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A Nucleotide Exchange Factor, BAP, dissociated Protein-Molecular Chaperone Complex in vitro.
Myoung-Joo Lee, Dong-Eun Kim', Tae Ho Lee’, Yong-Kee ]eonga, Young-Hee Kim, Kyung Tae Chung*.
Department of Life Science and 'Biotechnology, Dong-Eui University, 2Deparifment‘ of Microbiology, Busan
National University, Busan, 3Dong—A University, Busan, Korea — Molecular chaperones and folding en-
zymes in the endoplasmic reticulum (ER) associate with the newly synthesized proteins to prevent
their aggregation and help them fold and assemble correctly. Chaperone function of BiP, which is a
Hsp70 homologue in ER, is controlled by the N-terminal ATPase domain. The ATPase activity of the
ATPase domain is affected by regulatory factors. BAP was identified as a nucleotide exchange factor
of BiP (Grp78), which exchanges ADP with ATP in the ATPase domain of BiP. This study presents
whether BAP can influence folding of a protein, immunoglobulin heavy chain that is bound to BiP
tightly. We first examined which nucleotide of ADP and ATP affects on BAP binding to BiP. The data
showed that endogenous BAP of HEK293 cells prefers ADP for binding to BiP in vitro, suggesting that
BAP first releases ADP from the ATPase domain in order to exchange with ATP. Immunoglobulin
heavy chain, an unfolded protein substrate, was released from BiP in the presence of BAP but not
in the presence of ERdj3, which is another regulatory factor for BiP accelerating the rate of ATP hy-
drolysis of BiP. The ADP-releasing function of BAP was, therefore, believed to be responsible for im-
munoglobulin heavy chain release from BiP. Grp170, another Hsp70 homologue in ER, did not co-pre-
cipited with BAP from [*S]-metabolic labeled HEK293 lysate containing both overexpressed Grpl70
and BAP. These data suggested that BAP has no specificity to Grpl70 although the ATPase domains
of Grpl70 and BiP are homologous each other.
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Cell lines

2 A3 o)A+ mammalian cell line HEK293, mouse B
lymphoma Ag8(8), COS-1& AH&-a} gtk HEK2933} COS-1
cell& 10% fetal bovine serum (FBS), 2 mM L-glutamine,
100 unit/ml penicillin-streptomycine] g% DMEM -4
i 2| & ALS-51 1, Ag8(8)2 10% FBS, 2 mM L-glutamine,
100 unit/ml penicillin-streptomycino] F-#8 RPMI-1640
AW A& AHRE 5% COyt FFHE 37T incubatordl]
A af Fst At

In vitro®lA{ BAPS| &t O|EX BiP1lQ| HEt

Histidine tago] &< recombinant BiP 2 pg [7,18]3} 20 ul
Ni2+-agarose bead (Qiagen, Germany)E 412 o 7+4 10
uMe] ATP9} ADPE F7bste] 4THA 147 ¥-EAIZ T
COS-1 A EE 500 ul HEPES &% <420 mM Hepes, 0.5%
Triton X-100, 5% glycerol, pH 72)2.2 s}jsly 92
st} FF AL et s¢e ME o 200 plo| 10
mM ATP%} ADPE #7}8F ¥ recombinant BiPo] Z3HH
Ni**-agarose beadol] 7}3le] M ¥ 1] BAPo| BiPo] 2]
2 4ToA 1A o A Z T 98 & 100 pM ATP =
= ADP & HEPES &502 beadZ 3W HHE &
SDS-PAGEZ ©wwid Bysigch 239 gl AL nitro-
cellulose membraned]| transferdle E7| anti-BiP# an-
ti-BAP A2 western blotS 3% th.

BiPo2%E| HHIZEE! heavy chainsi2] B4
B lymphoma Ag8(8) M| L& BiP¥} HAZFZEY heavy

chain cDNAE Z4 X Aupd 0 2 transfectiondt COS-1 A=
£ 1 ml NP40 lysis buffer (50 mM Tris-HCl, pH 75, 150 mM
NaCl, 0.5% deoxycholic acid, 0.5% Nonidet P40)E A}-8-3}<
S5t % k. ME kAol 10 ul protein A-agarose bead (50%
w/v)E #7151 BiP-A 922 &3 heavy chain 28A & 2
AN AAE B o] BEAM 97| o 2-AAE
& #H7lele 30T oA 3027 ¥-§-A1F )k §H8 ¥ SDS-PAGE
2 2§72 %353 Coomassie blue G4S o] BiP-H S
22 %Y heavy chain B39 H3lE E43A

Ca EH0| 2t DNA transfection

HEK293 Al X 3x10° cells& 100 mm v} ok Aol wj o5}
1.8 ml Hepes buffered saline (pH 7.11), 6 ng DNA, 50 ug
carrier DNA (salmon testes DNA, Sigma), 120 ul 2 M
CaCh® ET § 30% ¢t 220 £ H WAz H7}
8te] 377, 5% CO; incubatorol] A v 3t} 48A17F
NEE 3lste] Ao ALE-stATH1].

Metabolic labeling2} cross-link

HEK293 X & 74719 W3} o] transfection & ¥ 18
A7+ 59t pro-mix L-[sSS] in vitro cell labeling mix (300 nC,
Amersham-Pharmacia)E A}-4-3}od metabolic labelingg 3}
Atk [%9] labelingo] ® cell PBSZ 33 A% % 30 ul
cross-linking . agent$l  Dithiobis[succinimidylpropionate]
(DSP, 5 mg/ml, Pierce, USA)E 22 3 1A]7F F9 4TAA
k2 A7tk 100 1l 1 M glycine s 3716t 4T A 158 &
ot cross-linking& % 23} %t} Cross-linkingo| 24 AXE
£ 1 ml NP-40 lysing bufferol] #gs}e] 2087+ 4Tl A %
A3t A8 3 13,000 rpmo g PARE sl A ¥
HA & 35t A.

BAPI} Grp170 ZEHRAM

DSP A & d& Axgfds & AP Az 10
ul E7) anti-BAP# anti-Grpl170 34|12 AL83te] 4T A 2
Al B 9933 A8 9E3E 9 ES 10%
SDS polyacrylamide gel& AM§-3te] A7)|95 & 3tx, £
H oL 150 mA Z7AA, 3A7HESE nitrocellulose
membraneo] &7l & Xeray filmo] =235 =3
whole cell lysate= SDS-PAGEZ #z]3 & F4g JAE
AF2-3to] western blot W ©. 2 BAP3} Grpl709] &3 &
A&t

He

2t o o

BiPE} Grp1700il CHEt BAPS ZEE0|M
A% Wde BiP 9oE 2 Hsp70 homologued
Grpl700] &)t} F chaperone2 Z-2 Hsp70 family 2 4



ATPase domain9] AEAlo] %t} welx BAPo] BiPo] Z
g3lo] Grpl709 = AE 7hsAel w0 A48 + o
t}. Grpl70€ BAP3} §H7 HEK293 celld] co-transfectionA]
A ME RN FAHY L oA BIAE 0}7@3}7} A=N
2]5}7] 95t4 [°S|2 metabolic labelinge & % DSPE A}
£3}a] cross-linkingS st M EE HH3 At EZ an-
ti-Grp1703} anti-BAP 34 & Alg-5te] WA ojd o
AEL SDS-PAGEE #3281 nitrocellulose membranec]]
transferdte] 71 membraneg- X-ray filmol =& A7 BAPH
Grpl700] M2 AGs=AE LolR uhFig. 1). Negative
control2 ARE3 ¥ EuH-S transfection 3§+ 7 %(Fig. 1A.
lane 1) endogenous Grpl700] o}z u|3tA UEGOH,
Grp1703} BAPYHS Z}7} transfectionA|7) & anti-Grpl70%}
anti-BAP A& 247 ALg-8te] RAA7 t5E 3 F(lane 2,
5 Grpl70% BAPo] E7ESlch Grpl70sh BAPL 3
co-transfectionA]# A& ALY NS anti-Grpl70 E= an-

t-BAP &A1 2 712 Abgstel A7 S A% Grpl703 BAP
(A)
Anti-Grp170 Anti-BAP
Vector Gpl70 Grpl70 Grpl70  pap
cDNA ector \BAP +BAP
Grp170 ™~
BAP ==—p-{ :
€)] @
(B)

Grp170
¢DNA Gipl70  +BAP  BAP

= G1pl70

Anti-G1p170

Anti-BAP

Fig. 1. Co-immunoprecipitation assay of Grpl70 and BAP. (A)
cDNAs of BAP and Grp170, a Hsp70 homologue in ER,
were co-transfected in HEK293 cells. Transfected cells
were metabolic-labeled with 300 pCi [PS] for 18 hrs.
Immunoprecipitation was done with rabbit anti-Grp170
and anti-BAP polyclonal antibodies. Precipitated proteins
were analyzed by SDS-PAGE and transferred to nitro-
cellulose membrane which was then autoradiographed.
(B) Western blot analysis of whole cell lysates. Whole
cell lysates, which were obtained from indicated ¢cDNA
transfected cells, were analyzed with anti-Grpl70 and
anti-BAP antibodies.
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o] FAH o2 YA gkth(lane 3, 4). Fig. 1B A B
7217} Zro] western blot 31402 ) co-transfectiongl A} 3E o]
A Grp170%} BAPS] w#o] A4S &8 5= AU
b AZA Yol EA3le Hsp70 homologue?l BiP#

Grpl70& ATPase domainll &4 S 7FX| 1 1oL} BAP
& Grpl703 AfS 344 dede AL ¢ F U 9
= Grpl708) ATPasel= ojn}= BAP#HE the zmdlA7}

gastthe A4S 90155 Gipl70s} BiPe) 715 ¥ %
agol BES 42T 4 Aok

BAPS| ADP 2/EX BiPzle| Zgt

3709 histidine®] BiP¢] N-terminus¢d] 9ZAF recombi-
nant BiP @& Ni*-agarose beado] EZA)#A ATPS
ADPE BP9 TRt} speko 2 Artete BiPo] ATP &
ADP9} ZaAHE ZAYSEE 4t ATP-BP E=
ADP-BiP9] COS-1 M X5t H7tste] AMEel EA3}
= BAPo] ATP =+ ADP7} A3 ojd BiPH ¢ & A
'8}—‘: A& 2AF3A ) Nit'-agarose beado] &#g@ il A

2 SDSPAGEZ %78 & anti-BAP 42 ALgate 2%
EJ BAPY 4tjd %2 vlwslg e} Ni-agarose beadol %’—
ztg BiPY] kg W3l iz o2 ¥3 ADP-BiPY 7
7} ATP-BiP9] Z9-Kt} o @& BAP¥ A= HvHFig ).
o] A= BAPL BiPo] A% E ADPE ATP9 x8317] ¢
3t} ADP-BiP# ¢ & Adsles Aoz A €Y. of 4%
o) A v 5] il Wo| Ni*'-agarose beadd] T¥EZ &%
gHol7] o] dEd A2 oA

C0O8-1 Lysate
rBiP-Ni** beads

S 3
s\"b“ R
Anti-BiP AN | BiP
)
«——BAP
g g v *

1 2 3 4

Fig. 2. BAP prefers ADP for BiP binding. Lysate from COS-1
cells was run alone (1), incubated with empty Ni*'-agar-
ose beads (2), or incubated with Ni**-agarose beads,
which had recombinant BiP bound in the presence of 10
M ATP (3) or 10 pM ADP (4) at 4C for 1 h. After
washing the beads, the bound proteins were separated
by SDS-PAGE and transferred for probing with rabbit
anti-BAP and rodent anti-BiP antisera. Asterisk (*) in-
dicates non-specific bands. rBiP :recombinant BiP.
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In vitrotlM BAP= BiPERE unfolded HAZZSEE
heavy chainZ &l
Lymphoma Ag8(8) Al¥ & WS 2EH light chaing 4
A8t £33 heavy chaing A4SIE2E  BiP-heavy
chain 233 2 A gt} o] BiP-heavy chain £33 pro-
tein A-agarose bead& A3l £o|3tA Ead 4= vk
Ag8(8) AME)M H2)® BiP-heavy chain B o] ATP,
BAP, BiPg] ATP 7}4R3 &S A7+ 202 483
ERdj33} ERdj4E #7}3lo] BiP#} heavy chain 2% WH3}
§ H3tth Fig. 3914 Yed AP 2H-AAE YA Fe
Z¥(lane )M Hud Z3et FYs}A BiPFH heavy
chaino] 2342 #2381 At} Negative control & A&
% bovine serum albumin (BSA)-S ¥ o]F 7% $-(lane 2) & Al
YA F 719 bands} el BiP-heavy chain complex
ot d Wgst g &+ ATk ATPE FH7hske 73
BiPo] ATPS} A%HE otd ds ol A 713 & &3}
Aoz gefA QUoHl0] & AZAME 71&E9 Hug 2
g} SUsLA ATPo) <3} BiP-heavy chain 2347} —.—E]
W9 F2E Y heavy chaintto] protein A9} &7 A3
£ BF0] recombinant BiPo] 7l52 o2 AHAF o
o) ot 2 g)H(lane 4). Hsp70¢] ATP 7}4-33) 222
2# A DnaJ homologue ¢ A& 71523 A&
ADPS} Hsp703t9] A%S QM4 3HA1A Hsp703 7]4 ©)
E4AE A2tz R0} ItH13]. ERd| &A 5=
DnaJ homologue T 2 ¢l ERdj3%} ERd]4“ &]3011 A 5

rzmﬁrﬂjﬁ_ﬂrlr-{o_-%o

2
it

o] BiP9 ATP 7t#els FAA7= 7158 7H ALs
e A o BiP# 7] Al A B 77] Ae G &

g AF Ade Bu=Ho A ¢t}{14]. BiP-heavy chain
complexd] ERdj3%} ERd4E 2JF 7 -$(lane 59} 6) BiP-

Lymphoma Ag8(8)

e"\ a3
éo‘“@%vg S, & @

« BiP
« HC

Fig. 3. Immunoglobulin heavy chain:BiP complexes were iso-
lated from Ag8(8) lymphoma cells with protein A
sepharose. Complexes were incubated with 1 pM BSA,
recombinant BAP, ATP, or recombinant ] domain of
ERdj3 or ERdj4 for 30 min at 30C. Protein were se-
perated by SDS-PAGE and visualized by coomassie
staining. HC :Immunoglobulin Heavy Chain.

heavy chain complex7} fA|H o] 7|2 Rud Asdry
A cH14]. e} ATP7F ZA)5HA) ‘gv 24z} BAP
S #7138 7Z%(lane 3) heavy chaingto] protem A &3
AR = o] BiPe] ¥H3-7|2F B¢t B E S ¢ 4 AT &

g A ATP] 93t BiP 32|} FUG @47} BAP9| ¢
3] dolA A& BAPO] in vitroo) A BiP-E unfolded T2
Q] heavy chain® 258 P ATE A& £ o] 2
ARE 39387 95t COS1 T o)A L&A 4P54
tHFig. 4). Wild type BiP £+ ATPase 7)%50] 448 =4
Ho| BiP (T37G BiP)[7, 18] W22 E ¥ heavy chain®
g7 COS-1 HEAA BHAA BiP-heavy chain complex&
YA E 3l Ag8(8) ME9} U FH o2 BiP-heavy
chain complex& £2]38}5t}. WT BiP-heavy chain complex
o obf# ZAIAE B2 FUAY BSAS Y& F 5 BiP
3} heavy chaing] T W=7} Yehy BiP-heavy cham %@iﬂ
o obfd J&S WX A &Yt ERdj3S ADP 94| BiP#
heavy chain®] A%t 483 2 ¢otcd. a2y BAPH
ATPE H7betdlE 72¢ Agd®)Y Axtel ¥ixsiA Add
BiP9] o] 7+AH Ao 7 Hol A3l ok BiPo] E§ A2
2g g HUeS ¢ & YAtk T37G BiPS ATPases] 7|
T AT Gitd mE FRHEIIL dojuA] got 712 S 3
A% 5 gle EFHIZ A7, 18], BSASH ERdj3 7} Aol =
wild typed} vl 2 Bgalo] olrd wWalst glglen,
ATPd 93| M = BiPY] #e]7} o]FAA ok 18t
Zu]EAE BAPe| 93] T37G BiPo} heavy chain® 2 3-E
Brxog #ggdt. o] BAPo] T37G BiPd A=A
& o okgt T37G BiPY 722 Wt doju, o] F+23
312 9slo] T37G BiPo| heavy chain#} o] A8 o] o3}
Aoz AT 27189 49 e vsi Ao} 9
WA B AT A%e YA QY BiPY ATP 23

[«

ST ) rE o
ol

WT BiP T37G BlP

2;&;%%;; S s%, %@ 5 &e

T37G

WT
HC

Fig. 4. COS-1 cells were transfected with ¢cDNAs of im-
munoglobulin heavy chain and either wild type ham-
ster BiP or the T37G BiP mutant. BiP:heavy chain
complexes were isolated and treated as in Fig. 3.
Proteins were subjected to SDS-PAGE analysis and vi-
sualized by coomassie staining. HC :Immunoglobulin
Heavy Chain, T37G: BiP mutant T37G. Asterisk (*) in-
dicates non-specific band.
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Fig. 5. A proposed model for regulation of BiP’s ATPase. Step
1. BiP binds to unfolded substrate proteins when it is
in the ATP bound form. Step 2. Addition of ERdj to the
complex increases the rate of ATP hydrolysis, thus
stabilizing the binding of BiP’ to the unfolded protein.
Step 3. Interaction of BAP with the complex catalyzes
the release of ADP, allowing substrate release from BiP.
If the substrate does not fold or aggregate, it can rebind
BiP and the cycle begins again. Step 4. ATP rebinding
to BiP-BAP complex dissociates BAP from BiP and is
enable BiP to bind the unfolded substrate, allowing it to
be folded.
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utE ¥ ADP= ATPE A #o] dojuA =¥ BAPS 43&
thato] W EHI BiPE AMEE ATPY 2¢E 314 B4
(step 4). ADP7} W&o] HWA ERd3 94 W52 Zolg}
M zHE] 2wk o} A A A data= EA)5HR] et ATP X%
o] Yol d wj ERAj37} W&o] ¥ @A foldingo] &= 3}
Aol ATPE A3 FA] dolvpeA AH7] AUA
R ol EFdsith £ A Ax} BAPLS ATPHEU
ADP7} AgHo e BiP# o] & AE ste A0E e
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oty AZA AN dido] FAeold B oA Y
o] HAE 3l glycosylation 5] 40| Yojuhr, 0|9} FA|
o folding¥} assembly# A& AA HAAH F2E 450
g o] #34 2 folding enzyme3} molecular chaperone<]
598 ol olEojAt} A¥A ue] A= molecular
chaperone % 714 # ¢#2 Ao 2 BiPo] . BiPY 7]
=2 N-terminus®] ATPase domaind] &3] ZAHHT
ATPase domain& o2y Hdelro g Ajse 2dUA
9|8 ATPase®] E4o] Y& weth BiPY X824
Az A HHE BAPLS ATPase domaino] A ADPE
ATPEZ X@3e Ao 2 7150 234 Uth o] BAPY 3
AMX|87) %5 0] BiPY AMHE ZEo oW ¥ S vX=AE
in vitroo A 3 heavy chaing o] &38}o] ¢olH it} BAP
& ATPHEUT} ADP7} Z3H ] e BiPH o & A% 8t
o, in vitro Al BiPz} ZA¥stn Y& unfolded ¢ AL
BAPS BiPe. 2 HH sttt E3F AX AN EA 5=
Hsp70 homologue chaperone$l BiP3} Grpl700] th3t BAP
o] ZAYPE|AH S anti-Grpl703} anti-BAP FAHZ co-im-
munoprecipitationg- 3t 3213t A3} BAPL Grpl703} 2
38 3tA) @itk webx BAPL ER Wo] EAlste $Y§
family groupell £8}= Grpl703} BiPol| thste] BiPot &
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