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Abstract

RNA integrity plays an important role in RNA studies because poor
RNA quality may have a great impact on downstream methodologies. This
study proposes a cost-effective, rapid, and sensitive method for determining
RNA integrity based on capillary electrophoresis that utilizes a cyan
light-emitted diode-induced fluorescence (CE-cLEDIF) as a separation tool.
When the capillary was filled with poly(ethylene) oxide and a nucleic
acid-specific fluorescent dye, SYTO 9, the baseline separation of the 18S
and 28S ribosomal RNAs (rRNAs) in total RNA was accomplished within
15 min. The lowest detectable concentration for the 18S and 28S rRNAs
was estimated to be 50 pg/uL. The temperature-induced degradation of
total RNAs could be monitored by CE-cLEDIF. RNA has an important role
in protein synthesis. In recent year, researchers have discovered that
microRNAs (miRNAs) are related to gene regulation and cancer formation.
To analyze the smaller fragments, miRNAs, a dual laser-induced
fluorescence (dLIF) setup combined with capillary electrophoresis (CE) for
miRNA detection is proposed in this study. The linear ranges of the device
for Alexa Fluor 488 labeled-DNA and Alex Fluor 647 labeled-DNA were
both from 1.0 nM to 0.1 pM. The detection of specific miRNA has been
accomplished by combining splinted ligation with the fluorescent
dye-labeled oligonucleotides. The linear range for the synthetic miRNA is
from 1.0 nM to 1.0 pM. Without PCR amplification, CE-dLIF was applied
to discriminate a pre-miR-10b* transfected cells from hepatocellular
carcinoma cell. Therefore, this result indicates CE-dLIF has great potential

to provide a rapid comparative assay for miRNAs detection.
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#12-D = & A FIHLS A 57 % 7 4 3% DNA™) ; Meagher % 4 %
AL R 127 AR R R P9 HREL 0 i@ * end-label free solution
electrophoresis (ELFSE) > = 74 # %_& 180 & & £ 7 DNA"" ; Fundador
EAKRP - FA AN DNA A LR X T N T RES T}
Benf 3B Jiang 2 Ma 1% B 4B P R RS (TRE
2 Fefiie o At 10 AP S A E A3 10 AP 0 2
24 3 amE melUYS L 8 40 RSN HHE (rolling circle
amplification, RCA ) @ p]-] & 3 & (smallRNA) > -4 p &+
PP R RAPE D L BT ALY AT E- T R
BOp A Pk e ) A 3 PpE il Wang £ 4 40w Fasl ko p @
A it DNA (methylated DNA) > &7 & * I 7ifé @ # 3% ( bisulfite
conversion )~ fi¥ % jj i* (enzyme digestion ) 12 2 PCR % ¥ BEDFRT

B RACEY P s gl .
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1.1.22 WRAFIR S

H P 5 Al R4 DNA B 7| ¢ H - g A erec o b L ap AT

A

We oo F - A2 Bend B4R SEaT SNPs o A FI R ek 0
BEI 2 RIATIE @A GA MR S R FRAG S
PAOTA e AAITAFIRES 2P o DNA PR T2 bk
R F R FIPMARARL G § & &R F % (gold standard ) 791, e
BT hRE T- BRAZETHRITOAFIRERALE » AR EE X
WEHRE O FIFEEE Y EEAEF R PIRR T E A A -
POy AR o

AYTRFIRBOF  RBEFHRDDEHNTI R XART A FE
BHRIAEE e BEZARPIATRSY LFF REF L 0 T ER
IDNA $ &8 F F & R F BT P B A Btk E A
NFERE A TR Aot v RE G FEE R EARL R AR
feeh SNPs &t b 2 ¥ 5f % o LA R G HORHA] A
( single-strand conformation polymorphism, SSCP) B0+ 8 sz 4 2544 ¥
i#] (heteroduplex polymorphism analysis, HPA) "J2 ;g B 8 = ¥ 7
# (temperature-gradient capillary electrophoresis, TGCE ) %1% = ;2 ©

FIr gt e BEE RS T REATE s TR RAPFAPILE R

BB DNA B F A 21 &k o SSCP = 2 £ PCR 2 4 1% 94°C 4c £ %
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PS5 A dank kok? o #1353 B DNA 14 & 4C T ATk
TRRFAAY BEF RO, A hH K DNA 73] € s 3 8
Hiwh o dgd &0 % DNA T AR 7 7 5o DNA 2.3 5 5 2 4k 2 >
~ (‘substitution ) - HPA = ;2 {}%E’ PCR %= {5 DNA A4 > € F] 5
e Wk gs B OAK 2 F'&m’fﬁ ]x ¥ GC %éﬁimiﬂﬁ 4 7 pg.m/,a}i
TGCE R 2% PCR shA # ‘Ci 4 6 2 1> SR EMEFT ¥ 23R
% DNA ¢ 2227 R g4k » +  (heteroduplex ) » d 3t
heteroduplex z_ & ek A4+ 3 2 H =% 2 3 48 > #7114 & TGCE ¢ 4 3P ¢

5% f#8 B (melting temperature, Tp,) 7 F > #7040 € 27 FRE R T 47
RENDNA T mEFRFm L3 Ka K,ért 7o SNPs i vhs 5
—‘F'T #-SSCE % & CE J&* * &2 %% ) (Pseudomonas aeruginosa )
1168 PipEt RNA A 7150~ 4] i g™ 2 porid 3 v B L og
[83]

bk o By A8 T GORIEER R i B 0 g

DNA % Az *t®5 8 A& Fl3F T E P ez (allele-specific
oligonucleotide hybridization )™~ 4% & f#id 4 & Jiz(ligase chain reaction )

» By sl =+t £ 2 (single-nucleotide primer extension, SNuPE )
Plviz » B &g 4 F 2% & "L4]p7 ¥ B E B % 2515 (polymerase

chain reaction—restriction fragment length polymorphism, PCR-RFLP ) ¥
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EHE BRI ZAMEH PR ESI I TR

FLEPHMETDNARIF o a5 R 5 AR & i
WHCEL R FEHER R B A A2 - HORAFTHRT -
PCR-RFLP ¢ £ {1* - B2 sl+ &7 PCR & J& > £ 1% "4lps
(restriction enzyme ) *» 2|4 T_DNA B 71| » &2 & ;2 427 2| 7 DNA & 7

AAER VY NEZ B L BT AWBR Téﬁ-% Mo g ik T

—\
S

M=

TR RESRE-ME ASBARF I A R RETAIY @R R
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1.2 2 pe (ribonucleic acid) :
1.2.1 #*%

PipEipe (RNA) &4 $13f& (nucleotides) #rie & ¢

* ek 4d
%7 DNA Apiz o & B ped = B3na 2 > 7§ ek A (base)

BEPE L 2 R o RNA ek 2384 .4 Adenine (A) ~ Guanine (G) »

Cytosine (C) -~ Uracil (U) w» i #7227, ;ﬁd PrlE LT AR -
@2 hAs cRNA A7 ¢ F FATE B L0 &3 39 7% a4
2 BE+% e (messenger RNA, mRNA ) ;‘E‘ﬁ” d & 4% (transcription) iF% #-
DNA i @ L2647 X mRNA { ¢ 463 F R B2 8 biipEtl
PipEti e (ribosomal RNA, rRNA) #74f = e pE4d (ribosome) ¢ >

T 5 e Fend 2 o @iy pEip (transfer RNA, tRNA) € 46+ ¥

M

e B34 pERE 2 U7 mRNA & (RNA B w]§ 0= Bk A 5 - mehf
7% T% 4+ (codon) 11 % F %k (anticodon) shfe$t » e 7
DALt f N IRARERE R B & Rdg £ o F e b § 46+ (start
codon) B 4o 28 i ik F mRNA 05 7| (73 R RAP YR 255+
RAp et A Rl 4R A ok 0 B (S e ¥ 0k R 4EF (stopcodon ) { =
* 7 Fv FE A ARl S #3F (translation) o A 24 P A0 F en

B0 T A RNA 227 L& iz - o
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122 @B ER

5 %1869 % Miescher Friedrich %‘%’ﬁ AR B PR
o e £ A 1900F R & B it Fpau s 4 & RE 72 F ¥ DNA 2 RNA
2 Fehiul o B3 #2587 L 11 H (nucleoside) e = A iy P fa e
"I RREESHE LR gk AL e A A 8 IIRNA 2 2 DNAPY © 1958 % » Francis
Crick$: 417 4 3 2 $ B 1w #00% > ?'P{DNA%‘%E* & 455 4 =2 RNA >
A RNA 39 it 504 3ed fend 0% plgn £ 8 & p i @3
At Y Sdom BF 2% o ploby 5 R REE SFROR A
¥ ¥ F IIRNAG 398 A% 4 ¥ 7 2P BEMRNAL & % §Tes 3
B R A - BREREIER L EE AR 3 FEa o
Holley % * j&f* + T B 774 B & <05 & BtRNA (alanine transfer
RNA) B 7] &2 T HtRNAG B4 » 4% - T IRNATA T 2 2
NBAEHFT T > G fREmMRNAS RS hv B AR O £ R SN
gl e g g AR e EE1968E L F - 1977
# Berget® 4 #F LT A T 2L a0 2 SR KiBRNAT *» (splicing )
B fF o T 47 ¢ LMehT B - TEPN S (intron) - 4e s T
T EF 6 RS (exon) T i dgds K o B {527 & 3 (HmRNA -
A E R FCEE R R e

1993 £ Lee FAHFRT LR T T N 22 i pek g S B RNA
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FIT ] PipEP fe (microRNAs, miRNAs) % w e 7 4 g g
£1.( Caenorhabditis elegans )< lin-14 35 F)> lin-14 35 %] € # 3% ¥ = LIN-14
oo Foofe s PHER lind RFERE lin-14 AFhH o BEg S
LIN-14 3¢ FehE ¢4 lin-4 A FIA & o lin4 2K F] 5 22 B & D
2 # 2L %75 miRNA > 2.4 61 B F £ 9 miRNA # Spd- %5 =
@ izf mRNA & 7122 [in-14 mRNA 73 s32b B %2 B 705 3480 §
miRNA 3 48 t lin-14 mRNA } pi{ & 258 lin-14 mRNA il 3% > # 5%
LIN-14 F-v Heng £ P18 % - £ 2000 # > Reinhart % 4 &% L '&{ 41
BB IFE - B miRNA s let 716 Jer 7 € Frl lin-41 ~lin-14~lin-28 ~
lin-42 12 % daf-12 % JL Flend 3R o ie2 (1 7 3 7 miRNA 4p B e9=
e [

2 [108] - #ﬂ [109] :}5 £ M0y 2 1 oy

FRPERE S AR 0k

A4

T
_‘_k
"

BEAFSFEZE D P 0G0 ¢ 5 AW 1000 A4 2 miRNA 4%

S R

12.3 Moo PR R A iR T3

ERFG 922 PHEE S mRNA f#8 3EF RT3 FAHLAT
E R EAE @S SRR AR E B B miRNA LR 2
Y & (noncoding RNA) ¢h— & » U 4 e 8 3 § 44T v Fen
RNA /7] < % 7 miRNA 2 ¢ o 2bbsfen] 2 3 ppEppd g b v &
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+ 3 1% pE % & (small interference RNA, siRNA )~ /] % i= % pE +% fi& ( small
nucleolar RNA, snoRNA )~ * & 125154 (antisense RNA) 11 %2 piwi
2 BE+% fe (piwi-interacting RNA, piRNA) % (31, 328t RNA #iF # He
g e+ 3 (RNA interference ) - RNA + 3 it 43 %ﬁ d 3 = mRNA
kg2 pE s BAET e s U e o U e Gz g
R e
miRNAs & @A 3| & A Flenr i 0 F 8- @8 2 L 53T o
4o 1-4 #7517 > miRNAs L8 A A TP @40 k> AFES = = 1
# % pri-miRNA (primary miRNA)» & & S8+ Bég i o pmie 27
pri-miRNA ¢ 4 *t RNase Il s Drosha fi¥ % *» 2] = &3z L3 & B
P B R 420 % B (stem-loop) pre-miRNA (precurcor miRNA) » & &
¥ 70 By H e o % ¥ 4 RNA GTP-dependent transporter exportin 5 5%
FE R R M premiRNA Fi 3 w2 7 o Dicer f¥ % § #
pre-miRNA *» & = B35 e miRNA:miRNA* duplex » § =% 2 RNA
3% E w2k 4F £ %8 (RNA-induced silencing complex, RISC) 3-v & & g% >
B ¢ 3R =+ 5 H % eha 3t miRNA (mature miRNA) » ¢ pF& & )
19~25 ¥ H pe& > @ p 47 £ WA T miRISC - miRISC 2. # 5 miRNA &

Pl €25 P % mRNA % & > § P ¥ mRNA B ]2 miRNA 15 7]

JiF

A3 R 2B s e € mRNAEFS 3o 7 o gﬁgﬁﬂﬁflj
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T wmmE b fo %
7 N RNAS &0 540 448

;’ AR N\ 5

! \

I
,’ \ \ | B B
* 1
' Drosha | I' -J_:\ Dicer ) —
Exportin 5 —— o /

\ pri-miRNA pre-miRNA / A& # miRNA 4 fp + 85 mRNA

B 1-4 miRNA 69 & g 138 4E & B 2 4 1Lz &
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226 E mRNA A 2084 ¢ fads > 3 P 1 mRNA %74

B drd] v Fend & > miRNA I * o84 kA A Flendk 3R o
miRNAs £ % % cn2) & 2 Jrd] 5 MU & p R 2 718 ROoR 2 7

(oncogene ) F¥ » miRNAs ¢ & {7 Mg e ] chrt i o A Frd]| hR R A F)

E- e el -1

1’5&«
5‘3

LA Z ke o RS EREBEZA S A F P

A TR E R AT it S 1 f AT R T RRE
B it 22 miRNAs 4P B c7 5 0 ik Be 50 B Ao & 12 0 Bl __}%[117] N
N_:}%[HS] . 75‘7’3'1’;;%3%’5'[“9]."1 z a¢%[120]§ % o Hu .?,ﬁ o ?ﬁ)}% . —‘)??:3}

Bamrezepg ppaPe s gy hagmand s JHEERE

[122]
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1 (acetic acid ) #_w % & Sigma-Aldrich ( St. Louis, MO, USA )
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vt 7 Ar4e £ 70°C S RNA %2 15 0 18STRNA L4 4 P &
IR o Bl 2-9a¥ b 5 HAEIE R P 1SS TRNA .38 T 1% 70°C T b
B o d T A T0C 5 A2 (8§ 2 T skekis Fr o i 1 18S

IRNA & F R A, eng 4 b FI R nE R E 5 AT AiEfY o i

=

&

4

|
=

A5 % HA1A5 88 (random coil ) » #H3 18S rRNA 3t
BE AT FT o @ S 10 A 4 E] 2-8b 24 5 A 4] 2-7d T &

£ B o 28SrRNA 73R 4 > [B] 2-8b © Zrfd47r d 7 = B ELE »

B
N
34
A

% P 22 8] 2-8a 1 28S TRNA 4p e » 48] 2-9c &2 d # > o b4
# g i & 28S rRNA 04 SHAf2 R » Flut B4 pERE ¢ f iicia 18 v 28S
RNA M > & NI T AR kB B 28 Fld P » F R RE
28S rRNA {434 5L AR5 AR K > 3540 § 7 v AALfEH 7285 rRNA
Ao BHEeMET ¢RI RFALEE L RNASFRE G AR Lo

3% 5 RNA 695 o F i o % — % 558 % RNA GEps 4 S4B

63



18S
28S

b)

10 ¥ 8 6 5 K&

d)

5 10 I5 20
BHET (~4)

F12-8 11 70°C e % 7 I B P % f2RNA © a)7 4c#t o b) 104
4 0 ) 604 48 o d) 8] B o e) 24| BF -

64



b)

c) 5

Gibbs free energy = -2870.9 kcal/mol Gibbs free energy = -1205.9 kcal/mol

B 2-9 #:8% A RRNALAEE ° a) 25 C8518S rRNA © b) 70 C
a%18S rRNA © ¢) 25 °C 8528S rRNA - d) 70°C 8528S rRNA -

65



e G E’v’ﬂi&{%RNA BHRE o det - KA EE B RS
kit 7 - k3] am 3 Be mpt b 28S rRNA 8 J1 e 5% - 7 iy £_d
LA FLEAEIRRNA $H L L E R RNA BREBBPEFFRE o

20 LS EP k¥ RNA = B a5 seanid Rl g 41
*Ae £ T0C L0 A 483 24 /) PE T T cnde FpE L RNA "% f2 {5 e §
B a0 B2-8c § @A - ) pFis > 285 2 18S 1RNA
FRB M PER eE 10 A EPFRER- > A T A PRESE ) AR
R4k R erB B PR S A4 & 5STRNA ] 5 L RNA 32 7
18S rRNA z P ern# § 4 %3 > 7 L RNA ¢ AR a2 2 B £ B o
B 2-8¢ F| d i AR 0 ) BB DTR S PR ORE R0 2 WAoot > )
BB TR AU E B M2 A4 0 T Ar RNA st BB S0 R ]
BRI AT ATERRE o d s 8 RNA 22 b v 4o 5k -

WA F Y R g ERIHEFERR

66



2.4 2%
AR R L DA AA R F R R TE LR
KAEF L wE R RPHRTITE 12 pM e F k- tafE§ (TR AR
WFH T MR A WA EFAREEE S RNA S
kAT o SR TP RNA e f2 o 8 % 0.4% PEO it 53 % 2 A
4 28S % 18STRNA > ¥ @ plend Mk R 5 50 pg/ul » @ & F A1k
R #5750 pg/uL ¥ 5 ng/ul > o & % 7 i R 3% RNA G0k & i &

ATt A E B %RE R SYTOO o> 2% 4 5 k- 4&

=%
i&n\
’ﬂ

B4t 488 nm + Wi B ke AR BB LKL N EPHREEDT

At kst >4 SYBR green (A =497 nm) & ¥_SYBR gold (Ae =495
nm) ¥% > w RWEFFTHRT RERREF DF LM - FEFEF LT
FLBDEM G N G R RS GRGRAE FF R

4 ie 7 RNA AR B R R P57 00 % 18 1 3 A enticdy o

67



25 34 FH

10.

11.

12.

Kennedy RT: Bioanalytical applications of fast capillary electrophoresis.
Anal Chim Acta 1999, 400:163-180.

Issaq HJ: A decade of capillary electrophoresis. Electrophoresis 2000,
21(10):1921-1939.

Paez X, Hernandez L: Biomedical applications of capillary electrophoresis
with laser-induced fluorescence detection. Biopharm Drug Dispos 2001,
22(7-8):273-289.

Hu S, Dovichi NJ: Capillary electrophoresis for the analysis of biopolymers.
Analytical chemistry 2002, 74(12):2833-2850.

Perco P, Rapberger R, Siehs C, Lukas A, Oberbauer R, Mayer G, Mayer B:
Transforming omics data into context: bioinformatics on genomics and
proteomics raw data. Electrophoresis 2006, 27(13):2659-2675.

Zhong W, Yeung ES: High-throughput analysis of total RNA expression
profiles by capillary gel electrophoresis. Analytical chemistry 2003,
75(17):4415-4422.

Tian H, Cao L, Tan Y, Williams S, Chen L, Matray T, Chenna A, Moore S,
Hernandez V, Xiao V et al: Multiplex mRNA assay using electrophoretic tags
for high-throughput gene expression analysis. Nucleic acids research 2004,
32(16):e126.

Sumitomo K, Sasaki M, Yamaguchi Y: Acetic acid denaturing for RNA
capillary polymer electrophoresis. Electrophoresis 2009, 30(9):1538-1543.
Deutscher MP: Degradation of stable RNA in bacteria. J Biol Chem 2003,
278(46):45041-45044.

Schroeder A, Mueller O, Stocker S, Salowsky R, Leiber M, Gassmann M,
Lightfoot S, Menzel W, Granzow M, Ragg T: The RIN: an RNA integrity
number for assigning integrity values to RNA measurements. BMC
molecular biology 2006, 7:3.

Auer H, Lyianarachchi S, Newsom D, Klisovic MI, Marcucci U, Kornacker K:
Chipping away at the chip bias: RNA degradation in microarray analysis.
Nat Genet 2003, 35(4):292-293.

Imbeaud S, Graudens E, Boulanger V, Barlet X, Zaborski P, Eveno E, Mueller O,
Schroeder A, Auffray C: Towards standardization of RNA quality assessment
using user-independent classifiers of microcapillary electrophoresis traces.

Nucleic acids research 2005, 33(6):e56.
68



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Opitz L, Salinas-Riester G, Grade M, Jung K, Jo P, Emons G, Ghadimi BM,
Beissbarth T, Gaedcke J: Impact of RNA degradation on gene expression
profiling. BMC Med Genomics 2010, 3:36.

Ibberson D, Benes V, Muckenthaler MU, Castoldi M: RNA degradation
compromises the reliability of microRNA expression profiling. BMC
Biotechnol 2009, 9:102.

Lin CY, Yu CJ, Chen YM, Chang HC, Tseng WL: Simultaneous separation of
anionic and cationic proteins by capillary electrophoresis using high
concentration of poly(diallyldimethylammonium chloride) as an additive.
Journal of Chromatography A 2007, 1165(1-2):219-225.

Auer H, Lyianarachchi S, Newsom D, Klisovic MI, Marcucci G, Kornacker K:
Chipping away at the chip bias: RNA degradation in microarray analysis.
Nature genetics 2003, 35(4):292-293.

Song EJ, Babar SM, Oh E, Hasan MN, Hong HM, Yoo YS: CE at the omics
level: Towards systems biology - An update. Electrophoresis 2007,
29(1):129-142.

Yeung SH, Liu P, Del Bueno N, Greenspoon SA, Mathies RA: Integrated
sample cleanup-capillary electrophoresis microchip for high-performance
short tandem repeat genetic analysis. Anal Chem 2009, 81(1):210-217.

Tong W, Yeung ES: Simple double-beam absorption detection systems for
capillary electrophoresis based on diode lasers and light-emitting diodes.
Journal of Chromatography A 1995, 718(1):177-185.

Macka M, Andersson P, Haddad PR: Linearity evaluation in absorbance
detection: the use of light-emitting diodes for on-capillary detection in
capillary electrophoresis. Electrophoresis 1996, 17(12):1898-1905.

Hillebrand S, Schoffen JR, Mandaji M, Termignoni C, Grieneisen HP, Kist TB:
Performance of an ultraviolet light-emitting diode-induced fluorescence
detector in capillary electrophoresis. Electrophoresis 2002, 23(15):2445-2448.
Sluszny C, He Y, Yeung ES: Light-emitting diode-induced fluorescence
detection of native proteins in capillary electrophoresis. Electrophoresis 2005,
26(21):4197-4203.

Breadmore MC, Henderson RD, Fakhari AR, Macka M, Haddad PR:
Separation of Nile Blue-labelled fatty acids by CE with absorbance
detection wusing a red light-emitting diode. Electrophoresis 2007,
28(8):1252-1258.

Imbeaud S, Graudens E, Boulanger V, Barlet X, Zaborski P, Eveno E, Mueller O,
Schroeder A, Auffray C: Towards standardization of RNA quality assessment

using user-independent classifiers of microcapillary electrophoresis traces.
69



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Nucleic Acids Res 2005, 33(6):¢56.

Monis PT, Giglio S, Saint CP: Comparison of SYTO9 and SYBR Green | for
real-time polymerase chain reaction and investigation of the effect of dye
concentration on amplification and DNA melting curve analysis. Analytical
biochemistry 2005, 340(1):24-34.

Johnson I, Spence MTZ (eds.): The Molecular Probes® Handbook—A Guide
to Fluorescent Probes and Labeling Technologies, 11th edn: Life
Technologies; 2010.

Song JM, Yeung ES: Optimization of DNA electrophoretic behavior in
poly(vinyl pyrrolidone) sieving matrix for DNA sequencing. Electrophoresis
2001, 22(4):748-754.

Reuter JS, Mathews DH: RNAstructure: software for RNA secondary
structure prediction and analysis. BMC bioinformatics 2010, 11:129.

Ju J, Ruan C, Fuller CW, Glazer AN, Mathies RA: Fluorescence energy
transfer dye-labeled primers for DNA sequencing and analysis. Proc Natl
Acad Sci U S A 1995, 92(10):4347-4351.

Sang F, Ren H, Ren J: Genetic mutation analysis by CE with LIF detection
using inverse-flow derivatization of DNA fragments. Electrophoresis 2006,
27(19):3846-3855.

Lyko F, Stach D, Brenner A, Stilgenbauer S, Dohner H, Wirtz M, Wiessler M,
Schmitz OJ: Quantitative analysis of DNA methylation in chronic
lymphocytic leukemia patients. Electrophoresis 2004, 25(10-11):1530-1535.
Wang Z, Wang C, Yin J, Li T, Song M, Lu M, Wang H: Focusing and
stabilization of bis-intercalating dye-DNA complexes for high-sensitive
CE-LIF DNA analysis. Electrophoresis 2008, 29(22):4454-4462.

Chang PL, Lee KH, Hu CC, Chang HT: CE with sequential light-emitting
diode-induced fluorescence and electro-chemiluminescence detections for
the determination of amino acids and alkaloids. Electrophoresis 2007,
28(7):1092-1099.

Li H, Yeung ES: Selective genotyping of individual cells by capillary
polymerase chain reaction. Electrophoresis 2002, 23(19):3372-3380.

Jin LJ, Giordano BC, Landers JP: Dynamic labeling during capillary or
microchip electrophoresis for laser-induced fluorescence detection of
protein-SDS complexes without pre- or postcolumn labeling. Anal Chem
2001, 73(20):4994-4999.

Tseng WL, Huang MF, Huang YF, Chang HT: Nanoparticle-filled capillary
electrophoresis for the separation of long DNA molecules in the presence of

hydrodynamic and electrokinetic =~ forces.  Electrophoresis 2005,
70



37.

26(16):3069-3075.

Sambrook J, Russell DW: Molecular Cloning - A Laboratory Manual In: In
Vitro Amplification of DNA by the Polymerase Chain Reaction. Volume 2, 3 rd
edn.; 2001: 8.46.

71



Fx:F CwERATRALIHA T RURKRSE
it

3.1 ¥

%ol ¥ Y e (microRNAs, miRNAs) £ 7 ¢ A= Jov H h

AR ERO 2 BRI L o d it E R BRI 2R
res g, L e ) S RNA 251 B LGP o
miRNA i 533 & mRNA & B8F 5 p i do HFend & §
miRNA & A D > (F 5 /72 N3 b pfm o & F gk &R
(acute myeloid leukemia) ™~ "% (hepatocellular cancer) !+ # 7| ’ijl
% (prostate cancer ) °'12 2 # & (lung cancer) (1% % > ¥ miRNA = 4%
BPEE R REL g & B Y e e 714 47 5 (microarray
platform) F % il ¥ P-i# & £ miRNAs e4F ¢ Fpt £ g o K sk
F & prid 4 F & (reverse-transcription quantitative PCR, RT-qPCR ) ¥

iR J RNA 04 B & fFd PCR ot @ 3U8L 5 » LB % &acehil
Bl 1 £ 1% Maroney % 4 % % - fa2 %9 38 % & & R(splinted ligation )
LA miRNAs @ p) = 20 Ph g g ix 2ieiF a3 gL 2 i P o
BT { 7 k& & A (next-generation sequencing) HjiFsy i i B )

. » 2 13 14 b4 - K= v 2
+ £ miRNAs e 2 W % 5 4

(7

- #4771 ' miRNAs £ 7 J ¢

M T R KA AR a4

|
=
ey
3
st
P
d
e
>_L
=
=
gt
(ﬁ}
3



miRNA -

A

L MR A A 47 DNA 2 RNA 2§ B A dfocsk ~ poig o
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3% DNA Brlt e sk APARBBUiEt e 7 Fag £ kg
20 = g (7 DNA ¥ Benid if] » i foid £ § 81 £ 04 49 DNA
# i 7 DNA 25 doed e 4 1995 & » Hebenbrock % 4 1% £ w3
RAGEFE R S Ak R & ¥ FA B g ehy sk P
Bk sd o fREFEd PCRA > his € &7 P eik AR
T A ey ko FOURAT KRR 276 sk A E A FIRE o Iyer & 4 12
488 nm g -+ T 5+ 532 nm 2 Nd-YAG = =837 & > L H - -

# 7 ¢ ¥ i B fluorescein isothiocyanate (FITC) 1 %2 rhodamine & #& %

74



ko F 2T ERAET AL ¥ LR o Xue £ 4 # % 488 nm
E 514 nm & ¢ m,;grg}/, LA L ‘m'g MR AR kW R 2 R
DNA .

RS T TR PSR R R N

Sp B AR & R e W RI NG ATR 0 X R % 488 nm 14 2 640 nm 3

2

B RE 2w LA EREALTHEFF L AN RP T

75



32 R E&I;A
3.2.1 F A
F % #1* 3| poly(ethylene oxide) (PEO, M, 8,000,000 g/mol) -
polyvinylpyrrolidone (PVP, My, 1,300,000 g/mol) ~ 5% (urea) ~ =
= ® 2z 47 % (tristhydroxymethyl)aminomethane, tris ) ~ 4 "&f&
(glycine ) ™2 % fir p& (acetic acid ) ‘¢ Fp # B Sigma-Aldrich ( St. Louis,
MO, USA) - % 3-1 2§ 5% " ¢ * 3|7 HPLC i&igf*ﬁhﬁﬁﬁ 7]
HE 7% i 2 K Integrated DNA Technologies =t # ( San Diego, CA,
USA) > miRNA -~ DNA Bridge ™ % ¥ £ ¥£4-2. B 7] ¥ %4 miRNA
Database 7 2 # chmiRNA B 7] %2k 3+P) & k35 4 e 354 304 13 45 4
$ kA3 0 SIS LT o RNA ¥ B2 (trizol) 1 %
DNA/RNA-free water #_+ % B Invitrogen ( Carlsbad, CA, USA)M-% -
T4 DNA %2 & ¥ 2% 2 RNA extraction kit #_= ¢ B Qiagen ( Hilden,

Germany ) = # PL¥ o

322 ‘wmfe it &
- P2 $AHuh 7w%2 Z_% p Health Science Research Resources
Banke 'w?e 33 & £ DMEM3: & £ ¢ > ¥ 7 5 10 %*=2 & 3 ~ 100 unit/mL

7 # % (penicillin) ~ 100 pug/mL 4&f#% % (streptomycin) -2 mmol/L
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431 P57 PP g A A

CE i R AA(5-3) B EE R
Alexa Fluor 488 probe 10 phosphate-TCGGTCAGCA-Alexa Fluor 488 37.1°C
Alexa Fluor 647 probe 10 phosphate-TCGGTCAGCA-Alexa Fluor 647 37.1°C
miR 221 23 AGCTACATTGTCTGCTGGGTTTC 62.0C
miR 221-bridge 50 TGCTGACCGAGAAACCCAGCAGACAATGTAGCTA,; 79.0C
miR 10b* 22 ACAGATTCGATTCTAGGGGAAT 58.0C
miR 10b*-bridge 70 A1y TGCTGACCGAATTCCCCTAGAATCGAATCTGTA;y  80.0C
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cl-glutamine® 3 R EA4h > B & B3 5 5% § YR E R R3TC a8
%Y c BRNAF P~ E )% RNA # &AL ¥ W H 3L p s 2
% B4t (Qiagen, Germany ) I %3 & -20C o

LAE R ¢ A fHuh Tim% > — 4R i e $kHuh 74
FIe ¥ R %2 (Ambion ID: PM17010) - ¥ — B Huh 7im% € %33 % pF
# miRNA 1% 5% # pre-miR-10b* ( Ambion ID: PMI12387 ) # %

(transfected ) :&m?e ) » & ¥ Huh 74w +~ £ 4 11 = 34 e9miR-10b* >

# A imre ? Z BB RNAY POV LR iE R £ L gmiR-10b* en

Il

3.2.3 3 & & & (hybridization) & & 4 ;% % & £ & (splinted ligation)
S TR L LA ERS ergh FIUL 12 20 gdp s g
T & Rl4oBl 3-1° DNA Mfet R 7R3 ¢ 2§ B 4F &0 2 p ik
miRNA (miR-10b*% miR-221) 3 4 > 7 Ip o miRNA ¢ K3 Ap &
1 DNA 7}?,%”“ ’ u}ﬁ;%’ﬁ Revd VRFT S ’Jf]lﬁ (adenosine ) > # PE)]%%”‘
XA R E RS ﬂjﬂ\ﬁ » X AT AR IR - FanB B R
E I Gk o ’ﬁtfrfm R A S P RF O DNA ARG
e 3xpAe b 1T B ’ﬁ{ﬁf ’ 7}%%’1‘-}_{ » S0P H A 5 4443 P 1k miRNA
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il
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VN 2 & ¢ VNQ/VNYow VNQLE 7 % ¥
+ (V) () + (/)
A A — J —

N\ 7

Va9 FTHYH

5 % ELp9 Ion]] XY _\ #4% vNa ,_ 5 %3 £88% Jon]] BXI[Y /_
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AHEFBF RS BEEFTF B L4 > LuL aF £ 3EFH (0.2 uM) ~
0.5uL # % 4£4t3 2. 10X PCR % ##% ;7 (Roche, USA)~ 0.5 pL ¢hp &
# (miR-221)~ 0.5 uL P % miRNA (miR-10b*) & &_% RNA » 12 % ¥t
& 82 miR-10b* 2. DNA #ﬁ%ﬁi‘i—% 0.5 ulL (0.2 uM) 4 » & PCR j&
£ 4w ¢ o #8171 DNase/RNase-free water #8085t #-f 2] SpL -2 & {2
2 r REFr R4 F BRE? ot B4 EF o 2w FF B - B 4o
TOCHe & 15 Add > AR LE - A2 D DNA 7B o EF 4RI
BRI R e 65 CrEIR T 45°C 0 5 B RJLTOC " I 65CHF & 65
CHe# 30 F) » FHF L 0.7C/A ik F5 8 » &30 & 48 *5.8 5] 45
Co & & 45CH# 3042 B 085 7+ P mRNA 22 DNA i #8 3

e R = c B BREDN20C T A4 30 A 4m o 1 F RIFLE

Y

R o MR L F R A 4

;

DNA 4 #2} ch s 5 48 B 73 £ 27 & ¢
> 1 puL en 10X 3 Epr bRt 02 b 0 T4 B & f= (5 Weiss
unit/pL )> 12 DNase/RNase-free water -84 #% ﬁr% F10uL-R &£323 1 >
L ERFBOE B R T 4o 16°C 30 A 4o 2 PEAS & fiF € 3 miRNA ¢
Vehsg R E F R SN s R A g
DNA ##27; 3 B35 5h DNA 545 © %4 @ % £ miRNA & & 5 DNA 4 #2
FgBFLSE o d *?%‘?ﬁf*-,'i’}ﬁ%%%’i@%ﬁﬂ}% ZIR 5 10bp o fed s

ST 0 5 T MR SRR A e g g, FEerE 3l
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BB ] K R DES § 1T PR R R F R

3.2.4 JFp i

BE PR A S 0t o R g e R OR R S BRI R o
: Bk R i #ap T AL RERENERER S UZ
Ly PR DT ERAAEEF T RS R
ﬁ&oﬂ&&éﬁﬁ@ﬁ%é%$ﬁ6ﬁ$4i%’@*ﬁéﬁﬁ?
B FE @ DNA B @ 2 03 g a im0 1 g Bk x g eh
¥ Avig DNA RT3 o 4ot - R P RA B o Bty L §#
BRAE DA FENGEF BIEAP LB 10 utL iR & ’#%60%ﬁﬂifﬁ§
21 2.5% formamide 578 &£ 3 % B~ 190 uL ¥ ¥4 2 R EnAgA o P > T 1Y
10,000xg &t 10 4 4ho F e 215 ] < 3 e R o F 05 F i s B 190
UL et R 0 R ZEBE (T 2 p R BRI AL B R D
DNA> 2 {4 £ 3 3 e » 60% i 190 pLo b 48 % 3o 48 12 10,000%g

Hro 10 A48 o 2Ris g 1 80%FpF EAF I L iR (T X o B fS

PR IFIT Y SUL {8 0 T RFIRZRTEE TR RIS £

R e i
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325 FE&T R &4 F & (reverse transcriptase-quantitative
polymerase chain reaction, RT-gPCR)

RT-gPCR R % &L H#HF 2 S8~ FFF B F R L fTRIER
AL 3 o 7 L5 RNA € §]* mirVana isolation kit ( Ambion, Austin, TX,
USA ) i& {7 5 B~ > 1 12 Agilent 2100 Bioanalyzer ( Agilent Technologies )
F& T_RNA h%& F > 14 Nanodrop ND-1000 spectrophotometer ( Nanodrop
Technologies ) #£ % RNA & - i& {7 miR-10b*2. RT-qPCR » 5% > 12
* TagMan MicroRNA hsa-miR-10b* ( ABI assay ID: 002315) 2 2 4 #
¥7k51 3 U6 snRNA (ABI assay ID: 001973 ) & ¥} b eng 4] L 7] »
#2 TagMan MicroRNA Reverse Transcription kit ( Applied Biosystems ) #-
10 ng 3% RNA & = cDNA - g8 %-F &4 15 pL ** Applied
Biosystems GeneAmp PCR system 9700 % B ¥ 2L {3 4c 4t 16°C 30 4 45 ~
42°C 30 245 ~85C 5 A b isafFAL 4C - v - A+ Zi#Emn
TagMan PCR kit protocol » 3Xx #_PCR i£ i 2 50°C 2 # 45 ~95°C 10 »
480 RS OSC 154 (1) 260C 1 »48 (AFEBWRE) - =
Mo k&40 0 = qPCR F Jis o P 2 Fl&rip 4l A F] (U6) hip
#HemiRNA 27 41* ACt(EER Bk F o2 a8 k& 7R 5 ¢

¥4 E= 2~[ACt sample— ACt control] — »—AACt
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326 FRAELETHBEFY L 1 R
FRARALAD FoXPBRA LG HAT L LR 32 &
CE-dLIF %% B > S g k1 & & 90° » 643 & k4t > & k4 £

e

LSBT R E NE MR kA - Fkd o A ks £
P RhE > f* ERAE TSR EF ARELLEAIAEER L

kAL s KA Y FE T Semrock = 7 (Semrock, Lake Forest, Illinois,
USA) PEiE » £ k4% 5 LMOI-503 » H £ 4 (X 2 473 ~491 nm > 7 i5
B E 5 514 ~647 nm ; & k4 5 FF648-Di01 » it & %+ 400 ~ 629 nm =1
BRET % 658 ~T700nm A ek T i o AL ke T e 488 nm % 633
nm & & notch jg 5 » P e8_5 7 WBRIACH T S L R 4E £ A R4
ehd & > notch g & PP # 7 Semrock = > A5 5 NF02-488S 12 2

NF03-633E-+ #ig * € p # % Edmund = # (Edmund, Barrington, NJ,
USA) #4 & é1515nm~671 nm + #jp & R ¥rp +* » £ p Edmund

NP ABLA B L 0G-515 12 &2 RG-665 o + #if & 21 8 i B chp

]1-

BT AT RS B PR R R EF R E -

FHHEF RATR Y NF SRR e 647 F KA ML LA
Changchun New Industries Optoelectronics Tech. 2> & 74 & eHE fi § &t
YR A RFHAE L 640 nmc #F L 10mW o d 3t F sk

Dokefeigi s o FIp € AT s e A Semrock 2 7 g B
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7 LD01-640- % — 3¢ 7 &£ & d % F JDS Uniphase = & 2 A& 7488 nm

EHFTH AR EFAEL S 488 nm o # F ¥ £ 8.8~64mW @ iR
e HTFFa20mWeR 325 &L mp 55 AKX T AR
BT EEN 907 Achd A g ALKEY > XYY LBE

( Edmund, Barrington, NJ, USA ) #-7 :p 3785 7 fp ek ip & RE 4L
g F v oA d aE £ 10x 4 (N.A. = 0.25, Edmund,Barrington,
NJ, USA) fcf » S8 notch i 4 % 204 ch Sp (s > 110 R gEh
Lo 3g k> Alexa Fluor 647 sk ¢ 5 3% & k48 F]:E 647 # L il if o0 ]
kT B g (PMTI1) (R3896, Hamamatsu Photonics, Japan) ; Alexa
Fluor 488 thsk § fi %4kt £ 55 T|if 488 & %30 3f 52 5k T 12 4
# (PMT2) - LS ET BH # 2%~ X1 % 10-kQ 7 FEHR-T R 5LE
T RIEL %ﬁé 24-bit Hc i #f vt g fE B2 10Hz g P 5 o
B (8 ;%%’ d & 17 #x 48 Clarity (DataApex, Prague, Czech Republic) F P e

W AR e- BT ARL o

327 RéEF B RAA

AT RGP B RART - 4R LR PEO &2 PVP 2 E

(ﬁm

PR At FHRELSRER ;l]mffﬁﬁg‘ s T F A S B
8,000,000 g/mol - Jk & &_i¢ * 1.5%> 4+ » 3+ £ 1,300,000 g/mol =7 PVP
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05%0 é‘%ﬁ:’?—/%/& ';;‘ :‘?_‘#BPE'Q’VI%? 2X TGA° lf—lj)\/‘gé\',%‘/\gﬁ'—l"’
¢ LM EBFTCGA S Y B el 50mL 7 7TM 4 ik & o
2x TGA ¥ =3 i » £ #-0.75 g ¢h PEO £2 0.25 g s PVP ¥ 5] » » &

B3 s AL F i E - FREFBRME 12 P FUREL 2B

328 ML mE RA AR

L g E PP % W Polymicro Technologies = & » p f& 5% 75 um »
IR E 365 ume R &k ht mE R R G 50 A F Rk R G 43 a8 .
FETEALENG 1 2L RART c B h - FAPF AIE AT R
BT S FI g R SRR S e OBEDE AR TS
L& S%PVP R Rt mpg p BEFTHE - gLk 2k RNA x4 o

e gl R B AREPBRY S R T M2 R
Foo R TERAEMERE PR (~10bp) Fi o RS H R

—_—

GERE LS ST LR

329 FHRE
%S TAE AL TSN L R R e
REFREPFAHF BT LR CRGE c REFRYF BEALP
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7 Astec = 7 4 F hPC-8I18A 4r 4 %3 B2 L 4P W T o it Bt fupFid
Fa -t oy SH o L0 d feR Medpdl PID 4= iR o R
BV 3liE+0.1°C>* k44 DNA 2 RNA k:iE {73 & & &(hybridization
reaction) ¥ 2% & F & (ligation reaction) » i %}‘} dREY ek ok
4] DNA &2 RNA {2 ~ ZhE 2 fE 4 F BB/ - B 2 40e kiR
# 5 d = & Genevac = & % > P ﬁ?’,}j?;‘}éf{ﬁ&%.l‘z R kAR &P

TR L

3.2.10 # rrw&ﬁfﬁ

B FRY PN E T RERIESE B SRS > %100 pL
SRR S I R A B Y 0 R RGBT 30C SRRk S
PR ik 1,5]:"—**@ s 4r 10 ng/uL 71 yeast RNA 12 7 oF fic® DNA & '
FREL 0 B4R ERPE e o 0 R AR S0 A4S 0 ALHE ST AR
Wl edaGnE o BREMAR DI 05pL T o Rt Tul R 18 Y

T AR R T -

3211 R % AL

BT S RE R C 'E-#BH—:' v B A~ AER R E ﬁjhﬁ{x&@’#”/%‘/fi}

TRBRE F N REAFBRANEFAFBEFE LY T
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c2 P g e £ R RE F (~200psi) F 484 AR

¢

3 ‘émsﬁﬁféi%’,%b%if?%iﬁ?

PR E SRR mE p (50 24 ) AL
REFRR - HEUTH4 2HF > & 200 Viem (g T2~ 30 )
F 4 300 Viem (07 ¢ k3t RS0 43 O A Buhil Bl T ¢ P
BEHFFRERURI - APTREEUBRE §F L g p R ESD

DB fE R 0 A E kR F RS B i
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3.3 A& g2

3.3.1 F Stk imyr 4L

FETE A B R FARDEPZ LT S pE F T L CE @RI HE
~AF R EH e o Ra F Rk - Rl LR TR

FHEAEBRIPFLCEELA BY L2 T IAp+H > EHTHRAE
FRAPTIFE2Fp % 2?6 FF L3 F5 CERRaF b3 7

it T S4(solid-state laser )~ & &+ 7 #+(argon ion laser )~ 4 % T %( He-Ne
laser) M2 = F 7 F 5 (Nd:YAG laser) o d = F - 55 & § 5 F

FHELIFEBLTE AN 2 FLEE S ARMPARGF

3R GHNME g TS
Bl 3-3a £ = A cbt LH R > = BF LA RPRETT £

f{ﬁI'Jﬁ’%iﬁ&f #Bliﬁﬁmr}%ﬂj o L WA k2

EPRR A 5 T
Bt 3@ord Ramg4 > Flpt A F %EH 647 nm 12 % 488 nm & f ¥

Xgflenie & > % 640 nm FEEF 50 2 488 nm g P+ F AT L E

FRF o PHERAFHESDRES L F LA RABF AT 2 T
PR T AR B FAR R o B 3-3b 2 ¢ RIS BY kT Ap IR

ZRAR TRRR33brca g R RS A 32 BET 4
Alexa Fluor 488 # %4 PMTI1(647 ¥ £ g )W BT chE X 3 1.47% °

=

P 64T nm § ks enfz & L4 ] @ Alexa Fluor 647 % % T A 4%
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/\: 100 —— Alexa Fluor 488
e L e Alexa Fluor 532
— .

80 i - Alexa Fluor 647
W60
o 40
=20

| . -
450 500 550 600 650 700 750 800

1400 y
b)

ETTNERTD

700

010

1400

~ C)
1“-"‘% IIO
¥
““R C // /’//
~ 700 S
i
’%R //‘V/ //////
Ztﬁ’\ o 4/;// ” \~,</:,/ 777777777 -

010 11 12

WA (A 48)
W3-3 a) = f 3 % 2 Scif R H 0 k¥ B HASCIF
L F s 3 IF £ ehie 2k (http://Wwww.invitrogen.com )
? B~1% > b) Alexa Fluor 4882 DNA# 4+ (1.0 nM)
T & B o ¢) Alexa Fluor 6472 DNA#% 4+ (1.0 nM)
TAE o b)Ec)Y hZ F P AL A8 Y ki g R A
Bl > o d ARG 64TH %l LA -
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232 ARABUERE TV hT B

Rl T
515 nm° 671 nm
Alexa Fluor 488 #% 4+ 1 0.0142
Alexa Fluor 647 #£ 4+ N.D. 1

“E onlicEny d 2P 1.0nM 2 Alexa Fluor %42 & #7145t 10 §/48
TR R 0 49 31 2 iy

b/ ~ e y ~ Y 2) , Iy 22 y > ~ ~
MRlE v 2 & 5 B S B> PMT @2+ i 2 L & o
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PMT2 (488 % il i ) 4 ip| 5| » 7 4-iF Alexa Fluor 647 # ¢ %457/ 488

nm sF EMELF P A E AT EH 647 F R g TE PP AT

488 § KL L L HE .

3.3.2 Bk £ T 6k 2 8RR
Bk £ Db ks )% 488 nm £ T T B i F FIA PR
¥ 75 Alexa Fluor 488 % k2 R84 5. > 5 & % st £ 515nm -
F A1 * 640 nm F W T B F FH ] e gew &3 Alexa Fluor 647 % % 2tk
& F oS sk £ 665 nm o B 3-4 5 R R F SR R ORI R
s BE AR OT AR RRKLOM T AR 0 T R i
ER L 001 pMo BT ot )i A E K S s - B R GRR -
B 3-5 -5 & § kchip R YRR (PR > ikt Alexa Fluor 488 s &+
2 @S 2N 5 y=9.74 x 10 x+1185>R* 4 0.9999 » # ¥ 4 i iplH&
' 9 fM ; Alexa Fluor 647 ef 42 543 > f2 8 pl £y =845 x 10" x —
2119 > R* 5 0.9999 » i ipl4&*LF 31 1M ik £ F 5k sugr § kst if
BlELE Y WRPIrH L E T - G AR v AcH R R R ET
Singo S RBEG G - R ERID A A PR S o I AELT
R EFOTIET NP B EFF SR FHRAR PR
A BMELA) LR o RHRELGRERIROES > B2 FF
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¥Rw A (F k)

1200
—— Alexa Fluor 488

------ Alexa Fluor 647

10 11 12
BPEF (H48)

B3-4 i iPl4% 3 Alexa Fluor 488£2 647 % £ 47 42 T
7@ ca)1.0nM - b) 100 pM ° ¢) 10 pM - d) 1.0 pM -
e)0.1pM o Fi i ® cndF & kR WAl o
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R3F)

K

)

i

¥R (HE

J [ ] Alexa Fluor 488
1</ Alexa Fluor 647 v

<d

<0

<0

v

10™ 10° 10” 10" 10
R (HEETAHEALEER)
W35 fAY LIFe2 ¥ L5 R HER TR

0
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> L9 Ion]] BX[Y
(q - 88p ION[J eXO[V (B o H & k¥ o £ © O-gld
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Pehg KA B G FL M 0 3 & LTS RS Y
Jé,f%f#% Tk o B 3-6 5 @ fAE k mé—#ﬁ » Alexa Fluor 488 4 &+ &

» 679.98 g/mol > Alexa Fluor 647 h4 + £ 5 825.15 g/mol > ¥] 5 & #

G+ R AERA B OBBET AL BN L R A5

Il

g e

Alexa Fluor 647 € +* Alexa Fluor 488 :B M - BEF[iE R T © o

333 WREER L

L E ALY AL RS R R A gk 0 kL Ed A
Fent R T Mpgr i em A ¥ FeERfhan it Ay
T EE M o PRI AR EF REBAGI RS SRR AT
) 4 e miRNA » £ 02 % e £ & 7 DNA AR 514 d4p 02 & &
miRNAs (79 ¢ 0 7 £ 5 B2 A B enifpi ik > 11 2 DNA s B 4L 40

FERBRAFF SRR 5 AR %Y o Lu ¥ A IR DNA ¢ %

=
F_L
EE:
g
%

Yoo F e A b BETACHE AP 59

No

PP G R &Y € 4o~ §UH RNA (carrier RNA)» 24 % r fi¥# RNA

-q)n«

(yeast RNA) 5 F§“48 RNA » & 4 » JE & 10 ng/pl R % Mk & 9
T TR a it AR F L PG o T kD AR
& 35 miRNA 1 P& - B 3-7 5 f1% 2N 2L F BRURT FIER

i miIRNA > 7 1% 2 5 3o R Eis -3 Ik A ik 2 A
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¥R R (FREH)

1200

a) miR-221 | miR-10b*

—— Alexa Fluor 488
------ Alexa Fluor 647

BB (A4)
BI3-7 AL TG PPNEE (mR221) 2
miR-10b* 2 1% 3 4 & o & fAtk & & il 3§ o0
ERT 5 a)l.0nM - b) 100 pM © ¢) 10 pM -
d) 1.0pM - €) 0.1 pM © f) F& M P8 & o
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106_: a) [ ] Alexa Fluor 488 %
] \V Alexa Fluor 647

105—5 M

10“—; ;
+t. ]
® g
y 1073
o 3
¥ ;
B 10°-
4
Ty 10°4 b) [ ] Alexa Fluor 488 -
~ \/ Alexa Fluor 647
:{-"}: 105‘5 V4
i
[ 10" N

] v
10’
M
10™ 10° 107 10" 10°

R (HETAMATEER)

B 3-8 miR-221 2 miR-10b*z_

miR-221 - b) miR-10b* -
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100 pL 3 ¢ 514 1 pl o 7 Sk 45#-T 100 8 % 43 PR > 32 B 4
REREF BUESLEF R TR AL SRR L 304 0 i S 0R]
% miR-10b* 2 2 p 2 miR-221 thd=45k B /£.1.0 nM ] 0.1 pM > &
B epT i 4P 5 0.1 pMe #7348 miRNA A B i chi s B ik £
AT 4o B 3-8 #777 »miR-221 # 488 & kil if cha |42 /250 4 y=8.266
x 10" x +3407>R* % 0.9999; # 647 ¥ il if cha 4> /258 4 y=1.005
x 10 x+3154 > R*> 5 0.9999 - miR-10b* % 488 ¥ kil if a4 425
L y=8.63 x 10"x+2007 > R* % 0.9999 ; % 647 ¥ kil if (a2 42
Fy=9.132 x 10Mx-903 » R* 5 0.9996 - miR-221 % 488 4 i if 5
PR 02.8 M ; A 647 ¥ ki 4 0 pHE'L 44.5 M - miR-10% %
488 & kL 3 W RHE'T 65 M 647 ¥ ki iE 5 W RHEL32.6 M -
FI* R mIRNA R oo 4 5 S Bk & F S48 3 6 0R] & 5o 1
FH L R E R R RS AR RS A ESREF R
%05 G WBIPEE RS R4 > T LG AT BB miRNA i R R

BERGRIYRES Y -

3.3.4 b i ff )R s P R Huh 7 fm %8 p e miR-10b*
miRNA i B P % messenger RNA 3§ s 7 | > U 7 11 E R Jf A F]

A4V Ry A F] o Fpt A miRNA g7 3 ¥ F €35 N E Hgen
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messenger RNA % i@ o 7 7 messenger RNA & % % ¢ #-4F = s7miRNA
w0 Bg 4 (pre-miRNA )i¥ 3875 48 fm#e > 2t (T4 17 4& 4 (transfection ) »
SEmE PN § HF T preemRNA R 2 A 24 < e R
miRNA> & @ 35 1! miRNA 22 mRNA 2. & b %o F]t 2 RNAF T+
W L S L F R EET LR o

Fl*r B EFFF AR AP ELA T e AL 2 LG
#F 2 miRNA 2.4 RNA k& » #3807 R[4 2 miRNA kzEM Q=
it Mo 488 A kil i A 45 A L R im e $k Huh 7 fme i (TIA
MHPE 5 b 647 ¥ k3 3 A 45 3 4 18 miR-10b* e 5p4+ pre-miR-10b*
2. Huh 7 ' > A fiik &R {eis > d WL FDwe ¢ 2 4 L § s
B miR-10%> f1* A 2% > 2 b FERE R SEIE N L g 7 M
mPe 3P0 e RNA P 2 4% 0 ] T & 3 miR-10% 8 > 4o 8] 3-9 #7417 >
B A88 4 kil iE ¢ G Rl 4 4 pre-miR-10b* 7 Huh 7 fm %2 2 %, RNA >

GV

N3 P miR-10b* 3 5L > @ 4 647 ¥ kg @ o 1R

“Ell"\

& 4 1% pre-miR-10b* 7 Huh 7 fw?z 2_ %, RNA <P 57 5 {1 3 miR-10b*

|

A ELE o de x 1.0 nM 7 miR-221 p & ¥ 2 F 1 miR-10b* & Huh 7
mre RPN kR K 1.4nM e
;’?%'E; RT-qPCR it 7 miR-10b*er4 47 %k 28 CE-dLIF = /% eray vt

#o > (i RT-qPCR 2 i TR AR E & (Ct) > Ct a3+ 8 I af &
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¥hkp gk (FREF)

— Alexa Fluor 488

e
- e e NS, e . —r e . . ————— -

Alexa Fluor 647

®3-9 A £ F &1 jp|Huh 7% p 5miR-10b* o
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(7o)

e

1800000

1700000 —

1600000 —

miR-10b*2_ 4p 44 4

1500000 — —\

-~
1

\\

100 - |

0 T T T
Huh7-NC Huh7-pre-10b*

®13-10 miR-10b* % & 2tk @] o #cdp K p
RT-gPCR > Huh 7-NC i & {4474 % 2 Huh 7w
*z > Huh 7-pre-10b* % ## % % pre-miR-10b* 1
Huh 7 m?z -
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PDNA 2 24578 o Ctiex » Bl& T PCR”T+ﬁm.}iI%§£9 » &

jedom btk m? AziaenDNA 7 £ ¢ §3-10 5 §1% RT-qPCR fidn
TEETEFGIHLARET AP HR O Huh 7% H Ctig 5 26.8 >
# g E AT U6 9 Ct & 174 4pv ¥ £ ACt & 939 ; # 4 iF
pre-miR-10b*s7Huh 7 fm®s Ct & 5 13.9 22 2 43 A 51 U6 -1 Ct (& 18.8
A T OEE ACE E-491 ¢ fEd A B ACt B ¥ - & 4 miR-10b*2 4p $f
£ 2MC=20199=20171> 24 F A ¥ B HHuh 7 % (Ct=26.8)
B4 Eh Huh 7 % (Ct=13.9) 2 E4n £ 4 20,171 & o v &
CE-dLIF ¥ RT-qPCR & B = ;% ek #£ 2 > RT-qPCR érjp 38 i £
(Relative standard deviation, RSD) % £ 19.1% (n=4)> m» CE-dLIF
7 RSD % 4.38% (n=4)> ¥ 4vif CE-dLIF 4 #% & +* RT-qPCR 4% -
d %" RT-qPCR /56 PCR *c~ 2 5 » 3 4+ ¢ — Ao <Pl g mp
0% o F]ptd B % 7 @ CE-dLIF § % RT-qPCR = ;% B & & @ #f

&
FE o X PR 59T vkent iR 4 e miRNA 5
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3.4

%%

AxFRY L wp RARE AL T HAFEF LGRS &
BEFPRENME FRLAPRFLI BUFEIPFE > 327 00
RIPIZEF Med I miRNA - vhdzie * H L& ¥ e 0] Bl chipgka
WV - SRS EORS RERT AFNEEF RSP AR
K3 DNA A7 Freth 3] B miRNA > £ f54 7 B 93 & & 5 DNA
Bt L7 RApink RO miRNA ¢ 3 AR BB R - R b

F R 2 (5 5 S IEH E 2

=t

FRGuEAL S DR g E ARSI A
T HRE R F N R A G R AR g BB RINR AR -
BAF R &Y B Y RARAR R SRR ©d Bl R
i 2 0PI miIRNA #1245 B 2 7 44.1.0 nM~0.1 pMe i * & i enp 2 >
T RS ER LA F RL > TR R wmre e RNA P g E
miRNA » 2% {7 1§ ip] F #4072 2 J2 4 4 6 4 T RNA % 554 ch2 4+ RNA
Td o N - AP L RAIE L (S S o &8 RT-qPCR & /2 % %
BB T Y £ e RSD AL fdF eh & IR o

TE KRG HE BT AR RS pAB mRNAPY P % e
FFdes 3t 2 @il J%* 250k FIRBP RSP o f VIR
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