R2
Path 1 90 185 45 0.24
2.97
Path 2 2550 185 300 0.62

R 3-1 AFETFTRA RS A B AR 1 AR 2 M R~F AR PR

Table 3-1 The size and flow-resistance calculations of Path 1 and Path 2.
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23222 BEFHRAE A BB BRIt R

WA 0.4 pL min™ F17K 48 0.62 pL min™ WS4 R~ 180 MRS ,
RAFKANEST R, WORTEMAREST SRS T 4R8N, BN T IRk
FEZ, MR TR ESEP, UEAISHRFREREERR TN
SR8 B 2-13 BoR THIRE 180 MR MBE RSB A, Y
Fr EHIRE TSR B B 4 SE R R 2 LR TSR

2-13 (a) FIRA 180 MERHAIRFEMIFEIIR A & (b) HORE.
Fig. 2-13 (a) Photograph of the microfluidic chip immobilized with 180
droplets; (b) Enlarged photograph of (a).



72 B TBHMHRES T &R SRR IR R

2323 BANEHBEE

FEF AR AERAN LRI T, BT N7 @/ EH T 5 R
el BE: (—) Lo ERRMAAEN &R EYHEANE; (2 fEAKHE
RIZ BB E B (O TRANL R EEN T R A lasrvEge:; (10D
LIV A A S5 2 I BN HI R

2.323.1 TR RMEPREIEER

TR S0 R 0 MR 2 L OSE B P T B W AT B AR A A AT
S, HID§2.23.4 BIRAMZES AT AR AR TLR R B4 BB SR,
WEBRURRBENLE R — A KB, KRR 8 R L1 14 hgy i fE BT
%, NTHEHIBEIRE. 38485 0 R R SR T LS, X
PS4 RMEENEYE GEERE) SHAXRE (B 2-14), WLIASI+A
K (2% wiv FIPE80) WEMBHIEIEM. SRR, 2 HARNEY
ARTEERI BT, 76 2h BOR AT IIVE R P, BT RAR TR 4 i B4 b A —
8, WHT AR ST L1 % RGBS T R .

(@) s B without oil (b) 5. B2 without ol
- I with oit I vith oil
Q Q
> ] >
Q N
= c
e o«

2 3 3
o
=4 @
& d=
(%]
o e 24
i s
% w
@ o 14
E £
B o
?: Al A BN E ] E ] X
0 20 40 60 80 100 120
. L without oil with oil
time (min}

2-14 R WAAMTMARFAEIR L, KRBIEsREE. (a) 2
ZNB P AN [ AR B 18] ) £ R B AR ; (b) Sk BL7E 2 /NI P9 BP9 B AR



H_¥ ETHHHERLANNESEESS TR ML RENITATR 73

Fig. 2-14 Average stroke frequency of C. elégans in liquid with or without oil
phase. (a) Average stroke frequency of C. elegans at different detection time; (b)

average stroke frequency of C. elegans in 2 hours with or without oil phase.

23232 ATBRENMERBHEREN TR HERSREEEE

PAt73kE (2% wiv B]3E 80) JAvlAH, ZE 5-10 R/pL FI£k H S medium
BIBRCAHKAR, AR 0.4 pL min™ FI7KAE 0.62 puL min™ FIFE &, H5HAEA
ARG BIEN R R, AT LAFE T TR0 A A b A B R B TR YRS
Bl 2-15 BRI ALK R TR VISR, B 2-16 £RTEAKER
% SRV VRO R R U R s BB A TN BRI BN T e 4
Fas ) SE BR 14 B R T TR .

& 2-15 7£ T A LM R A E AN RS 2. (HAERE
0.4 pLmin”, £&HBWRHE 0.62 uL min. )

Fig. 2-15 A series of images showing the process of an individual worm
encapsulated into a droplet at T-junction. The flow rates of oil phase and worm

suspension were 0.4 uL min™ and 0.62 pL min™, respectively.
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23233 BTENERGBEEENEZRBREEMML

AT RIERE RN &R RIIE, FEW LKA T L RER
(2% B HEATA0A « 7ZEVIAE 0.4 uL min™ FZKAE 0.62 pl min” MIFREEG T, &
MWL & RBIRMFE EESE 5-10 R/ul, B RANE BRI EEE
ik 60%LL + (LB 2-16a).

2-16 (a) BREHBANL HFRHESERR TRE RIS, Bhaas
KIER TR EEN RN LR E: (b) 4 MER RS BRI
IR TR IR A .

Fig. 2-16 (a) Image of 24 array droplets encapsulated with worms, and the
white arrows indicate the positions of the encapsulated individual worms; (b) 4

droplets encapsulated with individual worms.
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Fig. 2-14 Average stroke frequency of C. elegans in well plate or droplet. (a)
Average stroke frequency of C. elegans in well plate or droplet at different

detection time; (b) average stroke frequency of C. elegans in well plate or droplet.
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Dl SRR RAESE T, BATHT R I IS RO ORI B LU T
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4 EE AT A TC B B . |
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M4 A% (Parkinson’s Disease, PD) —Fh# LK T EEME RGBT
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BRECR AR E TR R . 14 R 1k, SRR BT E R AR A
B, AT EAMERRNERIE, AT USERRERNEZ, g
HeRRIEEREREXEER. B, BAEIXEY (DR, BS K
B AP AR BU AT AR A2 Jois R 2 3 R (MPTP. 6-OHDA | & B Fi %)
BT S, WA LR ERE RGN EERRE ARSI THE, FIH MPPHE T4
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REVNEHRRRREVERARMNEE A2 —.

MPP+ (1-HE-4-FREMERT) ZRHAEFTR MPTP (1-FE4-EH
-1,2,3,6- TH AL BE ) B E PEAR B . 8 I 3 4 R kA B AL R R B P Y
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AT LR P RN MPPHRE, BRATHTT FUBRE MPP+XT4d
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50%4k R HIIE ) 2 BHHIE) MPPHRE . BATRE T AR (0, 1,3, 5,7, 11,
13, 15, 17 mM) MPP+HEM 2 h JEREMEIRE FUEKE 1s), HWE1s
MIEFIE (BSFE3)D KNEARBEMBLRYE 258, BT HBRE
R, R4 MPP+3T4& IZFhIEYE (Mobility) FIRM, AHEWT
N3 2-4 XS R HEFNE AT HE

157/

n

Mobility (% of wild type)= %X 100%

150/

To (2-4)

e, 8o To 4352 0 mM MPPHEF TBEHMHI ML B B ME LR E,

So Fl T 533 A — KB MPPHER TIZshiGIN & BB H A B L R H, T
So/To RALEHFTHTREASHER (AHRR. AYRRFNAHEERS)
BT L IZ BN Rk RELA AR R A RS B 2 dUZ E)E HE—MPP+
IRBERIR R EHE N 2-18 7R, S MBRAT HEEE (BRIl BEhiE
B 5 MPPHKERRR ZIMNEHN,; 1A 20 )5, MPP+HIEIMEIRE
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Fig. 2-18 Relationship between C.elegans mobility and MPP+ concentration.
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(LR, BRSO P HBIMMHEITRE, BRFERERB —RE
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23.3.1 HMZEE MPPHES TR BEFES

SHIFE0, 1, 3, 5mM MPPHERI&KMT, XWRENPER 6 REBETH]
WP BN BT 2 h AEOBENIE LSRR, FETE URILH AR FIE Bh T
AT AW SRWE 2-19 FioR, XEBYA (0 mM MPP+) R EILH 57YE
BB T ERANENRS: BREHEE, BER, BEHEX
Bk C Mg, MERERE MPP+ES T, KL HIEEHE: BEE
8. EHR QHEE, HEshEHIARRNEE MPP-+E Rk E A
Giliabchinpiip:yine

IFSZHAZR]) (IFE ) s (IER )

2-19 RRIKEMHETZR MPPHER T A& RNAREHES. (2)
IESZEEF); (b) CHESL; (o) BH; (d) QS (ab) K& MPPHER;
(c-d) 3 mM MPPHEF 70 534,
Fig. 2-19 Different representative mobility shapes of single worms. (a) sine
wave-shape; (b) C-shape; (c) tetanic; (d) omega-shape. (a-b) untreated; (c-d)
treated with 3 mM MPP+ for 70 minutes.
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MPP+EF T, 7E2 hiGPRHEI R, 2/3 BBk s B B (~
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MPP+i% T, 2k R FEEBIR AN 2.14 /s M 2.36 /s, HXTHRA (0 mM
MPP+) £k R PIJIEBINE (241 /s) TREWHER, WHBEKE (1 mM
3 mM) K] MPP+iF S ALY & MR ME LR EFW; TE 5 mM
MPP+iE T, LRMFHBIMEER 127 /s, 50mM, 1 mM 3 mM
MPPHER T FBE MR A FEENZER, HWHEKE (5 mM) MPP+
B FL R EINERIE R T, ERIESNE NS,
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Fig. 2-20 (a) Stroke frequency of individual worms as a function of

incubation time after MPP+ treatment; (b) Average statistics on (a).
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Fig. 2-21 Average stroke frequency of worms after MPP+ treatment with

different concentrations in 2 hours, ***p<0.001.
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Fig. 2-22 (a) Percentage of Q -shape of individual worms as a function of

incubation time after MPP+ treatment; (b) Average statistics on (a).
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Fig. 2-23 Average percentage of Q-shape of worms after MPP+ treatment

with different concentrations in 2 hours, *p<0.05, **p<0.01, ***p<0.001.
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WETTHR; (3) FHWRENERBL, ET25 g thitT )i
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3.2 R EB S
3.2.1 (LB 5

IX 71 BIBIERICBMEME Olympus A7,

SU-8 3035 BHZIARMI H Microchem A7 . &EEIESY Fluorinert®
FC-40 (& CppFyN 1 CoFoN) B 3M AREME. REEHER EA HEE
Raindance ~®l{eft. 6-F#E%Z B (6-Hydroxydopamine hydrochloride,
6-OHDA), Type IX-A #B{RE:KIRE B AEMEI B 3¢ E Sigma-Aldrich A ] .

E41E 6-OHDA ¥ T8 20% DMSO /K H, FERK 100 mM fif &K,

20CHRIF, 6 MARER.
He @51 MR §2.2.1.

3.2.2 AR TS S it S HE
3221 &gt

B SR SO A R 3-1a Frm, SASMAANLETHE (B
3-1b). EEBHEE—ANEE 80 MRS EMIRFET I — 57 80 &
B BENSEREEMES. K, 80 MRk & ML, FNMERBIAE
1 mm. B 1 mm @RGSR, Bo 5% R—48 T4 EEREHERY
Wid; BEBEEE S0 pm, K2 mm, FEEH 100 um FEHE/NE 40 pm; W
W REREEEZ AKESHSENEER, ®ES 5% 500 pm, 200 pm
50 um (B 3-1c); BB R 80 ML BEE L H— 25 pm & HEEE
GHROKERM 2. TESHEE—A T BRHEARS. —4&% hE08E
Wiz BERBEARRER 1o 2, T BREERSARAEEER
BEYH 500 um, FEEN 300 pm (E 3-2a); WHHIEEER 500 pm,
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3% 500 um, K 80 MR RS EEGER (H 3-2b). DA SR AEARS
TR (& 3-2).

3-1 (a) AT B RIZEIT H R OEHFAE 2 T R IR 25 F iR
HREE. (b) HXUZE PDMS EMAGG A HIAE R EERH TR
HEE, TREATHREERMEE: (o HHLE—AThERITHECRE, X
PRS- MRRERRS M — AL REEEE; ARBEART R A
AL E HIBE R .
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Fig. 3-1 (a) Schematic of the droplet-based microfluidic chip for individual C.
elegans assay. (b) Illustration of the chip structure including two layers; the
bottom layer for droplet generation and transportation, and the top layer for
droplet trapping and worm immobilization. (¢) The magnified view of one
operation unit, including a droplet trap and a worm immobilization channel. The

depths of different parts of the operation unit are marked with different colors.
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Fig. 3-2 Dimensions of the operation units of the microfluidic chip. (a)

Dimensions of the T-junction droplet generator; (b) Dimensions of a droplet

trapping unit and a tapered worm immobilization channel.
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BT AEFE AR EERE S ARERESN, B ERBEERZ
MEERFE, BERFRARSFEE RS E—BERAR. RAEBHIER
ErEELE 33,

IRIE FFESU-8 3035355
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At
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Fig. 3-3 Schematic of the double-layer microfluidic chip fabrication process.

3.2.2.2.1 & KR EIE15]

BERY 75 mm IR A E TRIE-EUK (R 3: 1) &
B 30 438k WK AEIEDE 3 WK, BIK 20 20%P; 200C LT, BAHZER.

VI P REE AFE TR A R, WA 5 31 SRR
BB HGEAT SU-8 3035 THZIRRBRM S, Kb, FRMRIENE. B
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TERT R AR 7 5 & PP .

REFBRAHNZERGE, AARIZERER, WEREBRHN SU-8 K
2R, BEEREHARREREENER, FRABRKREERT. &5,
B EAE T 180 CHEAE AL 30 24 IRIE. & 3-4 JHITEL S A HEEARSE
YR A .

Bl 3-4 F LR SU-8 BREME . (a-c) 57 £JE SU-8 BARMUALAR
}:ll_ (d) ILJ‘H‘.-t}ZI SU 8 *ﬁmmu/n\}:‘ro
Fig. 3-4 Photograph of the SU-8 mold of bottom layer.(a-c) Oblique

photograph of the SU-8 mold of bottom layer; (d) top view of the SU-8 mold of

bottom layer.
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. L2
B TR
1 2 3* 4% 5%
3 (rpm) 3000 3000 1000 1000 1000 800 800 800 800
SIEHFE] (s) 30 30 30 30 30 30 30 30 30
. 95 °C 95 °C 95 °C 95 C 95 C 95 C 95 °C 95 C 95 C
ARk AF . . . . . . .
10min | 15min | 25 min { 30 min | 35 min | 40 min | 45 min | 40 min { 45 min
REGHTIE (s) | 80 120 200 450 550 500
_ 95 °C 95 C 95 C 95 C 95 °C 95 C
SRR AR , . _ ,
10 min | 15 min | 30 min 30 min 35 min 35 min
EEE (um) 25 25 150 300 500 500
MEE (um) 25 50 200 500 1000

% 3-1 A SU-8 BHRGBIESH OB 4CHEM4 TRED

Table 3-1 Fabrication parameters of microfluidic SU-8 molds.

32222 R REIEEE

¥ Sylgard® 184 RFfl& (Dow Corning) H 15 4RFN 5| K 7 4 Bl 4R
bE5: 10 20:1 MELBIRB &S, EERS, BEIA SU-8 LEERM T EE
A, 80 C4r3IKE 15 43-44F0 30 4. BALE, KP4 PDMS E N & BIER
LR E, FITILAE L PDMS HIPTASERER AN PN B X AT |
RFEEMFL (EE, T2 PDMS AT, ¥4 PDMS Z&F LED 4T k
SHE, TR, ZERERET 120 CHARNTR, HEETES
HFRMALR. S/EGF K PDMS B A mE 3-5 Fix.



BoE ETREMREDSFNE R RERR A ARENA 99

B 3-5 s A SeyE
Fig. 3-5 Photograph of the fabricated droplet-based microfluidic chip.
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AR, ARG EEKER, MARAMA 2% (wiv) REHE
#5 EA B FC-40. LI FEF, #:5 & T Leica SSAPO BUAM BHE T
LR RGBS BEMBEAENE S PR CCD H44:Lk(DH-HV2001UC, JLIR KIE)
BT (15fps@800%600).

BoE, FIMARZE O B, SRR R 2 B A% B i PEEK™
& (1/16 9~ OD, 0.01 &~1 ID) FVEH R (HAE—250 pL ESTR, KH—50
WL ESTRD . FHHRHAW. R A BB O S X N R R
A PEEK™ BAHIE, WSt B HARRKME S ENREENDG, 8T
AT K AR BT U ) Rk RE R E K DI RER, WTRATE T s &
FBR b A R SRARTE B BA 43 B K AR
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PRI R S RS T RSN, SEENERTEIUFE—H
KT D EREERE AR, SR 80 MRS, REAKMENE, &
FEMARVE; WA SRRBI EE 80 MR B 2WHERE, RIFEMAAES R,

KB PEEK™ B/NOMSA BIRE, AWAETHEHERED. BKE
Wi 1 5—A4%F 1% HIEHEType IX-A, Sigma)E A= EMRERE, L
0.5-1.0 pL s MIFREE B AR PEE TS Ao BLA AR 3R BV S 7E B R bE
FOEHOHE )R A SRR M L R 3 MR AR BLRIBIS, TTRIE B
2 Fr

3.2.4 HEFEELIE

25 FR i R A 35 R IR BBk UAS7 (balnd[Pdat-1::GFP + Pdat-1::CAT-2])
CL2166 (dvIs19[pAF15(gst-4::GFP::NLS)]) W & 3 [ B Jé 7k K2 &L st fs
.0 ( Caenorhabditis genetics center, CGC); 1E A £k R &I KIAAT & (E. coil)
OP50 AfF B P ERI ¥ ittt 5 R B EMFR AN O T REEWFE LKL
¥ = M EARE IR A,

3241 HIBEFSRTHALE
& HIEFFR R TVER§ 2.2.4.1~§2.2.4.3.
3.2.4.2 ¥ HHy 6-OHDA AbIE[16]

YRS AL ER S8 B A2k B L1 #3401 R (UAS7 and CL2166) FHZEEFIK
MERREAR E¥E TR, BB RBWEEE 10~15 pL'. B 600 pl 4 HREH
MAZA 1.5 mL BO0E T, BIIAEER 6-OHDA f# £ (100 mM 6-OHDA
/ 20% DMSO 7K¥EW), F=AEOEHH 6-OHDA Z¥KEH 0 mM, 5 mM
10 mM. FREAE 1M (8 10 HHERIESD. SERAEE, B
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BFKELE 2-3 K, L HET NOM et b, 20 CHFE 72 /DM EFR
B, ZEARIFES 72 M CEMCAFE—R). 120 /MR (55=R) F 168
NEF (BRER) XL 6-OHDA A4k RAEMURE & E#AT 047
ELR R SRS Az B 3-6 Bz

GBEEB I B TR
£ LS 6-OHDARE it
: LRk R

- KR
TIHB R

& 3-6 &RALERER.

Fig. 3-6 Flow chart of C. elegans treatment.

3.2.43 #E FC-40 FGARIMNEN & MR E MRS

S ILLLE B L1 BA4T BNt BB (B 3% /v B. coli OP50 BI&
W) 7Kk, FC-40 (2% wivEA) J9yiAl, @iy RGMmARR KM &1E
OB NS F, A R Bk s PR 0 L3R TR 4 3R P 5
ST RO S L1 S4B e AR A A AT 4~
REE AR, BRGNS BHERERNR DR CCD Fk
(DH-HV2001UC, JLFRIE) 123% (15fps@800%600).

3.2.5 BN B ERSEITARIRENREMLE

ARITEEE 1,3,5 K, % F 6-OHDA b3t 194k s RCUAS7 F1 CL2166)
F S medium MERFEMR E¥ETHEE, HELDBRBESERE. ULRE
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VAR, &2 % (wiv) REEWESR EA 1 FC-40 JiHAE, #%§3.2.3 FHi
HIF VRN SRR A AT R . B I S TR AR A KA DA & R IETE D
B, 78T TV A AR b A BB LI BT AR R OR T . P A RO
WEEST R M T REEM3), SEENERATHINTE /KT LEIWRHE
WIREET . L5ERk 80 MM, RAFAREHE, REFMAHGIE, W
MK SEREIE T 80 MM T LW, REMMENE. '

SER T AR 80 NMEEAANL R RS, BILEE 12 MR
AR R R E D REXN S, SR AL ERE 1h 4 B (0,
20, 40, 60 min) WIEEHATH A AHAT LN RE, BRREFLEIOW. XE
SERUR, W& ARSI IREEAT A T4, JFH Origin 8.0 #4 (Origin Lab,
MA)RFF AL EE

SLIAFEF, BISHAET Leica SSAPO BUAM EME T, LRREHE
BHBATENESPE CCD HAL (DH-HV2001UC, dbxAkiE) B
(15fps@800x600).

32.6 BAGHERESRIEARGEIRERMRESLE

ST e R (UAST 1 CL2166) BT ARBHIRES, BHE
PEEK™ &/ NO MG F BIRH, AEFEERMED, BRER 15—
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