J. Exp. Biomed. Sci. 2013, 19(3): 266~269
pISSN : 1738-3226

M Brief Communication Il

Direct Interaction Between Aktl and Gcen5 and its Plausible Function on
Hox Gene Expression in Mouse Embryonic Fibroblast Cells

Ji Hoon Oh, Youra Lee, Kyoung-Ah Kong and Myoung Hee Kim'

Department of Anatomy, Embryology Laboratory, and Brain Korea 21 project for Medical Science,
Yonsei University College of Medicine, Seoul 120752, Korea

Hox genes encode transcription factors important for anterior-posterior body patterning at early stages of embryonic

development. However, the precise mechanisms by which signal pathways are stimulated to regulate Hox gene expression

are not clear. In the previous study, protein kinase B alpha (Aktl) has been identified as a putative upstream regulator

of Hox genes, and Aktl has shown to regulate GenS, a prototypical histone acetyltransferase (HAT), in a negative way
in mouse embryonic fibroblast (MEF) cells. Since the activity of HAT such as the CBP/p300, and PCAF (a GenS homolog),
was downregulated by Akt through a phosphorylation at the Akt consensus substrate motif (RXRXXS/T), the amino
acid sequence of Gen5 protein was analyzed. Mouse Gen5 contains an Akt consensus substrate motif as RQRSQS sequence

while human GenS does not have it. In order to see whether Aktl directly binds to GenS, immunoprecipitation with
anti-Akt1 antibody was carried out in wildtype (WT) mouse embryonic fibroblast (MEF) cells, and then western blot
analysis was performed with anti-Aktl and anti-Gen5 antibodies. Gen5 protein was detected in the Aktl immunoprecipitated
samples of MEFs. This result demonstrates that Aktl directly binds to GenS, which might have contributed the down
regulation of the 5° Hoxc gene expressions in wild type MEF cells.
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1170; Hoxb, 107); Hoxc, 97W; Hoxd, 97 = T4 =1A )
T} (Pearson et al., 2005). 57|+ A2 =9 YAAA
% Hox A&l A5l 422 collinearst 23
S Stoh= Held), 3t cluster Stoll A 718 3°Fof 9|
paralogous Hox -FdAFEo] AN o #E%
(anterior)ol| Al 12]a ) WA WEsta A o] 5%
A3} paralogous geneE°| wAUE B o weEl%
o e]al F tf Yool WdshAA wjole] W (1
g-wE5)s et FeE FAsk=d o] vy 8%
AgS wsthtlar &2 x 31} (Deschamps and van Nes
2005; Lin et al., 2008).

Hox AAe] 232 3] ~EWHE  (histone mod-
ification), DNA ™&3}, Z12]3 small RNAs, chromatin
structure ¥ 2> A8 W3 (epigenetic mod-
ification)l] <3l et &#A <}t (Barber and
Rastegar, 2010; Min et al., 2012). 53] 3|=EHY FolA]
3]22Eo}A|E 3} (histone acetylation)™ A&} ¥
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et al,, 2007), 7H¢ t3EAQl 8] ~=EohA|E st a A (histone
acetyltransferase, HAT)Q! Gen5€] 7-9- H3K9 (histone 3 o
g o] g A o}m] =2kl lysine), H3K14, H3K18, H3K23
o= oHESIAITIY, FAALe] AALE SATE 9
< gtjal BaiE o] Yt (Jin et al., 2011). HE=3F S o]
AHE o] &5 A3 Aol o8k Gens57t ABF 9] &
4 F Hox frdzte] S 4o 2m AF 9 =7
gl A, F AFFH ol A= e =4
: | T83 7es I B Bf
Lin et al., 2008). &<+ B 120 2]3}H humanol| 4 &=
s|EolAE 3l & 4¢l CBP, p300%5°] Aktol] 2|3
IAkstE o] 1 A4 e 2L Bars o Qi) o]
23l oA E I EAELS TEF 07 Aktol]l &l 91245 =
RXRXXS/T A4 (R, arginine; X, 257 o123k ST,
serine W= threonine)S ZE3L UThal d#f#] 9lom Akt
of ofalf 1hkstE W 1 o] FHAE o] sl aEolAE s}
F2A 9 activity7} Ask= a1, QikelE %] efow g
AE7F 2R FA = A2 244 vk (Drendall et
al., 2010). ~22J1} human GCN52] 79- RXRXXS/T A&
S zha Q1A 2o (Liu et al., 2013), Aktel] ]3] 214ks}
o] A7 2ERE T Bas ofF gl Adtot)
FH B A= Hox A HdzH e st
= GenS 9] protein stability”} Hox A A1) 39 Z4 212}
2 &% Aktl (Kong et al., 2013)°l ]34 mouse em-
bryonic fibroblast (MEF)olA] W AE|HE}A ¥l
Bk v 9o} (Lee et al., 2012). o] AL Aktlol] <] ahA
mouse Gen59] E/do] 28d % k= 7FsAdS Al
sto] Fu2 2 AGore= o5 THEIALA MEFO A
Akt1 7} Gen5 Abole] Ao 28-S T skaLat sl
oA 91533k X8 human GCN5Oll+= Aktoll 9J3l &
o]F o QlAE o] IistEE= RE|H QI RXRXXS/T A
do] ZAIHA &=t 22 mouse Gen59] -9~ o]
g A do] EAleh=A] obA A A A itk whebA W
] mouse Gen5©ll Aktell 9J3llA Q14tslE 4= 9= SR
BB} EA3 =25 £2498t 24 human™} mouseol] &4
3= Gens ©Ee] 1Ak ofwwAl A (ExPASYy,
http://www.expasy.org/)< ©]-8-3to] H|aL 4] sFith 1
ZA3} human Gen5olli= EA|8H4] 28 RXRXXS/T A€ o]
Ao T o A= ofn b d 272 Aol A 2779
Aol A RQRSQSS] HEj=E EAeh= A= RIS +
et (Fig. 1). 23 9% Z02¢ 2L human}
mouse Gen52] sequence identity”7} &F 97%=2 1 A o] u
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435} th NP-40 Lysis Buffer (50 mM Tris-Cl, pHS.0,
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Cocktail)& AF83l] M|EZE lysis $F U3 BCA Protein
Assay Kit (Thermo, Waltham, MA, USA)E ©]-&-3}o] ©hj
A& ATt MEF cell lysate 5 mgS 5 23] 10
ml7} F%=% 15 ml tubeol] Yo UR2, Aktl antibody
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MAEPSQAPTP APAA?PRPLQ SPAPAPTPTP APSPASAPIP TPTPAPAPAP 50
dkkkkkhkk Kk  hkkkkkkk  kkkkkkk kk kkkkkkk dkokkokkkkok
MAEPSQAPNP VPAAQPRPLH SPAPAPTSTP APSPASASTP APTPAPAPAP 50

AAAPAGSTGT GGPGVGSGGA GSGGDPARPG Lsgg RASQR KAQVRGLPRA 100
khkkkkkkkk  kk kkkkkk kkkkkk Kk hkkkk kkkkkkkkkk

AAAPAGSTGS GGAGVGSGG- ----DPARPG LSQQQORASQR KAQVRGLPRA 95

KKLEKLGVFS ACKANETCKC NGWKNPKPPT APRMDL??PA ANLSELCRSC 150
dhkkkkkkhkkk hhkkkkkkkkk hhkkkkkkkdk *hhkkkkxxkkd *hhkkkhkdkkx

KKLEKLGVFS ACKANETCKC NGWKNPKPPT APRMDLQQPA ANLSELCRSC 145

EHPLADHVSH LENVSEDEIN RLLGMVVDVE NLFMSVHKEE DTDTKQVYFY 200
kkkkkdkhkhkkdh hkhhkhkdhhkhkh Khkdhhkhhdhhhk dhhkhkdhhhhdhk hhhkhhrhkhkhd

EHPLADHVSH LENVSEDEIN RLLGMVVDVE NLFMSVHKEE DTDTKQVYFY 195

LFKLLRKCIL g S LGSPPFEKPN IEQGVLNFVQ YKFSHLAPRE 250
dkkkkkkkhkk Ihkkkkkkkkk hhkkkkkkkdk *hkkkkkkkx *hkkkhkkkx

LFKLLRKCIL QMTRPVVEGS LGSPPFEKPN IEQGVLNFVQ YKFSHLAPRE 245

ROTMFELSKM FLLCLNYWKL ETPA( FR RS AEDVATYKV NYTRWLCYCH 300
kkkkkkkkhkk khkkkkkkkkk *hkkk *kkhkkhkkk kkkkkkkhkkk

RQTMFELSKM FLLCLNYWKL ETPAQFRQRS QSEDVATYKV NYTRWLCYCH 295

VPQSCDSLPR YETTHVFGRS LLRSIFTVTR RQLLEKFRVE KDKLVPEKRT 350
dhkkkkkkkhkk hhkkkkkkkhkk hhkkkkkkkdk *hkkkkkkkkx *hkkkkkkkx

VPQSCDSLPR YETTHVFGRS LLRSIFTVTR RQLLEKFRVE KDKLVPEKRT 345

LILTHFPKFL SMLEEEIYGA NSPIWESGFT MPPSEGTQLV PRPASVSAAV 400
kkhkkkkhkkkk Kkkhkkkkhkk kkkkhkkkkhkk khkkkhkkrkk kkkk *kk *

LILTHFPKFL SMLEEEIYGA NSPIWESGFT MPPSEGTQLV PRPATVSATV 395

VPSTPIFSPS MGGGSNSSLS LDSAGAEPMPeGEKRTLPENL TLEDAKRLRV 450
*kk kkkk hkkkkkkhkkk khkkkk kkkk khkkk Khkkkk hkkkhkkkkhk

VPS---FSPS MGGGSNSSLS LDSAGTEPMPAGEKRKLPENL TLEDAKRLRV 443

MGDIPMELVN EVMLTITDPA AMLGPETSLL SANAARDETA RLEERRGIIE 500
dhkkkkkkdkkdk hhkkhkkhkkdkhdk hhkhkhhkhdhkdh *hkhkhhkhkdhhdk hhkhkhhkhdhx

MGDIPMELVN EVMLTITDPA AMLGPETSLL SANAARDETA RLEERRGIIE 493

FHVIGNSLTP KANRRVLLWL VGLONVFSHQ LPRMPKEYIA RLVFDPKHKT 550
dkkkkkkdkkdk hhkkhkhhkhdkhkdh hhhkkhhhdkhdx *hhhkhhkhdkhdk *hkhkhhkhdhx

FHVIGNSLTP KANRRVLLWL VGLQONVFSHQ LPRMPKEYIA RLVFDPKHKT 543

LALIKDGRVI GGICFRMFPT QGFTEIVFCA VTSNEQVKGY GTHLMNHLKE 600
dkkkkkkhkhkdk hhkkhkkhkkhkhkdk Fhhkhkhhhdkdh *hhkhkhhhdhhdk hhkhkhhhkdkx

LALIKDGRVI GGICFRMFPT QGFTEIVFCA VTSNEQVKGY GTHLMNHLKE 593

YHIKHNILYF LTYADEYAIG YFKKQGFSKD IKVPKSRYLG YIKDYEGATL 650
hhkkkk Kkhkkk hhkkhkhkhkhkhkhdh hhhkkhhdkdh hhhkhkhhhkdhhdx hhkhkkrkdkx

YHIKHSILYF LTYADEYAIG YFKKQGFSKD IKVPKSRYLG YIKDYEGATL 643

MECELNPRIP YTELSHIIKK QKEIIKKLIE RKQAQIRKVY PGLSCFKEGV 700
hhkkkkkkhkhdh hhkkkkhkhhhkdh Fhhkhkhhhhkd hhkhkkhhkhhd *hhkhkhhdhx

MECELNPRIP YTELSHIIKK QKEIIKKLIE RKQAQIRKVY PGLSCFKEGV 693

RQIPVESVPG IRETGWKPLG KEKGKELKDP DQLYTTLKNL LAQIKSHPSA 750
Ikkkkkkhhkdh hhkhkhkhkhhhkdh hhhhhhhhhkdh *hhkhkhhkhkhhkd *hxhhohdkk

RQIPVESVPG IRETGWKPLG KEKGKELKDP DQLYTTLKNL LAQIKSHPSA 743

WPFMEPVKKS EAPDYYEVIR FPIDLKTMTE RLRSRYYVTR KLFVADLQRV 800
kkkkkhhkhhdk hhkkhkhhhhhhk Khkhhhhhhkh hhkhhhhhhdhk hhkhhkhhhk

WPFMEPVKKS EAPDYYEVIR FPIDLKTMTE RLRSRYYVTR KLFVADLQRV 793

IANCREYNPP DSEYCRCASA LEKFFYFKLK EGGLIDK 837
Fhkhkkkhkkhk khkkhhkhkkhkhkk Kkkkkrkhhrk *kkkrkkk*
IANCREYNPP DSEYCRCASA LEKFFYFKLK EGGLIDK 830

Fig. 1. Amino acid sequence of human (total 837 amino acids, upper sequence) and mouse (total 830 amino acids, lower
sequence) GenS protein. The same amino acid between human and mouse sequence is marked as * and the missing amino
acid is indicated as -. Mouse GenS contains an Akt consensus substrate motif, RQRSQS (the amino acid residue 272 to
277, shaded) while human Gcn5 does not have the consensus motif.

(Thermo, Waltham, MA, USA)E F7}ste] 2Awk-g-5 olate] Axje} 71E wuE Egsto]l B o) Hox -4
%38} xray BEO| 7FAIFTE IgG controlol A= Aktl A}

size (60 kDa)oll Al W=7} &5 %] k& dbdol] Akl o2 = dE] Aktol] 93 24kslE = EE]E =, RQRSQS A
e HAG AZoIME Aktl WME=TE ZebA EAekE S R Ao wild type (Aktl™) MEFO] A=

Ao R Hol Akt10® W] e AL g1 4+ Akl Ze] A A1 AjfE 3l vAEI B protein sta-
A2™, GenS (94 kDa) B3 IgG controloll A= W=7} bility, =2 histone acetylase activity”} =2 =o] 5° Hoxc
IR AT Aktl o2 WA MEoE W FEREY] WS Alslal, Aktlo] §li= Aktl null MEF
=7t EA8hs Ao Hol AktlF} GenSAkelollE= &34 oAM= 5 Hoxe -AAFE2] upregulation (kong et al.,
ol E¢]4 Z3 (direct interaction)©] EA|3t= AS & 2013)0] FEEAS Aoz AZdHETh 28y mouse
olg 4= AU} (Fig. 2). GenS2] RQRSQS RE|H || E2)3}= Serine &7]7} 2 A

- 268



Akt

Fig. 2. Direct binding of Aktl to GenS in mouse
embryonic fibroblast (MEF) cells. Total proteins isolated
from the MEF were immunoprecipitated (IP) with anti-Akt1
antibody or IgG as control, and then western blot analysis
was performed with anti-Aktl (top) and anti-Gen5
antibodies (bottom). To confirm the size of Aktl and GenS
proteins, 10 pg cell lysate was used as size control (Input).
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