
itv seen in the complete record. 
The huon pine chronology also reveals 

numerous past episodes of persistently 
above- and below-average summer temper- 
atures lasting ten or more years. Yet the 
coldest and warmest periods inferred from 
our tree-ring record apparently occurred 
within abo~zt 50 years of each other in the 
20th century. This pattern of unusual cold 
followed by unusual warmth could strongly 
skew the evaluation of recent temperature 
trends in Southern Hemisphere instrumen- 
tal records, which are relatively infrequent 
before 1900 (13). As this study shows, long, 
high-resolution paleotemperature records 
from the Southern Hemisphere .can help in 
properly evaluating the current warming 
trend. 

In many respects the cold event of the 
early 1900s is as interesting as the post-1965 
warming in Tasmania. It Ts present in both 
land and marine instrumental temperature 
records covering much of the Southern 
Hemisphere (7-1 0, 13, 17-19). The temper- 
ature decline was apparently preceded by a 
circumpolar expansion of Antarctic pack ice 
and the irruption of numerous icebergs into 
normally ice-free low latitudes (20). Other 
manifestations of this anomaly were a de- 
crease in scalar wind speed in the Tasmania- 
New Zealand sector (17) and circumpolar 
changes in middle latitude (40" to 50"s) sea- 
level pressure associated with oscillations in 
zonal flow with a wave number of zero (21). 
Thus, there appears to have been a signifi- 
cant reorgani&on of the Southern Hemi- 
sphere ocean-atmosphere system in the early 
1900s. A similar event of lesser magnitude 
mav have also occurred around A.D. 1190 
on the basis of qualitatively similar changes 
in the huon pine record. Understanding the 
mechanisms responsible for these and other 
past climatic fluctuations could contribute 
greatly toward explaining the recent warm- 
ing in the Southern Hemisphere. 
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Rel-Associated pp40: An Inhibitor of the Re1 Family 
of Transcription Factors 

The Rel-associated protein pp40 is functionally related to I&, an inhibitor of the 
transcription factor NF-&. Purified pp40 inhibits the DNA binding activity of the 
NF-& protein complex (p50:p65 heterodirners), p50:c-Re1 heteromers, and c-Re1 
homodimers. The sequence of the complementary DNA encoding pp40 revealed 
similarity to the gene encoding MAD-3, a protein with mammalian I&-like activity. 
Protein sequencing of I d  purified from rabbit lung confirmed that MAD-3 encodes 
a protein similar to I&. The sequence similarity between MAD-3 and pp40 includes 
a casein kinase I1 and consensus tyrosine phosphorylation site, as well as five repeats of 
a sequence found in the human erythrocyte protein ankyrin. These results suggest that 
uel-related transcription factors, which are capable of cytosolic to nuclear translocation, 
may be held in the cytosol by interaction with related cytoplasmic anchor molecules. 

T HE PRODUCTS OF THE PROTO-ON- 
cogene c-re1 and the re1 viral onco- 
gene are members of a family of 

transcription factors that include the two 
subunits of transcription factor NF-KB (p50 
and p65) and the Dro-sophila maternal mor- 
phogen dorsal (14) .  These proteins share 
sequence homology over 300 amino acids at 
their NH,-terminus, a region that includes 
the DNA binding and dimerization do- 
mains. These proteins specifically bind to 
DNA sequences that are the same or slight 
variations of the 10-bp KB sequence in the 
immunoglobulin K light chain enhancer. 
This KB binding sequence is present in a 
number of cellular and viral enhancers, and 
c-re1 associates with these sites in the human 

immunodeficiency provirus (5) .  
Among the Rel-related proteins, NF-KB 

has been studied most extensively. NF-KB, a 
heterodimer of p50 and p65 subunits (6), is 
present ubiquitously in an inactive form in 
the cytosol, but is a constitutively active, 
nuclear protein in mature B cells (7). The 
DNA binding activity of NF-KB is activated 
and rapidly transported to the nucleus in 
cells exposed to mitogens or growth factors 
(6-9). The inactive cytosolic form is bound 
to IKB, which was initially characterized as a 
protein that specifically inhibits DNA bind- 
ing by NF-KB (8). Purification of IKB from 
cell extracts reveals two forms, the major 
form of 35 to 37 kD (I&-a) and a minor 
form of 40 to 45 kD ( I d - P )  (10, 11). 
Treatment with the detergent deoxycholate 
(DOC) disrupts this NF-&:Id complex, 
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the detergent sensitivity of the Rel:pp40 
association is similar to that of NF-&:I& 
(12, 13); c-Rel-containing complexes in 
cytosolic extracts can be activated to bind 
DNA by treatment with detergents, sug- 
gesting that an I&-like protein-may reg& 
late c-Re1 (5, 17). Therefore, the ability of 
purified pp40 to function in a manner sim- 
ilar to II& was evaluated. 

The effect of pp40 on the DNA binding 
activity of NF-& was determined with 
pp40 purified from v-ref-transformed chick- 
en lymphoid cells (14). I& was purified 
from rabbit lung (11) and was standardized 
with pp40 on a silver-stained SDS-poly- 
acrylamide gel. Both purified pp40 and I& 
specifically inhibited DNA binding by a n -  
ity-purified NF-& at approximately equal 
concentrations (Fig. 1A). Excess pp40 does 
not inhibit DNA binding by two other 
transcription factors, the B cell-specific oc- 
tamer binding protein Oct-2 (18) and the 
immunoglobulin enhancer binding protein 
E47 (19, 20). The DNA binding activity of 
an NF-& complex inhibited by pp40 was 
restored with DOC at a concentration sim- 

Fig. 1. Characterization of inhibitory activity of 
pp40. (A) Inhibition of purified NF-KB by pp40 
and I d .  A fixed amount of NF-KB was titrated 
with increasing amounts of pp40 or I&. Binding 
to a labeled DNA probe containing the KB site 
was assayed by electrophoretic mobity shift assay 
(8). Lanes 1 to 4, 0.05, 0.1, 0.2, and 0.5 p1 of 
pp40; lanes 5 to 8,0.5,1, and 2 p1 of purified IKB 
added to 1 PI of purified NF-KB. (The IKB 
protein concentration was approximately one- 
tenth that of pp40 as determined by silver stain- 
ing.) (B) Reversal of pp40 inhibition of NF-KB 
by detergent. NF-KB (1 p1) was treated with 0.2 
pI of purified pp40 in a nondissociating buffer 
that contained 0.2% DOC and 0.3% NP-40. The 
DOC concentration was then raised to 0.6% fol- 
lowed by the DNA biding mixture containing the 
labeled probe and suflicient NP-40 to give a final 
concentration of 1.5%. Lane 1, no pp40 or deter- 
gent; lane 2, pp40 but no detergent; lane 3, pp40 
and detergent. The reaction mixtures were then 
analyzed by electrophoretic mobity shift assay (7). 

ilar to that reported for I& (8) (Fig. 1B). 
Therefore, pp40 and I& are functionally 
analogous proteins. 

To clone the cDNA that encodes pp40, 
the amino acid sequence of two &tic 
peptides was obtained and used to synthe- 
size oligonucleotide probes (21). Several 
positive clones were isolated from cDNA 
libraries made with mRNA prepared from 
chicken embryo fibroblasts (22). A 3.2-kb 
clone was further analyzed. To confirm that 
this clone encodes p&O, it was manscribed 
and translated in vitro. The translation prod- 
uct had an apparent molecular size of 40 kD 
and was immunoprecipitated by antiserum 
specific for pp40 (Fig. 2A). The ability of 
the protein to inhibit the DNA binding 
activity of NF-& was also determined. Rab- 
bit redculocyte lysates used for in v i m  
translations contain an endogenous protein 
that binds to the & site. This DNA-protein 
complex migrates at the position of &then- 
tic NF-&; unlabeled wild-type but not mu- 
tated DNA probes compete with its forma- 
tion (20). 1n addition, this complex can be 
inhibited in a detergent-sensitive manner by 
purified I& and can be depleted with an 
antibody to the p50 subunit of NF-& (20). 
On the basis of these criteria we consider 
this complex to contain rabbit NF-&. Its 
presence in the lysates provided a convenient 
assay to determine I& activity. Lysates pro- 
grammed with the sense RNA of the pp40 
clone inhibited the DNA binding activity of 
endogenous NF-& (Fig. 2B). Therefore, 
immunological and functional analysis dem- 
onstrates that this clone encodes pp40. 

We determined nucleotide and Dredicted 
amino acid sequences of the cDNA encod- 
ing pp40 (Fig. 3). An unusual feature of this 
clone is a long 5' untranslated region (1539 
bp). The open reading frame,-which in- 
cludes the sequences of the two pp40 tryptic 
peptides, begins at nucleotide 1540 and 
ends at nucleotide 2493. The 3' untrans- 
lated region has one consensus polyadenyla- 
tion signal (AlTAAA) located 17 bp up- 
stream of the polyA tail and two repeats of 
the sequence ATlTA, which may signal 
rapid mRNA turnover (23). 

The protein predicted from the open 
reading frame can be divided into three 
domains. The NH,-terminal domain has a 
consensus phosphorylation site for casein 
kinase I1 (amino acids 35 to 40) and a 
consensus tyrosine phosphorylation site that 
is related to the binding domain for phos- 
phatidylinositol-3 kinase (amino acids 43  to 
51) (24). The middle pomon of the protein 
consists of five repeats of a sequence found 
in human erythr-ocyte ankyrin as well as 
several tissue differentiation and cell cycle 
control proteins (25). These sequences me- 
diate protein-protein interaction and may 

anchor proteins to the cytoskeleton. The 
~ 0 0 ~ - i e r m i n a l  region c6ntains sequences 
(PEST) that have been implicated in rapid 
protein turnover (26). 

A cDNA clone encoding a protein that is 
induced rapidly upon monocyte adhesion 
has been identified (27). The s i x  of its 
encoded product (35 to 37 kD), presence of 
ankyrin repeats, potential protein kinase C 
phosphorylation site, and ability to inhibit 
DNA binding by NF-& has led to the 
suggestion that this gene, MAD-3, encodes 
an I&-like activity. However, the absence 
of protein sequence from purified I& or 
cross-reaction with specific antibodies pre- 
vented the unequivocal assignment as I&. 
We obtained the amino acid sequence of 
two tryptic peptides derived from purified 
rabbit I&-a (28). The first peptide has the 
sequence QQLTEDGDSFLHLAIIHEE, 
which is identical to pp40 at positions 72 to 
90 and to MAD-3 at positions 68 to 86. The 
sequence from the second peptide, IQQQL- 
GQLTLENLQ correspond to sequences in 
MAD-3 (amino acids 265 to 278) but is not 
present in pp40. Therefore, these protein 
sequences provide additional evidence that 
the MAD-3 protein is I&. 

Comparison of the amino acid sequences 
of pp40 and MAD-3 showed a similarity 
over a large pomon of the proteins (Fig. 4). 

Fig. 2. Characterization of the pp40 cDNA. (A) 
The pp40 cDNA cloned in the Eco RI site of 
Bluescript was linearized with Hind 111 or Xba I. 
The antisense RNA was made with T7 RNA 
polymerase and the sense message transcribed 
with T3 RNA polymerase. The in vim, transla- 
tions were performed in rabbit reticulocyte ly- 
sates, and the products were analyzed by SDS- 
polyacrylamide gel electrophoresis (30). Lane 1, 
translation of the antisense message; lane 2, trans- 
lation of the sense message; lane 3, immuno- 
precipitation with antiserum to pp40 and the 
antisense manslation products; lane 4, immuno- 
precipitation of the sense translation with antise- 
rum to pp40. (B) Translation products of sense 
and antisense mRNAs of pp40 were used in an 
IKB assay with a labeled DNA probe containing 
the 10-bp KB site. 
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This similarity begins at the NH,-terminal 
domain encompassing the consensus phos- 
phorylation sites and extends beyond the 
&in repeats into the PEST sequences. 
The striking sequence similarities between 
the two proteins suggest a hctional rela- 
tion; thus the portions of the proteins with 
related amino acid sequences should include 
a domain that inhibits NF-& activity. The 
protein kinase C (PKC) phosphorylation 
site present in the COOH-terminal region 
of MAD-3 is absent in pp40, indicating that 
pp40 and MAD-3 are members of a family 
of I& molecules. The absence of a PKC 
phosphorylation site in pp40 suggests that 
they may be regulated by different kinase 

Because cells contain multiple Re1 tran- 
scription factors, the ability of pp40 and 
IKB to inhibit the DNA binding of these 
factors was evaluated. cDNAs -encoding 
p50 (2), p65 (3),  and c-Re1 (p85) (29) 
were transcribed and translated in vitro. 
Both p50 and c-Re1 bound to a DNA 
probe that contained the & site (Fig. 5, 
lanes 4 and 10). p65 did not bind to DNA 

Fig. 3. Nucleotide and predicted protein se- 
quence of pp40. The nucleotide sequence and 
amino acid sequence predicted from the open 
reading frame of the pp4O-encoding cDNA is 
shown. The consensus tyrosine and casein kinase 
I1 phosphorylation sites are underlined. The five 
ankyrin repeats are indicated as Ank. I to V. 

by itself (lane 7), but could form a complex 
with p50 to yield the p50:p65 NF-& 
complex (lane 13). c-Re1 could also interact 
with p50 (lane 16), and the heterodimer 
formed a DNA-protein complex with a 
mobility distinct from that of c-Re1 alone. 
When tested in an IKB assay (8), both I& 
and pp40 inhibited the DNA binding of 
purified NF-& (lanes 2 and 3), recombi- 
nant p50:p65 NF-KB (lanes 14 and 15), 
c-Re1 (lanes 11 and 12), and p50:c-Re1 
(lanes 17  and 18) complexes, but not p50 
alone (lanes 5 and 6). These results suggest 
that different combinations of Rel-related 
proteins can be regulated by association 
with I&-like molecules. 

pp4O ~SIU1RPABPPAVgGCEePRI[BRPVILLPPDDRllDSGms~mQLv 50 
: .l.ll.l : : : I IIIIIIIIIIII:III I:I 

IRD-3 HFOMWPQrmYIBGPRDGLIIKERL.. . . . WDMDSGLDSIWEEYEQW 16 
pp4O REmI~PREPPIRPmIRWLTEDGDTFmIIReBMLsLBVIRQ 100 

:II::III:I.I.I ..:I IIIIIIII.IIIIIII.IIIII. IIIII 
IRD-3 ~LQEIRLBPQ~RGSEP~WLThDGDSF~IIEEEIULmEVIRQ 96 
Rabbit 1LB- WLTEDGDSFMLIIIHEE 
- - 

pp4O u ~ ~ W ~ S Q T P ~ L I V I ~ ~ I ~ L W U ~ W V R D ~  150 . I1 I l l  I I I I I IIIIIIIIII:I:IIII I1 1 1 1 1  ::IIIIIII 
IRD-3 V X G D L V W Q W T P L R L I V 1 m Q P E I n G a ) P E L R D m  146 

pp4O gFTEDEIXiDDCCIWQLTF 318 
IIIIIII IIII.:II..II: 

IRD-3 KFTEDELPYDDCVFGUIWLTL 317 

Fig. 4. Comparison of pp40 and MAD-3 amino 
acid sequences. (A) The similarity between the 
two sequences is indicated by connecting lines 
(identical) or dots (similar). The peptide se- 
quences of I& are outlined. 

I I 1 a ' 6 - X '4 10 11 12 11 la I( I h  I- 1, 

Fig. 5. Inhibition of DNA binding of Rel-related 
proteins by pp40 and IKB. The cDNAs for p50, 
p65, and c-Re1 were transcribed in vitro, translat- 
ed in a wheat germ translation system, and ana- 
lyzed for DNA binding, either individually or in 
combinations, to a labeled DNA probe that con- 
tained the KB site (30). The &em of pp40 and 
I& on DNA binding by these in vitro-translated 
proteins were tested under standard IKB assay 
conditions (3). 

This report demonstrates that the pp40 
protein, which associates with Rel-related 
proteins in chicken lymphoid cells is an 
I&-like molecule. The finding that MAD- 
3and pp40 are related but not identical 
proteins indicates that a family of inhibitory 
proteins exists to regulate the family of Re1 
transcription factors. The existence of mul- 
tiple inhibitory molecules provides the cell 
with greater control over the h c t i o n  of 
regulatory proteins that are expressed ubiq- 
uitously. The potential to assemble multiple 
Rel-family complexes that are controlled 
by a family of inhibitors might allow a 
graded response to exogenous stirnulatory 
signals. 

The finding that pp40 has I& activity 
raises questions about the finction of pp40 
in the mechanism of transformation by v-rel. 
The v-re1 oncogene product is a truncated 
version of the cellular homolog, c-rel, and 
lacks the domain essential for transactiva- 
tion. The v-re1 ~roduct  inhibits transcri~tion 
by binding to the promoter as an inactive 
complex (5, 17). Transformation by v-re1 
may, therefore, result from the inappro- 
priate down-regulation of regulatory genes. 
Although v-Re1 lacks the transactivation do- 
main, it contains the pp40 binding domain 
of c-Re1 (12-16). An alternative but not 
mutually exclusive model is that v-Re1 se- 
questers pp40-I&, thus allowing the acti- 
vation of Re1 transcription factors, which 
could then enter the nucleus and cause ab- 
errant gene expression that leads to trans- 
formation. 
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Cell Cycle Regulation of Histone H1 Kinase Activity 
Associated with the Adenoviral Protein E1A 

Several cellular proteins form stable complexes with the proteins encoded by the 
adenovirus early region 1A (ElA) gene in extracts derived from adenovirus infected or 
transformed cells. Two of the cellular proteins that bind to E1A have been identified; 
one, a 105-kilodalton protein (pRb), is the product of the retinoblastoma gene, and the 
other, a 60-kilodalton protein, is a human cyclin A. Two other proteins that bind ElA 
have now been shown to be related to ~ 3 4 ~ ~ ' ~ .  This ElA complex displayed histone 
H1-specific kinase activity; the kinase activity was modulated during the cell division 
cycle, and association of pRb with E1A apparently was not required for this activity. 

T HE C D C ~  GENE ENCODES A 34-KD 
protein kinase (p34cdc2) (1). In the 
fission yeast, Schizosaccharomyces 

pombe, cdc2 is required in the G, stage of the 
cell cycle before DNA replication has begun 
and in G2 at the beginning of mitosis (2). A 
cdc2 homolog encodes a component of the 
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maturation-promoting factor (MPF) of Xe- 
nopus eggs (3). The mammalian cdc2 product 
is a protein kinase and is required for mitosis 
(4) and for the transition from G, to S phase 
(DNA replication) (5). The p34cdc2 protein 
activates the replication function of the 
SV40 T antigen (6). At least two complexes 
of mammalian p34cdc2 have been identified, 
the p62 (cyclin B)-p34cdc2 complex and the 
p60 (cyclin A)-p34cdc2 complex. The 
amount of p62-p34cdc2 complex correlates 
with a cell cycle-dependent histone H1 ki- 
nase activity that is most active in meta- 
phase. The p60-p34cdc2 complex acts as a 
histone H 1  kinase in interphase and meta- 
phase (7, 8). Human p36~d~2  can form a 
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leks of cdc2 in fission yeast (9), and is 
essential for cell cycle progression (10). The 
p13suC1 protein is a subunit of the p34cdc2 
protein kinase in mammalian cells and in the 
budding yeast, Saccharomyces cerevisiae (1 1). 

The E1A proteins are the first viral gene 
products synthesized after cells are infected 
with adenovirus. The E1A polypeptides 
function in both cellular transformation and 
regulation of gene expression (12, 13). For 
example, co-transfection of the E1A gene 
with another adenovirus early region gene 
product, ElB, or with an activated Ha-ras 
oncogene results in morphogenic transfor- 
mation of either primary cells or proliferat- 
ing tissue culture cells (13). Other activities 
of E1A include the induction of Go-arrested 
mammalian cells to progress to DNA syn- 
thesis (14), the ability to induce tumor 
necrosis factor (TNF) sensitivity (15), and 
the prevention of transforming growth fac- 
tor (TGF) p-mediated inhibition of cell 
growth (16). 

Three regions, designated domains 1, 2, 
and 3, are highly conserved among E1A 
proteins from different adenovirus serotypes 
(1 7). Two sets of nuclear phosphoproteins 
arise from differential splicing of the E1A 
transcripts. The resulting proteins consist of 
289 or 243 amino acids and are both post- 
translationally modified. The larger protein 
contains an internal sequence of 46 amino 
acids that has been identified as conserved 
domain 3 and appears to be sufficient for 
E1A-mediated transactivation of transcrip- 
tion (18). 

The E1A conserved domain 2 and the 
NH2-terminal region, including conserved 
domain 1 both contribute to transforming 
activity (1 7, 18, 19). Sites within these do- 
mains of E1A are required for complex 
formation with several specific cellular pro- 
teins (20). Two of these proteins have been 
identified; one of 105 kD (pRb) is the 
product of the retinoblastoma gene (21); 
and one of 60 kD (p60) is associated with 
only certain isoforms of p3qdC2 and is en- 
coded by a cyclin A gene (8, 22). We now 
show that two cellular proteins in the E1A 
immune complex are either products of the 
human cdc2 gene or a related gene, and that 
E1A immune complexes containing these 
proteins have a histone H 1  kinase activity. 

The cdc2-associated polypeptide, p60, is 
the same p60 protein that interacts with the 
adenovirus E1A protein (8). Four specific 
isoforms of p34'dc2 were present in immune 
complexes (8), isolated with a monoclonal 
antibody to p60 (C160). Two of these 
isoforms were recognized by an antiserum 
to the COOH-terminal portion of human 
p34cdc2 (G6). All four isoforms were recog- 
nized by an antibody to S. pombe p34cdc2 
(G8) (23) and by pl3-Sepharose. Proteins 

13 SEPTEMBER 1991 REPORTS 1271 




