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PKC Isotype that Affects the Interaction of HRF with Na,K-ATPase. Sohn, Wern-Joo and Kyunglim
Lee*. College of Pharmacy, Ewha Woman's University, Seoul 120-750, Korea — IgE-dependent histamine releas-
ing factor (HRF), previously known as P23/P21 or translationally controlled tumor protein (TCTP), induces
the degranulation of histamine in mast cell and basophil. Yeast two hybrid results showed that HRF interacts
with the alpha subunit of Na,K-ATPase, suggesting that HRF is a regulator for governing the activity of Na,K-
ATPase. In this study, we examined the interaction of HRF and Na,K-ATPase after treatments of various PKC
isotype inhibitors. Membrane fractionation, pull-down assay and immunoprecipitation results showed that
PKC o, PKC B, PKC 5 subunits are involved in the phosphorylation of HRF. However, these results did not
correlate with the results of histmamine release assay since histamine release assay results suggested that
some PKC isotype inhibitors induced the histamine release in RBL-2H3 cell.
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igE-dependent Histamine releasing factor(HRF)¥ trans-
lationally controlled tumor protein(TCTP) 32 P23 Ei=
P21:2:2 E-2}3= house keeping protein2-E#|[4] isoelectric
point= 4.90] 31 FA}k 24 KDagl AM 2] polypeptideo]
©}H6]. ©l ¥ MacDonald et al.2 1995 atopic ZHA}9]
lymphocytes$} allergy 2H2}2] biological fluidsell 4] HRFE-
2], AASIE o] HRF7} olu] growth-related proteine] &}
¥4 P23/P21 E-& TCTPe} §Y3 whiAolehe AL %
g EH11]. =, #-2 P21°] IgE-dependent histamine
releasing factor® U21%-2 wol:= human basophil 4|3l
Al 1gE7} £ Wl gt gdel gk vk 22 HRF7}
histamine ¥HSE% g Rog ey oni2,9, 10,
14] A 2ZA = IgEell A3 gle] HRF7} basophilsel A
histamine, 1L-4, [L-142] E8]5 ZAs}= Ao T35 o]
IgE7} ol B4 receptorel]l AR o] obd7lsle 7}
Aol A7) H3L AHH17].

£ Ay Ao A= yeast two hybrid screeningS E3
Na,K-ATPaseell 2 sh= FA 2 HRFE 74 ¥} Qo]
[18] Na,K=ATPase activity =4 vz 2] HRF2| 43
& QA7 4 9slo}. eivkabd IgE-dependent histamine®]
8] Na-Ca-exchanger inhibitorg] 5-(N-N-examethylene)
amiloridevt  5-(N-4-cholrobenzyl)-2'-4'-dimethylbenzamil-&-
2]2]3 7$oll= AlE = uhH[16] voltage-operated Ca
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channel antagonistg! verapamile|t} nifedipine * 2] Aol &=
oJ&ke- 1] b=rie ¥} 919 o™ [1,15,13], =3+ RBL-
2H3 M Eel| ouabaind} == Na,K-ATPase #3]#]Z 28}
< o histamine E8]7} F71EQTRs ARSI w]Fo] Kot
HRF7} Na,K-ATPaseol| Z3ele] Na,K-ATPase®| 285 4
Aoz histaminedH]el| Fe3}R] L7t 4T 4 Q)
gt 28 HRFZ} histamineS EH]8l% S sl 2
signaling pathwayell Hajr{= ofz] =M &] wha]#l Hl7}
gich. o9t human basophilsell Al human recombinant
histamine releasing factor(HrHRF)ell 2] &} histamine §-H]
o} IgEell ©] 3} histamine -¥}ol JEFE FHA, o] 5 F
signalS TFE31E= FEZ rottlerined Zrohd AR [3]E- ¥
Fo] & o] HRF: IgEeR= M =9 signaling pathwayE 7}
Ae Aoz A7EI 9k o9 vl Eof, HRFE Ca**
binding protein®] 3, HRFE #7}sld M XM Ca® =7}
Z7kE '\ A histamine ¥¥]7} SARoE 2 ag)e)
calcineurin inhibitordl cyclosporine At} FK5065 *]g]shd
histamine, serotonin, beta-hexosaminidase®} 7+ mediator
9] Fcepsilon Rl-mediated exocytosis”} A3 el= AR [7]
X HRFS ¢lxglehe)Abglel calcineurine] gl o
g slsio) g oFE-g 2]k RBL-2H3 A ZelA
HRF7} membrane - 2. translocation® = ¢fo] W 3}s}=X]
membrane fractionationg Z8| Abs B3 F-Alel] Cos-7 cell
o] HRFE- transfectiond}ed k&L #1328k ¥ immuno-
precipitation® 83l in vivodll X in vitro?} 22 A3}
£ Ho|=xA] #AsIT HRF QlArz}/arelikslel] ohE NaK-
ATPase9}t®] ZAjtedF-x= AA3}o}.
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Cell culture ¥ 2fZo| Mx{2|

AFEH HRFE] 5498 F5317] 918le] HRFE el gt
£ W™ histamine& #4184 3l RBL-2H3 A ZFE
Algel] o]-8-3}gdv}. RBL-2H3 cell> 15% fetal bovine serum
(FBS), 100 units/mL penicillin, 100 units/mL streptomycin
< 718 MEM iAol A 37°C, 5% CO, wjk7 oAl 7]5-
] 2~3Yo] A 106 cells/mL 2 FEF3sldc)t. Ade] &
o7p7] AAoll= 5 F 18217k lell 80~90% A= =2}
=8 2535 F 1247159k 0.5% fetal bovine serum =%
9 "HZM]H wjeksled serum starvationd AAJsRIY 2 &
ZF oFEale) 370 9] petri dishell Table 13 7Ho] A=A A 7F
<t HEde. F, ME2] sensitizationd 913 1ZgES A
Alsglen PKCE B4 3sl7] 918) PMAS AMS3kdH.
EA PKC isotypes®] &AL A&7 3] Go697e,
Bisindolylmaleimide 1, safingol, Rottlering 3] 2] 3}4i}.
PMAE 2A17F X2le vl PKCE A 3kekAat 6417 A
= A2]sbd PKCO A4S 238 Aslslmz A PKC
o B-L Aasl) $lsl PMAZ <3 HElgt 2 (PMA(L)
3} staurosporineS *2]s}le] B3I T}

Cos-7 M| EFE= ol& M XEFo] B3] Na,K-ATPases W
o] W3l 9J o mE NaK-ATPases}e] Abszhgsl= ot
WAl Fxo| L3l Cos-7 MEFE 10% fetal
bovine serum(FBS), 100 units/mL penicillin, 100 units/
mL streptomycinS % 7}8 DMEM ®) Aol A 37°C, 5%
CO, wie7lell A 7195 236l g4 100 cells/mL & 5
Falsdeh. Aol Eol7P) AAee #5 F 1847k o]
o 80-90% AL Aete= B33 ¥ AF 7}2A 9] PKC
o] g R F7] A5t 12413 FF 0.5% fetal
bovine serum =] wjR|o|A] wlSks}le] serum starvation
< AABllEh. 2 ¥ RBL-2H3 celld] 7-3-9} v}zt7ir| 2
D3t FE-E Table 19} 22 FE2 A7 Ft 2
skt

Table 1. The concentrations of variable drugs used in this work.

Pull-Down AssayE OIEZ8t Na,K-ATPase2| A|
cytosolic loopZt HRFS| MSEIE &0l

pRSET-B vectorell subcloning® Na-pump alL3S
expression straing] BL21(lamda DE3)pLysSell transformation
33tk 50 pg/mL ampicillin?} 34 ug/mL chloramphenicol
S X¥3h= LB plated| A =gk colonyE AAFe] wizA] 5
mLoll HEFaL 37°Coll A 16A17F wiokat F o] 2 50u) 3
A 3le] ODg?} 0.6~0.8 Ate]7} H%l-& @) IPTG 1 mMel)
A 3A1ZE Fot =38 ¥ 5,000 rpm, 5E-7F 94l E) sl
3]38lgdt. o pellets dgollM A7k 10252 200-
300 WE 6-73] sonicationd}e] M| FEE sj==c}, o]F Ni2t
columne ©]-4-3ke] alL3 sH4d-& AA|sl Bradfordd-2-
2 Ak}, FAlo) resing charge buffer® charge 3t 5
binding buffer(20 mM Tris-HCl, pH 7.5, 137 mM NaCl)
ol wieFated equilibrated}3ith. RBL-2H3: &8 A g]
& F 27} PBS 8 mLoE F W AlH3 ¥ 5 mMe)
EDTAZ} 71 PBS | mL/dishS 7}s}ed rubber policeman
22 cells§ 353k}, 15,000 rpmellA] 3027t AAlEe]
3] o1& RBL-2H3 cell pelletl] 1% Triton X-1000] Z3}
% hypotonic lysis buffer(20 mM HEPES, pH 7.4, 10 mM
EDTA, 2mM MgCl,, 1 mM PMSF, 5 pg/mL aprotinin, 1
pg/mL leupeptin, 1 uM benzamidine)S 200 uL¥ ~}3}o]
A& gellA 141754t swelling 3Fich. o 15%uje} 7
A vortexing 3tod cell2 7=t} o]FA el Al cell
lysater= 12,000 rpmellA 1085t QAR she] 1 ARgY
uhE e A e=E Aol deld Auk, AA
% olL3 23 150 pg& RBL-2H3 cell extract 600 ugt
el 2 AFFEet 4°C A A8 Aeksh whx)slg
t}. o] F equilibrate ¥ slurry Ael2] Ni**-charged agarose
beadE 50% slurry 24 200 uL A 7}8}31 binding buffer
0.5 mLg ©l3le] 4°CollA 23] Alwksle 124)7F o)Ak wb
2|8t} Agarose bead®] NiZ*oll oiL3-HRF7} A&st
11,000 rppmel| A 4°CE R-R]8} 35-Fot YAl o
Wxlo] At beadsE pelletS Qolmgiv), AFS-ol8

=z
6o 1E -

¢ = stock HegE e A 7 = e
IgE 1 png/ul 0.2 pg/mL 15 min sensitization
phorbol 12-myristate 13-acetate (PMA) 300 uM 20 nM 6 hours PKC depletion
phg;[;i‘r; ipnr\’}:(sgt)e 3-acetate :treated for 300 uM 50 nM 15 min PKC activation
Go6976 10 pM 100 nM 15 min ¢PKC inhibition
Bisindolylmaleimide 1 0.1 mM 150 nM 15 min ¢PKC inhibition
Safingol 1 mM 10 uM 15 min PKCalpha inhibition
Rottlerin 5 mM 0.5 uM 15 min PKCdelta inhibition
Cyclosporine A 0.83 mM 1 uM 15 min calcineurine inhibition
Okadaic acid 30 uM 100 nM 15 min protein phosphatase inhibition
staurosporine I mM 1 uM 15 min PKC inhibition




262 SOHN AND LEE

A28 A "ol A AL 4°CE 23 1 mLe binding
buffers 7}3}3L beads® F-=HA Aehd 3 11,000 rpmS
2 387 QAR olelst Al HAE g o] vk
3 5 ojHelx= 1 mLe 50 mM Tris-HCl(pH 8.0)2.%.
beadsS 23] AlA3IIE}. 11,000 rpmeE. 4°C] A eA|A] 3
27+ Al Eeldt #F pelletol] 2X sample buffer 60 pLE
7k8ke] vortexingdtel A @=FgE & 100°ColA 5¥7F #3
o}, 15,000 rpmell A 30259t spin-downd} L AG-HuhE
12% SDS-PAGE geldl] 25 438} Western blotting2
A A8k}, old polyclonal anti-HRF antibodyZ- AR8-81.2
o}, W2 qlL3%H2 A7 499} RBL-2H3 cell extract
s ZAFgAZ A= @A pull-down AL AA
coomassie blue staining® 2 bead®] HAEE ool H )},

OIAkSLEl HRFS] Membrane translocation

Growth mediacl| A 7]-& 80-90% confluency®] RBL-2H3
cell lineS serum starvation & ¥ serum-free MEM ¥} X]
o %<l IgE 02 pg/mLe 127+ B3t A]2}sled sensitization
8}aL, Table 13} o] H2jalgdet. o] F HxFel o=
AMelahA] k& dishet I A7k PBSE 23] AlX3 F 3}
7} PBS/EDTA(S mM EDTA) 1 mL/dishE 7}8l2 o5
Aol|A 5 BzF ukx|3F ¥ rubber policemans AME-3led dish
upetel] Eojol celld FoJllet. ol F 12,000 rpmell A
10327t QAlEe]sto] o B2 AASI cell pelletite L
t}. o] pellet& hypotonic lysis buffer(20 mM HEPES,
pH74, 10mM EDTA, 2mM MgCl,, 1 mM PMSF, 5
pg/mL  aprotinin, 1 pg/mL leupeptin, 1 uM benzamidine)
o FEAIA 30 3 swelling sk} o] d=tel-E motor-
driven conical Teflon pestleZ 10,000 rpmeol| Al A 3] 10
3] homogenizationdt3l 1 £7F A3l vkx|sl= AL 33]
ukE3}9dT}. o] lysateS- Pyrex #7727-07 glass homogenizer
2 %7 B 10%8] homogenization 3133}, S35 7ol
cell lysate:= 4°C, 2,500 rpmell A 10874 941 E2] 3o cell
debris®} nucleiS- Bo=7l F ApFATS ZAAHA #3}
I o] E ©hA] 4°C, 17,000 rpmA 90E-7F AAF-2] sl
cytosolic fraction®} membrane fraction® 7}7t supernatant
9} @3l 2R pellet>E ]399}, Cytosolic fraction
ol Aed w2 FHsle] A $=E5 Bradford 22 A
28l F -70°Cel] B3} pellet2 X}7F2- hypotonic lysis
buffer=. 23] A28k F 1% Triton X-100°] £33 hypotonic
lysis bufferS 71l d-3AbollAM 158 F1F, 5%ntet 745
vortexingdled F| g A F el o] AL HA] 4°C,
17,000 rpmell A 90%-7k B4 F-2lsked 1% Triton X-100
soluble fraction(membrane fraction)S AR 2 & 151 il
A 5% Bradford o= Aeich. ga] DiAE 12%
SDS-PAGE gelol] FH3tx2 wwiadg Fejst Fo
nitrocellulose membraneel] 400 mAmpol| A 2A] 7+ F<k

transferd} 3L anti-HRF antibody, anti-phospho-HRF antibody
2 ZEsisi

Immunoprecipitationg 0|88t Na,K-ATPase2t HRF2
HSHE &l

Cos-7 cell lineZ 10% fetal bovine serum(FBS), 100
units/mL penicilin, 100 units/mL streptomycins % 7}t
DMEM ®i#]e| A 37°C, 5% CO, ¥ioF7]elA 7144 2-3%
o] g4 10° cellsymLE 5315} Adl] E01717] A
Aol = 25 5 18A17F o] ol 80~90% AE Aetes &
31 % Lipofectamine Reagent(GibcoBRL)E ©]-4-3}e] 3
= protocolel] e} transfection 3}$1v}. &, N-terminus
hemagglutinine(HA) tagged rat HRF DNA(8 pg/100 mm
dishyZ 7R = A7}sHA] -2 DMEM #i#] 0.8 mL/100
mm dishe] 7}t 73}, Lipofectamine reagent(6 uL/100
mm dishYZ DMEM ¥®j#] 0.8 mL/100 mm dishell 7}3F A
& Z%3ted o pipettingdle] A Ao =F 3}l
DMEM ¥ 6.4 mL/100 mm dishE 2 7}3le] 345 &
Aol A 15~45%7F wEA)slsdeh. WAISRe E<F Cos-7 cell
2 o} FARE H1EA] ¢ DMEM wjA| 2 Frepu e
transfectionS ¥WElE 4= 9)&= antibiotics®} FBSE A A3}
v}, Aol A ¥kx]3F transfection reagent:= ZW}E AL
el 71sked wiedzloll A 3~5A12F wiakstoict. o] F AE 9
o 7}etxd 442 aspirationdted LFAF| A|ASRIL AlAdE
w2 vlFe] 244]2F Bk wicksle] whilAle] MRS
stsict.

Transfectiond} Cos-7 M £F5- 24X 7H5<F v <F3F F
0.5% FBS7} Soj3l= DMEM wiA]ellA) 164]17F 53t serum
starvations AA|gE}. o] F DMEM wizof| 3A3t A4 5
=9) o5 7 4N dish® A3l 27k PBS 6 mL
2 23] AH skt 2 PBS7) SLE= 7jZe] A|AE F
2}7}-& lysis buffer(20 mM Tris-HCI, pH 7.4, 150 mM
NaCl, 5 mM EDTA, 2 mM EGTA, 1% Nonidet P-40,
0.5%
inhibitor cocktail) = dish @ 500 uLA 7}ste] A ES A
2E F rubber policeman®Z Foje] 1.5 mL tubeol]
= F dE SlelM 1587 wAEAE o] "geS 23
21%] Pyrex #7727-07 glass homogenizerol] s/ M| %7} &+
A3 A AetE di7kx] dgAbel A A S| Zeladdnt
Lysatet= 4°C, 12,000 rpmel|A] 103 F<t A4 Ee]ste] A
SHZ dgir}. o] AF59l-2 Bradford *{22 A=sE F 100
pg¥ AAgE F ] fllo 2 7b sample?] WA FE
UABHA 4.94 mg2 2 sHEe] F¢Ivt. 21231 monoclonal
anti-Hemagglutinin(HA) AbZE tube™d Z & 2~10 pug/mL2]
Et HEE 713 F A9 AE7) flelA 124)7) o
AF vk 8}edcl o] ¥ protein A agarose bead suspension
(50% v/v in lysis buffer) 200 pL-& 7t tubenle} 7}8led o}

Sodium deoxycholate, Complete ‘mini protease
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Al rocker $lell A 3417k 5ot wh ksl v}, Bead pellet-
4°C, 10,000 goll A 108 5 4 Ee|sle] dT o)L
500 uLe] 27k PBSE Afe] 33] Aldsieict. ol bead
pellet 7P8A F=8] ZoiF9ot. vlx=heg 4°C, 10,000
goll A 1087 A4l B2l she] -2 pelletel] 4X SDS gel-
loading bufferg 25 uLA 7}ste] 73814 vortexingdhed 4]
o]F F 4% F<F #Lh 15000 rpmell A 18-7F spin-
down 8t F A5l ukS A lysate 100 pgst A 12%
SDS-PAGEZ 338t o} A] transferdted anti-Na,K-
ATPase ol antibody, anti-HA antibody®. 27t 7 Z&s}iv}.

Histamine release assayS O|&8+ HRFe| HEjH
histamine &H]|

RBL-2H3 M ZF-E- 24 well platedl] 18A]7F A 1 80%
confluency®l] 5%3}5% 53 £ 37°C, 5% CO,9
incubatorel] A Wi <Fstivt. 1447t E2k 0.5% FBS Hx9]
MEM wiz]e|A] 557] ©}2 1X Histamine releasing buffer®-
7MIe] 33 AlAF F 1X Histamine releasing buffer 1
mLoll 5l oS HAAIZE Fet A]sdnt. o] F welld
1 mLe] AgHehs 2AIAHA 1.5 mL tubed)] $2A38F &
S'—H]-i -20°CAl A AFH T A3 sampless oF BE-E9) oF
ZJ3t ¥ histamine release assayZ 3i3}33c}.

Pull-down AssayS 0|8t Na,K-ATPase2| Al tHuj
cytosolic loop2t HRF2| ASALE &0l

Affinity chromatography®| ®FH & Wstern blottingel] A
E543 A W=7} o] Yeha Aol FRI} AR
+ 2ol Qle o9} FARRE Wb 2 Ni?* charged agarose
beadell AAE alL3 SHHA-E 50 ugg A3HA|7)3 «37]
o] RBL-2H3 cell extract 600 pg t3te] Adsleict tfx
T22 beadell alL3%E AFAIZ A3} RBL-2H3 cell
extracti-S AEA] A5 vl 23R TH(Fig. 1A). AP A},
Fig. 1A°ﬂ/~1 Holi= 73} 2Fo] beadoll whfAlo] uf$- 2 A
Fom EEAT A Miss A ¢SS o 5 3
v} I, Go6976, safingol, rottlerin, okadaic acidS ] &) 3+
RBL-2H3Z A48 79l HRFQ] Ago] Z7)si9 o}
cyclosporine A2] 7ZJ-¢-o| M= 1 A o] 7HA3)4] cHFig.
1B).

Classical PKC isotypes % PKC alphat A 8] = ¢]S o
(safingol *2]) HRF] NaK-ATPase®.2] ZAdlo] Z7}a}9]
222 HRFS <lAtste] Foddle= 7oz Hald
Bisindolylmaleimide 1 150 nM¢j] A= PKC betal, beta27}
A =9 ©] 7-¢ HRF band’} 323 222 HRFY 9l
Abslel] FAeddlA] o= 722 vkehdt}. Phosphatase®] 75
okadaic acidZ PP1, PP2AE A& o allL3ol Adgk

N

A)
1 n
(B)
1 2 3 4 5 6 7
. : ¥
‘_M ym)*‘ ,
NCE ’ '*““*MW@»; -

Fig. 1. Pull- down assay. (A) His-tagged o.lL3 was successfully
captured in Ni¥* charged agarose bead by incubating the proteins
with Ni?* charged agarose beads and then detected by Coomassie
blue staining. No other band except His-tagged «1L3 was
detected. I: RBL-2H3 extract only, 11: 1L3 only. Arrow indicates
His-tagged o1L3 (55KDa). (B) Interaction of HRF and Na,K-
ATPase a1L3 domain was confirmed by pull-down assay and
Western blotting using polyclonal anti-HRF antibody. His-tagged
alL3 was immobilized on Ni*'charged bead and incubated with
RBL-2H3 cell lysates. The bound proteins were eluted by boiling
and visualized using Western blot analysis. The levels of bound
HRF were significantly high in lane 2, 3, 5 and lane 6. Variable
drugs were treated to RBL-2H3 cells. 1: No treat, 2: Go6976, 3:
Safingol, 4: Bis [, 5: Rott, 6: OkA, 7: CsA. Arrow heads indicates
HRF.

HRF7} €71381ed, HRFS] helalslel] owt ppl, PP2A: o
3] kS-S o 4 slsiTh PP2BY] APAH <l A # Al
cyclosporine AE #2312 woll= HRF2] eelAlslr} A8
=} HRFY] Z%e] 7kasi4ic). & PP2B7} HRES] gt
3lofl Aedsp eelalsl®l HRFZ} Na,K-ATPase all3ol] AF
FaRggar 3 4 gl

QIEHEl HRFQ] membrane translocation

M EA- o EA3}= HRF7} QJAbslERlAbelE 4= 9l 1
Na,K-ATPases} 2§l 4= olvhd 9lAl3} 52 elolAlsly)
] Na,K-ATPases]] 3= o] 9l3= HRF= A EA 2l oh
2t AlZo| M E HEE Aelot. F A EANAM Alxetez
HRF2| o]go] #3e Zlo]ma ofExje]st RBL-2H3 AX
FollA QA HRFY] o] 58 elaigt}. o] Ao
PKCs &S oA A7) staurosporine?}, &+2] pull-down
assayoll Al HRFell 2F-¢-8F Ao 2 §3% PKC, PKC delta
isotypes Z+7F A A7) Go6976, Rottlering A-2-5493
o} 72} AlZwk) IgE 0.2 pg/mle) AR HG T 2P
2 IgERHE A28t dishE ]33]}, Cytosolic fractionsl]
M ARl HRPY A HREQ] oFellA] 2 zbol7} ¢l
UL @ 7 mlAA]) membrane fractionell A= staurosporine
#} PKC inhibitors®] A8l 2]sl] A HRF| 327} =7}
849127 (Fig. 2B) 1Ak3E HRFE) oF-2 7+4-38}9)c(Fig.
2A).

Fig. 2CollAE w317 oJ® PKC isotypee] Teldt 7
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Fig. 2. Subcellular fractionation of RBL-2H3 cells treated with several drugs. RBL-2H3 cells were treated with indicated drugs and
lysed with hypotonic buffer. Whole cell lysate was divided into cytosolic and membrane fraction by ultra-centrifugation at 17,000 rpm.
HRFs in each fraction were visualized by Western blotting analysis. (A) Some phosphorylated HRFs were translocated to the membrane
fraction. (B) HRFs from membrane fraction of RBL-2H3 cells were detected by anti-HRF antibodies. (C) Some HRF proteins were trans-
located to the membrane fraction. C: cytosolic fraction, M: membrane fraction, 1: No treat, 2: STS, 3: Go6976, 4: Rott.

AAIE olBr] 918 PMAS 15%, 67 223t 71, PMA
ol cyclosporine AS A 7}8} 7, Go69763} Rottlering 7+
7+ A2lgt Ao vire] At 7k Algrbet IgE 0.2
pg/mLe| AX BT HEF 22 [gEHS 223t dishE
o] 8315}, Membrane®-Z. o] £33t HRF7} 48k 4 9)&
2= membrane fractions ZH3F We] ]-83}7] 280 (91.7
mg) cytosolic fraction(62.5 ug)a= E71¥ 814 T A}
4314 3o} wpeld 2 ofEuhet cytosolic fraction 7],
membrane fraction 7[2] vJebd bandE vl =] 1gE,
PMAE 2|8 7 felx HRF7} cytosolell®t $lAv
membraneol = A9 $l= 22 el ol(Fig 20). &
phosphorylated HRFE cytosolell Ea) &b IgEel 2]
phosphorylatione] 57F51%])x= sk}, whebA] Na,K-ATPase
£ Aslste AzaE2 & 4 9129 histamine 28] =
basal level?} 7] HlzahA| vebd 7102 Q7= g
¥ PMAE 647t F3F A2]ste] PKCE 25 depletiondt
7d%-olE 3|13} membranelE ©]E3 HRF7} Ry
cyclosporin AZ. PP2BE A8t -9 HRF2] ekIAE} o
AFe] membranel 2. o|FER] X3 Holel= oAlS FHF
£ A7 Jebdol. Classical PKC groupitg oA 8=
G06976% 23t 23} membrane®-2. )53t HRF7} €A
8] $7Fsle] PKC a, B, &7} FAgch= AE & 5= sl
Rottlerin®] 73-¢- 1gE2} T HEE signal pathwayE HolFn
histamine £H]5 Z7}A|Zlcl= 7]&2] MacDonald er /2]
A7}t Y25, membrane®Z. ©|E3 HRF7} wi$- @&
S Helgglch

Immunoprecipitationg 0|88t Na,K-ATPase2} HRF2
HSEE =0l

HREZ} EA081A] ¢8= Cos-7 cello]l HAZ} tagging=le] )
= HRF(Fig. 3AYZ transfectiond}o] cjeksiAl oFE-S- 2 =]
g % o] cell lysateol] anti-HA antibodyE 3 7F8}al protein
A-agarose®} WF-8-A] 7 immunoprecipitationS A E£3}41 v},
Polyclonal anti-Na,K-ATPase al antibodyS ©]-$-3}o
western blottingS A1 88k Z 3} rottlerin®} okadaic acidZ
A 2|8t laneel A Na,K-ATPaseE #eldh 4~ 319l of(Fig.
3B).

Histamine release assayS 0|88t HRFQ| HEfY
histamine £H|

HRF2] #E44l effect= histamine®] FH|o| B & Aelst
oFEZA Aol histamine #¥] EH7t JEXE HEST
endogenous HRF2] J4H2HERIASLE basal levele] 313
< 9 histamined] 7]32AQ] FulA s} M3l 4 9l
ool B 11z} g #olgdv}. 24 well platesl] A serum starvation
F 90% confluencyE ®.Y wj7}x] 22t RBL-2H3 A &
7} ofgmit} 3ubEsle IgEE A ejdt A Az|shA] 2
AL F o] anti-IgE A2]3F M EZ positive controlE. 3}

o] Agslgdr}. RBL-2H3 MFE= A} 71249 histamine

THIE dey|3 g9lemg ofExele] wE histamine
releasing effect® & 4= AT Anti-IgEel] 2] 3 &3t
histamine ¥8]7} 3HatE|g) o n] 2.5 AT [gEe 23
sensitization ¥|$1-& ] HAHOZ histamine 1|7} F71=)
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Fig. 3. Interaction of HRF and Na,K-ATPase confirmed by immunoprecipitation in Cos-7 cells. Cos-7 cells were transfected with
recombinant Hemagglutinin tagged HRF constructs using Lipofectamine reagent. The HRF transfected Cos-7 cells were lysed in hypotonic
buffer. Whole cell extracts were incubated with anti-Hemagglutinin antibody and protein A agarose bead suspension. The bound proteins
were eluted by boiling with sample buffer and analyzed using anti-Na,K-ATPase antibody. (A) Na,K-ATPase was detected in crude
extracts. (B) Immunoprecipitates were detected with anti-Na,K-ATPase antibody. 1: purified Na,K-ATPase, 2: Marker, 3: Mock, 4: Con-

trol, 5: PMA, 6: PMA (L), 7: Go6976, 8: Rott, 9: OkA, 10: CsA.

ok Zevk IgEE A Bl 795 A E ) HRFS] <lak
3= B3] histamine FH1E ZAaAA FU0h =3 gEE
Aelgk A9k 237 2 A MR ug o P
Yehll =2 HRFS} IgEs A& b2 pathways 7o 7}
A& ] 2kig 4= glelet. At protein kinase C(PKC)
= human basophilsll ] IgE-mediated desensitization®f] =
oA &g v AR gkevhe BAE gle] HRFY
signaling IgE®} 7™ PKC} A=iglch= AL skl
SFEH 7). PMASE Go6976<l 23l M #4)7F AstE e
gl oF= ARl 28 23z A=)} Roterine]l 2] A
= "o o)z} gloiet. PMAE o Xelsled PKCE &
3] depletiondr 712 controlol] B3l 484} F71¥ Fn)
FAE 292v PMAS} jonomycine] 7 Az]€ A% o]
o} fraber #olE7t 248 e oleh 22y PMASE
cyclosporine AZ 3 22]3F 712 ionomycing *2|8 72
Ho} #aH)7F Zase) Sle AE o 5 U3 cyclosporine
ATES A3 A& PMAZE 2715l 7395} histamineo| ©f
Wo| Eu]Egic}. PPI, PP2AE YA|51= okadaic acidZ #]
28t 71 cyclosporine AR & ©] £7}% histamine £
MAEE HidekFig. 4). . ] AF7HA  affinity
chromatography ¢} pull-down assay, subcellular fractionation
Z12]3% immunoprecipitationsl] A Botgtd Aol dA|3}
A k= As}Eeldl o] endogenous HRFe] <|3h
histamine 23] Felelr| e Me® FEAA7E YoT)=
histamine #8] ZA#}et3L o3 A% o}k what, human basophils
oA rottlerine AFA| ZA] histamine 8] E37) ok &
24 sl olel §U7 EIE RBL-2H3 cellolH & 2l
& 4= 9ldv}. =, Okadaic acid®} cyclosporine A2] 795
viw3 o pp2B7} HAE A% histamine £8]7} vk 74
P& &+ ek ol 9AE PP2B7F HRFE €A
35 ulslisle] veld histamine £8] #3} B} T3]
Yehd Aoz Helth wela] o] Afe tdled, oFEe] A
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Fig. 4. Histamine release assay. RBL-2H3 cells cultured in 24
well plate were treated with the indicated drugs after serum
starvation. The level of histamine in supernatants of drug treated
cells were mesured. RBL-2H3 cells treated indicated drugs with-
out IgE showed that their spontaneous histamine releasing were
effected by some drugs itself.

2% cellsol] ¢3R4 HRFE 7Fa139)S o histamine 2
8|7} oA A =R A A Holof ool 3t
histamine #1] EI5- v Ast HRFe| &3t 2#E 3l
g 4= 3)& Aol

(=] ok
ol =

& A¥elM= HRFZ} B A= RBL-2H3 Al E5
o}oFsl PKC isotype™ A E 2 |sle] in vitrodell A
Na,K-ATPase alL3E ©]-8-3} pull-down assay?} RBL-2H3
M EE o]83 membrane fractionations AA|E}EAT 1 4
3} HRF: in virrool| A alL39} Ao AMLE AjEal
g 4 sl AAl A 2T HellA Na,K-ATPase2} Ak}
=& o 4 odsdeh AR oFEENE PKC o, B, 8 ¥
o} 2} protein phosphatase 2B(PP2B)= HRF2} ol1L3<]
Aol Fefgiehs AME o 4 9l E3 o]E PKC,
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PP2Bel| 98] 9AkstEl HRF #A1= cytosolic fraction®Z
o33 4= 9lom oejst A= &elikss HRFZF NaK-
‘ATPase$} 2g}3sled NaK-ATPased] 7]5-& FAsdal
Agk 4 Qloh. et oFEARA 7} histamine 28]l 39S
m&" 4 9lew cytosolic HRFE T} exocytosis® HRF7}
histamineZ o #H|3I=F & 4 glom=, oFES A
3 Al Zol| 9¥o)A HRFE #7}8}e] histamineo] F2]%&
AHx7}b ojPA W3lsl=AE HRFE 71314 o2 A7} 1]
asfjof & Aol

Lol 2

B 52 o) sdaelata oktlet ehatd A ATl
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