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The Identification of Proteins Interacting with CD1d

KwangWoo Hwang* and Taehoon Chun”

*College of Pharmacy, Chung-Ang University, Seoul 156-756, Korea
College of Medicine, Hanyang University, Seoul 133-791, Korea

Abstract — CD1d is an unique antigen presenting molecule which provides antigenic repertoires to NKT cells. To examine
molecules required for CD1d antigen presentation, we determined an interaction between CD1d and several endoplasmic
reticulum (ER) resident molecular chaperones by co-immunoprecipitation. Results indicated that calnexin and calreticulin
seem to be bound to mouse CD1d, but TAP and tapasin do not bind. Further, we screened an yeat two hybrid system to
identify proteins that help mouse CD1d transportation in the cytosol. We found that two proteins, heat shock protein a sub-
unit (Hsp90a) and protein kinase C and casein kinase substrate in neurons 3 (PACSIN-3), interact with CD1d. Future study
will be focus on the role of these molecules during the CD1d antigen presentation.

Keywords [] antigen presenting molecule, CD1d, immunoprecipitation, molecular chaperone, yeast two hybrid screening

T2 ZA A FYUMHC; major histocompatibility com- w3l glom, CD1dol) HHgehe T X F2AE NKL1+T
plex) class Ib+= 7152 MHC class [a9} 73802 §A}slod (NKT) FZ771 4814 3, B2 THEE Fof 2 BE5o
FAMGEAR AR, T ¢14] B9 (antigen binding motif) ik
o] BolAe]l 2a) 7122 MHC class Tag} 7o) 9718 opnjueAl NKT #Z = NK A receptors} T 237 receptor af,

©% 9+d¥ nonameric peptideE Xt Aol o, izt T GAEE T HEy 3RAs 7L Sl S5 AR
o] 53 S xSttt B3] X582 CD1 familye F ©lth NKT Z5& BE A7]oA ZobE 5= glAh, 7]E9]
2 (glycolipid) o]t} A A (lipid)E TAE TP HeAoz o) T PxFof njs AhHOoE 2L F(1~2%)0F EAHFEY 1
AR 7o) USHHY e}, 7 (iver)®} Z*(bone marrow)oll TANH= T HE7
CD1 family:= =7 “classical CD1"% CD1d® THETh AW %(10~30%)E Ak ok NKT #2744 27 CD1d
"classical CD1" t}A| CDla, CD1b, CD1cE WH=d], ol A= = sH= A7 CD1AE Q8] ¢ Zlo g EFgd?
2 T2 F9IUA2AE (professional antigen presenting cell) CD1dE ¢lAsl= NKT B9 thi-E2 co-receptor?® CD4™"
¢l B ¥2, 2 3 (macrophage), X442 (dendritic cell) 22 CD4CDS(DNYE 7HA| 3 9037, CD17 @24 (glycolipid)
o WS} 2 e} “classical CD1%] WHS-8l= T @)sL0) FAL QAEke] [FN-29) [L45 oh W & 5 ek wdh
‘Aol EAel disM= obx] dEizint o, TRFE ZF olE HETE wlg- AlFkE T M receptor afE 7HAM(8F
o] ¥hg3l= 5 F(species)°] w2} "classical CD1"S TAI8k= o AL Vald, Ja2813 VP2, VBT, VBY), &= FAlolu} 7+
FAAL] 71 Egin) CD1d E3F 2 F o3RRI A oA Ul T B F(hepatic T lymphocyte)] @52 A5kt 3l
k59 CD1dE Q141814 9= NKT ¥ 3Z7-3= co-receptor®
CD8" =& DN& 7KL §lat, @414 &3t CD1E AA5HA
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H)olu Fpella BAERRE of2) AEEA F oAl thsiA
= d7g vk gigk?

CD1dell ¥h88h= NKT == A wiel] #& <kez &
A3 YA g2 AFe 28 thFe] IFN«yoh 145 %
£ @ 4 Q] Wi B ¥E T, NK ¥, 32 71&2 T €=
T 84L 23 3 = vk wEbA NKT Al &3] Hedut
9] ZZ2Himmune-modulator)z} £ 7, AAZ o]F AXE
Z 0|83 9A]E (cancer therapy), AF7HH & A 3 (autoimmune
disease) |7 WHo] ThzpR o8 AFE T Yrtsd

NKT 92Z75 0|83l W9 X5 Wel d4 2712 CD1d4
Q1A Wiel| cist ApAlgt o3fjo]H, o]elgt o3 E&AQ
NKT HZ72} 843)ol & go] At skR|5t X274 113
¥ CD1dol g A7E CD1d 914 7)Ao tigt AAd
QA ol3f glol, 2 CD1dE N3k NKT Al A&, &
71538 A7l 73 Hollrh §3] CD1dS] F147 o
X CD1d7} ¥l 7)# 2% endoplasmic reticulum(ER)SIA ME
who 2 2xo] i oJu3t molecular chaperone®] CD1de} whg-3}
A gt FAERQ] SAY EAES AR Z3sitt. wet
A £ 75 CD1de] A4 7ol 71&9) oJwl gk molecular
chaperoneE0] 275, i£3 CD1d T 14 ol st A
2% molecular chaperone®] W71 ¥ 1&g 207 3t}

ME M= 2wy

SN

% A% MHC class Ia &4, & 45 CD1d &4, 229
isotype control:> BD Pharmingen(USA) A F<l&t%ix, &
calnexin, calretieulin )&= StressGen(Canada)ol}A] 743813}
3 TAP1 &4 9l tapasin ¥A]+= Hansen ®rAH(Washington
Unviersity, USA)$} Schoenhals BMAHR. W. Johnson Pharma-
ceutical Research Institute, USA)7} Al 3ttt o)) AF3t
] ok BE AJokS Sigma(USA)lA T3ttt

MiZHliek 3! CD1d ZHLS MIZF &

AF B AEFQ A20= ATCCUSA)IA] EoF mho] A& o
AHE-EL . A20 AIEFE 10% fetal bovine serum(FBS,
Hyclone, USA)S 343t DMEM(Invitrogen, USA) Wl =] ¢ A
37°C, 5% CO, ¥tz o= wjeksisitt. CD1d #dd AEF
£ A20 AlETo A7 CD1dE #LdAIA CD1d #FEd Ax
Z(A20.CD1d)E &slgdct. 01712 pCDNA(nvitrogen, USA)
expression vectorell full length A% CD1d cDNAZ- clonings}t
1! lipofectamine(invitrogen, USA)S ©]8-3}o] A20 | EF¢
transfectiond}e] S22} ¢ MEE G418(1 mg/mielA] AHat
o] E=15I3It. Full length 5 CD1d cDNAE 5 vl AIE

<] total RNAZ #23le], RT-PCRe] &) Alsisitt. whEo
2 A7 CD1d cDNAE 1048bpE o] RS FAZFE7] H3
pGEM TA vector(Promega, USA)°ll cloning & ¥, &4 2
E217](ABI, USA)E DNA €7|14d& ARt 1 23 7]
&9 A7 CD1d cDNAS} 100% homology(GenBank access
no. NM_007639)2 B¢tk RT-PCRS| primery= th53 2t}
Forward primer: TAGAACTCTGGCGCTATGCGGT; Reverse
primer: GAGAGGCAGGTGTAAGGAAGAGTCA.

Co-immunoprecipitation

g9 Ch1d #Fid A EF(A20.CD1d)E lysis buffer
GOmM Tris-Cl, pH 7.6, 150mM NaCl, 2mM EDTA, 1%
CHAPS)E Hials 3310 & A% MHC class Ia EH|9 &
CD1d &7} &89 protein A agarose= Z} Zt immunopre-
cipitation A7) ¥, &3 BlAS 10% SDS PAGE gelld &
2}513it}h. PVDF membrane®]| transfer 3t ¥, Z} ©iid S &
olf o= AAsh= A 0|31} Western blotg T3S

Yeast two hybrid screening

Yeast two hybrid systemell AFS-S= baitE ¥HE7] s full
length 4% CD1d cDNAZ 3&3 %, EcoRIF Sall®] AlE
2 B2l o] 4319 pGilda vectorel] cloningdl3itt. ©] plasmid
Z yeast EGY48[MATa, his3, trpl, wra3-52, leul::pLeul-
LexAop 6/pSHI18-34(LexAop-lacZ reporter)] A FEFo] lithium
acetate ¥ ¢] 213} transformationd}$d L, ©| transformantE
yeast synthetic ¥I<](Ura', His)ellx] wjd3isict. 21 5, o] #i#
oA 2} yeast FFE AHst AF H| cDNA library?]
transformation®] host® AME31e] CD1d¢} BEshe BHEES
cDNAZ AHaigict. AeE (DNAE B42 §% 994 W
7] 980, cDNA ©8-& EcoRIF Xhol) Agas F-9E o8&
8tod pJG4-5 vectorell cloningdFS3 1L, o8t &3 ©dlA2
galactoseol] 98l WAHES ZHHIh o] F, H=0l% B42
43 wld DNA constructi yeast competent Aol
transformation®) I, Ura, His, Trp' ¥iA]°|A] tryptophan
prototropyell <Jall AFH T}, Ura, His, Trp BiX| oA A=t
colony 5 p-galactosidase assayS 3810 false positiveZ A4
3t HE positive clonelX cDNAZ &), ZAsto] AH5A]
o ¥17|(ABI, USA)Z DNA €71M2& A4t

Flow cytometry £4

A7 B AMEFA A208F A20.CD1d(1xX10° cells)E flow
cytometry® #41517] 18 PBSZ 3 AlXSISich 2 §, AlE
£ 2% fetal bovine serum E+3+ PBS 50 well ¥ & F,
4°Co A 8 87 MHC class Ia 3¢} CD1d A9 3087
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BRIt o] 3 AEe} AL Eolds wHe-dS PBSE
3 AHES Y. Flow cytometry £4-2 FACSCalibur(BD
Pharmingen, USAYE o]-§-51515 PBS 400 woll A2 @eka
o] MHC class Ia¢} CD1de] ME ¥H 2e 433

23 o o

CD1d 2Hesd M= &g

CD1de] 3914 298 MHC class I class 119] 312
W) FFFoE A7k £ MHC class 17} 2] ER
oA AAEAIT, class e} o] d4-S 1251 s MHC
class I compartment(MIIC) 5=+ endosomal compartment®.
o)5aHA Bk 0w Fag AgE = Zlo] CD1bgt CD1d
cytoplasmic tailel] EA3H= YXXO(YE= tyrosine, X += 2E o}
vl At 18] 17 @ hydrophobic motifS 71zl ofu]=AhEA

& AgshA Fap, olef wlel NKT AlZe 24 Asfact.!?
AT ofgt 1R CD1d 9912738 A7) 94
%4 CD1d #4d AX55 B5slgitth. CD1d #ad AxEF
o] A48 promoters= H2-K’(8% MHC class D& AR519 1,
bovine poly A tail®} promoter A}o}el full length 83 CD1d
cDNAE cloningdl3ith. 1 3 A7 B FZFQ) A20 A X500
transfectiondlo] 42k T AIEZE G418(1 mg/mlel AEst

(A) 1 2

CD1d

A< | (-actin

(B)
-
: ‘.( ............ isotype control
= %
1.7 ¢ — A20.CD1d
-w.-'a: :{
o 3 - P
11 T U 1S

Fig. 1 - Establishment of mouse CD1d overexpressing A20 cells.
(A) Western blot analysis of mouse CD1d in mouse CD1d
overexpressing A20 cells. Lanes 1; mock transfectant
containing empty vector, 2; mouse CDI1d transfectant
(A20.CD14d). Cell lysates from both samples were contained
the equivalent proteins when we immunoblotted using
anti-B-actin antibody (lower panel). (B) Flow cytometry
analysis of A20.CD1d cells. The expression of mouse CD1d
on mock transfectant is similar to the "dotted line" (data not
shown). These data are representative of three independent
experiments.

Vol. 50. No. 4. 2006

o ggsielth. #3¥ CD1d #Ed A20 AlEF(A20.CD1d)ll
A A7 CD1de] I8 735317] 918 Western blot 14 (Fig.
1A)7 CD1de) A% E9 2 flow cytometry= %'xgs}g-}\:}
(Fig. 1B). 71 A7} A20.CD1d AEFellA CD19) Al=id 2y

o] ¥k 84 wh= B} S4Hsh,

CD1d®} calnexin, calreticulinZte] Zg} &0l

CDh14] &9l al AL MHC class I3} class T2} ah¢ioiA)
o] g or AZE A, Ag7EA] ¢e7l MHC class
Ie) th3t 2. ER-molecular chaperone®}-2] A+& 2hg-of ot
AT obF AAR R olFoiRA ok Itk MHC class T 3
9 QA Ao A}EEHE F£9 ER-molecular chaperone
calnexin, calreticulin, tapasin, TAP 5©°] 212, ©]& mole-
cular chaperone& MHC class 1 3H 120 wi$- 03t gt
< 311D = TAPH tapasin® Al EAoH g &¢S ER
of 9l MHC classloll A3l vl $235 95 3,
calnexin® calreticulin> ERIA MHC dlass 2] 754 934
& AHshed T3 42 3k webd, gE A20.0D1d
of A7 CD1d FHZ 0183 co-immunoprecipitations £3}]
o} 3t molecular chaperone®] CD1de} Agsh=x]E Aol gk
o} 4 A20CD1 HIXEFE F%F detergent?] 0.5% CHAPSO
A lysis A7) %, 3 A7 CD1dell 28 CD1dell Bshe v

mouse IgG
anti-H-2k9
hamster IgG
anti-CD1d

cainexin

calreticulin

tapasin

TAP

Fig. 2 — Association of mouse CD1d with calnexin and calreticulin,
but not tapasin and TAP. A20.CD1d cells were lysed in lysis
buffer containing 1% CHAPS and subjected to immuno-
precipitation with the indicated antibodies. Precipitates
were resolved on 10% SDS-PAGE gels and transferred to
PVDF membranes. The presence of calnexin, calreticulin,
tapasin and TAP in the various precipitates was assessed
by probing the blots with anti-calnexin, anti-calreticulin,
anti-tapasin, or anti-TAP, respectively.
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52 HA A F, 2 2+2] 3 calnexin, calreticulin, tapasin,
TAP SHHIE o}-83}o] Western blotS A5ttt 7 23 MHC
class I3+ 2¢] CD1dE calnexin® calreticulin®= ZAgFs}A]
1t TAP} tapasin?hi= AE8FA ¢ Zlo] &= Slch(Fig. 2).
olgfgt A A7 ohulT CD1E EROIA AR A, &
9142 MHC class 1T compartment(MIC) ¥ endosomal
compartmentol|4] Jojutrt wiE o2 AYZtE|oct, TS o
3 A7 A3= TAP tapasino] Z2H® AFoA CD1de) 2
ol Al A PErhs A48 R19l YXh(unpublished
ohservation).

(A) 1 2

Ura’,His,Trp, Leu’

(B)

=
(-1
=

71 cD1d + vector only : 0.57 + 0.12
{1 CD1d + hsp90a. : 90.5 + 3.24

~
v

n
»

B-galactosidase activity (unit)
© g

©

1 10 20 30 40 50 60
MPEETQTQDQPMEEEEVETFAFQAETAQLMSLIINTFYSNKEIFLRELISNSSDALDKIR
70 80 90 100 110 120
YESLTDPSKLDSGKELHINLIPSKQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME
130 140 150 160 170 180
ALQAGADISMIGQFGVGFYSAYLVAEKVIVITKHNDDEQYAWESSAGGSFTVRTDTGEPM

190 200 210 220 230 240
GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKEE
250 260 270 280 230 .300

KEEEKEKEEKESDDKPEIEDVGSDEEEEEKKDGDKKKKKKIKEKY IDQEELNKTKPIWTR
310 320 330 340 350 360
NPDDITNEEYGEFYKSLTNDWEEHLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN
370 380 380 400 410 420
NIKLYVRRVFIMDNCEELIPEYLNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNLVKK
430 440 450 460 470 480
CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQONRKKLSELLRYYTSASGDEMVSLKD

490 500 510 520 530 540
YCTRMKENQKHIYFITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK
550 560 570 580 590 600

TLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVVVSNRLVTSPCCI
610 620 630 640 650 660

VISTYGWTANMERIMKAQALRDNSTMGYMAAKKHLEINPDHST IETLROKAEADKNDKSY
670 680 690 700 710 720

KDLVILLYETALLSSGFSLEDPOTHANRIYRMIKLGLGIDEDDPTVDDTSAAVTEEMPPL
730
EGDDDTSRMEEVD

Fig. 3 - Interaction analysis between mouse CD1d and hsp90a. (A)
The full length mouse CD1d c¢DNA and either plasmid
containing a empty vector (lane 1) or a full length mouse
hsp90a. cDNA (lane 2) were co-transformed into EGY48
yeast cells and selected in Ura, His, Trp and Leu deficient
plates. (B) Binding activity of mouse CD1d and hsp90a
measured by o-nitrophenyl B-D-galactopyranoside (ONPG)
assays. B-Galactosidase activity was measured by ONPG.
The results are representative of three separate experi-
ments. Data are shown as mean+S.EM. (C) The amino
acid sequence of mouse hsp90c indicated using single
letter abbreviations. The underlined amino acid sequence
means the translated hsp90a protein isolated from yeast
two-hybrid screening.

CD1de} Zgske & chiEe| 53

Yeast two hybrid system< ©|v] 7158 & Q= @A
Ae 28 T OfE s FeElsked] oA &l
Fupy olgty & 4= vk AlEE- AF CD1d 3-8 molecular
chaperone 2t7] $J5}o], yeast two hybrid system ©|-83151
th. £ yeast two hybrid systemo] A}E-%& bait full
length A% CD1d ¢cDNAZ cloningdle] AM3ISIT, ©] plasmid
£ yeast EGY48 A| ¥ ]| transformationd}l®] yeast synthetic
x| (Ura,, His)olA Biledslsich. 1 %, o] ulix]elld A&k yeast
I5FE Adsto] 42 u]4 cDNA library®] transformation®)
host® A1) CD1ds} A3she HiidE2) cDNAE AHst
ok 1 A% F Y DNAZF AEE e, DNA XY 2%
A3, 319 cDNA cloneE A% heat shock protein o
subunit(Hsp90a) ¢cDNA (GenBank access no. BC094024)%}
100% homologyS B9 0 (Fig. 3), U 31| cloned AF

LA

(A) -

Ura’,His", Trp’, Leu’

(B)

Y
1=
<

] CD1d + vector only : 2.12 & 0.56
1 CD1d + PACSIN3 : 82.6 + 2.47

e
o

f-galactosidase activity (unit)
o
o

25
o/
1 10 20 30 40‘ 50 60
MAPEEDAGGEVLGGSFWEAGNYRRTVQRVEDGHRLCGDLVSCFQERARIEKAYAQQLADW
70 80 920 100 110 120

ARKWRGAVEKGPQYGTLEKAWHAFFTAAERLSELHLEVREKLHGPDSERVRTWQRGAFHR
130 140 150 160 170 180
PVLGGFRESRAAEDGFRKAQKPWLKRLKEVEASKKSYHTARKDEKTAQTRESHAKADSSM

190 200 210 220 230 240
SQEQLRKLOERVGRCTKEARKMKTQYEOTLAELNRY TPRYMEDMEQAFESCOAAERORLL
250 260 270 280 290 300
FFKDVLLTLHOHLDLSSSDKFHELHRDLOQSTEAASDEEDLRWWRS THGEG PQFE
310 320 330 340 350 360
EWSLDTORAISRKEKGGRSPDEVTLTSIVPTRDGTAPPPOSPSSPGSGODEDWSDEESER
370 380 390 400 410 420

KVATGVRVRALYDYAGQEADELSFRAGEELLKMSEERDEQGWCOGOLOSGRIGLYPANYVE

CVGA

Fig. 4 - Interaction analysis between mouse CD1d and PACSIN3.
(A) The full length mouse CD1d cDNA and either plasmid
containing a empty vector (lane 1) or a full length mouse
PACSIN3 ¢DNA (lane 2) were co-transformed into EGY48
yeast cells and selected in Ura, His, Trp and Leu deficient
plates. (B) Binding activity of mouse CD1d and PACSIN3
measured by ONPG assays. B-Galactosidase activity was
measured by ONPG. The results are representative of
three separate experiments. Data are shown as mean=
S.EM. (C) The amino acid sequence of mouse hsp90a
indicated using single letter abbreviations. The underlined
amino acid sequence means the translated hsp90a protein
isolated from yeast two-hybrid screening.
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protein kinase C and casein kinase substrate in neurons
3(PACSIN-3) ¢cDNA(GenBank access no. BC003884)$} 100%
homologys ¥ AUHFig. 4).

Hsp90¥= Hsp90o s} HspIOpE o] Folx thE Al Al
molecular chaperone® &4, W& T 2] molecular chaperone
oz AYA 9loH, HITE Hspe0s o83 AL A& 9
o) o] 24 F1 ek PACSING: 20001 8 4
A FRAF A, neurondlA] A5 UAEAUARL, 14k HE F
L 7R3 Qo™ FFAOSF Hol transferine receptor
mediated vesicle endocytosisE W3l & Folety St
Tt of 7] 11 7)1 WES] dEA A dkod, 53] W
A oA 2] PACSIN-3 715 A7 oba7kA] Hojzlut givt.
CD1d7} 2%2] endocytic veiscle?! MHC class I compartment
(MIIC) &%= endosomal compartmentofr] & Q128 317] uj
Fof|, PACSIN3®} A3y F+edo] 2t whehr], PACSIN3SRS] 7
328l 93 CD1de) &g Qi) =24 & 4= qlokar A7
o]xt}, webA, oko 2= Hsp90ast PACSIN3ZF CD1d &l
v )= gkl ths) arzketaial gtk

2 =

Aol FhREA] NS} IL4E ohgo g E3to]
A Yol Fa8 288 sk NKT Alazel] ghels dgsl
= gAY 5291 CD1d7} endoplasmic reticulumn®l] A5
+ molecular chaperone?) calnexin¥} calreticulin®} 2 3=
718 co-immunoprecipitation © % &) 5193 1, 3t yeast two
hybrid system- ©]-8-310] hsp902} PACSIN-37} CD1ds} 452+
f5he A 9 s1rt. ko2 hsp90sh PACSIN-32] 7150l
CD1d g1l 7)ol mx)E Fael diair] A -staiat gt

30 7

2,

2ol at

i<

o] =R 2003 % sh=malarl kel | of elaiA] A
Hi2ol 7AE =HUTHEKRF-2003-041-E00128).
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