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Identification of Calcium/Calmodulin-Dependent Phosphatase as the Dephosphorylating Enzyme of
IgE-Dependent Histamine-Releasing Factor in RBL-2H3. Hwang, Sun-Ok and Kyunglim Lee*. College
of Pharmacy, Ewha Womans University, Seoul 120-750, Korea ~ IgE-dependent histamine-releasing factor(HRF)
was initially described as a secretagogue for secretion of histamine from IgE+ basophils from a subset of allergic
donors. Previously, we identified that S98 residue of HRF was phosphorylated using anti-HRFpS98 antibody which
specifically recognizes the phosphorylated serine residue of HRF and HRFS98A mutant construct. In vitro kinase
assay, only wild type HRF was phosphorylated by PKC, and S98A HRF was not affected by PKC. In this study, we
attempted to characterize the phosphatase which specifically dephosphorylates HRF by immunoprecipitation and
pull-down assay. In RBL-2H3 cells, HRF interacted only with calcineurin (also called as PP2B, calcium/calmodu-
lin-dependent phosphatase) but not with PP1 or PP2A. The results suggest that HRF is most likely dephosphory-

lated by calcineurin.
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2715t DMEMYE 0|83l CO, 5%, 37°C incubatorol| 4] 7|
S5 2ol 3R 105 cells/miZ 253 F90et. 7} celle] 80
%A= culture dishel] Al2bd PBSE. 23] M| 2|8l lysis buffer
(50 mM Tris-HCL, pH 7.5, 150 mM NaCl, 1% Nonidet
P40, 0.5% sodium deoxy-cholate, 1 tablet Complete™
inhibitor cocktail/S0 ml, 0.7 pg/ml Pepstatinys- 718} 5, 14|17}
Fat 4°Ce]] WA 3Tt Al E Aetel-S A 2% microfuge tube
o £71 10,680 rpmellA] 1087 AAF2Id F, s
H2Jsldv}. Rat brain extract®] 7-$= & I3l 2H
27 & lysis buffer 1 mlE 7}3te] 2] E47]=
3,000 rpm°ﬂ/"] 10527 GARe]sle] dgic).
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Immunopreolpnatlon.-} Western blotting &4

RBL-2H3 A% extracte] 7+ E%} monoclonal anti- PPl
antibody(Santa Cruze Biotechnology Inc.), polyclonal anti-
PP2A antibody(Santa Cruze Biotechnology Inc.), poly-
clonal anti-PP2B antibody(CHEMICON International, Inc.)
3ul &2 HRF monoclonal antibody(hybridoma culture
supernatant) 400 I =& 7}8F § 4°C, rocking platformel]
A &2 vk 3l o 7] o), protein A-E- G-agarose
suspension(Boehringer Mannheim, Mannheim, Germany)-S
sample®d 50 ¥ 718k ¥ 4°C, rocking platformel| 4] 5-62]
Zb S AE ok 10,680 rpmell A 687 141 H-2) 5}
complexZ 7181530}, Lysis buffer 23], PBSZ 23] Al¥
g+ o}, agarose pelletol] 2xSDS sample buffer 50 uls
resuspension*] 71 F 100°CellA] 587} $o]31, o}A] Ak
Al 30%27F 22 38}e] protein A-2-2 G-agaroseE A} A 513
ok ZEA ez dojal FEAE SDS-PAGE #Aof AR&s}
9t} Blot2 nitrocellulose(NC) membrane(Scheicher &
Schuell, Dassel, Germany)ol] €71 ¥, NC membraneS 1
A17F &< blocking solution(3% gelatin in TBS)Z A 2] &}
I TTBS(0.05% tween 20 in TBS)ZE 1054 33] A& 3}
%, 12} kA ¢l Rabbit polyclonal anti-HRF antibody 22
PP, 2A, 2B antibodyS 2417+ *2|3}ivl. TTBSE 10%
A 33] A H3g vhg 2% 8A|Ql horseradish peroxidase
(HRP)-linked anti-rabbit 1gG, HRP-linked anti-mouse IgG,
HRP-linked anti-goat IgG(Bio-Rad Laboratories, Hercules,
CA, USA)E. X7} 3087F A=j3iiet. oAl TTBSE 10%
A 23], TBSZ 13] AlA 3 ¥ chemiluminescence reagent
(ECL, Amersham International Inc., Buckinghamshire, U.K.)
£ A28k LAS-1000 (Fujifilm, Japan)2- & &gsloict.
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LB/chloramphenicol plateAtell Q13 BL21(ADE3)pLysS®]
single colonyZ Z|all4 LB/chloramphenicol(34 pg/ml) S ml
o] &7 Al ol HF3}3L 37°Col A HehuloF A7) F
ODgoo?} 0.2-0.80] = 1 % 2ml& F& Y =4 o)
Z] 10 mle] 971 250 ml flask® %! ¥, ODgo7}F 0.5-0.9
7F 2 dj7tA] 37°Cel| A xed i oF3tsivt. o4 7)ol LB/
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¥ AlAA ODg7t 0.6° Hwl FA daolal AE F
4,200 rpmellA 4°CE FAIBPEA 1587 AAlie] 3led cell
pellet2 @} o] 10mlY) cold TB I buffer(30 mM
KOAc¢, 50 mM MnCl,, 100 mM KCI, 100 mM RbCl,,
10 mM CaCl,, 15% glycerol)=- et 7] oS oAl 4°C
4,200 rpmell A} 1582 14d82] s 42 cell pelletsr 2 mi
2] cold TBH(10 mM Na-MOPS, pH 7.0 75mM CaCl,, 10
mM KCl, 15% glycero)=. H=A|ZT}E. Competency+A1E ¢
3} -70°Ce)) Rttt -70°Col B33}y BL2I(ADE3)pLysS
supercompetent cell 200 ul-S H oA AMA3] e F
pRSET A/HRF clone®] ¢DNA 5ngg& 7|3}l 2 &3lgt
oo 3087F wixIsksirt. 42°CelA] 287F heat pulseZ 7}
g &Aool 122 WhA|Eei). of7]e LBeRA] 0.8 miE
7}3laL 200-250 rpm o2 A eFspHA] 37°Cell A 1AIZE ok
gk F v]g] $8]%" ampicillin(50 pg/m1)3} chloramphenicol
(34 pg/mlye] EFH LB-agar plateol] spreading 3 ¥, 37
°Coll A 16A12F i oF3lsdet.

Fusion proteind® 4 affinity chromatographyS- ©]-%-3t
2a]sl= vbyg & ohg-3} 2l pRSET A/HRF cDNAE
BL21(ADE3)pLysS supercompetent cellell transformationA]
# 50 ng/mle] ampicitlin® 34 pg/ml chloramphenicold £
3= LB A 5 mlell AHE3AL 37°Col M 16A]2F wiaksl
F, oI 50 3]Mske] ODgo?}k 0.6°] =L =, T7 RNA
polymeraser/] A4S fre3led isopropylthiogalactoside (IPTG)
£ 3F 57 1.0 mMo| HXEF AH7isE - 37 °CollA 34
7F Z9l Aelujoksle] A F3F chze] AL § 55].03‘;}
I & dE2lolE 6,500 rpmellA 4°CE °z]6}vﬂ)«1
ot LAlFE] &l cell pellets 42748 = -70°Cel] i—ﬂ-ﬁ]—%{
o}, Cell pelletell binding buffer(20 mM Tris-HCI, pH 8.0
500 mM NaCl, 5 mM imidazole)& 2-5 ml/g wet weight7}
HEE 7lle] A ES A7) T LA ukA]sleln}. 1
T A2l 102 52t 6-73 200-300 WE sonicationd}3
o} Cell lysateZ 4°ColA] 15,000rpmell A 25571 141 4e]
Blo] od-2- AREel-S His Bind Resin(Novagen, Milwaukee,
WI, USA)ll 13 ml-/] charge buffer(50 mM NiSO,)% &
B packingdt columnel] loadingdt ¥, binding buffer 15
mlZ 7}38te] columnell His-tagged HRFS A A7 F
RBL-2H3 cell extracts & BU5gict, v|So3 ZAghct



WA-g A A3E7] $18) 15 ml2] binding buffer®} washing
buffer(60 mM Tris-HCI, pH 8.0 500 mM NaCl, 60 mM
imidazole)® A& 3}gich. Nizl 2 &3 AL elution
buffer(20 mM Tris-HCI, pH 8.0 500 mM NaCl, 60 mM
imidazole) 0.5 mIZ 43APA $AsIH 2o gx= Ni*t
columnell RBL cell extractitg U oF T2|Hv)Fo] 22
oz A3 F -2 i Fnlsisivt. e A
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brainoll A -2 v 4 pe8- 742+ 13% SDS-PAGE gelol
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RBL-2H3 A Eol| A HRFS] &l Ak3}e] Fed sl pho-
sphataseE- §A 3] B9k} RBL-2H3 cell lysatesel] anti-
protein phosphatase(PP) 1, 2A, 2B 3AZ AH7ls F,
protein G-agarose?} HF$-A|7 immunoprecipitationd AIA|8}
o}, Polyclonal anti-HRF 34| 2 western blotg A8 A}
PP2BE- 71IE AEeXTE HRFE 23 kDa® 2 El5153v}Fig.
1). 922 monoclonal anti-HRF &A= 7}3F ¥ protein A-
agarose®t ¥H3-A1F]3L anti-PP1, 2A, 2B A ZE western blotS
s A3} PPl, 24 AEH A ket PP2BE] A ¢+
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TS Bl &, HRF7F AEH columns: 533
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Fig. 1. Interaction of HRF and protein phosphatase 2B (cal-
cineurin). Western blotting HRF binding proteins from RBL-2H3
cells with polyclonal anti-HRF Ab. Lane I, RBL extracts 45 ug;
lane 2, immunoprecipitates of RBL-2H3 cells with monoclonal
anti-PP1 Ab; lane 3, immunoprecipitates of RBL-2H3 cells with
polyclonal anti-PP2A Ab; lane 4, immunoprecipitates of RBL-
2H3 cells with polyclonal anti-PP2B Ab; lane 5, rat brain extracts
4 pg.
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Fig. 2. Interaction of HRF and protein phosphatase(PP) 2B
confirmed by co-immunoprecipitation. Western blotting of
HRF binding proteins from RBL-2H3 cells. (A) IB: mono-
clonal anti-PP1 Ab (B) IB: polyclonal anti-PP2A Ab (C) 1B:
polyclonal anti-PP2B Ab. Lane 1, RBL-2H3 cell extracts 45 mg;
lane 2, Immunoprecipitates with monoclonal anti-HRF Ab; lane
3, Rat brain extracts 4 mg. Both catalytic subuint (60 kDa) and
regulatory subunit (19 kDa) were detected in crude extracts and
immunoprecipitates.

@t ¥, RBL -2H3 cell extract 40 pg, HET 20 pget AME
chilA 20 pg, 72837 rat brainell A €32 protein 4 pgS ZHt
13% SDS-PAGE geloll loading3}e] polyclonal anti-PP2B &}
A2 western blotg A A g 1 A3} 19kDa®] PP2B
regulatory subunit®} 60 kDa®} catalytic subunit& %% &l
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Fig. 3. Identification of HRF binding to PP2B from RBL-2H?
cell extract. (A), (B) Western blotting of HRF binding protein:
from RBL-2H3 cells were eluted from the His-tagged HRF or
His®°§Bind Resin. Lane 1, RBL-2H3 cell extracts 40 pg; Lane 2
protein from the immobilized HRF column with buffers without 1
mM CaCl, (20 pg); Lane 3, rat brain extract (4 ug). The used anti-
bodies are monoclonal anti-PP1 antibody(A) and polyclonal anti-
PP2A antibody(B). PP1 (39 kDa), PP2A (36 kDa) were detected ir
crude extracts. (C) Western blotting of HRF binding proteins fromr
RBL-2H3 cells were eluted from the His-tagged HRF on His - Binc
Resin. The used antibody is polyclonal anti-PP2B antibody. Lane 1
RBL-2H3 cell extracts 40 pug; Lane 2, protein from column witl
RBL-2H3 cell extracts (20 pg); Lane 3, protein from the immobi:
lized HRF column with buffers without 1 mM CaCl, (20 pg); Lant
4, protein from the immobilized HRF column with buffers con:
tained 1 mM CaCl, (20 pg); Lane 5, rat brain extract (4 ug).

T 4 ARAT, I Catel
2% % ggeh

=3} elution buffer®-

A7} o3l W Aol

£-%3 &S} positive control =
AR2-8} cell-extractZt band sizeX}o]= buffer 42| Z}olol]
A 71908ke ARoleh. Ca*ol&g AH7IBIA| g el 4
73 &4 monoclonal anti-PP1 8F3] 2} polyclonal anti-
PP2A A2 western blotg AAISE A3} PP18 24 A&
== oskeH(Fig. 3).

RBL-2H3 A3E) A= bufferd] 1| mM CaCl2 37} o Ho

w2 2ol A kgkeh. RBL-2H3 cell extracts® 5
£ o, 5 mM EDTAS H7lelEo24 Ca? wizld 84
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o Q1A 2 metalS A7l FX] AUl = calcineurin
o] 2 AL Holx= 72 crude enzyme©| natural
cofactorE B3k 91-2-& AJAkslE Aol
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RBL-2H3 cell lysatesel] anti-protein phosphatase(PP) 1,
2A, 2B 3A1E H718F F immunoprecipitations A48 A
% PP2BE 7I8lE AEoAMT HRFE #elaigivt. do=
monoclonal anti-HRF 34]E 718t ¥ immunoprecipitation
& AAIgE A3} PPL, 2A% AEFA] ggket PP2Be
$% regulatory subunit(19 kDa), catalytic subunit(60 kDa)
% #oldk 4 9l9ic). Affinity chromatography & 53141
S PP2B7} HRFS] gelabsle] 2eqqg Hadsislnh &
19kDa®] PP2B regulatory subunit®} 60kDa®] catalytic
subunit ZF7F BRIF 9] em 9F- Ca*'ol & A7} of el u}
& Aol [AT 4 ¢t ARH 22 RBL-2H3 cellol| 4]
PP2B: PPIolu} PP2AC vls| iAoz o &A=k A
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olvt PP2AE ZHEFA Wsiet
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