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ABSTRACT tissues except for isolated thymic epithelial cell§).(Normal

. ] ] ] development of CD4T cells was severely impaired and other
The class Il trans-activator (CIITA) is the main transcrip- hallmarks of the BLS Il phenotype were faithfully reproduced
tional co-activator for the expression of MHC class II (14). Thus, CIITA functions as the ‘master switch’ for expression
proteins. Its N-terminal 125 amino acids function as of class Il genes in all cells examined to date.
an independent transcriptional activation domain. Like many proteins involved in transcriptional regulation, the
Analyses of the primary amino acid sequence of the 1130 amino acid CIITA protein has a modular structure. The
activation domain predict the presence of three N-terminus is rich in acidic amino acids, which suggests that this
o-helices, each with a high pr oportion of acidic region may function as an activation domaih Riley et al
residues. Using site-directed mutagenesis, we found demonstrated that amino acids from position 1 to 125 could
that two of these predicted  a-helices are required for activate transcription via the DNA binding domain of Gal4 at
full transcriptional  activation by CITA. Moreover, a levels similar to those observed with the full-length protein in B
CIITA protein in which both functional  a-helices have  cells (15). Additional experiments demonstrated that a third of
been deleted displays a dominant negative phenotype. this activity remained with amino acids from position 37 to 125
This activation domain of CIITA interacts with the 32 kDa (15) S|m||ar|y' Zhouet al mapped the activation domain of
subunit of the general transcription complex TFIID, CIITA using LexA fusion proteins and demonstrated that amino
TAF;32. Decreased transcriptional activation by acids from position 1 to 114, which contaB0% of the acidic
N-terminal deletions of CIITA is correlated directly with amino acid region, produced near wild-type levels of transcriptional
their reduced binding to TAF ;32. We conclude that  activation in yeasti). Moreover, when the N-terminal 300
interactions between TAF ;32 and CIITA are responsible amino acids of CIITA were replaced with the activation domain
for activation of class Il genes. of VP16 from herpes simplex virus 1 (HSV1) the chimera

activated expression of class Il genes to leM@i%6 that of the

INTRODUCTION wild-type CIITA (16). These data indicate that the N-terminal

activation domain shares functional homology with VP16 and

Cell type-specific and IFWinducible expression of genes in thethat the C-terminal 830 amino acids of CIITA are involved in
class Il major histocompatibility complex (class Il) is required fotargeting the protein to class Il promoters.
normal function of the immune system. Congenital lack of classUsing acidic activators as models, we investigated the structure—
Il determinants results in the severe combined immunodeficienfynction relationships of the N-terminal activation domain of
known as type Il bare lymphocyte syndrome (BLS1IP)X In  CIITA. Analysis of the primary amino acid sequence of the
contrast, aberrant or over-expression of class Il genes has békterminal region of CIITA yielded three putatieehelices.
associated with a variety of autoimmune diseddes ( Each of thes@-helices contain§40% acidic residues. These

Expression of class Il determinants is regulated at the level pffedicted acidia-helices provided a reasonable starting point for
transcriptional initiation (reviewed i8,4—7) and requires the structural analyses of the activation domain of CIITA. Mutational
class lltransactivator (CIITA) ). CIITA was isolated by genetic analyses of these structures demonstrated that two of these
complementation of a class ll-negative BLS Il cell li@ ( a-helices are required for the transcriptional activity of CIITA. A
Induction of class Il genes by IKequiresle novesynthesis of ~ CIITA protein in which these two activehelices were deleted
CIITA (9,10). CIITA is expressed at high levels in mature B cellglisplayed a dominant negative phenotype in co-transfection
and its extinction in terminally differentiated plasma cells i€xperiments with wild-type CITAIn vitro binding studies
correlated with the absence of class Il determindiils By  revealed that the N-terminus of CIITA binds to the 32 kDa subunit
activating expression of the invariant chain, HLA-DMA andof TFIID (TAF;32) and that the loss of transcriptional activation
HLA-DMB, CIITA is also associated with other aspects of antigeby deletion of the two activa-helices from CIITA correlates
processing and presentatid,(L3). In the mouse, disruption of directly with loss of its binding to TARB2. We conclude that the
the CIITA gene resulted in loss of class Il gene expression in &lteraction between CIITA and TAB2 is a critical event in the
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transcriptional activation of class Il genes. This is the firsf21). Escherichia colistrain DH® was transformed with the
demonstration of a functional interaction between a cellulaxpression plasmid and a 50 ml overnight culture from a single
co-activator and a TAF. colony was grown in LB broth containing 10§/ml ampicillin.
The overnight culture was used to inoculate 500 ml LB broth
containing 10Qug/ml ampicillin and this culture was grown to an

MATERIALS AND METHODS ODsgg of [D.5, followed by addition of isopropyd-p-thiogalacto-
_ _ _ side (Sigma, St Louis, MO) to a final concentration of 0.1 mM. The
Plasmid construction and mutagenesis cultures were incubated for a further 3 h, the bacteria were

] ] collected by centrifugation and lysed in 4.0 ml EBC-D buffer
CIITA cDNA from plasmid pCDNAI/CIITA (0) was ligated (50 mM Tris—HCI, pH 8.0, 120 mM NaCl, 0.5% NP-40, 5 mM

|nt0 the expreSSion vector pSVSPORT—l (Llfe TEChI:']O|OgieS |nq:)TT) The |ysate was cleared by Centrifugation at 2@0@
Gaithersburgh, MD) at thecaRl andXbad sites. Deletion of the 30 min and stored at —7G until used in binding reactions.

amino acids from position 1 to 161 in pSVCIAN was

achieved by amplification of CIITA cDNA from position 599 to
3512 by PCR. The PCR product was ligated into pPSVSPORTW, ,clear extract preparation
using EcadRl and Xbd sites in the PCR primers. Deletions of
o-helices (pSVCIITAahl, pSVCIITAAah2, pSVCIITAah3

and pSVCIITAAah12) and alanine to proline [pSVCIITA(A94P)]
glycine to proline [pSVCITA(G58P)] and acidic amino acid

substitutions [PSVCIITARah2DE-N) and pSVCIITAah2DE- saline and then nuclear extract prepared exactly as des@tthed (

NC)] were generated in pSVCIITA using the Transforme ; : ;
site-directed mutagenesis kit from Clontech (Palo Alto, CA) aEroteln concentration was 1@/mi, determined by Bradford

per the manufacturer’s instructions. pGal4C(1-143) was constructed Y (BioRad Inc., Hercules, CA).
by amplifying CIITA cDNA from base pair 116 to 429 by PCR,
followed by ligating the PCR product into the Gal4 DNA binding
domain fusion vector pSG4247) usingecdRl andXbd sites in
the PCR primers. pGal4@hl, pGal4@ah2, pGal4@ah3 and
pGald@ahl2 were constructed in the same manner ,
pGal4C(44-143), except that the templates for the PCR reactiofii?Hl cleared lysate fror@.coli, 350ul EBC-D buffer and 5@l

were the appropriate mutated CIITA cDNA. Plasmids expressirfiitthione—Sepharose beads (Pharmacia, Uppsala, Sweden) pre
the GST fusion proteins GSTCIITA(1-143) and GSTCIITA ashed in EBC-D buffer. The reactions were incubated@t 4

_ A with inversion for 60 min and the Sepharose beads collected by
1(‘rlon£4§£§2 1§a;/rve1r§60<€g S}{;gtig/ bgCaRmpng}i/rl]rgl]g p%l\l/TCA”_Ic_EN;] entrifugation. The beads were washed five times in EBC-DS

pSVCIITAAah12 respectively as template. The PCR produc BC-D buffer containing 0.075% SDS) and twice in TGEM200

. . . 0 mM Tris—HCI, pH 8.0, 1 mM EDTA, 5 mM Mg&l5%
were ligated into the vector pCR3 (InVitrogen Inc., San Die .
CA), egcised withBgll (in thepS PC(R primgr) andEcaR! and 9 dlycerol, 200 mM NacCl). The beads were resuspended ipnl600

; ; ; : GEM200 for use in the binding reactions. For binding of
then ligated into the prokaryotic expression vector pGEX3
(Pharmgacia Upsala SI\?veder%/) at BmerHl and EccRl sri)tes. AR 32 to GSTCIITA(1-144) or GSTCIITA(1-148h12, 5Qul
pDR ASCAT’ has beer'1 describéd), The GST-TAR32 prokaryo- B cell nuclear extract were added to the glutathione—Sepharose

; ; ; beads bound with the appropriate GST fusion protein. The
Ezcogéftr_elz_ﬁzﬁ n vector pGEX2TK/TAB2 (19) was a gift from reaction was incubated for 2 h &CAwith inversion and the beads

collected by centrifugation. The beads were washed four times
with TGEM200 and twice with TGEM500 (TGEMZ200 with the
Cell culture, transfection and CAT assay concentration of NaCl increased to 500 mM). The beads were
resuspended in 5@l glutathione elution buffer (80 mM

HeLa and COS cells were maintained in DMEM supplemente@utathione, 50 mM Tris—HCI, pH 8.5, 5 mM DTT) and incubated
with 10% FCS, 100 U/ml penicillin, 100 U/ml streptomycin ancgt room temperature for 30 min with occasional vortexing. The
2 mM L-glutamine. Transfection of Hela (ig total plasmid supernatant containing eluted GSTCIITA(1-144) or GSTCIITA
DNA) and COS cells (fg total plasmid DNA) was performed (1-144ah12 and any interacting protein was collected by
with lipofectamine (Life Technologies Inc., Gaithersburgh, MD)centrifugation of the beads. The eluates were divided equally and run
according to the manufacturer’s instructions. The CAT assay w@B two SDS-PAGE gels, followed by transfer onto nitrocellulose
performed as described(j. Transfections were performed in membranes (Amersham Inc., Arlington Heights, IL.). Western blot
duplicate, a minimum of three times. Duplicate values weranalysis using anti-TAf32 anti-serum (Santa Cruz Biotechnology,
averaged and the SEM calculated. A human chorionic gonadotroganta Cruz, CA) or anti-GST anti-serum (Pharmacia, Uppsala,

expression plasmid was included in all transfections as a transfectyeden) was performed as describ2d).(The binding of
efﬁciency control, as describem_ fU”'length WIId-type or mutated CIITA to GST-TAB2 was

carried out identically, except thatvitro transcribed/translated

(IVT) CHITA or mutant CIITA protein was included in the binding
Production of recombinant proteins inEscherichia coli reactions instead of nuclear extract. The CIITA proteins were

produced using the TnT Coupliedvitro Transcription/Translation
Recombinant proteins GSTCIITA(1-143), GSTCIITA (1-143)kit (Promega, Madison, WI) with jECi [3%S]methionine according
Aah12 and GST-TAR2 were all produced essentially as describetb the manufacturer’s instructions.

Nuclear extract was prepared from human B cells, collected by
leukaphoresis from a patient with B cell leukemia. Freshly
collected cells were washed five times in phosphate-buffered

In vitro protein interaction assays

ecombinant GST fusion proteins were purified by combining
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A Plasmid Target:

pDRASCAT

N-terminal Activation Domain of CIITA

@ =
51

71 84 103 124 138 161

Amino acid: 1

Percent wild-type

Plasmid Effectors: CAT Activity CIITA activation
PSVSPORT-1 -
B pSVCITA 100.0
% Acidic amino acids PSVCUTAAN 227-00
PSVCIITAAaR1 .
ahl 51-YDQMDLAGEEEIELYSEPDTD-71 40% pSVCITAAN YA 200
2h2 84-DMEGDEETREAYAINELDQ-103 4 PSVCUTAA3 WAL AL IA T I T AT A7V 2 94.0
= Q- 2% pSVCITAAah12 A 9.0
ah3 124-PDEVIGESMEMPAEV-138 339 PSVCUTA(GS8P) (A AT/ AT A7 /73 71.0
PSVCUTA(A94P) [Z7Z77777 A/ A 43.0
PSVCITA(GS8PA94P) WA 7777 A 39.0
Figure 1. Predicted structure and acidic amino acid content of the activation pSVCUTA(Ah2DE-Ny YAZZZZ7ZZZA— 340
domain of CIITA. A) TheN-terminal 161 amino acids of CIITA function as  pSVCUTA(Aah2DE-NC) m" . i , . 18.0
a transcriptional activation domain. There are three prediefetices present 200 400 600 800 1000 1200

in this region at amino acid positions 51-71 (ah1), 84-103 (ah2) and 124-138

(ah3). B) The primary amino acid sequences of the thrbelices present in ) ) . . L )

the activation domain of CIITA. Acidic residues (glutamic acid and aspartic Figure 2. The predictec-helices in the activation domain of CIITA are

acid) are in bold type; the underlined glycine (at position 58) and alanine (at"®quired to activate the DRA promoter in Hela cells. The plasmid target

position 94) are targets for point mutation to proline. pDRASCAT (0.25.9) (18), containing the DRA promoter frqm position —15(_)
to +31 upstream of tH@AT gene was co-transfected with the indicated plasmid

effector (0.75ug) into HelLa cells. pSVSPORT-1 is the parental plasmid

effector, containing the SV40 early promoter and bovine growth hormone

polyadenylation sequence. pSVCIITA contains full-length wild-type CIITA

RESULTS cDNA (from nucleotide position +1 to +3081). pSVCIAN contains the
CIITA cDNA from nucleotide position +483 to +3081. pSVCI#h1, ahl
Prediction of the secondary structure in the N-terminal deleted; pSVCIITAah2, ah2 deleted; pSVCIITRN3, ah3 deleted;

pSVCIITAAah12, ahl and ah2 deleted; pSVCIITA(G58P), mutation of glycine
to proline at amino acid position 58; pSVCIITA(A94P), mutation of alanine to

We wanted to determine if the N-terminal acidic activationProline atamino acid position 94; pSVCIIXh2DE-N), mutation of aspartic
acid and glutamic acid residues at amino acid positions 84 and 86 respectively;

dor_nam (_)f CITA ‘Fom,a'”,ed a_ny p_redlcted_ SeCO”da_fY Structure§SVCIITA(AahZDE—NC), the same mutations as pSVCIB&(2DE-N) with

which might provide insight into its function. Specifically, the additional mutations of aspartic acid at amino acid position 88 and glutamic

presence afi-helices, which represent functional motifs in other acid residues at amino acid positions 89 and 90; S, S box of the DRA promoter;

acidic activators 23-2), could provide a starting point for &, 200 8.0 ot o e tansiecion, Data shown e means of

mutagenesis of CIITA. The primary amino acid sequence o uplicate t{ansfecptiorESEM. :

CIITA was analyzed using MacVector computer software

(Eastman Kodak, New Haven, CT). Both the Chou-Fasman and

Robson—-Garnier methods were employed and three consensus

a-helices were detected, which we labeled ahl (amino acié#pression which were 54-fold greater than those with pPDRASCAT

51-71) ah2 (amino acids 84-103) and ah3 (amino acids 124—-18®ne (Fig.2). Deletion of the N-terminal 161 amino acids of

Fig. 1A). Inspection of the primary sequence of each of thesellTA (pSVCIITAAN) resulted in complete loss of CIITA

a-helices demonstrated that they were rich in acidic amino adignction (Fig. 2). When ahl (pSVCIITAahl) or ah2

residues (Fig1B). Based on this analysis, these three acidi(PSVCIITAAah2) were deleted, activation of pDRASCAT was

a-helices were chosen as the focus for a mutational analysis of teduced. pSVCIITAahl activated pDRASCAT 14-fold, represent-

activation domain of CIITA. ing 27% of the wild-type CIITA activity (Fig2). The reduction

in activity with pSVCIITAAah2 was more severe. Expression of

pDRASCAT was reduced to 20% of that with wild-type CIITA

(Fig.2). Deletion of both ah1 and ah2 (pSVCIA&h12) resulted

in an essentially non-functional protein which activated transcription

We wanted to determine if the three predicted adidielicesin  to levels only 9% of the wild-type CIITA (Fi@), similar to

the activation domain of CIITA were important for its ability toremoval of the entire activation domain of CIITA. In sharp

activate the DRA promoter, which is the prototypic class Itontrast, deletion of the C-terminathelix (ah3) was not

promoter {8). Each of the three-helices was deleted from detrimental to the function of CIITA. pSVCII¥ah3 was able to

full-length CIITA and activation of the DRA promoter by mutantactivate pDRASCAT to nearly wild-type levels, i.e. 50-fold.

and wild-type CIITA proteins was assayed in HelLa cells. To test the structural predictions regarding the ahl and ah2
The plasmid target pPDRASCAT contains the DRA promoteregions, proline substitutions were made in the center of each of

from position —150 to +31 linked to the chloramphenicothe two activax-helices, alone and in combination. Such insertions

acetyltransferas€{@T) reporter gene (Fi@). Co-transfection of should disrupt formation of the-helix. pSVCITA(G58P), in

pSVCIITA, which directs expression of full-length CIITA from which the glycine residue at position 58 of ah1 was converted to

the SV40 early promoter, with pDRASCAT resulted in levels oproline (Fig1B), activated pDRASCAT 38-fold, which represented

activation domain of CIITA

Mutation of ahl and ah2, but not ah3, results in loss of
activation of the DRA promoter by CIITA
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71% of the activation by wild-type CIITA. Disruption of ah2 by Plasmid Target:
mutation of alanine at position 94 to proline [pSVCIITA(A94P)]
had a more severe effect on CIITA function, following the trend
of the larger deletions. pSVCIITA(A94P) activated pDRASCAT - - TATA

at levels 43% of those observed with wild-type CIITA (Rg. ~uasgHuasgHuAsgHuAseHuAse @ @
When both alanine to proline mutations are present in CIITA

[PSVCITA(G58PA94P)], activation of pPDRASCAT is reduced

to 39% that of wild-type CIITA (Fig). We conclude that ah1 and

pGSEIbCAT

ghz are critical for activation of the DRA promoter by ClITAand [, . . CAT Activity Percent wild-type
likely represent true acidie-helices. I

To determine if the acidic residues present in the activation pSGa24 -
domain of CIITA are indeed required to activate transcription, we  pcaucs-143) 100.0
made mutations in ah2, sequentially reducing the number of 0 240
acidic residues. In plasmid pSVCIITA¢h2DE-N) an aspartic pGaldCaant '
acid residue at position 84 and a glutamic acid residue at position  pGalcaan2 7 160
86 were mu_tated_t_o alanin_es and the resulting CIITA protein pGaucans 7 125.0
assayed for its ability to activate pPDRASCAT. The loss of these
two acidic residues resulted in a drop in activation to 34% that of ~ pGal4CAahl2 A 30

wild-type CIITA. Three additional acidic amino acids were then 0 100 200 300 400 500 600

mutated to alanine (aspartic acid at position 88 and two glutamic

acids at positions 89 and 90) to produce plasmid pSVCllgigure 3. Deletions of predictedi-helices in the N-terminus of CIITA
TA(Aah2DE-NC). This further reduction in net negative chargespecifically effect function of the activation domain. The plasmid target
resulted in a severe reduction in activation, to 18% of wild-typ@G5bCAT (0.519) (1), containing five Gal4 binding sites and the TATA box

- ; +7y: . from the adenovirus E1 gene upstream of&gene, was co-transfected with
CIITA. It should be noted that the loss of five of elght aCIdlcthe indicated plasmid effector (1u§) into COS cells. The parental plasmid

residues in ah2 [plasmid pSVCIITAgh2DE-NC)] resulted in @  eftector, pSG424 (17), expressed the Gald DNA binding domain from the SV40
CIITA protein which activated transcription at levels similar to early promoter. The remaining plasmid effectors express wild-type or

that seen when the entire ah2 region was deleted. This indicategelix-deleted CIITA from amino acid position 44 to 143, fused to the Gal4

h h idic nature of th h2 region is indi n le for ifeNA binding domain. pGal4C(44-143), wild-type CIITA; pGaid1l, ahl
;bail;[it;/ E)?i?:gv(;tea{[;rfsgri;tigna egion IS d spe sable fo eleted; pGal4iah2, ah2 deleted; pGaldgh3, ah3 deleted; pGalAg@hl2,

both ahl and ah2 deleted; UASg, Gal4 binding site; TATA, TATA box; pA,
polyadenylation sequence; GDB, Gal4 DNA binding domain. CAT assay was

. - . performed 48 h after transfection. Data shown are means of duplicate
Deletion of ahl and ah2 specifically affect function of the transfectione SEM.

activation domain of CIITA

The reduction in activity of CIITA proteins bearing the deletionyas non-functional and activated transcription only 2-fold @Jig.

of ahl and ah2 could be due to unrelated structural changes injfgrestingly, deletion of ah3 produced slightly increased activation
protein, rather than to specific alterations in function of itg)y transcription. pGal4ah3 increased expression from
activation domain, even though CIITA protein expression levelsgsphCAT 73-fold, to levels which were 125% of those observed
were equivalent (data not presented). For example, a deletion@fh pGalaC(44—143). This result may be due to the increased
only 24 amino acids at the C-terminus of CIITA produced @ccessibility of ahl and ah2 to the general transcriptional
completely non-functional protein in the BLSII cell line BLS2 3pparatus. We conclude that the threeelix region, comprising

(8). Since such small deletions can affect function or stability gfmino acids from position 44 to 143, is sufficient for transcriptional

the entire protein, we decided to test integrity of the activatiogetivation by CIITA and that ahl and ah2 are required for this
domain independently of full-length CIITA. Therefore, fusiongctivity.

proteins between the 147 amino acid DNA binding domain of
Gal4 and the region of CIITA containing the thoekelices (the
‘threea-helix region’) from wild-type and mutated CIITA were
constructed. The ah deletions in the N-terminal activation domain are not
The plasmid effector pGal4dC(44-143) was constructed Hikely to effect function of the remainder of the protein. Since the
inserting the cDNA coding for amino acids from position 44 taC-terminal 830 amino acids of CIITA are sufficient to direct the
143 of CIITA next to the DNA binding domain of Gal4. protein to the DRA promotet §), it is likely that the ClITAah12
Following their co-transfection into COS cells, pGal4C(44—143nutant still interacts at the promoter. However, since QA2
activated the plasmid target pG5bCAT, which contains five Galdannot activate transcription, it might function as a dominant
binding sites upstream of tAT reporter gene, 58-fold greater negative CIITA protein. To test this possibility, pSVCITA was
than the parental vector pSG424 (Fig. 3). Deletion of ahl froeo-transfected with pDRASCAT and increasing amounts of
pGal4C(44-143), to produce pGakghl, activated pG5bCAT pSVCIITAAahl12 into COS cells.
only 14-fold over baseline levels (F8). This level of expression  Co-transfection of pDRASCAT with pSVCIITA resulted in
represents 24% of the activation observed with pGal4C(44-148&vels of expression 17-fold greater than with pDRASCAT alone
ah2, which was deleted in pGal¥&h2, proved again to be the in COS cells. Addition of pSVCIITAah12 at a 2:1 ratio to
more activea-helix. Activation with pGal4@ah2 was 10-fold pSVCIITA resulted in arib0% reduction of expression from
greater than baseline levels, representing only 16% of tipORASCAT (Fig.4). At a ratio of 8:1, expression fell further, to
wild-type activity (Fig.3). The double mutation pGal#a@hl2 30% of levels observed with pSVCIITA alone (M. In sharp

CIITA Aah12 represents a dominant negative CIITA
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Fraction of activation by 1 9 3
Plasmid Effectors: CAT Activity pSVCIITA alone -
PSVSPORT-1 -
pSVCIITA 1.0
1V 0.49 Wy
pSVCITAAah12 f2:1 B, |
. AR 32> e
pSVCIITA |s;1 %! 030 TAF 32> - “
psvenTasans 21 0 1.80
pSvCciTA  |8:1 4.00
0 200 400 600 800 1000 1200 4 5 6
—
GSTCIHTA(1-143) > —
Figure 4.ClITAAah12 functions as a domiriaregative repressor of wild-type GSTCITA(]-143)Aah12 >
CIITA. The plasmid target pDRASCAT (04lg) was co-transfected with i

pSVCIITA (0.1pug) alone or with pSVCIITAah12 or pSVCIITAah3 (0.2 or

0.8pg) into COS cells. Appropriate amounts of pSVSPORT-1 were included

in each transfection to keep the total amount of plasmid DNAugt ZAT

assay was performed 48 h after transfection. Data shown are means of duplicate

transfections: SEM. Figure 5. ah1 and ah2 are required for interaction of CIITA with the general
transcription factor TAF32. Fusion proteins between GST and wild-type
[GSTCITA(1-144)] or ahl and ah2 deleted [GSTCIITA(1-D)1.2] CIITA

contrast, addition of pSVCIITAah3 increased levels of expression from amino acid position 1 to 144 were expressef.@oli and purified on

from pDRASCAT. Levels increased 1.8- and 4.0-fold whenglutathione—Sepharose beads. Glutathione eluates from binding reactions

; ; ; ; .,between GSTCIITA(1-144) or GSTCIITA(1-144h12 and B cell nuclear
pSVCIITAAahB was included in the transfection at ratios of 2'1extract were resolved on SDS-PAGE followed by Western transfer and

and 8:1 respectively with pSVCIITA (Figl). These results  immunodetection. (Top) Western blot with anti-T&2 antiserum. Lane 1,
confirm that deletion of ahl and ah2 from CIITA does not inhibitdetection of TAR32 in unfractionated B cell nuclear extract; lane 2, nq;B&F
the ability of the protein to interact with the DRA promaoter, butwas present in eluate from the GSTCITA(1-Md)12 binding reaction; lane 3,

; i ; At detection of TAR32 in eluate from the GSTCIITA(1-144) binding reaction.
rather only effects its ability to activate transcription. (Bottom) Western blot with anti-GST antiserum. Lane 4, nuclear extract; lane 5,

GSTCIITA(1-1440ah12; lane B5STCIITA(1-144). Additional bands present
ahl and ah2 are required for full interaction of the in lane 5 are likely to be degradation products of GSTCIITA(1-A4)2.
activation domain of CIITA with the general transcription
factor TAF 32 . . . o .
GST-CIITA fusion proteins were present in the binding reaction
Transcriptional activation by acidic activators has been correlatgig. 5 lanes 4-6). From these results we conclude that the first
with their ability to interact with components of the generall44 amino acids of CIITA can interact with T#82 and that this
transcriptional machinery. VP16, for example, binds to severgiteraction requires the presence of both ahl and ah2. Since ah1
general transcription factors, including the 32 kDa subunit of thend ah2 are necessary for transcriptional activation by CIITA, this
human TATA binding complex TFIID, TAR2 (19). Given its  resultimplies that binding of TAB2 is required for this activity.
functional homology to VP16.6), we examined whether CIITA
mightalso bind to THIID viathe TARS2 subunitand whether ahl gjning ability of CIITA and CIITA mutants to TAF ;32
and ah2 are important for_ this interactinvitro blndlng assays cqrresponds with transcriptional activation
were performed with fusion proteins containing the activation
domain of wild-type and mutant CIITA proteins fused to GST antiVe demonstrated above that the first 144 amino acids of CIITA,
nuclear extracts from human B cells. Proteins were analyzed ich contain the threee-helix region, interact with TARB2. We
Western blotting, using an anti-TAB2 antiserum. therefore wanted to try to coordinate the ability of CIITA and
Two prokaryotic expression plasmids were constructed tmutations of CIITA to bind to TAFB2 with their ability to
express GST fusion proteins iB.coli. GSTCIITA(1-144) activate the DRA promoter.
contained the first 144 amino acids of CIITA, which included the In vitro binding assays were performed using a GST+3B&F
three a-helix region. The second fusion protein was similarfusion protein and wild-type and mutant CIITA proteins produced
except that ahl and ah2 were deleted to produce GSTCIIH in vitro transcription/translation of CIITA expression plasmids.
(1-1440ah12. The chimeras were incubated with nucleaBinding reactions and elutions were carried out as in Figamd
extracts from human B cells and then purified using glutathionesluates were resolved on SDS—PAGE followed by autoradiography
Sepharose beads. After extensive washing, the GSTCIITA fusiofithe B5S]methionine-labeled CIITA. Full-length wild-type CIITA
proteins and any interacting proteins were eluted from the beaaisd CIITAAah3 bound to GST-TARB2 equivalently (Fig6,
using glutathione and resolved on SDS—PAGE. Western blottitanes 1 and 4 respectively). This result implies that fully
with the anti-TAR 32 antiserum was performed to determine iffunctional CIITA proteins interact well with TAB2.
TAF;32 bound to either of these two fusion proteins. The 32 kDaln contrast, ClITAah1 and ClITAah2 bound to TAF32 very
TAF) 32 protein was easily detected in unfractionated nuclegoorly (Fig.6, lanes 3 and 4 respectively), with CllZahl
extracts (Fig5, lane 1). TAR32 was not detected when the binding slightly more than CIITAah2, consistent with the results
chimera deleted of ahl and ah2 [GSTCIITA(1-M)12] was of the co-transfection experiments in Fig@r&Vith the double
used in the binding reaction (Fig.lane 2). However, TARB2  mutation CIITAAah12 there was almost no detectable binding to
was present in the eluate from the binding reaction containifighF; 32 (Fig.6, lane 5). One tenth of the input voluméofitro
GSTCITA(1-144) (Fig5, lane 3). Probing identical blots with transcribed/translated CIITA proteins were run on an SDS-PAGE
an anti-GST antiserum demonstrated that equal amounts of thed and autoradiographed, to demonstrate that equal amounts of
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CIITA ACTIVATES TRANSCRIPTION VIA TAF[132

CLASS I PROMOTER

CIITAAah]
CHTAAah2
CIITAAah3
CIITAAah12

CIITA

GSTTAF..?!Z[ ” ..
pull-down

Figure 7.Protein—-DNA and protein—protein interactions on the DRA promoter.
NFY and RFX bind to conserved upstream sequences (S, X and Y boxes) of
class Il promoters. NFY stabilizes binding of RFX to the X box and might
contribute to interactions with CIITA. Cooperative binding occurs between
RFX complexes bound at the S and X boxes. Although CIITA requires
minimally the X box, no direct binding between RFX and CIITA has been
demonstrated. The B cell-specific co-activator Bob1 (OBF-1/OCA-B) interacts
directly with CIITA, to increase transcription levels in B cells. The activation
domain of CIITA interacts with TAFII32, which is a component of the
TAF-TBP complex (TFIID). These protein—protein interactions increase rates
of initiation of RNA polymerase Il transcription.

Inpm[ ! '. "
6 7 B 9 10

Figure 6.Binding of CIITA to the TBP-associated factor 1f82 requires both
ahl and ah? fusion protein between GST and human [JBEwas expressed

in E.coli and purified on glutathione—-Sepharose beads. GSTSRAwas
incubated with wild-type or mutated full-length CIITA proteins, produced by
in vitro transcription/translation in the presence 38[methionine. Eluates
from the binding reactions were resolved on SDS-PAGE followed by -helices ahl and ah2 and that interaction between these

autoradiography of the CIITA proteins. (Toftoradiograph of eluates from _heli i i At At
the GST_TAR32 binding reaction. Lane 1. wildtype CITA: lane 2, g Ir_lt_akces and TAf32 is required for transcriptional activation by

CIITAAahl, deletion of ahl; lane 3, ClIBZAh2, deletion of ah2; lane 4, . . L. . .
CIITAAah3, deletion of ah3; lane 6)ITAAah12, deletion of ahl and ah2. CIITA is an acidic transcriptional activator. This group of

(Bottom) One tenth the input volume of CIITA proteins from ithevitro activators were first defined based on studies with the yeast
transcription/translation reaction. Lane 6, wild-type CIITA; lane 7, CABIAL, proteins GAL4 and GCN4.6,26). It was found that their ability
ge'et!on of ahl; lane 8, ClBah2, deletion of ah2; lane 9, CIIBANS, 4 activate transcription correlated generally with the net negative
eletion of ah3; lane 1GIITAAah12, deletion of ahl and ah2. o . o : -
charge of the acidic domaii§26). Additional studies using
random genomic DNA frorg.coli (27) and artificially constructed

protein were present in each binding reaction frignes 6-10). sequences2() demonstrated that the presence of an acidic
In all cases, the binding profiles of mutant CIITA proteins teamphipathiai-helix correlated with the ability of that sequence
GST-TAR;32 corresponded with their ability to activate thet0 activate transcription. Subsequent experiments, however,
DRA promoter in HeLa cells. We conclude that the interactiofPund that the C-terminal activation motif of GAL4 may not

between CIITA and TAf32 is required for transcriptional containa-helices and that acidic residues were not critical for
activity of CIITA. activator function48,29). In contrast to what we have determined

for CIITA, disruption of potentiak-helices in VP16 by insertion
DISCUSSION of proline residues did not affect its ability to activate transcription
(30). However, a recent report has identified a functional acidic
The N-terminal 125 amino acids of CIITA have been defined ashelix (24) similar to what we have found with CIITA. In
an independent transcriptional activation domsiin Computer — addition, the requirement of net negative charge has been firmly
analyses of the primary amino acid sequence of the ClITAstablished for many activatofsl{34), as well as the presence
activation domain predicted the presence of thrbelices rich  of bulky hydrophobic residues which are required for transcrip-
in acidic amino acids. ahl and ah2, the N-terminal and middinal activation §5-37). We have presented here strong
acidica-helices, were found to be required for full activation ofevidence that CIITA contains functional acidihelices which
the class || DRA promoter. Deletion of ahl and ah2 or amino acate necessary for transcriptional activation.
substitutions which disrupted formation of théelices resulted  To activate transcription of class Il genes, assembly of
in a severe reduction in function of the mutant CIITA proteingorotein—~DNA complexes must first occur at the three conserved
Similarly, sequential reduction in net negative charge of ahZpstream sequences (CUS) present in all class Il promoters, the
resulted in concurrent reduction in the ability of the mutate®, X and Y boxes (Figr). Following cooperative binding of
CIITA proteins to activate transcription. In contrast, mutation ofactors to these elemeng&3{41), CIITA makes three important
the C-terminabi-helix, ah3, was not detrimental to the activity of protein—protein contacts. The first is with the complexes bound
CIITA. Mutations which resulted in loss of transactivation of thet the S, X and Y boxes (Fig). The nature of these contacts is
DRA promoter by CIITA also resulted in proportional loss ofunknown. Repeated attempts to demonstrate direct binding
binding to the 32 kDa subunit of the general transcriptiobetween CIITA and the X box binding complex RFE%)(have
complex TFIID, TAR32. From these data we conclude that thdeen unsuccessful (data not shown). Zétoal have presented
functional motifs in the CIITA activation domain are the acidicevidence that the C-terminal 830 amino acids of CITA are
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sufficient to target CIITA to the promotet@). That the mutant 10 Chang,C.H., Fontes,J.D., Peterlin,M. and Flavell,R.A. (129}p. Med
protein CIITAAah12 could block activity of wild-type CIITAon 180 1367-1374. . .
the DRA promoter provides a further indication that the: ,a"':c‘fcl'gd rgc’zt;e_tféégte'm'e’v' Reith,W. and Mach,B. (139&xp.
C-terminal portion of the molecule is involved in promoter;s kern,., Steimle,V., Siegrist,C.-A. and Mach,B. (1988)immunol, 7,
targeting. The second protein—protein interaction is between the 1295-1300.
B cell-specific co-activator Bobl (OBF-1, OCA-BB(45) and 13 Chang,C.H. and Flavell,R.A. (1995)Exp. Med 181, 765-767.
CIITA (46). The result of this interaction may be to increasé* I‘{fﬂ“ﬁfﬂgi}ca C‘i%e?rdf;g'-' Hong,S.C., van Ewilk,W. and Flavell,R.A. (1996)
exprgssmn Of CI‘?‘SS I ge_nes '_n B cell lines, by virtue of ag RiIey,J.IX,Westerheide,S.D., Price,J.A., Brown,J.A. and Boss,J.M. (1995)
additional activation domain being presented by CIITA. Immunity 2, 533-543.

The third protein—protein contact is between CIITA and theé Zhou,H. and Glimcher,L.H. (199B)munity 2, 545-553.
general transcriptional apparatus. We have shown here that this Sadowski,l. and Ptashne,M. (198Rcleic Acids Resl7, 7539.
occurs at TAR32 (Fig.7.). Identification of the twar-helices 18 ;if”g'l%\" Nakanishi,M. and Peterlin,B.M. (1946). Cell. Biol, 10,
which are the precise contact pO_IntS with §BE pI’OVIQES an g KIemm,Fé.D., Goodrich,J.A., Zhou,S. and Tjian,R. (1996¢. Natl Acad.
extremely useful target for potential exogenous manipulation of sci. usa92 5788-5792.
class Il gene expression. Aside from using the dominant negat@ Jabrane-Ferrat,N. and Peterlin,B.M. (19@4). Cell. Biol, 14,
ClITAAah12, small molecules which mimic the structure of ahl 7314-7321. ,
and/or ah2 could potentially block the function of CITAZ: gg"mangcéﬂ- a”%R\'/‘\:/ehAl‘:sv(lgg?mI‘l’"'&g' 11%2_1323-7 53
specifically. In Iight of the fact that aberranp expressi.on of class i@ Ma?fl'g’]d';:tasfﬁé’,'\},. (fgé‘jeli’i%’ 84e7f§53:( B 7, 47-53.
molecules contributes to a variety of autoimmune inflammatory massari,M.E., Jennings,P.A. and Murre,C. (1986) Cell. Biol, 16,
diseases3), such reagents would be of great benefit in treating 121-129.
these conditions. 25 Giniger,E. and Ptashne,M. (198%ture 330, 670-672.

Our results to date do not rule outthe possibility that CITAmagt HoPeLA. Mahadevan,S. and Struhl,K. (1988jure 333 635-640.

. L o ’ . Ma,J. and Ptashne,M. (19&%@l|, 51, 113-119.
itself be functioning as a TAF and that its interaction wWithjBF 55 | cither K K. Salmeroé J.M'eand Johnston,S.A. (1028) 72, 575-585.

represents the primary contact point between CIITA and TFIIDg

Recent reports identifying a B cell-specific TAF7Y and the
observations that the large T antigen of SV40 vidds &s well

potentially create ‘class lI-tropic’ TFIID complexes, which

would promote high levels of expression from target genes. In t§8

30

as the pX protein of HBV4Q) may function as TAFs make this s
possibility intriguing. The presence of CIITA in a cell mays,
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