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& 4 Qiehe Aol Fesheh 2ot Al B
°ﬂ A}%s}f RNA 5h4l 2} (probe)= Al st o] 25
37, RNA R3] &4 (RNase) 2] 2.93o] o]t 2a] 7154 o
=2 ©ixlo] gl o]of| o]F7}=} DNA (double-stranded
DNA) == &z w34l (oligonucleotide)S &Hzl= A}
33 ohek Akl el 270594, 3 (hybrid)
o) AR ¥E3 A4 otz = F5 ﬁ‘ZlL %
stod ok (Wilkinson 1998). ©]21 DNA g x}e] whd-&
218t vl o] =71 DNA (single-stranded DNA) E‘%*l,‘
A2 o] 43t A A} 3 o)t} (Kitazawa 5 1999).
71t DNA & z= = BLJ 1 4) =3¢ (polymerase
chainreaction) © 2 £4]7) 95 4= 9]7] W&o RNA &
AApef s Azt o] zbelar, S| el g}
of ulal Alde] Zbsb, 2 a3k DNA 7hge] A4
A 7] wj el o]F7F= DNA & zte] nlsl] Se]A]
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2%, ], T, W 2 A o)9)e] 2AAE
W& sl= EA o] glo}(Bhate} Nagineni 1989, Dubin 5
1989, Iwaki 5 1989). =&+ 73 M = (cerebral infarction),
oAt W (Alexander disease) == F 2 o] =3 E-ofF
1 (Cruetzfeldt-Jakob disease) o] )&= ¥ oA aBC2] "3l
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=4 3 (bipolar cell), 34 = (horizontal cell) 2! =
AHA| 3£ (amacrine cell) o} 217 ok A 291 wpoR A Abo}
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DNAZ ZZA]7]7] 13+ Zxto] (primer):= 19~ 267) <)
A9 712 &2 13 Ak (Bioneer, Korea) 2 A 2}se] A}
g3l (Table 1). A 33hal-co] =72 94°CollA] 30
%7t WA (denaturation), 56°CellA] 30%7F £ (anned-
ing), 72°Cel|A] 3027+ 4174 (dlongation)atel om o] 243
< 353 WhEs).
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Zelsict HEgH oz F3¥ =7l DNA s
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RAs] A sl o4 Hare 9d A
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Table 1. Primer sequences for RT-PCR
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Name S/A* Sequence Product size(bp)
oB-crvstalin S 5-TCCTTATCACCCGTGAAGA-3 357
y A 5-AAATGAAGTTACACCAGCA-3
B-actin S 5-TCATGAAGTGTGACGTTGACATCCGT-3 285
A 5-CCTAGAAGCATTTGCGGTGCACGATG-3

* S: sense, A: antisense
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EALAS ¥HR|5}H) .r]z‘sH 20% === 30% sucrose -2l
o] 6A17F E9F AAAZ &, WExw)#) (OCT compound,
Leica, Germany)el] Jgzmialiet. 1 ¥, Y5127
(CM3050, Leica, Germany)2- o]} 10~ 16um F7] 2]
wa AHE A2l
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P 2] 3-8 phosphate-buffered saline(PBS) o =
A& &, 10ug/mL proteinase K (Sigma, USA) = 10—.—7}
S A F o™ 4% PFACA] 10827t A A stde).
0.25% acetic anhydride (Sigma, USA)7} =3txl 0.1M
triethanolamine (Sigma, USA)el| A 1587t 232]& olAd
FAF . W 2218 PBS2 A F, e Al E4R)
7} 32385 60% Hybrisol (Serologicals Corporation, USA)
2 45°ColA] 16417t B3t WA &4 B2 9
A s A AT 202 WA A5
Aure-S mhx &elo| == 50% formamider} &HE 2
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A A=A sle] ©m, 10U/mL2] Sl nuclease (Promega, USA)
5 37°Col A 1587 Whgste] w] ol Mg ual
AR BF AT g v &Rl tis
HCI buffered saline(TBS) 2.2 5871 A &3t &, A2
A okZre] Q) AE-3)] & 4 (akaline phosphatase) 7} =2 %
anti-DIG antibody (1: 200, Roche, Germany) g} 24|17} %
Qb HF-&-A|A T} o] Z TBSE 1087 33] |33}z NBT/
BOIPGoll ] 44121 o4 4 WA ZIsh Wl o)
] &z2le]l=x= 1mM EDTAZ} =¥ 10mM Tris-HCI
(pH 8)<ll A ‘?}~% %28 A]7)3 Crystalmount (Biomeda,
USA)z B9l & ox]g7}+ e} (Macrofire, Optronics,
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3}& 4 (peroxidase) & Al 7Ast7] $13 0.3% FAkst4=4-7}
FH-E wEkEol A 2087 WhSAIF AL, v So] A whe-&
wl=]8}7] 93%led 1% normal chicken serumg A 7}3t
PBSZ Al-2oj|A] 3087t uk-e-AZT}. o] £ streptavidin-
biotin-peroxidase®] & o] &3t W x2]31std -8 3]
3t 13 3HA| = anti-aBC (1: 500, Stressgen, USA) <}
a7 otuA x, HetwA 2, WA Aol w A =
(Mller cell) 2 2177 M| = (ganglion cell)E& ZXA]3}17]
]38t anti-nkx2.2(1: 100, DSHB, USA), anti-glia fibrilary
acidic protein (GFAP, 1: 100, Biogenex, USA), anti-vimen-
tin(H5, 1:500, DSHB, USA) %! anti-NeuN (1: 200, Che-
micon, USA)& A}-4-3191 or, mlA et A 29| =25 ¢
A= lectin®] 3t ZF-<l Ricinus Communis agglutinin
| (RCA I, 1:2000, Vector, USA)& A}-&-3}od whal zx) 3}
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dlo] Al2ol|A] 9027t HEG-AIZT}. o]e{A] horseradish
peroxidase”} &A= streptavidin(1: 200, Vector, USA)-&
Aol A 1A17E uE-g-A13om, 0.03% HAke A7) g
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(Fig. 2).
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Fig. 1. Expression of aBC transcripts in the chick embryos. The
aBC cDNAs were amplified after reverse transcription of total RNA
extracted from E8 to E18 retinas(lanes E8, E15, E17, E18).
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Fig. 2. Preparation of aBC probes using the E18 retina. A: Products from the first PCR (lane 1), antisense (lane 2) and sense probes(lane 3).
They were detected at the level of 357bp. B: In situ hybridization using antisense probe. Considerable number of aBC mRNA-expressed
cells were stained in the retina. C: Negative control using sense probe. There is no signa in the negative control using sense probe. D:
Immunohistochemistry for aBC. A number of aBC immunoreactive cells were detected in the retina. Note that the localization of aBC
immunoreactive cells was accorded with that of aBC mRNA-expressed cells. nfl: nerve fiber layer, ipl: inner plexiform layer, inl: inner

nuclear layer, asterisks: ganglion cell layer. Scale bar: 30 um.
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Fig. 3. In situ hybridization of aBC mRNA in the E12 to E20 retinas. At E12(A, B) and E14(C), aBC+ signals were not detected in the retina
except for the region adjacent to the optic nerve (arrows in A). aBC+ cellsfirst appeared in the retina at E16 (arrows in D). The number of
aBC+ cellswasincreased in the retinas at E18 (arrows in E) and E20 (arrows in F). ON: optic nerve, nfl: nerve fiber layer, inl: inner nuclear
layer, white asterisks: pigment epithelium, black asterisks: ganglion cell layer. Scale bar: 20 um.

ol P Holk MEE BT 4 AN (Fio.
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Ql 7539 olwM| £ (peripapillary glial cel)= <t
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z33i o} (Fig. 3D). 4] 18YUell= aBC mRNA H3lA|
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E2o)A o)A A7luc) o gl A& Hd 4 9
A} (Fig. 3F).

aBC MRNA x| 2e] 54¢ Zelalr] 98] 24
20909) w24 g daboz 3 4aB)olw Ee) 4]
kel nkx.2¢] g el zAsket QAL Alagahed v

Wbt ko] FAlHe A aBC mRNA WM 2= 4l
ARSI AP ZZA A FEE AT (Fig. 4A) o]
nkx2.2 A 2o} FA3 EE FAFellet(Fig. 4B). 1
v} RCA | H3M 2= AAARS B3 ok A1A
AN E27} 3= (inner nuclear layer)ol| Q1% 7]
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Fig. 4. Expression of aBC mRNA (A) and specific markers for retina cells(B-F) in the E20 retinas. A: aBC+ cells are observed in the nerve
fiber layer and ganglion cell layer. B: Localization of nkx2.2+ oligodendrocytesisin accord with that of aBC+ cells. C: RCA |4+ microglia
are located in the inner plexform layer as well as the nerve fiber layer. D, E: Distribution of NeuN+ neurons or vimentin+ Mller cellsis
different from that of aBC+ cells. F: There is no GFAP immunoreactivity in the chick embryonic retina. nfl: nerve fiber layer, ipl: inner
plexiform layer, inl: inner nuclear layer, asterisks: ganglion cell layer. Scale bar: 30 um.



= (inner plexiform layer)o|Ax = o7} 2= o] aBC
MRNA & 23 vl ofa| £9] 2 FA3} Aol &
B} (Fig. 4C). NeuN 2 vimentin 'H& A== aBC
MRNA @AM 2] 2 I Abe]E& He| aBC
MRNA M Z7} A74M ) a2 Aol wa| £7}
oldg &d# 4 U=k (Fig. 4D, E). ﬁo}lﬁliﬂ o
¥ vlok etol ) GRAPS] i3t Heinhe-2 8]
2= A ekert}(Fig. 4F). o] A3}+= aBC mRNA~7} nkx2.2
o} A 3 aET)otmA Ee A HFFTE ofn]dh=
Aoz ehEg.

o H

A2} (probe) 2 AHE-E]= Akl = RNA ghzte}
o| 57} DNA, ©d7l5 DNA, &=jmdats} 222
DNA st 217} 9l RNA &2k o] F7}= DNA 5
3oz WE AP A AH(in vitro transcription) S -3
A7 RNA 212 tltes ubf o2 2 glo] A}
45 3 3)c}(Aigners} Pette 1990, Tsukamoto 5 1991).
RNA &A1= SolA¥} wizt=rt wf$- =37, B33}
Zof 2] B ;AR & 4 (ribonuclease) 2] 2] & E3)] v E
o] ZAgHE A|As}7] wjiel wj7d 34 (background stain)
o] A2 Ao glr}. T2} RNA BHIALZ A)2}s}7]
A= Zep2um] =ef sl A (plasmid vector) S o] 43t =
24 (cloning), 44 & Algta o] AHg, Al AA}
of b2 Bkl o] dest A dxLes ¢
A2 LS A2l Sei = Fde S u
Fofsli= WA 2 o] ok #ul oljEl RNA g1
Pd® Fx2 RNARS| &4 (RNase)ell 2]3) 23l =7
471 “H—r°ﬂ RNAR&| & 4ol 0957 gd=x o3
of gt} o] & 9 AF Fol Y v == 1FA
e 713, Agel AHEEE ZE 492 005~0.1%
diethylpyrocarbonate (DEPC) *]&]& 3}, fe|A| &2
180°C°1]/~1 817k o4} WFA|7]7}, DEPC H2) &t =

Gol FHE AN F mEEea, FeawAF
RNA—Lv— H&art AEEA o2 AFS ARl ofF 3=
5 AYE ek ol At ulge] wel Eoh
", DNA &2 S0l A3} RIZF=nl o dsF
Paheoz wmd 298 wE S olvke AelA 2
o] olch 53] ©d7ls DNA gtzke] 79 o] 57}
< DNA SHAlel ula] Seldo] ¥3 Al BARE
£47 Astele] &4 Wxzzow ALY 4 ok
AE Aot & AT = gte|Als At} Al

fr e et
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P FAe Astete] AR RIS Ade
o4 e AR Solye] e &
A3k 2 slol = AN F PSS B
& e A el AR RPY s 24 Sepol=
A B Seld 4 olehs Ax 2 eleky Bekd
o} whebs SA7be DNA S-S o) 83k Al Ahel s
M %5 RNA S AT A7%Yel D 7
BRI

2570 gk AbgE 23 2R P ed

|

gt Ao WA AAE AR, AR HE BEE B
ot gt AAAFTS olF ABEAAM L FAte]
who] 2] 217 41 ¢ (myelinated nerve fiber) 2. = o] glo] o]
Bl I AE7|olwME7} EAsH= Ao 47 1
uhz} o2 §U3 zho] oo} (Seo 5 2001). =F et
o Ex3= Z|AET|otwAM £ AT o]Fof gl

AFE FaE7otuM 2] AR nkx2.2¢} 04 8}
AL o] g8t AFelr & 33 (Ono 5 1998, Fus}
Qiu 2001). aBBC mRNA "HalA| 22o] EA& Falstr] ¢
a2 AFeNA AR FaEs|otad 2] HeolwA|
ZkQl nkx2.2%= 3| AE7)olmA 2] oJ7 A whHA ¢l
A 38 wrgsl= AAelabogH(Qi 5 2001, Soula
2001, Fu 5 2002, Watanabe 5 2004, Cai 5 2010). aBC
MRNA 3 M 2= N2 ZA]|2}e}e] v P oA 34

E7)olwAEY o] FelE il aBC mMRNAS WHEsl=
3257 oh A £ A 169%E ko) 27§

oA AL 4 Mﬂﬂ 3, o1 WAe] A D43
t ohls 03Bz 235
B 1 4 s 27459 ol aBCH g ]
Asele] Baa olde] AF Wl

o

l.Ll

AR (Song 5 2006). w}etx aBC HAE3}
chije] Wk Al = l D‘r?—%l wor AiHo=z
aBC mRNA WM 2+ X T e I B )

HE

A2 G JE% e At SR
5ol A H—J*E °h+ 1592] mpatolA] aBC mRNAS] wt
doltt(Fig. 1). o] A 1293} 144
g oA P gk A A2 B3 oA A1 Aol Q1A
2 '}% GFF] ot Zel| 4] aBC mRNA
A A= Aty dE
(Fig. 3). %%%‘4 ohmA 2= 2o st AZA1A e
AA 2ol EA|sta Wt Aol wA £ (Miiller cell)
o} P o FApst WA Foll AFHES] AR}
2l 3BAS8, 3|4&E7]otmA £2] #A#He] MOSP gl e}
WA 22 mx|2}e] 3CB2E YA|A oz W= Eo
3+ A7 ol A 2 oo} (Quesada 5 2004). =7 whto] F-

_°,
%
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iﬂ
r_um
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94 XY, &HE MHE

x4 (avascular tissug) olehs HollA fFF9l ok
Al 27} 7ete] A 414 (angiogenesis) & W E 7hHsA]
o] A|71E wir} UAIRE o} o] M xe] A et
& A A ek} (Schuck 5 2000, Quesada 5 2004). ok
A =F W] fiF9l ok el A aBC mRNA 2]
& at ohe} o] A ze] A3 w urEofsk A ot

A& B|aE7|olaM 25 v S4BT ol £}
T-EA = Eo]A Wy E2-2 mydin basic protein(MBP)
¢} proteolipid protein (PLP) o] o} (Castro$} Bribian 2005).
J2v} MBPg} PLPE Hol]e] FaAdie]7] wfiel
AzAME & 27| ke weir A4 slas
7)ok 2] 9125 stetshd A3k A2} ofy
o} aBC =h A o] A9, A& s|asT|olwM 22 Az
Ao A FH oz walsta W e] Al d4s child
o] Wolxjoz tF o]Fdled 713 AAAE el o
2 Azl $1A] Fhote] of2]g-& FA|R aBC mRNA
E ooz o)FdA o AN AxtEEEHE
%3l MRNAS Z&3h= A2 A% 3aE7]otad 29
AAE stebsh=d fel3 Aol slet(Fig. 2B, D). &
ATE =7kt DNA s AE o] 83 A= 33y
S 53 =27 o] A A A aBC mRNA<S]
T3S AlgrHor fEste] Aoz Hust A2
A 2lm|7L giet ©d7kE DNA 24445 o] 83k Alzk
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Detection of aB-crystallin mRNA using Single-stranded DNA
Probe in Oligodendrocytes of the Developing Chick Retina

Ji Young Kim, Hyun Joon Sohn, Je Hoon Seo
Department of Anatomy, Chungbuk National University School of Medicine

Abstract : In situ hybridization (ISH) using single-stranded DNA probe (ssDNA probe) is a useful method for
observing the specific transcriptsin cells, since it is convenient to prepare probe which is specific and sensitive.
In this study, ssSDNA probe for detection of aB-crystallin (aBC) mRNA, transcript of a heat shock protein, was
prepared and aBC mRNA-expressed cells were spatiotemporally observed in the retina of the developing chick
embryos.

Single-stranded anti sense probe produced by reverse transcription and polymerase chain reaction was identified
as a specific probe for aBC mRNA in comparison to negative control using sense probe and immunohistochemistry
for aBC protein. In the ISH experiment, aBBC mRNA was expressed only in the peripapillary glial cells which are
a specific cell type located in the avian retina adjacent to the optic nerve at E12 and E14 retinas. At E16, a small
number of aBBC mRNA-expressed cells were identified in the nerve fiber layer (NFL) of the retina. At E18, aBC
mMRNA-expressed cells were observed in the ganglion cell layer (GCL) as well asthe NFL. At E20, the number of
aBC mRNA-expressed cells was increased in the GCL and the NFL. Based on the same localization of nkx2.2
immunoreactive cells and aBC mRNA-expressed cells, aBC mRNA-expressed cells were identified as oligodendro-
cytes.

These results indicate that ssDNA probe for aBC mRNA detection is very useful tool for oligodendrocyte
research such as distribution, migration and differentiation of the cells.
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