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Abstract

Saccharomyces cerevisiae is one of the model organisms in the study of
eukaryotic cells. In this thesis, we investigate research methods on microfluidic

chip and Raman spectroscopy for yeast cells. Specific contents are as follows:

1. Immobilization of yeast is needed in the process of Raman detection. It
is still a problem for yeast immobilization on chips, as a result of yeast hard cell
wall and the elliptical cell shape, and thus not easy to deform. On the basis of
preliminary exploration of growth characteristics of yeast cells, two methods of
preparing yeast cell array with immobilized yeast on chip were proposed. First,
yeast cell array was prepared on micro pillar surface based on the PDMS micro
pillar array. It was easily to control the number of yeast cells on the micro pillars
by adjusting the size and spacing, and single cell array could be reached when
the size of micro pillars was small enough. Second, yeast cells are patterned

based on lift-off method and combination of the use of poly-L-lysine.

2. Yeast chip for Raman detection was designed and prepared. Single
yeast cell Raman detection was achived. A glass/hollow PDMS thin film/quartz
microfluidic chip configuration was proposed. Fine results of single yeast cell

Raman signal was obtained.

3. MTT test is one of the conventional experimental techniques to evaluate
activity of cells. A MTT test method for single cell Raman detection was
proposed and established. Several factors such as reaction time, laser power
and collection time were investigated. Raman signal of formazan from individual

yeast cell was obtained by optimizing collection conditions.

4. Shell-isolated nanopatrticles (SHINS) can avoid miscellaneous peak and
huge background signals due to its clean surface, and is convenient for the

detection of yeast cell surface. SHINs was first synthesized by chemical method,

Vi



and SHINERS detection of yeast cell was made. However, it is not easy to
produce large quantities SHINs by chemical method. A method of preparing
SHINs by atomic layer deposition (ALD) technique is proposed and established.
By exploring and optimizing reaction conditions such as depostion mode,
reaction temperature, purge time and chamber press, three kinds of metal
nanoparticles (Au, Ag and Cu) was covered with SiO2, TiO2 and Al20z three
kinds of shell. The shell thickness is controllable from 1 nm to 10 nm, and
pinhole-free. Single SHINs synthesis is gram level (such as 0.5 g to 10 g). The

ALD synthesized SHINs was applied to detect pigment and malachite green.

Keywords: S. cerevisiae; Raman Spectroscopy; Surface Enhanced
Raman Spectroscopy (SERS); Shell-isolated Nanoparticle Enhanced Raman

Spectroscopy (SHINERS); Cell Array; Atomic Layer Deposition (ALD).
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§1.1 WBNREREMRMAR PN

FLEOGIEEOR T 1928 42 Hi[1,2], Ty & o'k A 240 i A 52 e BLIE )
F| 20 22 70 FAR[3]e AT I B H = Fh T AR A b B ol itk B R e HLAE
A 7S R N, BRI L2 %1 (Normal Raman Spectroscopy). 7 i1
SEP B LTS (Surface Enhanced Raman Scattering, SERS). 76 /2 Fa4a 44K Hi
THsR$ %1 (shell-isolated nanoparticle-enhanced Raman spectroscopy,

SHINERS).

1.1.1 fBHSTSHh ST

DA RSN BB, ARAEBU IR . SEE Y55 A (Lord Rayleigh)
XOGEN BT R HU LR #E4T 7 RE . RGBT, IFT 1871 42 i i M HUH
~A[4,5], RIS JE5m -5 AR B P T E b, SRR 2 A U
HESCS SE R 5 NI AR, PR O B A RS

BEN 20 48, BEEHE LHEER IR RE, ADYE AT IR BT UG
FEN T IBU LR . 1910 48, ZFHTE (A Einstein) A ]2 0 5 18 #E
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IR T 11 [R5 B A R RO (R AT R SR R BEU I R o i
KRABEIG . 1923 4, KEWIEF R (AH. Compton) 7ERFF X
SRS I A SR S T IR B, R LU G A LE PR 1) X 2R, — oA R
Pk (M), H—FKEK (No+AN), X—BIR AT LU FH K6 & T HiS
fRE, U U K I3 IR T A e R R R RE AR R, MR N R WAL N [6] . [
0, BRI E TSR AR R (A Smekal) WHEE ETRE, SN vo il
AN I R AR RO, BUR G ARSI vorAv JEFRPERUR 7]

1928 4F, EIEMH RS (C.V. Raman) Fhf[FEZE K. S. Krishnan 7£
FHZK BT HE SRR TR I, I T kg R 2R BT S BOBU LR [L,2]: B s bR 7
JENSF AT vo (RELL GRFIHURD, IEAZTESE N vo-Av GYFE e 2D
M vorAv HHFETEIIZ) SRR AAMIRELL (B 1.1), X2 —F¥ia st
WA TL 2B . AR, G. Landsberg (% i Bis5) At FF L.
Mandelstam tH7E & {444 ST R LI HIUH B4 [8,9] -

Fi 2R EER S, (S S HU DGR R 1076~10710, £ 27 (Raman
shift, Av) S¥)5AITERATOC, RKIFTYIB 0 5 Rs) 555, AR 261
RIS 210> THRS . FeaBER AR HIME B -
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hv,
G W S W S S
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Vi
0 L v,
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A 1.1 BREBOUER TR R~ EE
Fig. 1.1 Diagram of scattering during illumination of the sample with

monochromaticlight.
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(1) fEhig itk K E Av & LLk% (wavenumber, #.47 cm™) F£ox, (U S5EEN
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[F R AE A R RO G T B 2 5 2 AN (AL
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(1) PL=IEL S TEMAR, Al RN TRfe SR, R e friny)
R WIS M S b BAT BRI
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FESL AT TC BRI, P02 N AR TR
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PUE BIHCMOR B TR 0 3, E TR BN IARRE i i 4 I S5 A e il 2
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1.1.2 RiNiEE et IR A

BEESORRAR R, Fr20E e T AR 7, Xl LLEW ] 1979 4,
Abraham %5 A [ Al R AL 206 T xR AR S 25 IR AR SR 2 AT R . Tl
Atalla %5 N[LOJHESEHL & 68 AT DL - PRI ACRE 40 i B o A 5 3R L] 1988 4,
Beak 5 A[LLIF I SRAMEREOR, Te45 1 841 4 = K . 1990 4, Puppels
N2 IR AEBMER, [ 2R EH MG OB R 6. 25,
JEIL IR AL 2T O IR B0 T R[13,14]. H AT, ST 2R ERE
TE[15-27] )% 35 [28-30] 0} Fi7 B 5 i AE A A 5 B ST EAT T 4

1.1.2.1 MRFG*

B BOGEE DU D9 oxt G IR 7T, B1F 78 0592 A T U 23 AT AL 2 7
BPRE,

1. P& BT

P2 SR IRAT (1) Bl RO A B I il e, Sof i e o7 B (1% 2% 28 m] SRAS 4 Ff )
ot A FR) AN 25 46 7 T KA 5L o ER T2 AR R )R 2 A5 5 AR A AR iR B R e B 4T
s, PR Z RIBI A A 1 ot et B 1 5 IR [31-33 % BT3RS Y
AR AT AR, dni /D ik (Classical Least Squares, CLS) T #dE 7
HRAG, F T w0 R 34 5B A0 2% bR A [35] 0] 1 I BEAT I, PRAEROR I
434 Hr (Principal Component Analysis, PCA) [36]. £kt %5404 (Linearity
Distinction Analysis, LDA)[37,38]. |24 % 2573 #ir (Hierarchical Cluster Analysis,
HCA) [39-41]5 il E4T 1928 5 70 #7

2. BRI

P2 G — M AR TR ICHIEOR, FLRAR A £ A0 S BIE 7E rh o S A
IR R BEANE], W A2 i 8 434 & Rk (Raman mapping) 4 & 5%

BHA (Raman imaging), —HT1EJ62 ARG 15 S KRR T R E8H —
(0% 5[21,29,30]
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