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Identification and Functional Analysis of Egr-1-interacting Proteins
Involved in Vasculogenesis During Early Stage of Development
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Egr-1 is a zinc finger transcription factor and one of immediate early response genes.
Egr-1 is upregulated in response to a wide variety of mitogenic and nonmitogenic stimuli,
including peptide growth factors, shear stress, urea, hypotonicity and hypoxia. To identify
novel Egr-1 interacting protein, we performed yeast two-hybrid screening using Egr-1
baits. In this study, we identified that proteasome subunit a type 3 (PSMA3) and protein
inhibitor of activated STAT protein (PIASy) interacts specifically with Egr-1 protein by
yeast two-hybrid screening. In addition, we found that the stability of Egr-1 was increased
under hypoxic condition. These results suggested the importance of O, tension in the

degradation processes of Egr-1.

Key Words: Egr-1, Two-hybrid, Proteasome subunit a type 3, Protein inhibitor of
activated STAT protein y, Hypoxia
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Egr-1-Z zinc-finger®] DNA binding domaing A]
U+ “immediate-early response protein” o 2 Tr2-
Z72] AAQIA}, cytokine, injurious stimuli (i.e.,
UV, heat shock, anisomycin, arsenite...) 5ol <] 3l
w43 HAZ7tE Hole whAZA] NGFI-A,
krox24, Zif268, Tis8 52| t}& WA oz % deix
ekt g 2 FAAGE, PDGF
A&B, Myc, Nur77, bFGF, EGFR, Rb, cyclin DI,
thymidine kinase, c-Ki-ras, TGF-B1, IGFIR..)9] 3
R Aol Agslo] A2 WS FEshAl el
ol F FHAAS HZ1A el Z 33t Egr-12 coactiva-
tor®} corepressorgs E3t 7|F o2 FA RS HAL
E zAsA =HEd, HEZHCSE CREB-binding
protein (CBP), p300 5-©] coactivatorZ4] Egr-12]
trans-activations -f-=3}31, NGFI-A-binding protein
(NAB) 13} 27} Egr-18] A4S Alste dA=
g A ekt Buk olyel o] Halol o
sl Egr-10] %31 hypoxiadloll A 9] A4
73 27} hypoxia-inducible factor 1 (HIF-1)3= 3+
g 3zl HHolgte AAPE Hol Egr-19]

sk AZALIE 2 hypoxiaZh fridehs @
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ugha] B ol oA = IGF-II %aﬂz}sq 222}
+ Egr-1 AAQ1=}
o] MR APchAdE %7%3—]‘7] H13ll yeast
two-hybrid ==&l d& AAscl. #ab oYz}
A% AA7L hypoxia 271 sloll A ofw gk Wyl
H3l5 Kol XS Western blot analysisS £l
A go g 2] Aol =AEE TEAQ Y
A sl ERAAARES] o 2 AHEF
X5 ] ko]l o] &z} sFrt.
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1) Yeast two-hybrid 23 2|4

(1) Bait construction: Egr-1< yeast two-hybrid
screening®l] baitZ ©]&&}7] 9lelo] baitZ AE
F95 PCRE FF3lal, o]E pGEMT HE o
ligationf’:l'U]-. Ligation% WIE] S EcoRl/BamHIL. &
AF2 31, U2 ©hH-E yeast GAL4 DNA binding
domaing 7}FA= pBHA ®E{ol ligationdtct.

(2) cDNA library &2]: Screeningol] 2 23+ cDNA
library= mouse 17-day embryo cDNA library (Clon-
tech)Z4] 3.5x10°70¢] independent colonyS 3§
st3 et WA library titeringZHE S Sl $19
independent colony®] <A7FE spreadings }3l,
©] £ large scale DNA purification columng ©]-£3}
o] libraryE Helslazl gkl E2l®  library=
enzyme cutting (EcoRI/Xhol)s E3lo] 2Qls}A
e},

(3) Yeast strain and yeast transformation: Yeast
stain== GAL4 binding siteol] 9]l ZAE]+= lacZ
reporter& 7}A|+= Yeast Sacchromycses cerevisiae
HF7C [MATa, ura3-52, his3-200, lys2-801, ade2-
101, trp1-901, leu2-3112, gal4-542, gal80-538]<}
SFY526 & two-library systemoll AF£-3}3t}. Two-
hybrid vectorg HF7Cel] 43} 7] $]3}o] sequen-
o] g3}tk YPD (2%
pepton, 1% yeast extract, 2% glucose)oll yeast2]
cell density7} OD=0.2% Al 2~3X]7F 59t 30°Ce]|
A ekt F cells Rovh B celld SHTE

washing®}3L 1XTE/1XLiAcell resuspensiondtt}. o]

tial transformation W&

A F4]% competent cellell pGBT9-AD22} her-
ring sperm carrier DNA, pACT2 mouse embryo 17
day library, PEG/LiAcE 430] 30°CellA] 307}t ul
oFgtr}. 10% DMSOE H7}bslo] 42°C, 1587} heat
shocks g+ & ice ollA 1~2F ksl t}A
cell& FEolx Z{H<1} TEol resuspensiond}od
histidine, Leucin, Tryptophano] ZH %l SD plate
(6.7% nitrogen base, 2% glucose, A1 &% o}u] =4k
o] spreading®}o] 30°CollA] 347t wlekA] 7t}

(4) B-galactosidase assay: Plateoll4] A8} yeast
transformants& nitrocellulose filter membraneol]
transferslo] o] filterS A& Lol 1087 Tl
o] filterE 5-bromo-3-indolyl-B-D-galactopyranoside
(0.32 mg/ml) (X-gal)E -3t Z buffer (60 mM
NA,HPO,, 40 mM NaHPO,, 10 mM MgCL, 50 mM
KChell A4 E 3 MM paperoll &7 30°C =&
2ol A WA 1~247F ol S0z
W= colony-g Aelsic}

(5) Recovery of pACT2-mouse embryo 17 ¢cDNA
clones: B-galactosidase #4-S w = transformants
E pGBTAD2E A|AsL7] $]80 leucineo] ZAH=
SD AR ol Ho 30°C, 16417 o] kA7)
t}. o]Z A ulokEl yeastE Fo}A lysis bufferol]
%22] phenol/chloroform B!
1/39] glass beadE 7}s}o] vortexslo] yeast cell
5 FA e A5 Holl 100% ollehE& Hrtst
o] yeast DNAE- precipitations}o] E.colioll electro-
porationA| 71 o},

(6) E-coli electroporation: " #] screenings %
&l histidine growth gl B-galactosidase d4& 5
9l yeast DNAE desalting solution (100 mM glu-
cose * 1% agarose)oll 5ul loading ¥ttt Loading®
DNAE iceollA]l 1A17F 30% =<QF w2 A]A saltE
glolic), o]+ wulg] A|#EE electorcompetent cell
40t DNAE 41&
tion & cuvetteol] W |, electroporatorol] 4] 2.5 V
9] pulseE 102 <t A =t o] 8hg-Eoll 1 ml
9] LB medias Y3 1A+ F<QF 37°ColA] re-
generation A]# <= ¥ LB-Ampicillin plateol] spread-
ing¥tct.

resuspensionA] 7| 3,

. ©| mixtureE electropora-

2) Automatic DNA sequencing



B-galactosidase & &3l SF2A] W&k colony] <3
714 AAE 918 ABI 377 automatic DNA
sequencerE ©|238kt}. WA terminator ready mix
(Perkin Elmer)®} template, primerE 413, PCR
(96°C 10, 50°C 52, 60°C 45 25 cycleg A
gt} o] % ethanol precipitations E3l samples
loading buffer (formamide; 25 mM
EDTA)®} 410] 2u AXE loadingtt}. 747} run-
ningA17] Foll A7 4GS EAR,

purifys}3lL,

3) HepG2 M|Z2| HHQF

KIST cell bankoll4 %13t human hepatocel-
lular carcinoma (HepG2) cellE A&-3kt} HepG2
cell> 10% fetal bovine serum (FBS) = *7}3t
minimum essential medium (MEM)°l| 1% Penicillin-
Streptomycin (P-S)< 7|3k vl Aol A wh3 nlok
T, 284 3Yol] A  trypsinization > ZE
subculturedto] FA sl AlFwjek 374 37°C
E3t FEZ FAEE 5% CO, w74 A

s}

4) 0|5 7t& F H{I|E 0|EE hypoxia

x0| =g
NSt €Oyl olF Zhx Fge] 5@ €O,

incubatorE o]g3tct. & N&F FYUslo] uijek]
e 0,9 55 AgstA gFHA FAld COo,
& Faste] AEE ulekste] AWollA A==
hypoxia Fefe} FAE =4S AlFgc)

5) Western blot analysis

FZ% oA extractE gel loading bufferoll =
o] 3827} boilingdt %] SDS-PAGEE eY3tr}. GelZ
YLE] NC filter29] transfert= transfer kitS AF-£3}
3 transfer7} By} filters 3% BSA7} Eo] &
PBS buffer2 s+ FQF blockingX|7] H HE3+
washingS ghe}. &1 A ¥F-&-2 filteroll Egr-1°1]
3k primary AbE H@eF (H=F 111,000 %)
H7bslo] oA 12417 AX Hhg& 134
Zlctk olo] wkgo] U™ washings 3 ¥ se-
condary Abs A elsto] AollA 1~247F F<F
WH-S-A)71tk. PBST (PBS/0.1% Tween 20)2-2 wash-

ingS & filters ECL WHg-S EW 5 Xeray film

4 a}
1) Egr-1 bait2| A%}

Egr-19] A=A domain % C-terminal +-$]2]
transcription activation domains FA 2 E baitE
27FA] AlZFsl Y oh(Fig. 1). Y yeast two-hybrid
screening= $]3F%] mouse embryo 3 human Hela
cell ¢cDNA librarys W= E2lsloix, wel=
library & baite] FEUZ 310 screenings A A|

skl

2) Yeast two-hybrid screening0 2|5t Z&tCh
HHZ 24 AH
b I — N — B |

Bait®} library S yeast strain HF7coll co-transfor-
mationd}3L, 2Xx}ol] AR A3F2|d-g Flo] o
MY EF&o]l A=l B-galactosidase assay<}
His growth test® &3t 1X A= Z3}, oz
10001 72l E&¢] AL, olojA&= 22 £
Zelde Sl 100 el FEo] FAHE Tl o]
23t} o] &2 t}A| DNA sequencing® 2 mouse
proteasome subunit type-3 (PSMA3)3} human pro-
tein inhibitor of activated STATy (PIASy)Sl Zl o &
T =31, I tFE yeast strain®] SFY52601 thA]
transformation }¢] B-galactosidase assay& 3l -
Az Az Boldez Auwe ¢ & AN

(Table 1, 2).

TAD1 TAD2 TAD4  R1 TAD3

Egr-1full-length cDNA | [ [[ | [ [ [[zincinger]]]

Bait 1 » |Lexa 08D [|

» [cAL4 DBD| [|zincfinger][] |

Bait 2

Fig. 1. PSMA3 binds the C-terminal region of Egr-1.
Structures of Egr-1 proteins tested in yeast two-hybrid
screening are shown. TAD, transactivation domain; DBD,
DNA binding domain; R1, repression domain.
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Table 1. Interaction of Egr-1 with PSMA3 assayed using
the yeast two-hybrid system. Yeast strain SFY526 was
co-transformed with combinations of indicated plasmids
and interaction was evaluated by filter assays of f-
galactosidase activity

Protein Fused to Gal4 domain

DNA binding Activation Filter color
VA3 TD1 Blue
GBT9 PSMA3 White
GBT9 PIASy White
Egr-1 PSMA3 Blue
Egr-1 PIASy Blue

Table 2. The property of positive Egr-1 interacting clones

3) HypoxiaStOIA Egr-12| & =0l

Hypoxia “geflollA] Aol Fa3k 35
= Ao FE d& A Egr-19] W8-S Western blot
analysis® A X Qkth(Fig. 2). 3 ollA] E= vle}
Zro] normoxia®} 2 AAHQl AglollA pro-
teasome inhibitor?! LLnL-S X elstgd& 7%, &
A%k Egr-1 ©hiAd el Z7hE WS o Uk
Z, normoxia ElollA= Egr-1 shwde] E7}
dts] dojuta Jdes & F Uk
poxiaol| A= LLnLe] 280 uwjekdt Aoz Hol,
Egr-1 ©hujA o] Hajzhgo] hypoxia AefollA &

ARl e F 4 Ak

A. PSMA3

> gi|13528948|gb|AAH05265.1|AAH05265 (BC005265) Similar to proteasome (prosome, maropain) subunit,

alpha type, 3 [Homo sapiens], Length=248
Score=265 bits (677), Expect=6e-71
Identities=134/141 (95%), Positives=134/141 (95%)

Query: 1  MSSIGTGYDLSASTFSPDGRVFQVEYAMKAVENSSTAIGIRCKDGVVFGVEKLVLSKLYE 60
MSSIGTGYDLSASTFSPDGRVFPVEYAMKAVENSSTAIGIRCKDGVVFGVEKLVLSKLYE
Sbict: 1  MSSIGTGYDLSASTFSPDGRVFQVEYAMKAVENSSTAIGIRCKDGVVFGVEKLVLSKLYE 60
Query: 61 EGSNKRLFNVDRHVGMAVAGLLADARSLADIAREEASNFRSNFGYNIPLKHLADRVAXXV 120
EGSNKRLFNVDRHVGMAVAGLLADARSLADIAREEASNFRSNFGYNIPLKHLADRVA ~ V
Sbict: 61  EGSNKRLFNVDRHVGMAVAGLLADARSLADIAREEASNFRSNFGYNIPLKHLADRVAMYV 120
Query: 121 HAYTLYSAVRPFGCRSXWGLQ 141
HAYTLYSAVRPFGC GQ
Sbict: 121 HAYTLYSAVRPFGCSVNDGAQ 141
B. PIASy

2i|3643111|gb|AAC36703.1|(AF077952) protein inhibitor of activated STAT protein PIASy [Homo sapiens],

Length=510, Score=207 bits (527), Expect=2e-53
Identities=106/110 (96%), Positives=106/110 (96%)

Query: 1

MAAELVEAKNMVMSFRVSDLQMLLGFVGRSKSGLKHELVTRALQLVQIDCSPELFKKIKE 60

MAAELVEAKNMVMSFRVSDLOQMLLGFVGRSKSGLKHELVTRALQLVQ DCSPELFKKIKE

Sujct 1:

Query: 61

MAAELVEAKNMVMSFRVSDLQMLLGFVGRSKSGLKHELVTRALQLVQFDCSPELFKKIKE 60

LYETRYAKKNSEPAPQSHRXLDPLTMHSTYDRAGAVPRTPLAGPNIDXPV 110

LYETRYAKKNSEPAPQ HR LDPLTMHSTYDRAGAVPRTPLAGPNIDPV

Sujct: 61

LYETRYAKKNSEPAPQSHRPLDPLTMHSTYDRAGAVPRTPLAGPNIDYPV 110




y -_— -— - @« Egr-1
M <« a-tubulin

Fig. 2. Effects of proteasome-specific inhibitors on the
levels of Egr-1 protein under hypoxic condition. HepG2
cells were treated with proteasome inhibitors, LLnL, for
4 h. The total proteins were analyzed by Western blotting
with Egr-1 and a-tubulin antibodies, respectively.
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Egr-1< immediate-early AARQIZLZ A, ofE] 7}
A A=l ofsf] wkE AIZF Wel| F7bske gl A
2 d#A Jrkh' olEd Egr-12 A e ollA
= AAR 2SS o, 54 Al & 2
o] =7}slA =} v A ARl Egr-19] i
olg] WA AulE skl =, HEd
2w © & = Burkitt lymphoma, H|% 1|3 7t
ol deiA ek w3t Egr-10] 7HetollA
HPAARJARE el & IGF119] whalol] &
skal 3lew hypoxiadll o8l F7hgkehe A
Ao BaollA veh} 9o}’ Egr-1 A
ol 2ol tisliA = delAl vyl ik

3k, Egr-13} 22 short-lived T 2] Ell&
ubiquitin-dependent 26S proteasome pathway®©l| 9]$H
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A B3l= cell cycle, AlE uba - Bl
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Mo Avkgk HEom ok 195 A=
ubiquitination ¥ THHA-E AP, 208 EHEA|
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208 AL 4nle] FEE o Fiul, 42 7

o MZ thE subuniteZ o]FolA ojA], b
o] % N9 B-type subunitT ©FEZES]  a-type

subunit® & FAIEo] gt} o] F a-type subunit
o Age el % YA YA eikeny, H
PSMA7 subunite] HIF-1¢®] Ealol] Frolstz Q)
ol WlA,” 234 1 Aol YAz Aok

H olFoo| A= yeast two-hybrid 22|yl
SJete] Egr17 Bolshl Adhsis whua A
PSMA32} PIASyZ 7 A&l9ith(Table 1, 2). o)<}
2o A4S vhew ool Bgrl WA by
S AAAAERELT hypoxiaollAl 2+ protea-
some inhibitorE *2]s}o] 4# X A3} hypoxia
ool Al Egr19] wh Ralrh ARk
Hlsl Az = Zs s ch(Fig. 2). ol hy-
poxic stress”} Egr-1 ¥hiA 2] ok A8 ZuA]7|
I Advke As FHEA ok

olge Ade 7]%—9] thekt short-lived w1
A9 pelgs AXele Astolw, Egr10] A

238 4 3= cell cycle progression, 24 = <3}
I} A of] Egr-1 clul A o] A =7} Fold 7154

& AXen 9
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Hypoxia®l] 2]&l] §-5=% & skl Egr-12] AY
+ ZAdhiA 24 PSMA3%H PIASy7l FHAx]
9aL, o] & wlglo g lo] hypoxiaoll 2|3l Egr-1
chil ol FaAErt aE F des weln
k. o]l ¢k3luytA vl ubayy] |
+© Egr-l ©bA e A2§ 24712 vl
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