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The Histone Binding Protein Nucleoplasmin Does Not Facilitate Binding of
Transcription Factor IlIA to Nucleosomalenopus lagis 5S rRNA Genes
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ABSTRACT. In an attempt to understand the mechanism by which transcription factors compete with histone
octamers for cognate binding sites in chromatin, the effect of the histone binding protein nucleoplasmin
on the binding of TFIIIA to nucleosomal 5S rRNA genes was tested. In this study, it was shown that,
despite the previously reported nucleosome remodeling ability of nucleoplasmin, the binding of TFIIIA
to nucleosomal DNA cannot be facilitated by this protein. Furthermore, it was demonstrated that
nucleoplasmin cannot overcome nucleosome mediated repression of transcription of reconstituted 5S rRNA
genes. In contrast to earlier work, this study used a homologous system composed of the 5S rRNA gene,
nucleoplasmin, and TFIIIA fronXenopus lagis.

The phosphoprotein nucleoplasmin is the most abundantXenopusegg nucleoplasmin and HelLa cell histones. Al-
protein in Xenopusoocyte nuclei {, 2). This protein is though such a system provides a suitable model for examin-
extremely acidic consisting of 23% glutamate and aspartateing the remodeling effects of nucleoplasmin, a more suitable
residuesg, 4). Initially, the function of nucleoplasmin was homologous system would be required to determine whether
postulated to be 2-fold: postfertilization decondensation of this effect has any in vivo relevance.
sperm chromatin by removal of the basic sperm protamines The binding ofXenopusTFIlIA ! to nucleosomal DNA has
and assembly of nucleosomes by binding histones H2A andbeen demonstrated in vitrag—15) and in one such case, it
H2B and transferring them to DNA5(-7). Evidence  was shown that removal of H2A and H2B was required for
suggests that nucleoplasmin may serve other functions asTFIIIA binding (14). Thus, it was the object of this work
well. First, nucleoplasmin is present throughout oogenesis to determine whether nucleoplasmin, isolated fééemopus
and not simply in the mature unfertilized egg as would be oocytes, could enhance the binding XénopusTFIIIA to
expected if only required postfertilizatioB,(8). Second,a  nucleosomal 5S rRNA genes.
nucleoplasmin-like protein has been identifiedirosophila
somatic cells9), suggesting that these highly acidic proteins EXPERIMENTAL PROCEDURES
are required for some function other than the decondensation
of sperm chromatin as originally proposed. Finally, in the
amphibianPleurodeles walltlii nucleoplasmin is found as-
sociated with lampbrush loopd @), which are regions of
transcriptional activity, suggesting a role for nucleoplasmin

in transcription. ) -
required for the supercoiling assay and nucleosome recon-

ot malrty of ukayoic ONA st e o of - Sin 19, T iy o he e usd o sy
' P ' _was verified by SDS-PAGE2().

some transcription factors must be able to gain access to In Vitro Nucl A biVThe ability of |
DNA binding sites within chromatin. It has been demon- | n Vitro Nuc eosb(IJme Issem yrhe ability of nuc eg'b
strated that nucleoplasmin stimulates the binding of tran- plasmin to assemble nucleosomes in vitro was tested by a

scription factors GAL-4, USF, and Spl to their cognate supercoiling assay. Five _hundre_d hanograms of hi_stone
binding sites within nucleosomal DNA in vitrd {, 12) and octamers were mcuba’_ced with or withoukd nucleoplasmin
that nucleoplasmin functions in this capacity by removing IIQDl?,g#Il_ OfI\;SDmH'\_A ?'S"SH 7.5, 160 m'\r/l] Na|CI, Oasg g‘i\g/
the core histones H2A and H2B after transcription factor 'd’ Pm40f 4 m B-mercaptoethanol, anF "' 70
binding. In these studies, a heterologous system was usedYonidet P-40 for 45 min at room temperature. Following

: : : . this, 0.5ug of SV40 DNA in 5uL of 50 mM Tris, pH 8, 1
hich t lian t -acting fact
which mixed, yeast and mammalian trans-acting factors, mM EDTA, 1 mM DTT, 50 mM NaCl, 20% glycerol, and

7 unitsiL of topoisomerase | was added and incubation

Protein Purification. Recombinant TFIIIA was purified
from Escherichia colicells harboring the expression plasmid
pTF3 (16) while nucleoplasmin was purified froddenopus
eggs (7). Nucleosome core particles were isolated from
chicken erythrocytesl@) as were purified histone octamers
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proceeded for 90 min at 37C. The reactions were A 1 2 3 4 5
centrifuged for 10 min at 150@Qand the supernatants were

extracted with phenol/chloroform and ethanol precipitated.
The different DNA topoisomers produced by deposition of
histone octamers and subsequent supercoil relaxation were
resolved by electrophoresis on a 2% agarose, TPE (90

mM Tris-phosphate and 2 mM EDTA) gel and run at 4 V/cm
for 16 h with buffer recirculation. The gel was ethidium
bromide stained and the bands visualized under UV light.

Preparation and Labeling of 5S rRNA Gene Fragments
The two fragments of th&Xenopus laeis oocyte 5S rRNA
gene used in this study were designated XI6{ — + 130)
and Xlo(—32— + 143) based on the position of thednd
3 termini in relation to the transcriptional start site. Xlo-
(—77— + 130) positions a nucleosome at sites which permit
TFIIIA binding whereas TFIIIA binding is blocked after
reconstitution of a nucleosome on Xte2 — + 143)
(unpublished results). For use in this study, the fragments B MI123456M
were excised from plasmids WByindlll/EcaRlI digestion, 3
end-labeled with Klenow andxf*?P]dATP and purified by
nondenaturing gel electrophoresis.

Nucleosome ReconstitutionThe salt gradient dialysis
method R1) and the exchange method were the two
nucleosome reconstitution techniques used in this study. The
salt gradient dialysis method, used to reconstitute full-length
Xenopuoocyte 5S rRNA genes, used a DNA concentration
of 100 ug/mL and a molar ratio of three histone octamers
for every 5S rRNA gene repeat. The 720 bp full-length
oocyte 5S rRNA gene repeat was isolated frétimdlll
digests of the plasmid pXlo8. For the exchange reaction,
used to reconstitute the185 bp 5S rRNA gene fragments,

l

—

approximately 200 fmol of labeled DNA and& of cold, PSFPSPS
chicken erythrocyte nucleosome cores were incubated in 25 HIS - + +F
uL of 0.8 M NaCl, 50 mM Tris, pH 8, 1 mM3-mercapto- NP - = -+

ethanol, and 0.1 mM P_MSF for 30 min at 3C. The Ficure 1: (A) SDS-PAGE analysis of the purified proteins used
nucleosomes were then incubated &C4for 16 h, followed in this study. Lanes 1 and 5, low molecular weight protein markers
by stepwise dilution to 0.6 and 0.1 M NacCl by addition of (Bio-Rad); lane 2, nucleoplasmin purified from unfertilizéenopus

50 mM Tris, pH 8, and 0.1 mM PMSF after 30 min intervals eggs; lane 3, recombinantenopusTFIIIA; lane 4, chicken

at 4°C. erythrocyte core particle histones. (B) In vitro chromatin assembly

. - . capability of Xenopushucleoplasmin. Five hundred nanograms of
TFINIA Electrophoretic Mobility Shift Assay TFIIIA topoisomerase | treated, closed circular SV40 DNA (lane 2) was

binding reactions were performed with approximately 1 fmol incubated with 0.5g of histone octamers previously mixed without

of labeled nucleosomes or naked DNA in 40 of 20 mM (lanes 3 and 4) or with (lanes 5 and 6)d nucleoplasmin. After
Tris pH 7.5, 70 mM NacCl, 1M ZnCl,, 6% glycerol, 0.1 90 min at 37°C, the assembly reactions were centrifuged for 10
mg/mL BSA, 2.5 mM DTT, 0.07% NP-40, 40 ng/ poly- min at 1500@ and both the pelleted (P) and supernatant (S) material

were deproteinized and electrophoresed on a 2% agarose TPE gel

(dI-dC)-poly(dI-dC) for 20 min at room temperature. The ;7 esolve the relaxed (11) or supercoiled (I) DNA forms.

amount of nucleoplasmin and TFIIIA was as indicated. The

binding reactions were loaded on a 0.75% agarose; U5 per manufactu_rer’s instructions using 250 ng of template
(45 mM Tris-borate) gel and run at 3.5 V/cm at room (either reconstituted nucleosomes or uncomplexed DNA). A

temperature. The gels were dried at %D and autoradio- MgCl, concentra_tion of 2 mM was u.sed and extracts were
graphed. When free DNA was used as a binding substrate SuPplemented with 150 nM recombinaxienopusTFIIIA.
rlé)gcgg/rtll._ poly(dI-dC)-poly(dIl-dC) was added to the binding RESULTS AND DISCUSSION

Micrococcal Nuclease DigestionNucleosomes reconsti- The proteins used in this study are shown in the SDS
tuted on the 720 bp oocyte 5S rRNA gene repeat were PAGE in Figure 1A. It must be noted that, chicken
adjusted to 1 mM Cagland digested with 20 units/mL  erythrocyte histones and n&enopushistones were used for
micrococcal nuclease. Digestion was stopped and the DNAthis study. It is unlikely, however, that this effected the
deproteinized by adjusting the solution to 5 mM EDTA, results due to the highly conserved nature of core histones
0.25% SDS, and phenol/chloroform extracting. The diges- (histones H3 and H4 share identical sequences$enopus
tion products were resolved on a 4% acrylamide @2).( and chicken). Furthermore, studies mapping nucleosome

In Vitro Transcription of Reconstituted 5S rRNA Genes positions on reconstituteXl. laevis 5S rRNA gene fragments
The HeLa nuclear transcription extracts were purchased fromshowed similar results with botiXenopusand chicken
Promega Corp., and the transcriptions were performed aserythrocyte histone2@). To demonstrate that the nucleo-
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plasmin was functional with respect to nucleosome assembly A | 23 4 5678 9101112
activity, a supercoiling assay was performed and is shown
in Figure 1B. In this assay, nucleosomes were mixed with
closed circular SV40 DNA (one octamer for each 165 bp of
DNA) at physiological concentrations of salt. Under these
conditions, in the absence of nucleoplasmin, an insoluble _ ' ucleusame — gi"gm
complex formed (compare lanes 3 and 4) due to the LANA ’FH.LE"L_} .
electrostatic interactions between the DNA and histones.
Nucleoplasmin served to circumvent this aggregation by i
binding histones and regulating the formation of a soluble "
complex (compare lanes 5 and 6) containing nucleosomes. [TFIIA] (aM) _ s = 3 § - :; = 3 E L E
The deposition of nucleosomes in the presence of topoi- (=2 “NpP L= NP e
somerase | caused the DNA to become highly supercoiled
as can be seen in lane 6.
Chen et al. 11) demonstrated that the histone binding B 1 2 3 4 %6 7 & 9 101112
protein, nucleoplasmin, is able to stimulate the binding of
transcription factors GAL-4, USF, and Spl to their cognate
binding sites within nucleosomal DNA. Nucleoplasmin is
the most abundant protein in the nucleuXehopusocytes, Mue FTFIILA
and thus, if it does play a role in enhancing transcription ~ Muclessome < 'i‘ ) .ii‘.'

factor accessibility, this should also be observed with DNA +TFIILA —> SRR S

transcription factors present Kenopusoocytes. Previous LA " s

to this work, it was shown that, after reconstitution of 5S

rRNA gene fragments into nucleosomes, the accessibility of

TFIIIA for the intragenic promoter is dependent on nucleo- | TFIITA] fﬂM? E-" g - = - -
some positionX3, 15, 23). Furthermore, it was demonstrated NP NP 9=

that removal of histones H2A and H2B can overcome
blockage of TFIIIA binding by nucleosomes$4). Thus, the FicURe 2: Agarose gel electrophoresis analysis of the effect of
initial objective was to determine whether nucleoplasmin, {;‘g(ﬂii%péafé?ir)\%’gﬁgef rggg:ggtg (LF;'r']'g }30) &“ucé?eoosszmg?‘l)‘#; ol
which preferentially removes histones H2A and H2B from yeconstituted with chicken erythrocyte histones on X182 — +
nucleosomesl(l), facilitates the binding of TFIIIA to the  143) (A) or Xlo(—77— + 130) (B) in the absence (lanes-%) or
5S rRNA gene after reconstitution of a nucleosome at a site presence (lanes-6L0) of 150 ng ofXenopusnucleoplasmin and
which normally prevents TFIIIA binding. Figure 2A shows még?'?fxi?%ﬁfugftgeFlgt?seLr?cr:eeXSo%l ?Qsdeﬁe%eocfoTr;:e”slpAondmg
a TFIIIA electrophoretic mobility shift assay of the oocyte The safnples were incubated for 20 minpat room temperature before
5S rRNA gene fragment Xle{32 — + 143) complexed  |oading on agarose gels.
(lanes +10) or uncomplexed (lanes 11 and 12) into
nucleosomes. The concentration of TFIIIA is indicated at enhance the binding of TFIIIA to nucleosomal DNA. The
the bottom of the gel, and the higher concentrations used inresults, shown in Figure 2B, demonstrate that a 160 nM
this study were sufficient to completely shift the correspond- concentration of TFIIIA partially shifted Xlof77 — + 130)
ing uncomplexed DNA alone. As can be seeninlaneS,1  after reconstitution into nucleosomes (lane 5). If nucleo-
a nucleosome on this gene fragment blocked TFIIIA binding. plasmin was able to remodel this nucleosome in a manner
Upon addition of nucleoplasmin to the binding reaction, a which facilitated TFIIIA binding, this shift should be evident
nucleosomal shift by TFIIIA was still absent (lanes 50), at lower concentrations of TFIIIA, which is not the case
indicating nucleoplasmin was unable to circumvent the (lanes 6-10). This demonstrates that nucleoplasmin was
nucleosomal blockage of TFIIIA binding to this gene unable to enhance the binding of TFIIIA to nucleosomal
fragment. The results suggest that, despite the previouslyDNA.
reported nucleosome remodeling ability of nucleoplasmin, Previously, it was shown that deposition of nucleosomes
the binding of TFIIIA to nucleosomal DNA could not be onto plasmids containing 5S rRNA genes repressed 5S rRNA
facilitated by this protein. transcription 24, 25). Similar plasmids, reconstituted with
One possible explanation for the discrepancy between ourphysiological levels of histones H3 and H4 alone, are
results and those of Chen et al. (1994) is that in this previous permissive to 5S rRNA transcriptio2€). We took advan-
study, a small amount of transcription factor binding was tage of these results to test whether nucleoplasmin, by
already evident in the absence of nucleoplasmin, and theselectively removing H2A and H2B, could enhance tran-
addition of nucleoplasmin served to greatly increase this scription of nucleosomal 5S rRNA genes. To this end,
binding. In our study, however, no binding of TFIIIA to  nucleosomes were reconstituted onto a full-length oocyte 5S
nucleosomal Xlof-32— + 143) DNA was evident, and thus, rRNA gene repeat (720 bp DNA fragment containing the
we repeated the TFIIIA electrophoretic mobility shift assay 120 bp 5S rRNA coding sequence and the nontranscribed
using the 5S rRNA gene fragment Xite{7 — + 130) spacers) by a salt gradient dialysis method, and these genes
instead. This fragment positions nucleosomes in a mannerwere transcribed in HeLa nuclear extracts supplemented with
which permits TFIIIA binding but at much higher concentra- TFIIIA and increasing amounts of nucleoplasmin. Figure
tions of TFIIIA than is required for binding of naked DNA  3A is a micrococcal nuclease time course digestion which
alone. We were thus testing whether nucleoplasmin could demonstrates that nucleosomes were present on the genes,
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Ficure 3: The effect of nucleoplasmin on the transcription of
reconstitutedXenopus laeis oocyte 5S rRNA genes. (A) Micro-

HIS
MP:HIS

coccal nuclease digestion of nucleosomes reconstituted on the

Xenopus lagis oocyte gene. Digestions were carried out at a
nucleosome concentration of 0.1 mg/mL (DNA weight) and enzyme
concentration of 20 units/mL for the minutes indicated on the top
of each lane. The resulting DNA fragments were deproteinized and
electrophoresed on a 4% nondenaturing gel. i@l cut pBR322.

(B) Approximately 250 ng of an oocyte 5S rRNA gene either
uncomplexed (lane 2) or reconstituted with histones isolated from
chicken erythrocytes (lanes-8) were transcribed in the absence
(lanes 2 and 3) or presence (lanes8} of increasing amounts of
nucleoplasmin as shown. The transcriptions were performed in
HelLa nuclear extracts supplemented with 150 nM recombinant
XenopusTFIlIA and 2 mM MgChk. Transcripts were analyzed by
denaturing polyacrylamide gel electrophoresis (8% acrylamide and
8.3 M urea in X TBE). Lane 1, Klenow end-labeledinfl cut
¢$X174 DNA (sizes of marker fragments shown as number of
nucleotides).

as is indicated by 146 bp micrococcal nuclease resistant
fragments. Results of transcription studies, shown in Figure
3B, indicate that nucleosomes reconstituted on the oocyte
gene repeat repressed 5S rRNA transcription (lane 3).
Nucleoplasmin did not circumvent this repression even at
ratios of 100 molecules of nucleoplasmin for every histone
octamer present (lanes—4).
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The results of our analysis showed that nucleoplasmin did
not enhance the binding of TFIIIA to nucleosomal DNA.
Furthermore, nucleoplasmin was unable to enhance tran-
scription of 5S rRNA from nucleosomal templates. These
results are not surprising considering, although nucleoplasmin
has been shown to specifically bind histones H2A and H2B,
it is unable to release these histones from chromatin during
chromosome remodeling in oocyte extra@3)(
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