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ABSTRACT

Nuclear levels of c-Jun, .limit. c-Fos, and LRF-1 (liver regeneration

factor) are high for a large fraction of the G| phase in regenerating liver
and mitogen-stimulated hepatic cells. Previously, .limit was regarded as a
less potent transcriptional activator than c-Jun that could also function as
a represser. However, we found that, like c-Jun, .limit alone or LRF-1/
.limit strongly transactivates a cAMP-responsive promoter. Unlike c-Jun,
.limit represses several AP-1 or activator of transcription factor site-

containing promoters, and this inhibition is greatly enhanced in the pres
ence of LRF-1. Here, we identify separate regions of .limit required for
franv-aclivation and repression of these promoters. Deletion analysis
shows that the region involved in /ran.v-activation function is highly con

served among all Jun family members and corresponds to activator do
main (Al) of c-Jun. In contrast, repression is maximal in the presence of
both the DNA-binding domain and a region proximal to the basic region

that is highly divergent among Jun proteins. Functional distinctions be
tween Jun proteins during induction of the growth response and tumor-
igenesis may be accounted for by promoter-specific activation and repres

sion mediated by regional differences in Jun family proteins.

INTRODUCTION

The Jun proteins, including c-Jun, JunB. and JunD, are members of

the leucine zipper class of transcription factors and share extensive
amino acid sequence homology in the DNA-binding and leucine zip
per domain and the HR-1 segment, a transcriptional activation domain
of c-Jun (1). Overall, JunD is more closely related by sequence to
c-Jun than to JunB. Jun proteins can form homodimers in binding to
AP-1 and CRE3 sites, but they differ in their binding affinity (2-6) and

preferentially form heterodimers with LRF-1 (7, 8) and Fos family
proteins, including c-Fos, Fra-1, Fra-2, and FosB (9-11).

Jun proteins have different biochemical and physiological proper
ties. Although all three are required for cell cycle progression in
fibroblasts (12), Jun proteins are differentially expressed during de
velopment (13, 14), in different cell lines (3, 15), and in different
tissues (3, 5). As immediate-early genes, junB and c-jun are rapidly
induced by extracellular stimuli (6, 16-18). In contrast, JunD tran

scription is only weakly activated when stimulated and is high in
quiescent cells (1, 5). c-Jun and JunB have transforming potential, and

thus far, JunD does not (19, 20). However, junB is a much weaker
transforming gene than c-jun and may suppress c-Jun-mediated trans

formation (19,20).
When examining the early growth response in regenerating liver

(for reviews, see Refs. 21 and 22) and insulin-treated hepatic cells, we
identified LRF-1, a 21 -kD leucine zipper containing protein and mem
ber of the Jun-Fos family (7). LRF-1, along with c-Fos, c-Jun. and

JunB mRNAs and proteins are rapidly and highly induced during liver
regeneration (7, 23), while other Fos family members and related
proteins are not induced. LRF-1 can form homodimers but preferen-
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tially forms heterodimeric complexes equally well with c-Jun and
JunB in binding to CRE, AP-1, and ATF sites and does not interact
with c-Fos (7). We have shown that c-Fos/c-Jun, c-Fos/JunB, and
LRF-1/c-Jun, LRF-1/JunB complexes are present in vivo for a large

fraction of the G, phase of the cell cycle in hepatic cells, and the
relative level of LRF-1/JunB complexes increases significantly with

time posthepatectomy and following mitogen stimulation (8).
Early studies suggested that JunB plays a dominant negative role in

the stimulation of transcription. Most of these studies were performed
in F9 or HeLa cells which do not demonstrate G,JG, transition (24,
25). However, in cotransfection studies in serum-deprived NIH 3T3
cells, we demonstrated that, like c-Jun, JunB alone or in combination
with LRF-1 activates a cAMP-responsive promoter. Unlike c-Jun,
JunB represses several different AP-1 or ATF site-containing promot
ers (8), and this promoter-specific repression is greatly enhanced in
the presence of LRF-1. Given the relative increase in LRF-1/JunB
complexes post-mitogen stimulation, and the distinct effects on dif
ferent promoters, we postulated that LRF-1/JunB may have an im
portant role in regulating delayed-early gene expression during the G,
phase of liver regeneration and mitogen-stimulated cells (8). We have
mapped an inhibitory domain in LRF-1, which, together with the
leucine zipper/basic domain of the molecule, is required for LRF-1/
JunB-mediated repression (8). Here, we describe the contribution of
regions of JunB in mediating promoter-specific fra;w-activation and

inhibition.

MATERIALS AND METHODS

Construction of Deletion Mutants. The series of deletion mutants was
constructed using the polymerase chain reaction, followed hy cloning into a
pCMV expression vector as we have described previously (8). The following
PCR oligonucleotides were used:

1CCAGGTACCACGACCATGTGCACGAAAATGGAACAG;
2 CCAGGTACCACGACCATGGCAGGCAGCTACTTTTCGGGT;
3 CCAGGTACCACGACCATGCTGCACAAGATGAACCACGTG;
4 CCAGGTACCACGACCATGTCTCCAGCCTCTGCACCCTCT;
5 CCAGGTACCACGACCATGATCAACATGGAAGACCAGGAG;
6 GCTGCTGCAGAACCTCGAGGTGGAAGGACr

Each mutant has only a single additional mclhionine codon and the down
stream region ends in the 3'-untranslaied region of mouse JunB. The primer

pairs used were as follows: JunB, 1,6; N64, 2,6; N142, 3,6; N185, 4,6; BL, 5,6.
All of the constructs have been sequenced.

Electrophoretic Mobility Shift Assays. A similar amount of each JunB
deletion mutant mRNA was cotranslated with LRF-1 mRNA and used in gel
shift analysis. Preannealed high-performance liquid chromalography-purified
double-strand AP-1 and CRE oligonucleotides were radiolahcled and mixed

with 2 /J.Iof in vitro translated proteins, in a binding buffer containing 10 HIM
Tris (pH 7.5), 50 IHMNacÃ,1 IHMEDTA, l m.w B-mercaptoethanol, and 4%

glycerol. The reaction was incubated for 30 min and was then electrophoresed
on a 5% Tris-glycine polyacrylamide (7). The AP-1 oligonuclcotidc TATC-
GATAAGCTATGACTCATCCGGGGGA corresponds to a consensus AP-1
site, and the CRE oligonucleotide TCATGGAAAAATGACGTCATGG-
TAATTA is from Ihe human choriogonadotropin Â«-chaingene (26).

Transfection Analyses. Exponentially growing NIH 3T3 cells were trans-
fected with the pENKATconstruct (5 ng) (27), 5XCRE2cat (28) 21^Â»AP-lcat
construct (4 /ig) (29), AP-l3cat (30) or PE3/4AP-lcat (5 fig) (31), and ex

pression plasmid of either different JunB deletion mutants alone or each junB
mutant in combination with LRF-1 or c-fos. The exact amounts of expression
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TRANS-ACTIVATION AND INHIBITION BY JunB

plasmids are specified in the figure legends. In all cases, the amount of DNA
transfected per dish was made constant with the addition of pCMV without
insert. Sixteen to 18 h after calcium phosphate transfection, cells were serum
deprived (0.5% fetal calf serum): 24 h later, cells were harvested, and CAT
assays were performed as described before (7. 8). Results were quantitated by
densitomctry after normalization for the level of placenta! alkaline phosphatase
and standard deviations of identical experiments were determined. Fold acti
vation is relative to the CAT activity of the ENKcat reporter alone.

Immunoblots. Extracts from cells transfected with LRF-I and jiinÃŸdele
tion mutant plasmids were probed with an anti-JunB or anti-LRF-1 antibody

using the Amersham ECL (chemiluminescence) detection system as described
previously (8). Briefly, antiserum diluted to 1:10(X) (a-LRF-1) or 1:2(KK)
(u-JunB) were incubated with the membrane for l h at room temperature.
Horseradish peroxidase-linked secondary antibody was then added at a dilution

of 1:9,000 to 1:15,000 for l h prior to detection.

RESULTS

Although several studies have identified activation domains in c-
Jun (32-34). to date no such analyses of JunB have been performed.

To analyze whether the distinct trunscriptional activity of JunB and
JunB/LRF-1 could be attributable to specific regions in JunB, we
examined the ability of several umino-terminal deletion derivatives of

JunB to transactivate or repress specific promoters. As shown (Fig. 1),
N64 was created by deleting the NH2-terminal 64 amino acids of
JunB, which share 36% homology with c-Jun. This region of c-Jun
encompasses the cell type-specific inhibitory region, S (33). Recently,

it has been shown that phosphorylation of specific amino acids within
the 8 region of c-Jun may be important for ira/is-activation function

(35). The corresponding region within JunB does not appear to be
kinase sensitive and does not function as a transcriptional activator
(36). Additionally, e which decreases activation mediated by activator
region Al of c-Jun has been recently identified (37) and is not con
served in JunB. N142 removed the highly conserved HR-1 segment

(79% homology) containing the al (subdomain of Al responsible for
activation) and e regions of c-Jun. N185, in addition to the basic and

leucine zipper, contains a region with only 25% sequence homology
to the corresponding activator domain 2 (A2) of c-Jun. The BL dele

tion contains only the basic and leucine zipper regions which are
highly conserved between Jun proteins.

To demonstrate whether different deletion mutants of JunB have
similar ability to form heterodimers with LRF-1 and bind to CRE or
AP-1 sites, we transcribed RNA encoding LRF-1 and JunB mutants
and then cotranslatcd similar amounts of LRF-1 mRNA and each/Â«/;/?
deletion mRNA in rabbit reticulocyte lysates. Rabbit reticulocyte ly-
sate alone showed an endogenous binding activity to labeled AP-1 and

CRE oligonucleotides (Fig. 2, lanes I and 7). Previously, we showed
that the LRF-1 homodimer migrates at the position of the endogenous
band. When both LRF-1 and JunB are present in the gel shift assay,
only the LRF-1/JunB heterodimer, and neither the LRF-1 or JunB

homodimer, is detected (7). Specific band shifts were detected upon

A1 A2 B/L
i ai i

Iâ€”HR
c-Jun

JunB

N64

N142

Fig. 1. Schematic diagram ot .lutili deletion mutants used in this study. The position of
the deletion in JunB was based on the sequence homology between c-Jun and JunB ( 1).
as described in the text. Al. activator domain I (containing the subdomains al and e): A2,
activator domain 2; 5. &region (33). MR-1 is the region described by Ryder et al. ( \ ). B/L

basic/leucine zipper domain.

LRF-1JunB

del.AP-1-+JB+N64+N142+N185+BLCRE_-+JB+N64+N142+N185+BL

8 9 10 11 12
Fig. 2. The JunB deletion mutants can form heterodimcrs with LRF-1 and bind to AP-1

and CRE sites. A similar amount of each JunB deletion mutant mRNA was cotranslated
with LRF-I mRNA and used in gel shift analysis with either AP-1 or CRE oligonucle
otides. Dash, endogenous reticulocyte band: asterisk. LRF-1/JunB deletion mutant het
erodimers.

incubation with LRF-1 plus various JunB deletion mutants that were

competed by excess cold oligonucleotides (data not shown). In com
plexes with LRF-1, lysates with smaller sized JunB deletion mutants

showed bands with correspondingly faster mobilities (asterisks, lanes
2-6 and 8-12). Since the intensity of specific band shifts was similar

among deletion mutants, the basic/leucine zipper domain of JunB is
sufficient for heterodimer formation, with LRF-1 and binding to either
AP-1 or CRE sites.

The amino-terminal region of JunB is important for transcriptional

activation. The proenkephalin promoter and reporter, ENKcat, con
tains a cAMP response element (CRE2) that is absolutely required for
basal and cAMP-inducible transcription and contains the CRE core

consensus sequence, CGTCA (27, 28). Previously, we showed that
JunB alone or LRF-1/JunB complexes can transactivate proenkepha

lin reporters, ENKcat and 5XCRE2cat (8: data not shown). It has been
shown that LRF-1 (human ATF-3) binds to the CRE2 element in the

proenkephalin promoter (38). To analyze the functional domains of
JunB in a cellular context, NIH 3T3 cells were cotransfected with the
proenkephalin reporter, ENKcat, along with expression vectors en
coding various JunB deletion mutants alone (Fig. 3/4). The amount of
JunB DNA was chosen to achieve a high level of fra/ii-activation, and
JunB alone activated ENKcat about 6-fold (Fig. 3/4). N64 still con
tained 90% of the activation function as compared to wild-type JunB.

N142, N185, and BL, all of which lack the Al homology region,
showed no ability to transactivate the ENKcat promoter. Previously,
we showed that LRF-1 can potentiate the fra/is-activation of ENKcat
mediated by JunB by 2- to 3-fold (8). However, in those studies, the

JunB vector used contained the natural translation control region of
JunB ("non-PCR JunB"), whereas all of the JunB deletion mutants,
including intact JunB ("PCR JunB"), contained the control region of

c-Fos introduced by PCR. Therefore, the relative amounts of LRF-1
and PCR JunB required to achieve maximal /ran.v-activation were
retitrated (Fig. 3B, O) relative to non-PCR JunB (â€¢).Most likely

because of small differences in transfected protein levels. PCR JunB
showed less cooperativity with LRF-1 that extended over a narrow
range. Whereas 8 /j,g LRF-1/4 p,g non-PCR JunB always showed
some cooperativity (Fig. 3B), 8 /xg LRF-1/4 /xg PCR JunB routinely
resulted in a 2-fold decrease in the amount of rran.v-activation ob-
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CREI CRE2 AP-2 CAT
ENKcat: â€¢¿�

5x CRE2cat:
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JunB:
LRF-1:
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1
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JunB del. (4ug)
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5x CRE2cat

+ LRF-1

N64 N142 N185 BL N64 N142 N185 BL

Fig. 3. Identification of a transactiva ing region in JunB. NIH 3T3 cells were transfected with pENKAT construct (5 fig; A, D. and E) or 5XCRE2cat (F) and expression plasmid
of either different JunB deletion mutant
(8 fig; E and F). Results were quantitÃ 
determined. Fold activation is relative U
or PCR JunB (2 fig; O). C Western b|.

(5 fig) alone (A ). 0.5 ng LRF-l in combination with 2 (ng each jittifÃ¬mutation (D). 4 u.g of each junfÃ¬mutant in combination with l.Ri'-l

cd by densitometry after normalization for the level of placenta! alkaline phosphatasc and standard deviations of identical experiments were
the CAT activity of the reporters alone. B, transfeciHM as above with indicated amounts oÃLRF-1 DNA with either non-PCR;'unÃŸ(4 (ig; â€¢¿�)

I showing levels of non-PC'R JunB and LRF-1 obtained after cotransfecting the indicated amounts of each expression plasmid.

served with PCR JunB alone (not shown). It is not surprising that
increasing amounts of LRF-1 relative to JunB result in decreased
activation. LRF-1 itself has no activation domain (S), and as the level
of LRF-1 increases, resultant LRF-1 homodimers would be expected
to confer a negative effect by interfering with JunB/LRF-1 het-

erodimer interactions with the reporter elements.
As a further control for experiments in which both LRF-1 and JunB

were cotransfected (Figs. 3 and 5), we demonstrated that consistent
levels of JunB and LRF-1 were obtained after cotransfection with

various amounts of LRF-1 and non-PCR JunB (Fig. 3C); PCR JunB

(Fig. 4ÃŸ).When no JunB was added, no endogenous JunB was de
tected (Fig. 4B). However, the relative number of molecules of each
protein cannot be determined from these studies because of differ
ences in antibody affinities. In the presence of the ENKcat promoter
and a DNA ratio of JunB to LRF-1 of 4:1 (Fig. 3D), we observed

similar results to shown in Fig. 3/4, although the effects of removing
amino acids 1-141 were not as dramatic. With excess LRF-1 DNA
(Fig. 3Â£),when maximal LRF-1/JunB heterodimers and the negative

A.
40

30

â€¢¿�20

10

21-4AP-1cat:
AP-1

TMetallothionine promoter (-67 bps ) C. AP-1

-43

-29

-18

-14

-6
JunB N64 N142 N185 BL

(AP-1)

100I

5075Â£c-Fos:3Cat:

LJLJLJ-nru0

+ 0 +1

â€”¿�11â€”¿�1â€”+

+ ++JunB:
o o JB JB N64N142NIBS BL

Fig. 4. Regions in JunB important for inhibition of AP-1 site-regulated reporters. NIH 3T3 cells were transfected with 21-4AP-lcat construct (4 Â¿ig)and expression plasmid i
deletion mutants alone (A). Fold repression indicates the activity relative to the activity of the 21-4AP-lcat reporter alone standardized to placenta! alkaline phosphataseactivity or
JunB deletion protein level (B) and standard deviations (bars) of separateexperiments were determined. B, Western hlol of extracts from cells transfected with indicated junB deletion
mutant plasmids and probed with an anti-JunB antibody. C, results of cotransfeciion experiment using the AP-l^cat reporter (5 fig), c-fos expression plasmid (K Â¿ig),and indicated junB
deletion mutants (4 ^ig). Relative CAT activity is indicated, bps, base pairs.
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TRAMS-ACTIVATION AND INHIBITION BY JunB

AP-1

Metallothionine promoter (-67 bps )

A. 21-4AP-1c.il

AP-1

SV40 early promoter (-200 bps )

B. (AP-1)3cat t LRF-1/c-Jun

100

â€¢¿�

Fig. 5. JunB mutants in combination with LRF-1 can efficiently inhibit the rra/rs-activation of several AP-1 site-containing promoters.^, 21â€”4AP-lcat (5 fig) plus 4 ngjunB deletion
mutant, 8 fig oÃLRF-1 expression vectors as indicated; (AP-l)icat (5 /ig; B) or PE3/4AP-lcat (5 fig; C) cotransfected with LRF-1 (8 Â¿ig)/c-)un(4 /ig) and each yun/J deletion mutant
(8 /ig) expression vector in N1H 3T3 cells. The relative inhibition of each JunB deletion mutant was assessed relative to the activity of the endogenous 21â€”4AP-lcat reporter (A ) and
LRF-1/c-Jun mediated activation (B and C). In A, N185, inhibition ranged from 60- to 500-fold, and in B and C inhibition was complete (at least 100-fold) in most experiments when

JunB. N64, N142, or N185 were present in thai no CAT activity was detectable.

AP-1

EHI promotori 50 bps)

C. PE3/4AP-1cat t LRF-1/c-Jun

effect of LRF-1 homodimers would be expected, removal of the
amino-terminal region of JunB (N142) abolished activity as shown in

Fig. 3A. Likewise, when a 5XCRE2cat reporter was used in the
presence of LRF-1/JunB (Fig. 3F) or JunB alone (not shown), the

effects of removing the first 141 amino acids of JunB were the same.
Interestingly, in these studies (Fig. 3F), N64 resulted in some increase
in the activation. Deletion of the region corresponding to the Al
domain of c-Jun abolished all or virtually all of the transcriptional
activity of LRF-1/JunB and JunB alone.

JunB deletion mutants containing the DNA-binding domain and

proximal sequences mediate maximal transcriptional inhibition of
AP-1 site-containing promoters. Unlike c-Jun, JunB alone consis
tently inhibits the activity of different AP-1 or ATF site-containing
promoters, and LRF-1/JunB greatly increases the inhibitory effect.
Previously, we mapped an inhibitory domain in LRF-1 which together
with the basic/leucine zipper domain is necessary for maximal LRF-
1/JunB-mediated repression of AP-1 site-containing promoters (8). To

gain insight into the contribution of JunB in mediating inhibition, we
carried out cotransfection experiments with JunB alone in the pres
ence of 21^tAP-lcat [referred to as (API) 4 MCAT in Ref. 30], a
reporter which has high endogenous activity. Although the transacti-

vators responsible for basal activity have not been identified, activa
tion is clearly mediated through the AP-1 elements because the re

porter in the absence of these elements has low activity (29). Alone,
JunB and N64 repressed the endogenous activity of this reporter by
3-fold (Fig. 44). N142 and N185 which lack the putative activation
domain were much more potent repressers than wild-type JunB. How

ever, BL had little inhibitory activity. These results suggest that the
region between amino acids 142 and 257 together with the basic/
leucine zipper domain cause maximal inhibition. The NH2-terminal

activator region seems to counteract the negative effect of this inhi
bition. Without the activator region, JunB can be a much stronger
transcriptional represser.

To establish the level of transfected proteins, we performed immu-
noblots using JunB-specific antibodies on the same samples in which

CAT assays were performed. Two different antibodies that were tested
only detected epitopes within the wild type and the two larger deletion
proteins, N64 and N142. The relative levels of these proteins obtained
after transfection varied by no more than 1.5-fold in three separate

determinations (Fig. 4ÃŸ).Thus, although the increase in repression
between N64 and N142 was > 10-fold, the level of the two JunB

deletion mutant proteins was approximately equal in the transfected
cells. We were not able to verify the level of N185 and BL proteins in
transfected cells. However, both mutants translated well in vitro, N185

consistently demonstrated activity in multiple different experiments,
and BL demonstrated fnz/is-activation function in the presence of
c-Fos (Fig. 4C). As shown in Fig. 4C, c-Fos-mediated /ra/is-activation
of AP-1 sites is dominant in the presence of JunB. Maximal c-Fos-
mediated iraw.v-activation requires only the BL domain of JunB which
presumably potentiates heterodimer formation. Also of note, c-Fos,

which is an inhibitor of the ENKcat promoter (8), blocks activation of
the ENKcat promoter by wild-type JunB and the N64 deletion mutant

(not shown).
When JunB deletion mutants were cotransfected with LRF-1, sim

ilar results were obtained using three different AP-1 site-containing
reporters (Fig. 5). When 21^4AP-lcat was used, cotransfection of
LRF-1 with each of the JunB deletion mutants including BL resulted

in enhanced repression relative to JunB mutants alone (Fig. 4A) or
LRF-1 alone (Fig. 5A, lane 1). In the presence of 21-4AP-lcat, the

JunB activator region appeared to counteract the repressive effects of
LRF-1/JunB, because BL showed a similar level of inhibition as JunB

wild type and N64. N142 and N185, which do not have the activator
region, were much more potent repressors. However, this counterac
tion by the activator region was not observed with other AP-1 (Fig. 5,
B and C) or ATF-site reporters (not shown). These reporters are
transactivated by LRF-1/c-Jun and are strongly inhibited (in most
experiments > 100-fold) by all JunB deletion mutants (wild type, N64,

N142, N185) containing the proximal and BL regions. BL alone had
a much smaller inhibitory effect, again implying that maximal inhi
bition requires a region proximal to the basic region and the
dimerization/DNA-binding domain. Any inhibition mediated by JunB
BL is likely due to the potentiation of JunB/LRF-1 heterodimer for
mation which effectively decreases the amount of LRF-1/c-Jun.

DISCUSSION

Although JunB has been considered to be a transcriptional inhibitor
relative to c-Jun, we have found that JunB transactivates a cAMP-
activated promoter at a level comparable to c-Jun (8). This trans-

activation is mediated by the cAMP response element (CRE2). We
were able to identify a activating region in JunB responsible for
irons-activation of a cAMP element-regulated promoter that corre
sponds and is similar to the Al activator region in c-Jun. We found

that the same activating region is responsible for both JunB alone and
JunB/LRF-1-mediated /raws-activation of this promoter. In contrast,
we were not able to identify any major activation domain in LRF-1
(8). Deletion of the amino or carboxyl terminus of LRF-1 with an
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intact leucine zipper/basic domain had little effect on JunB/LRF-1 -
mediated ira/w-activation of the same reporter.4 Thus, it is likely that

the contribution to JunB/LRF-1 activation by LRF-1 is simply due to

potentiation of heterodimer formation. When the levels of JunB are
high such that JunB homodimers can form, LRF-1 is not necessary for
/ra/i.v-activation, and in fact, very high levels of LRF-1 may be in

hibitory. This finding is consistent with what previously has been
shown with c-Jun and c-Fos. The most active molecules are c-Jun
homodimers, not c-Jun/Fos heterodimers (39), and highest levels of
//wi.y-activation are achieved at levels of c-Jun at which homodimers

can form.
In extension of earlier studies (8), the results presented here dem

onstrate that JunB/LRF-1 can be a dominant negative inhibitor of
c-Jun-mediated fra/Â¡s-activation of AP-1 site-regulated promoters.
Maximal inhibition mediated by JunB or LRF-1 deletion mutants

occurs when a region proximal to the basic region accompanies the
basic/leucine zipper domain. In the presence of several AP-1- or
ATF-regulated promoters, deletion of a single proximal region from
either LRF-1 or JunB results in only a 20% inhibitory effect relative
to intact LRF-1/JunB (Fig. 5, B and C; 8). All of the AP-1- and
ATF-regulated promoters we tested behaved similarly. However,
JunB-mediated inhibition of 21-AP-lcat endogenous activity was less
than JunB-mediated inhibition of LRF-1/c-Jun AP-1 activation (Figs.

4 and 5). Deletion of the activating region of JunB eliminated this
difference. This finding suggests that the amino-terminal region of
JunB can be a modulator of inhibition with respect to certain AP-1

promoters. However, because the etiology of endogenous activity of
the 21-AP-lcat reporter is unknown, the mechanism of this modula

tion is not clear.
Previously, we showed that this proximal region in LRF-1 has no

inhibitory activity in the absence of the dimerization/DNA-binding

region (8). From the similarity in the results obtained with JunB
deletion mutants, it is likely that maximal JunB-mediated inhibition

also requires both the proximal and basic/leucine zipper regions.
There is no sequence homology between these regions in LRF-1 and

JunB, but both are just proximal to the basic domain. It will be
interesting to find out how these two regions cooperate with each
other to cause inhibition of AP-1 site-mediated activation. It is pos

sible that these regions are important in establishing distinctly differ
ent DNA-binding conformations on AP-1 sites and CRE sites which

result in repression or activation, respectively.
JunB is responsible for mediating promoter-specific fra/i.y-activa-

tion and repression in serum-deprived NIH 3T3 cells which show

Go/G, transition and G, phase progression following mitogen stimu
lation. Separate regions in JunB correlate with the ability to activate
or repress the ENKcat/CRE2 promoter and AP-1 site-containing pro

moters, respectively. The activation domain resides in a region which
is highly conserved among c-Jun, JunB, and JunD. In fact, this region
has been demonstrated to be critical for c-Jun- and JunD-mediatcd
ira/i.v-activation (5, 33, 40) and is required for transformation of rat

embryo cells (41). In contrast, the region of JunB required for max
imal inhibition is very divergent from the corresponding region of
c-Jun and JunD. Deletion of this region in c-Jun results in the com
plete loss of its ability to transactivate AP-1 site-containing promoters

in F9 cells (33). In contrast, almost no effects in transforming activity
and transactivating activity were found in rat embryo cells (41). Dif
ferences between corresponding regions of Jun proteins in the contri
bution to promoter-specific frans-activation may be responsible for

distinct phenotypic effects mediated by different Jun proteins.

4 J-C. Hsu, D. E. Cressman. and R. Tauh, unpublished data.
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