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Fig. 1-1 Illustration of the “Laboratory on a Microfluidic Chip”.(The

numbers with different colors represent different operating units.)
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Fig. 1-2 (a) Photograph of C. elegans by differential interference contrast
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(DIC) microscopy; (b) Structural illustration of C. elegans.
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Fig. 1-3 Development process of C. elegans.
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Fig. 1-4 Overview of the apoptotic pathway in C. elegans and vertebrates.
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Fig. 1-5 Expression of GFP in a first-stage C. elegans larva.
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Fig. 1-6 Impact of neurotoxins on C. elegans. (a) Impact of 6-OHDA on
dopaminergic neurons of C. elegans. (b) MPP+ induced degeneration of

dopaminergic neurons and phenotype in C. elegans.
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Fig. 1-7 Photographs of different kinds of microfluidic chips.
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Fig. 1-8 Schematic of fabrication process of PDMS microfluidic chip.



16 TR M R SRR IR

1314 8RESENEERR

B A R TE R, A SRS A 4 B R S A
TR S PR

13.14.1 BEMRESR

Eﬁ%%ﬁ%E%W,@ﬁﬂﬁﬁﬁ%ﬁﬁ%ﬁ%%ﬁﬂ%ﬁﬁﬁ@%
. HEEREN: RAUBRTRRE: SRBZANRESREERKE
Wﬁ;w%@ﬂﬁ,%%W%%mﬂ%oﬁ$,ﬁﬁ%ﬁ%ﬁﬁWﬁ%ﬁﬁ
B EL AT, SR T ERUN S M PSR R . VB RS
ﬁ%ﬁkm@mV%A(@19)@%ﬁﬁﬁﬁ§ﬁﬁimﬁﬁm%7$ﬁﬁ
P BRI iR R B W2 [66] .

B 1-9 EFRAE A REE NPT AN RIBERREREWE. (@) &
FERMLREIRER: (o) BEXNRBERETEENZR, EETR
XA E AR RERT T, ST E TR RS A,

Fig. 1-9 Embryos development affected by temperature step of 20°C/27°C. (a)
lustration of the laminar flow-based experiment; (b) Quantitative determination

of nuclei number in different regions of embryos effected by temperature step.
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Fig. 1-10 A droplet-based microfluidic chip enabling high-throughput

viability screening of single mammalian cells.
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Fig. 1-11 Tapered channel array for C.elegans immobilization. (a) Schematic
of the microfluidic array comprised 128 tapered channels; (b) Bright field images

of the worms immobilized in the tapered channels.



20 | ETRRAIRE A SRS A

s 7 O B AR B T YR ST B AT, R
B E[79-82]. EAMIR S E BB MRS ERE XS, RRED
e B Y S S A K TUE . TR, istEE N —E
EHSEPDMSHE R AT, W LS FHERGEE, HREET &
i E BB — AT E R, WAYIE S, PDMSHERZE B SO MIERAT
B, B, B R 0 B LURER(80] (FE1-12a) ARE4L
DB T Bk, BT —AETHRNERE RS, —RETH
DR S A 2 R AT T S RO, KR T KR B AT IR B AR
£(81] (B1-12b).

(a)

(b)

W aveA

B 1-12 (a) “PRImEEEiE” gk R E R S E AR 4 R BIE R
ST R EI[80]. (b) 5T 1 iy 2 ol B 2 B ) e v L AN 8 s i 58 20 B
EE[81].

Fig. 1-12 (a) Schematic of the microvalve-based worm immobilizétion and
cross-sectional images of a trapped worm. (b) Design of the microvalve-based

worm immobilization array and schematic of the immobilization process.
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Fig. 1-13 () Immobilizing C. elegans by combining microvalve with suction

channels. (b) Immobilizing C. elegans by anesthesia effect of COa.
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Fig. 1-14 C. elegans long-term culture on microfluidic chips. (a) C. elegans

Jong-term culture using centrifugal force; (b) C. elegans long-term culture using

liquid flow.
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Fig. 1-15 The “artificial soil” microfluidic chips for C. elegans mobility

behavior assay.
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Fig. 1-16 (a) A microfluidic device for C. elegans aerotaxic; (b) The

“olfactory” chip for correlating odor stimulus with neuronal activity in C. elegans.
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Fig. 1-17 A microvalve-based integrated microfluidic ichip for rapid and

automatic phenotyping and sorting of C. elegans.
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Fig. 1-18 C. elegans mobility behavior assay on microfluidic platform. (a)
Using a microfluidic shadow imaging system to study the mobility behavior of C.
elegans; (b) Using microfluidic channels to study the mobility behavior of C.

elegans; (c) Analysis of nematode mechanics by PR-cantilever on microfluidics.
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Fig. 1-19 C. elegans electrotaxis analysis on microfluidic chip.
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Fig. 1-20 Microfluidic maze for C. elegans exploration and learning
behaviors assay. (a) Schematic of the experiment on microfluidic maze; (b)
Photograph of C. elegans navigating a T-maze; (c) Photograph of C. elegans

navigating a complex U-maze.
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Fig. 1-21 (a) The study of the AVA neuron activity of C. elegans in moving
process on a tapered-channel-based “behavior chip”. (b) The study of the calcium
transients in individual URX and BAG sensory neurons of C. elegans responded

to O, upshift and downshift on a double-layer PDMS chip.
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Fig. 1-22 Dopaminergic neuron degeneration of individual C. elegans by
treating with MPP+ for 4h. The concentrations of treated MPP+ are as follows: (1)

0 mM, (ii) 0.5 mM, and (iii) 1.0 mM.
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Fig. 1-23 In vivo C. elegans neuron ablation and regeneration studies on

microvalve-based microfluidic chips.
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Fig. 1-24 Study workflow of the thesis.
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