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Falx, v ZAOMEIEHAI BT 2 RAOMIMS LA BB T 2 RFER LY, EGAML sk A4+ & 287 Bt (EGAMI,
EGAMIN, EGAMIC) #% R L720 EGAML R A% & 87 it~ A MK B W THRHIRB S €2 2 5,
ROCREBHEFFEE T HORBIANFEINZ, TOFHELY, RHEHRATL BB OB 7~ EGAMI & X +
FUNRZEHOBHEEELTWD, —iIC, R AT 7 87813 DNA #EHEERT & LCTREET L2 bR
T3 %, EGAMI & X F & ¥ 37 BEOMIBN A5 5B IE A TH B EGAMI & X F & ¥ 787 B#EC X 2 oL
TR O SRR 2 RIS 25— E LT, AWML TR ES & LCe MalaBMlatk HEK293T At
HBIRLC, MRS 72 EGAML v A F & 8 7 BEOMBBN DA TN OWTHE L7z, &b, REdikic
VBRI T 272012, FRZ2ho EGAML & X F & V3 7 B #Eo N K FLAG B/ 2 ML 7z. #fs 758
A L7 HEK293T Mifld % ey defaicfit L2 & 2 A, FLAG I EGAMI & FLAG il EGAMIC 3%, FLAG £
EGAMIN (38 L MBI 5 2 AR S NIz, Thbh, WIho EGAML & A+ & vk 7 Bl L QIS T
XL EDPRBEEINTZ, INEDOFERIE, EGAML R X% 7 Y X7 HEEIEBNICBWTIRER & LTRET L2 %

XHT %o
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~ 7 APIIRIC BT B R OMRS i, 2425 H
B MM~ 52K 3 HEOZFEMII T THGT %
(Johnson & McConnell, 2004), FHiIE &N (%4 35
Hf%) <Ti, WBIFz2Rms 2 NEAIIRIEE, Ihie % Ak
T2 REVIERIENTZREIIC S ML T 5 NERHITE
WXy, &M (ESHIE) 297217 (Evans
& Kaufman, 1981), WEAIREIE B & OV ES Ml o & 55
(LIRREOMERFIZIE, K5 T OCT4 (Nichols &, 1998)
B L V'NANOG (Chambers & , 2003; Mitsui & , 2003)
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VEETHLZENICALN TG, 51T, KEH
T CDX2 I KB EAOMBE S ILICEE TH L Z &
A Sz (Niwa &, 2005) 6

TAx 3, B X OCHIROMEFHI LA B TH 216
i, INEBEORMIVREDO I = #3250 TRk
ST 572012, <7 AMEIIRICBT 5 8B A
OEFEIIMIT THEAZINT 5 mRNA 2R L,
EGAMI1 (Expressing gene at morula stage-1) & X %
y 87 Bt (EGAM1, EGAMIN, EGAMIC) % %
R L7 (Saito &, 2010)o Egaml mRNA \$ 45 7 Gtk
2T — F3N5 Crxos BARTHED LHIE S, Egamlin
mRNA 1 Egaml mRNA DA T 543 27N 7 b
ELTHEREINS, 72, Egamlc mRNA X Cryos &1z
FEEPSBEINE T VA7) T IN)T Y MTH



bo T AMBIRDOET VML E LT~ X ES #illdz
A3 Z L2 ), EGAMI IZEIEPIIESE~ D /bR
(Saito &, 2010; Soma 5 , 2012), EGAMIN i R5-LIk
REOMEEE (Saito 5, 2010), EGAMIC iZ R4LIRED
AL L PIREE B X OVRAEIMVRFEA O LA I B -5
HZ ENRENT (Tha b, 2012). ThbEH, EGAMI
RAFE Uy ERE < AR S X O°ES Mo &
SHLIREEMERE B X Ol MBI B S-3 25 W1 CTh %
LHEEE N D, EGAML R XA F ¥ X R FBIL T
W\ EASHIB LT B~ A SHESE MR kE NTH3TS
MRBIZBWTINS ZHIBI I 25, Robik
TEHERFEIL T Oct4, Nanog b L < 1% Esrrb OFEHIA T E
EN(PHES, 2012 755, 2013) 0 ZOFFEICH LD X
RHH R AT L RVl O 2~ EGAML & 2 %+
R EBOISHEREL TV,

—#lZ, KA F o387 B IZ DNA MRS R 1 &
LCHRET LI E, BEHRTFOBNOBITIIHEILIC
LoTHIMEINEZ ENMOENTWS (Herr & Cleary,
1995; Jans &, 2000). 7 I/ MEEHIHICEBRTY 7T
V (NLS) Z2&bha NLSHGY VX2 B Th b
IMPORTIN 7 7 3 V) — 2 & W BE~NORBATHVEM S 1,
BANRIET B0 —), EGAML R X F % ¥ 8 7 Bz
BT TH 5D EHMEE SN D AEALFN, HleA:D =
HIEIARRE L Twd, Z 2 TRIIZE TR 2 LT
MM L LT G R R etk HEK293T il 2 #41
L., EGAMI & A% & v 87 HEZhEn % @3 5T T4
PN &0 PN RFIFEIR S 725, REGMEITLD
SN PN 3 Ai R A % AT L 726

MRELVHE

1. FLAG {31 EGAM1 R X A 2 L N BEFERNY 4
—DEE L E FBHFK HEK293T filaNEE S L U8
ZFEA
CAGT7TuE—%—%2HT5HHNXY % — pCAG-

IP (Chambers % , 2003) IZZ 1 ZN® cDNA % #l &

#A, pCAGIP/FLAG-Egaml, pCAGIP/FLAG-Egamln,

pCAGIP/FLAG-Egamlc #f§8E L7-c Z OB, dilkz A

WTHRMICHRIET 572012, ZhZho EGAMI & #

T & 287 EBED N i FLAG # 7 (DYKDDDDK,

T3/ BT ERUIC L D) IS S L) ITHEHAN

7y —%ikEl L7z,

HEK293T ffigix 10% 7 ¥ JafFiniE (Biowest) % i
B L7z Dulbecco’ s modified Eagle’ s medium (DMEM,
Sigma) # MW T (37C, 5% CO,) L7z FLAG 1}
TMEGAMI s A4 & U8 SRy & —, F 7213

e LT Empty X7 ¥ — %%t (Kobayashi 5 , 1998)
WCHEDWTYRTZ 27 v a ViklICX Y EEFEAL
726

2. BmELE

BIETEANS 2 HE, EGAML KA+ ¥ 37 Z
KN T 7 — %8 A L7 HEK293T fille % 8-well F
Y IN—RF 4 K (177445, Thermo Fisher) (ZH#EfEL (2
x 10" HIHL /400 ul), & SICEE L7 (K16 BRI, 37
T, 5% CO,) . HraEW % B L, 4% Paraformaldehyde
(FEAisE) 1ok DMiluz BE L7 (304 H, =il
05% Triton X-100 # 4l PBS (Ca™, Mg®™ A&) 12X D
BT EIT o 7215 (10 00, =), —wPifkE LT
73 P FLAG IgG (4T, 16 K#lE, 400 ng/ml, F7425,
Sigma), ¥k PULIk & L T Fluorescein isothiocyanate
(FITC) BERkY FHi ¥ IgG (=i, 4 KR, 500 ng/
A120-201F, Bethyl) & RS &8/, B, i
4 % 72 ¥ 12, 4'6-diamidino-2-phenylindole (DAPI,
100 ng/ml) % Z PR SIS REIZ RN L 72. SlowFade
Antifade Kit (Invitrogen) 2 & b #G o 8t % B 1l
L7zt OGEEMSE (BX51, F VU ¥ 8Z) 12kD
EGAMIL & X 4 % 7% 7 B #E OB 5345 SR 2 #1153 L
726

ml,

3. VLAY rTUvTA VT

R (Saito &, 2010) I2HEDE, TNy 77
— W LSRR R Y A Y a7 4 Tk
WX D4 H L7ze 1Pk E LT Can Get Signal Solution
1 GEER) 12X AR L7279 P FLAG IgG (3.3 ng/
ml), 2 %HifkE LT Can Get Signal Solution 2 12 & 1) 758
L 7= Horseradish peroxidase &Y ¥Pu7 % ¥ IgG (5 ng/
ml, AP132P, Chemicon) % fiv:7z, 32 & L C ECL Prime
Western Blotting Detection System (GE Healthcare) % >,
LASH000 f A=Y 7 F 74 F— (BL74Va) 1I2&D
bFFSEE M L7z 72, w9-Fhie b f-ACTIN IgG(25
ng/ml, IMG5H142A, Imgenex) % Jilv»T B-ACTIN % > /%
JREEMBL, u—F4 vrariu—LLi,

BRELUVEZE

AWgeTid, RN LB & LT HEK293T
ML 2 H v 720 HEK293T g ix SV40 large T $LJE % 58
WL TW5BH720, SVA0 ori & T pCAGIP X7 ¥ —H3ye
Rz BN TR RN, I E—FAHINT %, €5 T,
FLAG 1 EGAM1 & A & % ¥ 3 7 H IO FE B A B
K$ 570, FLAGHURICE ) Zh b 2% X < Bl



TELZENMFFENS, Fig 1IIRT LI, The
N FLAG 41 EGAMI & X % & ¥ 8 7 BRI B A 2
¥ — % @ 5T A L7z HEK293T Mgl BT, GRiilsE
WENLF VRO ER YT Ay Tay T4 272k
IRE KI5 Z 2T E 72

Z N5 FLAG 41 EGAML 5k A & & v 8 7 BBt & 6
W5 % HEK293T fiffg & g e o 1ot L 72 (Fig. 2)o
FLAG 14 1l EGAM1 3 X Of FLAG 1) it EGAMIC (3%
et fRIC & =B L - Rt A3 S 7225, FLAGf
I EGAMIN (3% & Ml B 372U & 504 3 5 Betaffeds
BoNTz, B, #METEALIZ L 7-—HBoOMIL D
AIEA SN D720, BHEHNO O e ta (5§
ARENTWDLEEZOND, T2, EIZTHEA LR
e FEIZ 2 [T - 7275, £ B LB EPH S,

U EofHE LY, EGAMI B X OFEGAMIC i3 #4 12
FfETE LI L, F72EGAMIL B X ' EGAMIC & i
7D, EGAMIN IEEEIC X W BICH A TE B 2 L8
R E N7z HEK293T il & FA£1Z SV40 large T Prlil
ZHRBL TV B HIVEHR COSTHBIZBNTYH, X
C—FHLEErHEONT (F—FIFRR). 22T,
NLS & LCHefET 27 I VIBESN ZHET H I &8
T&5 WebYy —)VT» 5, PSORT II (http://psort.
hgcjp/form2html) % JAWTHIT L72& 25, EGAMI
¥ EGAMIC 233 5K 2+ F A4 >~ (HD2) WIZ,

Anti-FLAG

Empty

FLAG-EGAM1

FLAG-EGAM1N

FLAG-EGAM1C

DAPI

EGAMI1 ORI 554 BB

> (¥]
& & &
od o ¥
s L LS
Q\ ?'0 ?‘0 ?'0
& Y R
(kDa)
[ 37
L 25
Anti-FLAG 20
-_——
[ L 15
Anti-ACTB | e catig | | casss sammms

Fig. 1. Ectopic expression of FLAG-tagged EGAM1 homeoproteins
in HEK293T cells.

Fetal human kidney-derived HEK293T cells were transfected with
the respective expression vectors or control (Empty) vector. After a
2-day culture period, the expression of FLAG-tagged EGAMI (30
kDa), EGAMIN (15 kDa), and EGAMIC (18 kDa) was analyzed
by Western blotting with anti-FLAG antibodies. While the lanes for
Empty and FLAG-tagged EGAMI1 and the other lanes were obtained
from a single gel, a lane placed between them was removed. ACTB
(42 kDa) was detected as a loading control.

Control IgG

Merge

Fig. 2. Subcellular localization of FLAG-tagged EGAM1 homeoproteins in HEK293T cells.

After a 3-day culture period following transfection, immunofluorescence staining was performed.

Nucleocytoplasmic localization of FLAG-tagged EGAM1 homeoproteins in HEK293T transfectants was

detected using rabbit anti-FLAG antibodies and goat FITC-labeled secondary antibodies by fluorescence

microscopy. Cell nuclei were detected using DAPI. Control rabbit IgG was used for detecting background

signals, while these panels were representatives of other fields harboring similar cell densities. Because a

part of cells were transfected with the expression vectors, a part of cells in photographs were detected with

immunofluorescence staining. Merge, combination of FITC and DAPI. Scale bar, 50 pm.

_3_



TVEFZUREE R 4H) BXOY Y UE
kXK 1M 2861573 7 BELE» 5K
% £ NLS (RKDLIRSWFITQRHR) #% & H
EN775 EGAMIN IZIZ R E N h o 72
(Fig. 3)o PSORT 112 X % NLS D@t 13,
HEK293T #ll g |2 3 17 5 FLAG fi it EGAM1
R AT Z 287 FREOHILIN AT AL & T IE A
TWDT, INHDT I/ EREPEBITICE
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Fig. 3. Schematic diagram of the primary amino acid sequence and a potential

WCThH I eI N, 72, EGAMI &
AXE N BB HATE D E VI A
Rz, BHICBWTEERNT & LTKiET 2
R EIFLTWD, v 7 2 ESHMILIZB W

nuclear localization signal for EGAM1 homeoproteins.
Amino acid sequences of EGAM1, EGAMIN, and EGAMI1C proteins were
compared. Boxes filled with the same patterns, including white boxes, indicate

the regions completely matching in each protein. The homeodomains are

labeled “HD1” and “HD2”. The potential nuclear localization signal motif

THlmHIEE S5 LI2X ), EGAMI 354
WIRZE D FHEIZ 5§ % Gatad, EGAMIN &
Oct4 B X U Nanog, EGAMIC I HIEZE D E
WCH53 5 TEIORBENREOFEICHY
5 Cdx2 DEETHBRAZMET L EHHPL TS
(Saito 5, 2010; Soma 5 , 2012; Tha & , 2012) . EGAM1
RAFF Ny ERE, SN S MR R I 78S
TG % HHNIAEET 2 REENE 2 5N b, %
72 EGAMIN 28¥LBRIC & DA% Ai 3 2 856, HIlEPIIC
BOTHLVANVTHEBELZKEICOA, BERTL LT
BT b RSN L, —F, 77 ok
IZBWT, NLSIZHEENDIEHMT I 7 BRI E R
THHZEFAMLNTYS (Jans 5, 2000), 4 #HIEH
PR 7 3 BERE A 2 T, EGAMI1 &
EGAMIC OHft5€ NLS 28 T A HiAEE T X/ Weskdk b
IR L ORMEEZ BT 2 L8R H 5. BERECldsh
JERE EIEIT T & B EGAML v A F & v % 7 BNy
BPAD RV & XY, RIFFETIE FLAG fiHns > /8
7B L FLAG Vitk % vizo 51213, +oaERts
RTHLEGAML 5k A % & ¥ Xy Bk 2 4 5 &
EDIT, TN T VNV EBPARREIL TnEI T R
VIR B & O° ES MR BV 2 BP9 4346 A7 % et §
LUEND 5,

i

HEK293T Mg % 75-5- L Tz 72w 7z A i B i (Y
INEHERT), pCAGIP NY & — %535 LT Wi72nw:
FEPAT S (BL A0 FERT J62E - FHERMARAIIZE &
YF =) IEEHBL £ AR —HBIE,  H AR
BLAREFE B i 4 (JSPS KAKENHI No. 24580413)
BLOBHENY KR¥EFRE 70V 27 + (H23Kendai-ken
No. 682, H24Kendai-ken No. 173, H24Kendai-ken No.
240) 2 X BRRGEBIN R Z T TIiTh 7z,

(RKDLIRSWFITQRHR) was predicted for amino acids 163-177 and 59-73 of the
carboxy termini within the HD2s of EGAMI1 and EGAMIC, respectively, using
the web-based tool PSORTII. pNLS, potential nuclear localization signal.
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Summary

Recently, we identified EGAM1 homeoproteins (EGAM1, EGAMIN, and EGAMIC) in
preimplantation mouse embryos and mouse embryonic stem (ES) cells. The forced expression of
EGAMI1 homeoproteins regulates the maintenance and/or differentiation of ES cells. There is currently
considerable interest in assessing the feasibility of applying EGAM1 homeoproteins to generate
induced pluripotent stem cells in domestic animals. The EGAM1 homeoproteins are considered
to act as transcription factors based on their structural features, although few biochemical and cell
biological details are available regarding their regulation of gene expression. Therefore, in this study,
we investigated their subcellular localization in fetal human kidney-derived HEK293T cells ectopically
expressing the respective homeoproteins. The FLAG-tagged EGAM1 and EGAM1C were localized
in the nucleus, while FLAG-tagged EGAMIN was distributed diffusely in the cytoplasm and nucleus.
Analysis using the web-based tool PSORTII predicted a potential nuclear localization signal motif,
RKDLIRSWFITQRHR, in the homeodomain shared by EGAMI1 and EGAMI1C. These results suggest

that all EGAM1 homeoproteins could contribute to gene expression via their distribution to the nucleus.

Key words: Ectopic expression, EGAM1 homeoproteins, HEK293T cells, Subcellular localization



