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Table 1. Primers used for the analysis of putative Hoxc5 downstream

target genes

Table 2. PCR conditions for the putative Hoxc5 downstream target genes
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AF W& WA EBSV Glucose-regulated protein 7S(GrprS)2)

S =]
WHGY P

Hox #74% #4e 2dst 544 59 Sz 45583 7

Baol ol 27 W WA A EAAY] W 5 g xel A B,

i
ofm

la

A5 =9 dds dAsk=d A master regulator 7 AEA LE A
Atk 2y °o] Hox #+3A47F ol fdas =ddte] A wold=
Al B A= AASA wE A A= vk gl

2 AFdAE Z2HE B4S B3 Hovese downstream target
genel 2 I WA GrpZsel wiA B 3 F o] A7) HE ufAL9
o B w&E= AE RT-PCR, 7z sifw hybridization 55 %3
B8, wvitro cell culture systemOl X Grp75e) AAZ Hoves5 < &)
AR 2HAS W= A Z reporter-effector assay S =@ 438k th.

Grp78el A - &2 &8 9 Y-S transcriptional levelol A ®, 11.5Y
A 7THREeR Uie A 75U AEE 1759 wiA}
£ 7FA 3L RT-PCRE ol&3sta] &gk A3, Al7]o wetA = Grpzse &

dol zol7k ol yAwr BE A7l B ETE AS & 7 A, WA

=
il
)
=
Ay
o
=
i)

o)

A}

o] FEFEAAM DA Hdst= dElo] Hoxesel TEA} FAE Aom

/nn situ hybridization WS ©] 83t Grp/se] AP H oz TdE =
JES BF B, 27 AN Grpsse Fo Z#or dAEHE U
A, AA(somite) 18]ir AP (neural tube)S ©O]F+= AFNIAHE

(neuroepithelium celDAA HdS}= AS 2 5 AL, F7] wzdg A=



7V, 5 (rib)3 H FE(vertebra)?t & dF & A9 cranial lobe <t 7}
27 A EE R gyl (submandibular gland)?® 3 (metanephros)el

A dEEE AoR Hol V|AFAMN Fd tissue-specificdt Al HEs= AS
A~
T

- AN Hovestl FE EA Al AlE9
apoptosis®] WA S ZAHITn HuE ¥E BEUE {33 HY, Grplsol
Hoxcs 23 A AES apoptosisE ZAgtta A ZH

G780l HoxaS 28l 248 e AE ;o vitro &dlA dolr 7] $13)
HFH A Hoxet cofactor binding siteE 7Y3 Grp7S upstream FH<
pGL2 promoterdl 233, Hoxcsel EA st TdsS BN A
Hoxc5l 38 Grp78e) 23l controlRth 3v] o F7tste Ae AT
T AL, o] FIHE A siRNAE o] &3t Horasel s A&
W= Grpzsel wrEel fhasteE As #ESA

ool AR wF RO} Grpi8e Hoxasl 98l Aoz 24&

W= HoxcS downstream target gene®|2Fil A ZFE U}

A HE= W GrpsS HE A", HoxeS GrpsS upstream i, HoxcS

downstream target gene

- Vil -



AFA w2 A B Glucose-regulated protein 78
(Grp78/)2] HagFA B4

7R F
I. A&

HesE Sl Exs B 173 Aok 2 FAdAE 2dEdA HAS
WAE Hox 538 AE helix-turn-helix @]9 DNAZY 59

(homeodomain)s &3t A=

r>~1

A} =4 ¢l A (transcription factor)® H.al
Hof ATkt A B4 F BA P4 AP xved AA7 5YR FF
o fHAE AgITT LA Y’

Hox §74= w4e 2dss 44 F9 st 45523 74

ma

FEA QoA 27 W) A Al EFA ] 2 54 A w@ e
T A% Fo FHE FHs=d o master regulator F+RAAEA L
A PAW o] Hox FAA7 oH §AAE 2HES WA #AdE
of i A= AASA HwalA s vt gl

Crp78e & A A Hox 42 paralogous group VIS &<l

HoxcS2) putative downstream target genes %9 sy = 4%



GRPs+= A5 99 8iA} fibroblastE glucose?} L Wi Ao A dl L3

S w7 wEHAE wwmAzxd wuggom® o

B o

glycosylation®] &S v x= Zdolt} AE U Cd” level A3 59
7 oA GRPs7F fFE® i 4y Aot T3 GRPst A8 glucose
7} fl= AHl, A4A S endoplasmic reticulum(ER)AN A Zrgo] 12 HII S
o} 22 stressAEIG A AAL A opy|E T Aol o wvitro cell
culture A @) A wrE A o]F % GRPse] wd f% 77l A GRP
promoterd Y9 endoplasmic reticulum stress elements(ERSEs)E 7} A
7] WS Aew HaEa v

A F 109ES  GRPs(Grp/5  Grp9d, Grpl/0, Erp72, PD/Z,
Grpb8alias Erps7, calreticulin s )7 BaEQow, 1 5 syl Grp/se
ER 4o &A% chaperonel = &# Hth. T3k o] A2 lymphoid Al
oA immunoglobulin heavy W+ light chain® AgEr7] Wi

immunoglobulin heavy-chain-binding protein(BiP)o] 8}t % g 2t}

N

vk ool g, Grp/&S heat-shock-protein 70(Hsp70) familydll £3&&= 29

0

Hsp70ol&t 1% B899 61%2 homologyES 7FA i QA9 stress protein
familye] TAYLY ¥ 1 V)Ese vdE2va L4y Adok. =3 oG atel A
Grp78% AY8y 75 8ty Escherichia co/lE. coli) DnakYy ER luminal
Ca”" storage protein®) 23 . 1¥ ¢ o}

71 7%= molecular chaperoneL. A ER Woll A whalzeo] Qgulko

folding® assembly®] %=

o

z,
B
N
rir

&S F1, M & aggregationdti= 2

ggs v HuHdrk. ERENEH 5 HAE=  misfolding E
under-glycosylated @923 & t©] <tAdd EAE == 93s sk

A 9tk £ ERWANA Cd F34S zdas Adozm: wgEsle
o}

At Q] A~Ed o UEEe]l M XEQ gpoptotic pathway©l| o3
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DA 2t w2 2R A Grpzs HEe AR TAA A 27 2-cells
Al 71l F-¥] blastocyst stagez A = < S7FstthE BHavl glon,
whole embryo culture 23S &3 WA 954 A< A iAol AAG
2Ed2E % AW A (heart), 217 H(neural tube), & NG (gut

endoderm), A A (somite), 2| ¥l (surface ectoderm)ol~ &3t H e

i~

HE itk aEu A A 2 g S AAAQ EE dEe g A

ol A e A Ao} 0l

ggrg 2 AT s AF A 28 RE T Grpssel Al - 3
9l wd 9"’ S RT-PCR 18] a2 whole mount/cold iz sitz hybridizations
ol wESL, HovesS HAHe] ARde stz ok & HAorase)
downstream target genes = 3tUZ WAE Grpsol AAR Hoxcsl 2| &)

= A= reporter-effector plasmidS A 2F3k § A3}

O



1. Grp782) Al - &34 2@ g 49

7F. A =

S 98 ICR A FH(Samtako, Osan, Korea)S ©]&3tidth. AF =
e 4Z 3-4npEle} FA vl E g g FAAA L, e P A
10~ el A NA A (vaginal plug)el HE=A, o & LA 05U= 4

!

gttt WA 75QHE 1759714 w2

u!

3 a2 QAR G
Ag AF BT AA AN F A e 1

=
1}, RNA #g

Mz A4Ed A 3o wx 2ue AAdsd del gd o

o

Ni

guanidium isothiocyanate technique(GIT) *¥H & o] &3la] RNAE &
stAth. =4E tubedl ¥ denaturing € N(4 M guanidium isothi
ocyanate, 25 mM sodium citrate/2H0, 05%(w/) sodium lauryl
sarcosinate, 0.1 M B-mercaptoethanol)S v1xF A 100 mgd 3 mA <
A7MAZ 5, pestle® A AT wWAE 15 W FEE &I F, 2
M NaOAcE 140 pt €32 F7k 5 4o FAtk. Chloroform-isoamyl
alcohol(49:1)& A28, 15x3F ZeA &3 & dgo 1583 W

A&tk 4T 3500 rpm ©2 3053 YARFE T AEAG H A=



& 15 ml &9 microtube® %71 %, ASHH 5H9 chloroform-
isoamyl alcohol(49:1)& A elstil E3stAt. oAl 12,000 rpm 22 4T

o A 2087 AR

i)
ot
-
oz
ol
)
o
A

A3l M2 15 m EH9
microtubeZ &7 ©&, 45N sF9 isopropanols H7Yste 70T
freezeroll A 1A 7F o] ¥FS-AlZ L, 12,000 rpm S 2 2087 LA E8] s

o HAAZ tg 0% ethanolz M A ¢ AxAZHY. I dE RNAE

DEPC AH#3 Zf{F9 Iolal, UV-spectrophotometers ©]-&3la] A&
sl

t}. Reverse transcription(RT)

RTE 2 pg9l RNAE 200 ngel oligo dT, HOE 14 p7hA 21
0TAA 523 €5 & F, vtz A5 973 dNTP(2.5 mM each)
5 w0, RNase inhibitor(0.5 unit/ul) 0.5 w0, moloney murine leukemia
virus reverse transcriptase(MMLV-RT 200 unit/il, Promega) 0.5 uf,
MMLV-RT 10x Buffer 5 pb €3FHE 11 w® HIFAIA 37TAA 1A13F
&k WS A A cDNAE WHEAth

2. HoxcS downstream target genes primer A Z 2 PCR

#1013 cDNAZS 7}A 1, HoxcS downstream target genes®l| tj 3t
primer= vtol LYok, 1) ALE F3| primer design EZZ 13| A
g3l Az, FHSAY. xR Sacindt HoxaS specific primers
Abgsta Y. B-actin  primer(sense; 5 -CATGTTTGAGACCTTCAACA
CCCC-3, antisense; 5-GCCATCTCCTGCTCGAAGTCTAG-3’; 350 bp)



¢} HoxcS specific primer(sense; 5-CACGTCCAAGACTTCTTCCACCA
CGGC-3'; antisense; 5-CACTTCATCCTTCGATTCTGGAACC-3; 450
bp). o1 PCR ¥+ AF23F primeret PCR %712 Table 13 2¢ e}
WA

Table 1. Primers used for the analysis of putative Hoxc5 downstream

target genes

primer sequences size (bp

(F) 5-CTCGAATTCCAAAGTTCAG -3

Glucose-regulated protein 78(Grp78 187 b
= P (Grp78) (R) 5-TACCAAGTGTAAGGGGACAC -3’ P
Carbonic anhydrase 11(CAI1) (F) 5-AAAATATGCTGCAGAGCTTC -3' 173 bp
(R) 5-CCTTTGTTTTAATGGAATGC -3’
i i (F) 5-TACACAGAGGGAGCTGAGTT -3’
Tubulin beta 5 chain (R) 5-CAGTAGGTCTCATCCGTGTT 3 | 287 PP
ATP synthase (F) 5-ATTTTTCCAGGCATCATTG -3’ 209 bp
(R) 5-GATGGTCATATTCACCTGCT -3’
Proliferating cell nuclear antigen(Pcna) (F) 5-TGCTCTGAGGTACCTGAACT -3 160 bp

(R) 5-TGCTTCCTCATCTTCAATCT -3’

(F) 5-AAGTGAATCGTGCTCGTTAT 3 | 1o |
(R) 5-AGGCATACAGTATGGTCATC -3 P

(F) 5-AGTATGGCCCTAGCAGTGTA -3’ 122 bp
(R) 5-TAGCTTCTCTGCTTCCTCAC -3’

- (F) 5-TTGGAGAAGAAGATGCAGAT -3'
proteasome subunit alpha type 5 (R) 5-ACACTGTACAAAGGTCCCAG -3 | 128 bp

Retinoblastoma binding protein 7(Rbbp7)

Elongation factor |-beta




Table 2. PCR conditions for the putative Hoxc5 downstream target genes

primer denaturation annealing polymerization| cycle
Grp78 94°C 30sec 55 C 30sec 72 °C 1min 25
CAll 94°C 30sec 45 C 30sec 72 °C 1min 25
Tubulin beta 5 chain 94T 30sec 45 C 30sec 72 C 1min 25
ATP synthase 94C 30sec 45 C 30sec 72 C 1min 25
Pcna 94T 30sec 50 C 30sec 72 C 1min 25
Rbbp 7 94°C 30sec 55 C 30sec 72 C 1min 25
Elongation factor |-beta 94C 30sec 55 C 30sec 72 C 1min 25
proteasome subunit alphatype5 | 941 30sec 55 C 30sec 72 C 1min 25

a2
o
T
02
>
2,
Mo
X

2. Grp782 =A<

7F. AL =

(1) Whole mount 2 situ hybridization

JAZ FAES G @A FAFE d2FAA YA F oWjAE PBS
el HE3 vg, PBSZ 3 WH Ao += F 4% paraformaldehyde
(PFA)/PBSe gol 4Tl A wizel Z7]e] wret 1-12A1%F S A AT
o83 PBT, 25%, 50%, 70% MetOH/PBTE 584 4ToA Ao+ thg,
Ao 2 100% methanolol @7k F Q3 wj7bA] 20T A A gk

(2) Frozen section

AAZ FAS A BA A5 2= AA PN vs wAE PBS



Qbell Al A&
PBSell ¥ 4T A stF @ FAch 1813l 30% sucrose/PBSE n}-of
T T 4T A 8F 9 YA FAY. I v tissue tek(Miles, Elkhard, IN)

5 & PBS®E 3 W Aol FA 4% paraformaldehyde(PFA)/

o wMAE ¥, tissue freezing medium(TRIANGLE Biomedical Science,

Durhm, NC)e2 €2 t5 -70Tel Hystsith,

Y. /n vitro transcription

(1) Grp78 5 3A A2 subcloning

pGEM T-vectordl A+ Grp78s A &4 sph I sa/ 122 ZE)
jetsorb gel extraction kit(GENOMED, U.S.)E A&38a]  elutiondt i tt.

Multicloning A#1¢] #o Z+z} T73 SP6 promotersE 7FA 1L U+

pGEM-7zf ¢+ pGEM-3z{5 sph I3 Xho I, 18] 3 sph 1% sa/ 1S 2 Z}Z}
Zel elution 3+ the, BEE L Grps8 AR Ao 1A B
ligationdtFtF. 1813 A A3S 7] 984 WA, competent cell &
do] £ T microtubes -70T freezer24-8 AU g FHA =3

t}. Ligation E3E°] ¥ microtubed competent cell 8N 30 ul=
i, 2087 Aol WS 1ot 42T 90x%F de 7Fskl AL,
LB ®ix]& 950 @ 23 A 37TlA 1A wigs & X-gal 40 ul(50
mg/M)/IPTG 4 (0.8 M)7F 23+9 LB agar plate W89 =23 thg, 3
7C wigF7lol A WA vi<F3dE trS- blue/white colony selections 3} t.
drtE ol ANE ol &3t white colonyE ZdElste] LBHj Aol HF &<

37CelA WA A gttt



(2) Plasmid DNA 74 A

Plasmid DNAE 3 3}7] 93 alkaline lysis '$HS AF&3A T L3}

= plasmidE ¥ 3= @A dFS LB s oA v wiEsk & 3500

dsde AAsGAY. Hd=d

o

omol A 208 <k A EE T
5

solution I (50 mM glucose, 25 mM Tris-HCI, pH 8.0, 10 mM EDTA pH

—

T
80)& 100 w0 #H7bstar &gt & A7)l solution 10.2 N NaOH, 1%
SDS)E 200 i FH7Fsle] A oAl 53 WA Sk g, o] thAl 150

9l solution IIT (60 m{ 5 M potassium acetate, 11.5 ml acetic acid, 285 ml

dH-0)E5 7}t &gt &, 4T 12,000 rpmoll A 1583 A4 8k
plasmid DNAE X33 Q& ASHS Al FHEA &AHG. o7 sH<9

chloroform-isoamyl alcohol(24:1) &3H S Y1, Mo ARSI 4

omv

NS A FHe %7 F 100% ethanols 1 ml A7}sta & EEahal

>
rfo

oA 287F WA B 5EF 4Tl A 12,000 rpme 2 FA e st FFAE
AMASAT DNA I HdES 70% ethanol® A2 g § thAl g H Ad4l@
ste] DNAS A AA7 2 AzAAY. 454992 RNaseA(10 mg/ml)7t 3
7te A 2%e TE buffer(10 mM Tris-HCl, pH 80, 1 mM EDTA, pH
80) ol 20T RBaHA A3 F A v o] &5}

(3) RNA probes

Probe®. 24 antisense®} sense RNAES &A3t7] 93l pGEM 7-grp78
3} pGEM 3-grp785 A3+ &4 BamH [Z Z&A linear® e e, T7
RNA polymeraseE ©] 23t digoxygenine labeled UTP7} ¥ 3tE o] Q&=

nucleotide 3N & 4ol & § 37ColA 2AF &<k vHGAZ T



2 9 4 M LiCl® 100% ethanol®= AA s & ©e, whole mountsf

tissue sections®| in situ hybridization®] A}-8 3}t

Ok A}

DF Al LS|

=~

gl

Sh

t}. /n sitw hybridizations 53 4 A 24 @3

(1) Whole mount 2 situ hybridization

WA wMAE 75%, 50%, 25% MetOH/PBT< PBTZ rehydration 31
e, 6% HO0.PBTZE 1AI7F 59t bleachdstar ©A] 10 pg/m proteinase
KPBTE wizte] zZ7]e] uhegh 2-15%3F Agsarh. 21 os, 2 mgml
glycines 29l proteinase K& B4 A wEAY. gl 02%
glutaraldehyde/A% paraformaldehyde/PBTE H718te] A4 & A7 3,
PBTZ A3 wWiAE prehybridization solution(50% formamide, 5x
SSC, pH 45, 50 pg/ml yveast tRNA, 1% SDS, 50 pg/ml heparin)el] 2] 1
AlZE &<t 70TAA wHSAIZ va, 1 wug/ml digoxygenine-labeled RNA
probeE ¥ 33} hybridization solutions 7 ate] 70Tl A WA WE-S A
At

1 Y-S 92 posthybridization wash IdS 2 solution 1(50%
formamide, 5% SSC, pH 4.5, 1% SDS)2.2 301+ 70TeAl 2 A5l
o}, 1 Y, solution P} solution 05 M NaCl, 10 mM Tris-HCIl, pH
75, 01% tween 20)8 sZFoZ E33td] 10837 0TAA AAFa o
Al solution ITRFe.Z 3 A2 A 584 AFUAch. 1 s vizxE 100
vg/ml RNaseAE X3Hslal A= solution I 2] 37Tl A 3083 2 HE
B3+ & TBSTZ A A5 aL, blocking solution(FBS 1 mf, 10%

blocking powder 1 ml, Malate Buffer 3 m¢)< = 23t A preblockings 2

_‘IO_



t}S 9 TBSTE 1A17F A 58, NTMT=E 3082 2W AFa, o
Al NTMTZ A A9, o1 tg 9, 45 w/m NBTS 35 w/ml
BCIPE #H7F3 NTMTel ®WiAE &A o]F< XA @A bmsS AlF

+

3AIFE o] ¥ 5-H st wo] @EuW PBT=Z 2-3W AlojFo] A

S AAANA

=

oo

(2) Cold in situw hybridization

ol gl MAE 10-12 m FAZ A :Eol Hol gy o=

of B9l v 4% paraformaldehyde/PBSol A 20% &< 114 S A

i)
=

PBSel A 324 3H& Ao F3lt

a8 3 10 wg/ml proteinase K/PBSE 4#3F A gshar, tA 4%
paraformaldehyde/PBS®l| 53 A AIAH & thg PBSE thA] Ao FA}
Acetylation(295 ml H-O, 4 ml triethanolamine, 0.525 m{ HCI, 0.75 ml acetic
anhydride) W+&< 3 s, oAl PBSE A5 3 500 pul prehybridiza
tion solutions Zkztel vz} Ayl 9o "Hojmgn

<ol =5 humidified chamber(5x SSC , 50% formamide& <8< %4l
Tolg Zolx FHd SulFaL, 2A17F st A2 WA ¥ RNA probe
200-400 ng/mME E33ta Q= hybridization solutions ZH7F3E & €4
coverslipe QiL, 72T A WA wH& A At}

oS 9 coverslipS A AEIL, 0.2x SSColA 3A7F B¢ 72T ¥
T UE, 02x SSCollAl 53 A2d v, 183 levamisole(240 mg/
)=

il
Fl

2381 9lE buffer B1(0.1 M Tris, pH 7.5, 0.15 M NaClD< # 7}

_‘I‘I_



ato] A A 53 §HES e, blocking solutions HolmE il 1A]ZF

Lva"l__
st A&d A anti-digoxygenine antibody(1:5,000)5 713k t}e, 4T

oAl sFEF Wb Al H o
s 9 buffer BloZ 3W Aol & tha levamisole(240 mg/? )& X
et A+ buffer B3(0.1 M Tris, pH 9.5, 0.1 M NaC/, 50 mM MgCh)E

AR
12 = buffer

A7bsbaL, 105 5 buffer B4(240 mg/¢ levamisoleS ¥ 3

alL
B3, 45 w/ml NBT, 35 ul/m¢ BCIP)S thA] wiztel H 7}t parafilm
A A= H PBSE A

ol

om Qe F ofFe oA WAL wAE Aol

e ool wuniversal mount(Huntsville, AL, USA)E % 7}3F<]

1=

3. Hoxcsol Q3 Grp7se] 23 =4

V. HoxeS ZE3A Al horaS downstream target genes®)

=

(1) Cell culture

Mouse F9 teratocarcinoma cell(F9 cell)e ATCC(American Type

Culture Collection, USA)I A TAd3tA T AX mide 01% A" A8 o]
H plated] 10% fetal bovine serum(FBS), 60 pg/m penicillin(Gibco BRL)

I 100 pg/ml  streptomycin A 7FE dulbecco's modified —eagle

medium(DMEM, Gibco BRL, USA)d| 5% COq, 37T ¥i&7]l A +3 35+

o}
BalA 7] 7] 98 0.1% AetEl ZEo] ® 60 mm dishell 1x 10°71<] Al

RLN

Y2 w20 HA Zol FUuh ¥ 3 107 M retinoic acid(RA)SF 10

g =

_12_



mM dibutyryl-cAMPE A7beha 49 §<b o] 2443k B wuid WA 2
olFWA sl AN We Fo@ T 5% COs 37T WS/ A w2t
et

(2) Transfection

F9¥ 238% F9 cellS 6 well plated] 1x 10°7] A= ©@Zo] A Zo}
At s, dHol gli= wiA o] DNA 1 pgs 2, plus reagentS 7
JEAI 71 a1 A 2o A 158-7F Wk

S

171 & &Ho] gl wiA 9l lipofectamine
reagentE wH|ste E3Fstd Al 15% oF W)Y 1 B9k cellol
do] ¢l

DNA -plus-lipofectamine reagent &35S ZilF 2o &+ to 347+

off
o

A+ platedl A WA E AAST &

rir
N
fiu
_E
X
—iN
:L
4
Ach
oft

St 5% COs, 37T W7ol A kg Fo Ago] QL Az ZolFar.
(3) RNA & % RT-PCR

wjeksl A E(1x 10° cells)el RNAzol'™ BE 02 m¢ 23l pipetting® &
cells EHANAFAt. 1 & chloroform/isoamyl alcohol(49:1)& Y i1 &

Stale $ d&d 587 WAFAL, 12,000 rpmel A 157 7F 4Tl A <A

AzdS A F5HF9 isopropanolE ¥ TS 4TA 1A A=
U 20Tl A Al A AY. g & A EE st 75% ethanol=
= 2 A DEPC H.0°l =%th. RT-PCRS 1-thel #& wyo

s

it
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Y. Reporter analysis of Grp7S

(1) Mouse genomic DNA “d A

Ao nYE 1 em A= Z#A proteinase K buffer(10 mM Tris—-HCI,
pH 7.8, 5 mM EDTA, 05% SDS, H-0) 350 pbE i, 3|58 7I91E ©l
&3t ZA A2 S, proteinase K buffer 350 ¢} proteinase K(20 mg/
m) 36 wE oA H7FSE e 55TelA WAl RESAIFHT te E
RNaseA(10 mg/ml)E FH7kskar, 37T A 1-2A17F &<t vE&A1Z1 5 12,000
rpomel A 1023 dAEesta AFds ZEst AUl s%9
phenol:chloroform—-isoamy! alcohol(25:24:1)& Y11 LA BT s HZzd&
TEstda, o #A-de s W 9 HEIFIAT. 18la chloroform-isoamyl
alcohol(24:1)< &3 5 HAEHste AF3Aq& st 579

ATh FH Qkel DNAZE & Eo R Hojd, &of 9

e}

isopropanole 43 ]

%
A g HHE ol &8k DNAE AW va Zefel 22 4

f

El
s

70%, 99.9%, 99.9% ethanol= A= 2 @33 TE bufferel 29
Zrel 2ol DNAE 521 & AFE3FA

(2) Grp78 upstream specific primer A2+ 2 PCR

Genebank® HF-H Grp7&°l upstream sequenceS 2 (NCBI, blast
program)dte]  primerE A Z AT Grp/S upstream  primer(sense;
5-GCACCAGTAGATTGGGTTA-3, antisense; 5-GCACCTCACTTTC
TCACGCTG-3; 2361 bp)e=  violyol(dld, sko)edA st
Mouse genomic DNAE T3 o2 94Tl A 5%, 505TA 30%, 72TelA

_14_



w
S
off
r2
(Us)
(e}
A
r]I.
N
o
44
O,

(3) Cloning
(7}) Ligation

Jetsorb gel extraction kits ©|-&3t st A7]9 bandg elution 3}
o pGEM-T vectord] 249 3 3, A3 &4 EcoR [22 AE inserts
pBluescript vector(pBS vector)2] &Yt A2l subclonings st pBS
vectorel 23 AL A3 &4 Kpn I BamH [ ZT} insertE 7
Wk 2832 T4 DNA ligaseE ©| &34 pGL2 promoter vector® Kpn 3%
Bg/ IT A28 9 inserte} vectorE 311 vl &% F7F8ar, Ao 1A3F &<t

ligation3s} 4 tt.

(W) @A

=

WA competent cell dENol 5 A= microtubes -70T freezerel

A A dgd FHA 599t Ligation EgE°l X3¥ microtubedl

competent cell A€ 30 WE Hi, 2087 & HHEFPT. 1 e

42Tl 90%7 94< 71aklal, LB #iAE 950 w0 ¥ar ohA]l 37TelA 1

A wjFS - LB agar plate W] =23 v, 37C w7 A wHA
|

B
TEH O|FAINE o]t colonyE: AAHstA LB Ao H

3t 37T AA WAl vl &3k ot
(t}) Plasmid DNA A A

Plasmid DNAES 28 3l7] 93l alkaline lysis *H S AHE3AT. A&

_15_



T plasmids ¥ diddE EFE LB wiA oA HHAl wjget $ 3,500

rpme 2 208 E<F AA RS F AFTAE AAS tEF STE buffer(10
mM Tris-HCI, pH 80, 0.1 M NaCl/, 1 mM EDTA, pH 80) 256 mE &3t

stol PAEHES AFTAE AASAY. Solution (50 mM  glucose, 25
mM Tris-HCIl, pH 8.0, 10 mM EDTA, pH 80)& 4 m #7lsta &3
% o 7)9 solution 0.2 N NaOH, 1% SDS)E 8§ ml H7}sta] Ao A 5
=7 A s , OAl 971 6 mbel solution IGO0 m¢ 5 M potassium

acetate, 11.5 ml acetic acid, 285 m dH-0)Z H7}&9 1, £33 T A S

i

A 1083 B SA T 4T 3500 rpmell A 3083 LAY FE5AES
wElgt ts 0.6WM S isopropanolE solA A2 10&3F WA Skar, 3,500
mpme 2 3083 Aoz AR F, /0% ethanoleZ AT TH
. 223l TE 300 woll =<1 v 5 M LiClE #7betal A4 &

FTAES AsAt. AVl 59 isopropanols B Aeox AAEEE

it
L
N
N
Ol

% pelletS 70% ethanol® A o]F1 T# thS RNaseA(10 mg/ml)E
TEdl 5o A2cA 3023+ LA A

o 719 T =2 phenol:chloroform-isoamyl! alcohol(25:24:1)& &334
AR 3 Arzdo FHEol chioroform-isoamyl alcohol(24:1)E Z 713
3 gA ARG dFdd 28§39 100% ethanol, 1/10¥]¢] 3 M
sodium acetates 94 -20CAA A WA AT b5 & A3
F 70% ethanol22 AolFRA3 Zd g HO 1 me PEG-MgCh(40%
polyethylene glycol 8000, 3 mM MgChk) 05 mE Yi AHAES 43 =
of A 10 ol BA&E & F A2 2083 12,000 rpmoll Al A

gatgdtt. 183 o] FHEE clean benchol Al A3ttt 70% ethanols

i dAEgss e 2d wrEste #d3 ug 10-207F 2Y %
ultra-pure H-O9| 0|3l spectrophotometers ©|-&3Fa A &3} o}
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(4) Cell culture
(7}) Transfection

A I FY cells 12 well plated] 1x 10°7] &Zo] HA Zol FAh. o
, Aol gl iAo DNA 1 ugE Y1, o7]9 control?l pRL-SV40
vector(renilla luciferase) 10 ng$t plus reagentS F7}akal 2o 158
ZF 9k A 7 ths d Ao gl iAo lipofectamine reagentE F1H] & &
gtate] thA] 162 < WASA T 1 &<t cellol A= plated| A Bl A&
AASL Aol gl HWAE EoFAY. 18 31 DNA-plus-lipofectamine
reagent £35S T35 2ol & o 3AIZ &< 5% COs 37T w74

A s o2 dHo] A mMAR dolFdT).

Transfection & 24A17F st W23 t}S [uciferase reporter assay=
dual luciferase assay kit(Promega)ol <] #| A3 WS wskt}h PBS= A o
3l 1x PLB(5x passive lysis bufferS = #F 52 3 A3 AL&)S H7bst

=z
T
of AA 1583t HSAAY. 2 g FERE 5 <t v F 4T

2

|4 5E3 AAEYF e e M2 FEA &4

E FrBIY+= LARINI0O ml luciferase assay buffer II9) luciferase
assay substrates =<1 &N)E Fol A7 cell FAES 20 Wi &3
3t reporter activitys 10% &<t ¢l v 7] stop & glo reagent
(stop & glo buffer 1 méol] 50x stop & glo substrate 20 W7} &% &H)

5]

=

=

ot
L

T 102 Z<t renilla activityE Atk o o

MN
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luminometer(TD20/20)+= 227+ A T 1027 activityE 9+ Aoz A

AstH 1 =5 DLR(dual luciferase report)= 3\ A luciferase$} renillas
=4sn

O, HoxcS siRNACl 23t Grpz5e] &d 4

(1) HoxcS siRNA design 2 A 2+

Hoxc/NM_01046) sequences ©|&3ta] A2t 7153k siRNA IS &
A TS (Table 3), 71 A 7FE 83 oz F4%FH siRNAD<
homeobox <tell 912183 &= siRNA2)E AEste AdeE AkAS,
71=)ell A - o Fshe] /g skl

Sense RNA oligo} antisense RNA oligo®| Z+ZF 1 mle] RNase’} §l
= 55 Y3 4= Ue, sense RNA oligo 60 ul<t antisense RNA oligo
60 wlel 5x universal buffers S3ate] 90T A 227 WS A7l -, 30T
A A 1A WA double strand T35 RHE T

(2) Transfection 2 dual luciferase reporter assay

12 well plate] F9 cells 1x 100712 ©Zo] =7 Zol FAx, bg
9 o] gle wiA Y DNA 1 pget HoxaS siRNA 10 nM< 23, plus
reagents H7AZ the A2 A 15%3F WEEAIHT e, Ao gl
w2l [ipofectamine reagentE +H|3te] &3Fstal thA] 158 &< WA SE
ATk 1 &< cello]l A= plated A WA E A ASL Aol flE WIAZ

vt & S DNA-plus-lipofectamine reagent T3¢ ES HF1F HolFaL
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3AZE &<t 5% COs, 37T M F7lel A wg 3 Fo o] A= A= &

ol th. Luciferase assay= Y-4(1)9t o] =331 o},

Table 3. Proposed siRNA sequence of murine Zoxc5 gene

Hoxc8 (NM_010466) : mouse siRNA design

Sense 5-AGACGC CUC CA AUU CUA U -3

1
(1) Antisense 5- AUA GAAUUU GG GGC GUC U -3’

Sense 5-GUAUCA GAC CUU GGA ACU A -3’

(2) Antisense 5-UAG UUC CCA GGU CUG AUA C -3

Sense 5-CAA GGC CAC UUA AAU CAG A -3

3
(3) Antisense 5’-UCU GAU UUA AGU GGC CUU G -3

(4) Sense 5'-UAA AUC CUC CGC CAA CAC U -3
Antisense 5- AGU GUU GGC GGA GGA UUU A -3’
Sense 5-AUG ACACUC ACA ACU CUA A -3’

5
(%) Antisense 5’- UUA GAG UUG UGA GUG UCA U-3

(6) Sense 5'- AAA GAC AAG UGA AGAUUU G -3
Antisense 5’-CAA AUC UUC ACU UGU Cuu U -3
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iar. 4 3

f
el

e
bk A

1. Grp789) A - &304 2

HoxcSel downstream target genesC ® FH Hid FHAAETR 94X
Eolqog WHEE HoveSHe #TAE Lolrnr] st e I F
Hoxc5ol st ddsts 11599 mAE o &3ty d - & Fd e &

dFEe vasAdd. wWiAE d -5 S& web 7RE(HL, H2, M1, M2,

M3, M4, T)e= A4 vs 2+ F=HEH F RNAE T3t ¢,

IO A HoxcSAN M= forelimbd §5 HFE& X3st M2s ofd &
S X3 M3l A AshA @HE H

e s s A = ddd. gy vE Ao

-z
-z
S
s
pady
1)
Jo
>
o
X
§
N
i
=
N}

- g

downstream target genesy= EE HFHA HE wi= AS Az
H(Fig. 1).

T3 AZIHcrE AATE A= A dolrR7] 9] 759 vl A H-E

PN
F A

1759 w=tel Al RNAE ##3te] RT-PCRZ 2l &ttt Hoxase 859

WA M B 1754 7hA Aol R wjAtel A REH = As #EE 5 Sl
Atk olell Hlstal Grpzse 75 wAAl A FEH 16569 HiA7EA T H o

e Fe A7 mE B Zol7f A A, Sl A% periodicdt HE 4

& BA(Fig. 2).

0z
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A (B) HL O H2 ML M2 M3 M4 T
Hoxc8

Grp78
Tubulin beta 5 chain
ATP synthase
Elongation factor1-beta
Proteasome subunit alpha type 5

S-actin

Figure 1. Spatial expression pattern of Grp/5 in mouse embryo at day
115 p.c. (A) lines indicate the dissected regions at embryo of day 11.5
pc. (B) RT-PCR pattern of HoxcS and putative HoxcS downstream
target genes including Grp7S along the A-P axis; Hl(head 1), H2, M1
(middle 1), M2, M3, M4, and T (tail). B-actin was used for the internal

control.
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75 85 95 105 11.5125 135 145155 16.5 17.5 (dayp.c.)

Grp78
Hoxc8
£-actin
2.5
5 L
1.5 F
£
g
oy
Oo5 I
o L | H m _
75 85 95 105 115 125 135 145 155 165 175 (dayp.c.)

Figure 2. Temporal expression pattern of Grp/85 in mouse embryos of
day 75-175 p.c. RT-PCR pattern of Hoxc5 and Grp/5 in mouse
embryos. [B-actin was used for the internal control. The amount of

mRNA expression was normalized with that of B-actin.
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2. GroZSe AADA MAGY BA

ol & A (gastrulation)©] AN ZE = 27] 7545 v Zpol] A = U 8] g ol A
H#E o (Fig. 3A-D), 8543 954 A wjzte]l A9 XA (neural tube)

o] Al A A3 A 3 (neuroepithelium cel)o A 2& ¥ A H(Fig. 3E-1, L). 95¢

2

W2 A = A A (somite)N A= Grp7sel ZahA &d 5 A v (Fig 31-K).

iz} 7| BEo] AAEY AFEE =7 vzl 105U 1159 Hi A
NM+= TFEHo R to 2 9 hepatic primordium™} 217332 2173 Ay Al 3
Al HAHE As #FT F AAT(Fig. 3Q-U). 53], 11.5¢ HjA¢]
whole mount n sifw hybridization $H o2 FA4g A= A Hf S5
oA B EH=E AS g = AAHFig. 3a).

7] 1459 3 1659 Wizl FEAH SR SE(rb)e] He A=

0

¢

J_?__
(cartilage primordium)2t ¥ 2 cranial lobe F52] & FTYNA THH=

¢

7]

N

N

o
=

A% 5 AATHFig 3U-Z 3a, b). 1559 waelE €A

s

(submandibular gland)® * 7ol =& FAl(metanephros)d A Grp7se] 2
o] #& At (Fig. 3¢, d).
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L&) T : . bz r B R
U V f::mlag:/mmordluh: cf b \\/ Lung " X.
£ foin s \ - 4 % ‘ Cartilage primordium of vertebra
: R i .\ ‘,ﬁ g e \
& X “ i
\ \
Liver
S o
’ LI
: . 3
Y a _ Lung
B & N0
i - —Vr‘ = i F - :
Liver - N
n g 5“_..‘": =
'C Submandbulargland - q_ Nl o
g e 0 l 8 -
5 : § A& ‘N!eténq)h'n_é ‘-2.:?' )%
N lt. . el
h %g B N n‘, i

NP e

Figure 3. Expression pattern of Grp75 during murine embryonic develop
ment. Cold 7 sitz hybridization was performed. (A, C, D) sagittal (B)
frontal section of day 7.0 p.c. embryo, (E, F) frontal section of day 8.0
p.c. embryo; (G, H) neuroepithelium cells; (I, K, L) sagittal and (]) cross
section of day 9.0 p.c. embryo, (M, N) sagittal section of day 10.5 p.c.
(Q, R) sagittal section of day 11.5 p.c., inset in (Q) whole mount 7 situ
hybridization; (O, S) hepatic primodium, (P, T) neuroepithelium cells of
neural tube; (U) sagittal section of day 14.5 p.c. (paraffin section), (Y)
sagittal section of day 155 p.c.. (V, Z) cartilage primordium of rib, (W,
a) lung- segmental bronchus within cranial lobe, (X) cartilage
primordium of vertebra, (b) cartilage primordium of ventral part of shaft,

(c) submandibular gland and (d) metanephros.
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3. Hoxcsol Q3 Grp7se] 23 =4

V. HoxcS I& Al HoxeS downstream target genes® 23 &2

Putative HoxcaS downstream target genes2 2 EAHE FHAAE
(Glucose-regulated protemn 75(Grp7sS), Carbonic anhydrase [17(CAZ7),
Tubulin beta 5 charn, ATP  synthase, Proliferatime cell rnuclear
antigen(Pcna), Relinoblastoma binding protein 7URbbp7), Elongation
foctor 1-beta, proteasome subunit alpha type 5)°| transcriptional level®l
15 &otR 7] 98t F9 cell¥ E3kA
1 F9 celldl HovesS= 247 323 Al 5 RT-PCRE 33 A, tix

N

Ll

}\‘1 HUXC(Sbﬂ 9455]] Z]'%j }_Xé,% uk =

—

TO 2= F9 cell?t Hoxasl A e WHW transfection? 71 F9
celld A&t ov, A Hovass H2dA A F9 cellst 71 2@ %4
S HuSY S W GrpSe Hovese) 3HEd HUS W 1 Fo| o

= As g4 F AA(Fig. 4.

ol

7F 5
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RA & cAMP

Hoxc8

Grp78

Carbonic anhydrase [1(CAll)

Tubulin beta 5 chain

ATP synthase

Proliferating cell nuclear antigen(Pcna)

Retinoblastoma binding protein 7(Rbbp7)

Elongation factor 1-beta

proteasome subunit alpha type 5

F-actin

Figure 4. Expression pattern of plausible HoxcS target genes in F9 and
differentiated F9 cells. Differentiation of ¥9 cells were grown for 4 days
in the presence of 107 M retinoic acid (RA) combined with 10 mM
cAMP. Total RNA was isolated from F9 cell (control) or pcDNA3
(control) or pcDNA: 8 (HoxcS transfectant) transfected F9 and

differentiated F9 cells were analyzed by quantitative RT-PCR.
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Y. Grp/8 reporter analysis

Hoxc5® 23| Grp75el Hdo] S/t = AS dFI oz Grp/sel
upstream region®| @A 72 RaE Hox binding motif” *7} E438 = A
& A3t NCBI9 Blast program(http,//www. ncbi. nlm. nih.gov/ bla
st/)e ©ol&3ste] S A o Lol Hoxe Agst= Fi (TAAT,
ATTA, TGATIt/gINAlt/cDel EAstL Aea TASAHFig. 5, 6A).

Hoxcs Q38 Grp7sel wrdo] AAZ Z2dE=A dolr 7] a4
upstream CGrp7Sugrp78)S pGL2 promoter vectorel] ZE 233+ (pGL2-
ugrp78) Hoxc5% A F9 celldl cotransfectiondt ©S luciferase activity
E S8t 117 6B St 2ol Hoxastl 9lél reportere] tdol STt
28 & 5 A, upstream sequence’} reverse® E7t AS-

(pGL2-rugrp78)= Hoxc5®| transactivation? 7] A %t}
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GCACCAGTAGATTGGGCTTAGTGATTCTATCTTAATACTAGTCTGATGCAACCCAA-56
AGGAAGATCAATGTTATGACAGTIATTACAAGCCTGACTGAAAGAGCTGTGTGATGC-112
AACTTCTATAGCAAGGATGGAGTTGACTGAGTCAATAATCTTTGAGGAATGAGAAA-168
GGAAAAAAATTCCTGAACAUTGATTCATAGGCTCAACATTTTAGTGACT GTGCGT G-224
TGATGTTTTAGTAGTATTTGCACAGTGTACTTATGAAGCTCAGAATACATTITAATA-280
GGAATACTGGAGTCATTTCCTGCCTATAATAAATGGCCCAAGTAGCCTTCATAAGC-336
ATGTCTATAAGGACTTGGGGTGCAGAGATGGTGGACCTGAGAGTTCAAGGCCAGCC-392
TGGTGGACATGTTGAGCTCCAGGCCTGGAGACAGATGTCAGTTGTGTAGCATGCAT-448
AGATGCAAGTCCCATGGTAGTACATGCCTATGCCTGAAGTTCTCAGCACTTGGGAG-504
GTATAGATAGAAGAAACAGAAGTTCAAAGTCATTTGCTACACAGTTTGAAGACTGG-560
GGGTGCATGAAATTTGTCTTTAAACAACAAAAAAGGGTGGTGGTGGTGGGAATCAA-616
TAGTATAAATTATGGAGTAAAATCAACCGGGTTATTAIACTATATTCTCAGCACTTA-672
TCAATCGACCATTCTAGCTATTITAATCGCTCTTGGTCTCAATGGTCTCTTCTGGAA-728
AATGGGAAAAATGTACCAAGACTTGAATATGAATAAATGACACATGGAAAACACAT-783
AGGAGGATCAGTAGTTATAGACCAGCTTGGGCCTGTGTACAATGCCTCTCAAAATA-839
CATAAAACAAAACAATGAAGTACATAATAAGCTCAAGTAGTAACTTGTTTTGTTTG-895
TCCCCCAACATACTATTATAAAAGAGTAAAGCATCAGCAAGACTTTTTTGTCTGCT-951
AAACGTCTTTAGUATTAITCAGCCCTATTCCAAGAGTCGAATAGGGTGGTGTCAAGA-1007
AGGAAGAGGGAAAGAGGAAGGACTTATAAATAATAACCAGTGTCATAAATGGAAAT-1063
GCTATGCTAGAACAGGTTAGCGAACAATAAGGCGCTACGAGAGAGAGAGAGAGAGA-1119
GAGAGAGAGAGAGAGAGAGAAGAAAAGATACATCTCATGGTGGAAAGTGCTCGTTT-1175
GACCATAGTACTGAATCTCCGCGGCGGAGAAAGGGAATAGGTTACAATTGGCCAGG-1231
CCAATCCTGGGACTTAACCCCGGCAAAGGGAAGATTCGAAAGGCCTGGAAAGACAC-1287
ATACGGCTAGCCTTGGGGTGAAGGAGAAACACGGTTAGCTGAGAAGCACCAGGATT-1343
CTCAGCGAGGCAGAATCCAGATCAGGCCCCAGCTCGAGACGTGCAGGCCGGGCGAG-1399
TAACAGGGCCTGGACTCTGGGACATCCGAGAACGTGTGGAGGCT GGGGAGGGCGAT-1455
CACAGCTGAGGCCGGGCAGCTCAGGACGCGGGGAATCGAGGAGGAGAAAGGCCGCG-1511
TACTTCTTCAGAGTGAGAGACAGAAAAGGAGACCCCGAGGGAACTGACACGCAGAC-1567
CCCACTCCAGTCCCCGGGGGCCTGGCGTGAGGGGAGGACCTGAACGGTTACCGGCG-1623
GAAACGGTCTCGGGGTGAGAGGTCACCCGAAGGACAGGCAGCT GCTGAACCAATAG-1679
GACCAGCGCTCAGGGCGGATGCTGCCTCTCATTGGTGGCCGTTAAGAATGACCAGT-1735
AGCCAATGAGTCAGCCCGGGGGGCGTAGCAATGACGTGAGTTGCGGAGGAGGCCGC-1791
TTCGAATCGGCAGCAGCCAGCTTGGTGGCATGGACCAATCAGCGGCCTCCAACGAG-1847
TAGCGACTTCACCAATCGGAGGCCTCCACGACGGGGCTGTGGGGAGGGTATATAAG-1903
GCGAGTCGGCGACGGCGCGCTCGATACTGGCCGAGACAACACTGACCTGGACACTT-1959
GGGCTTCTGCGTGTGTGTGAGGTAAGCGCCGCGGCCTGCTGCTAGGCCTGCTCCGA-2015
GTCTGCTTCGTGTCTCCTCCTGACCCCGAGGCCCCTGTCGCCCTCAGACCAGAACC-2071
GTCGTCGCGTTTCGGGGCCACAGCCTGTTGCTGGACTCCTAAGACTCCTGCCTGAC-2127
TGCTGAGCGACTGGTCCTCAGCGCCGGCATGATGAAGTTCACTGTGGT GGCGGCGG-2183
CGTTGCTGCTGCT GGGCGCGGTGCGGGCCGAGGAGGAGGACAAGAAGGAGGATGTG-2239
GGCACGGTGGTCGGCATCGACTTGGGGACCACCTATTCCTGGTAAGT GGTATCCGT-2295
CGAAGGAGGAGGGGGTGGGGAGGAGTGGGGCGTGGCCTCCGGGGCCAGCGTGAGAA-2351
AGTGAGGTGC-2361

Figure 5. Sequence analysis of the upstream regulatory region of murine
Grp/8 gene. Putative Hox binding core motifs are boxed. Start codon

(ATG) is underlined. TATA box is marked by bold characters.
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(A)
| Hox/PBX1 binding site |

1 1
MIENTE T0 00 et b 1

: TGATTCAT I . TAAT I . primer

(B)
i i ivity (9
[Control] Relative luciferase activity (%)
pGL2 promoter vector + pc: c8
Luc

[Sense]
pGL2-ugrp78+ pc: c8

| 4

Ld
(11 N1 Luc

[Anti-sense]
pGL2-rugrp78+ pc :c8
4

)

| I Lo |

0 100 200 300 400

Figure 6. Transactivation of Grp/8 by HoxaS (A) Schematic
representation of Grp/8 upstream sequence, showing the location of the
Hox binding site. (B) Luciferase (Luc) activities were assayed 24hr after
transfection using the Dual luciferase assay kit (Promega). The results
are the mean value of three independent experiments. pGL2-ugrp78 and
pGL2-rugrp78 plasmid (0.5 pg/ul) were transiently cotransfected with 0.5
ng of the Hoxcs expression vector. Transfection efficiency for each assay
was assessed by cotransfection of 10 ng of renilla luciferase expression

plasmid.
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o, Hoxc5e siRNACl 23t Grp7sel &d 24

Grp78el & ol Hoxasl 28 AFHes 24& de g 28 A
AEs7] A8t Hoxesl dg siRNAE A ZstAth(A= 2 4y Fx)

Control pGL2-promoterd] WBl&l pGL2-ugrp78°] Hoxas W3 A <F 458 A
= ZUhEew o] wurEel EUlE HoveS siRNAD)I (2) 18] i
siRNA(1), (2)7F A9 €A v 2% down-regulation = A (Fig. 7).

Relative luciferase activ'rty(%)
500
400 r

300

200 |
100 [ .
0 L L L L

control pGL2-ugrp78 pGL2-ugrp78 pGL2-ugrp78 pGL2-ugrp78
pc :c8 (+) (+) (+) (+) (+)
siHoxcg(1) -) (-) (+) (+) (-)
siHoxc8(2) (=) (=) (+) (=) (+)

Figure 7. Effect of Hoxc5 siRNA on the expression of Grp/5 in F9 cells.
Luciferase activities were assayed 24 hr after transfection using the dual
luciferase assay kit (Promega). Transfection efficiency for each assay
was assessed by cotransfection of 10 ng of renilla luciferase expression
plasmid. The results are the mean value of three independent

experiments.
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oH

Hox FAA= 24 38 & Al - &3k Soldog Idste] JfA9 &
HE wt=sd #dostes dAAF 24 JAX=ZA B9 downstream target
genes® 4SS A= master switch2A <& A Q>

AAq7tA HHFHeZ Hox FAAZFH 2HES W& downstream
target genesdl el L#HZ Aol A9 glth. ey HT Had mE
W, molecular leveldl X Hoxa?| keratinocyte transglutaminase (ype 1<
ZA3 9 keratinocyte 53t B3 1% Hovad= progesterone receptor
gene® A& ZHEY, Hova5) osteopontin genes < AEE o B3
e A7 Rauggn”

B ME Hovese A H A target genesS TFHEE 7] & =
2HS BHS 23 Hova¥ downstream target genes'® FAEHE  HA
e wE AdaS FALE S transcriptional levell X HoxaS ¥ w &S]
o g2 A5, Hove mRNAS] #d G dAsA F= 3oz B
of o590 HoxaSl a AHAoz ANV Hus Howese Fad o=
el Wstel & FAAES o o8 A= FAor How Ay
At Y B = transcriptional levelol 27 Bt post-transcriptional T
translational levelol ] ZAHAH Aoz AZAHAY. a8y Grpssel A,
Hoxes I3 & ol Fristion wizp dAAAH T A - 3T
W FAo] HoveSh 3Es FAEE s g9 F Al

A A P (neural tube)®l A5, 959 HH Grp/se] @do] A EHJOH,

X

HoxcS= 858 A= A AL A (neurcectoderm)o A L& & 11, 959 o &

FHE AGweA gage B2 & AT Hovasl ZeA @A
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C(cervical)s-T(thoracich®l neuronal segment= forelimbe = Wolyrl=
S % AN (motor neuron)o] EAFF= Aoz A4 P=gP FTnEA
Grp78 B3t o] F9le| A ZatA H&E At Hoxas-deficient mouse 785,
& AABAA apoptosis7t FItEHom olE EI HoxaeSl & A9

survivalel #aad Aolgm wauy v QP s w3 Cs-Tiel e %

g e aga] = oul, Aovaesel Grpsss =EAst &5 A1 apoptosis
£ AAE AL, cell survivaldl T2S 9 & F(spinal cord) B3¢ L3
odsts s Aolga Az

A A (somite)2] B, paraxial mesodermo.Z  cell clusterss ZF
(vertebra)el 217433 # M(notochord)dl st FH =, HA F7]
cello] °ol &3t S5 F(rb), 23, invertebral discs® 3}t Wy wf
Ak M Grpzsw 95AWEH = AN el A, 1459 o] FHEE A
o} 5ol @ AF ¥ (cartilage primordium) A THEHE= AS #A#ES
T A% 53, 5= v dE FES Aot HTde 94
proliferating chondrocytes7} %2 ¥ 1L, maturation®©] <A HA = H a7 9
0 Grpzg A 5Fol Hi AF BEdAM wdel HAx, Grpsel cell
survivaldl #A 3L, cancer celldl 4 cell proliferation®] o] 3dhth= AP &2
G328 2 o gorese) a9 proliferating chondrocytes® %4
< Grp7s°l L Vs e Fdse Ad R dva AbsEh

S Al (metanephros)2] 73%-, 145943 1559 A wizt M Grp/sol A
o] branch7} @A E = R EAA FFeE AS AFEYT. wug bl w
2, rat 13 A AN A Grp/Sl mesenchymal-epithelial conversion®l
dogta 3o o] u, TGF-B2=  mesenchymal cell® proliferations
Rk 2ge HAFFAA TGF-B family! BMP4, BMP7, TGF-B2
Fol Ao g WA A Aew FA AW Howwse 115



A X E mesonephric®t metanephric kidneyol Al @& o] ¥ i, Horas5el
BMP4el ol& Axe] sk A zdIvE A7 AAs: 2 g
Hoxc5} Grp78°) BMP4 signals & A& dAs =
Al AFEETE

el e 48 98lA = extracellular matrix molecule < matrix
metalloproteinase, matrix molecules, growth factor, growth factor receptor
So] @HEH o5& EY¥ secretory =& transmembrane protein & 24
ER WA AT, ol& <siAe 94 ER protein bioassembly
activitys Ztil & GRP78%ZS Wil do] @wol g4 oz AMZE
a8 v FAE rat 135Y W A9]  wreteric bud (UB) branchel A

metalloprotease®} growth factor receptor®] W&o Z7lxEqon, o9 It

A Grp7&e W&ol Z7rEtha wag v ok 283 Hovesel A S =

T

mouse WAl A UB branch & *1 9 mesenchymal celld] 4] 23 ¥ th+=
ES

s
a
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a2 wF2AT NG P YoM Hoxasl 3 Grossel =H=E
&g AAa

H el AS-, Grp/8 cranial lobe2] 7FA A HEHE = Hol #AHS
ol

o

oo =S 4G Zeo] ge HAE UMK V#HeZA FHE

FGFY4 BMP4$} 22 secretory protein®] 83 93& stvfa A
0. waq HAME Grpzsel ER O Weld @Al ¢4, folding,
assemblyE°] &ol&A o] FAAd F JAEE Z=oF Aoz AHY, £
A7 dAdst = A T oY dANA apoptosis7t doldtial dE A A=
g% glold W epithelium©l Y mesenchymes| A apoptosis7} 2] 2 o &
A dojdvra EHA At 2elu apoptosis £ 7] el Bl A= e
A w7b ok mElb B Aol ARER Grpisel apoptosisE F A5

Heo & FHoh=d dod Ao Atrdnh
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o

Abgrel A, Hoxasol 1ol #Holds Tdo] HA o Hoteo
ol 4= el ®rkn mago] kY ojgh ol Elote] #He| A apoptosis
b AA dolvs AL Horasel ®Hobe] HolAM dd FdI FARE ],
olatel HIE wFol Hol olml  (Grpisel HoveSe FHES ol
anti-apoptotic pathway®l| #S3F R oz = AMZrHE T

M= &g F7e &8 @i d
B chaperone @¥d 50l dad Aow AzHw webr Grprsel wEd

of 7T ARG, a8y HovasPl el HEETE Has

2

o] WA m

=)
e
)

lly

S Aoz Hol gt Grprse]l HAS Y3 = gE J)Fo]l Ag A
olghar AztH

g8 Al (submandibular gland)A X+ Aol Jd A xXES] it F
ol & wW7tA  apoptosis7t dojdti. o Wl  pb3/caspase3-mediated

apoptosisT= terminal bud formationo A FL3}1l, caspaseS/caspaseld-
mediated apoptosis<= ductal lumen formation®| TWAIThil HIEF o)A
o apoptotic stop signaldl WA= AHFRA Aol ¥ sl A

caspase activityE A3 apoptotic signals A st B o R w ol

g &AM Al gpoptotic stop signal I Grp7se] BTt £ ¢S Ao
Ay 2y o},
Gro7sel Hoxc®l s Agddom 4S8 w=tts= AS 29357 ¢

3 77 vitro 73 A mouse genomic DNAS Grp/8 upstream F2AN A Hox
binding core motif (TAAT, TTAT) 9/} Hox cofactor i <#HHA
PBX1¢} Hox7} bindingste A E(TGATIt/gINAlLcl) 3 F-91& s
o] nele F2Y & S reporter analysisE N &3 AR movasel <8
Grp/8e)  up-regulation™ 1L, ©| up-regulation®] YA  siHoxc) 2 3&

down-regulation® = H O 2 HOl Hoxcso Grp/5= HAFHoR ZHS+=
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Aog HAU. FO R Grp/S upstream TS deletiont 7 74 &3 =
F917F Hovasel o8] 2dE& wre EAA FolR il Horvasel Grprsel
upstream -5l bindingdli=* &<lsladof & #o|t},

ol m vivo B vitro AFE nFo] Hol Gkl 7] TAE

At AL Td s

al, organogenesis @A F Al H, HF} =
=o] 3@ d¥ FRAAM #EH= Aol Howese A EI FASH,
reporter—effector analysis 45 &3 Grp/5 Hoxcs5l 23 #HHo=
24 He= Ao R Hol Grplsl Hoxas direct target genes <2 sty A
o= AZE.
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v.4a &

Hoxc5® downstream target genes &2 StU=Z FFH Grp/8e &d A"
S BXE 1, repoter-effector assaysS B HoxcHeffector)dl Grpls

(repoter)?] &AL zdste= A Yolr ghr}.

1 AF wia 2 A8 T Grpzse -G A7l ddHA e, 1159 A

Al A FR RN s wde] wATA,

o)

2. Grpzsel Hd = 7182 27] WAt A = Wi, Ad el Ay A

o
N

| vzt M= 3F, #H9 cranial lobedl| A 7HA 7F E =

3. Grp789 upstream 915 pGL2-promoter(reporter)d] ZZd3ta] EA

SIS W, HoveHeffector)dl <& repotere] L3 o] F7lste AS &

AN, BAl HoxeS siRNAE o] &3t Hovas?l 71sS AdsA reporter

olidel AyER W FY Hol Grpsse WA HA g F Al FHHO
tissue specificdt Al W& T Horasl 23] AHHo=

+ downstream FAAYESE & F A
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Abstract

A study on the expression of Glucose-regulated protem 75

(Grp/8) during murine embryogenesis

Jin Joo Kang

Departmernt of Medical Science

The Graduate School, Yonser University

(Directed by Professor Myoung Hee Kim)

The Hox genes are key regulators for animal body pattern formation
and are expressed position-specifically along the antero-posterior (A-P)
body axis during early embryogenesis. Although the molecular analysis
for the position-specific expression has well been studied, what Hox
regulates —i.e., //ox downstream target genes are not clear yet.

Previously, (rp78 has been discovered as one of the putative target
genes of HoxcS Grp/85 a member of a hsp70 family, is a highly
conserved stress protein and functions as a molecular chaperone in the
endoplasmic reticulum (ER) or in the cytosol.

In order to see the stage-specific expression pattern of Grp/s,
mouse embryos from day 7.5 to 175 p.c. were isolated and total RNAs
were purified . When RT-PCR was performed using Grp/5 specific
primers, periodic expression pattern was detected.

Since the position-specific expression was clearly detected on day

11.5 p.c. in the case of HoxcS, the region specific expression of Grp/&
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was also analyzed at this stage: total RNAs were isolated from the
segments of the embryos along the A-P axis and RT-PCR was
performed. Interestingly, the region-specific expression pattern was
detected with a strong expression in the trunk part of the embryo.

Using w2 siw hybridization, dynamic expression of Grp7& revealed
that endoderm, somite and neuroepithelium cells of the neural tube in
early embryos expressed Grp/S5 In the case of late embryos, Grp/&
expression was detected in the liver, segmental bronchus within cranial
lobe of lung, ossification center within the cartilage primordium of rib
and vertebra, submandibular gland, as well as metanephros. These
expression patterns are alike to those of Hoxc5 very much . Since
Hoxc5  has been reported to be a regulator of apoptosis during
organogenesis, it could be possible that the apoptotic function could have
been conveyed through the expression of Grp/s.

In order to investigate the effect of Hoxc5 on Grp/8 expression,
reporter-effector assay was performed. When the effector Hoxc5 was
present, the luciferase activity of the reporter (pGL2-ugrp78) containing
the wupstream sequence of Grp78 Tharboring putative Hox and
Hox-cofactor binding sites was up-regulated. Whereas, pGL2-rugrp78
containing the upstream sequence of Grp/8 in reverse orientation, and
pGL2 promoter vector were not transactivated by HoxcS Furthermore
the up-regulation of reporter (pGL2-ugrp78) expression in the presence
of Hoxc5 was down-regulated when small interfering, sioxc5 was
treated. These results altogether indicate that Grp/5 is one of the HoxcS

downstream target genes.

Key words : Grp/5, expression pattern, HoxcS, reporter—effector assay,

HoxcS downstream target genes
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