© 1999 Oxford University Press

Nucleic Acids Research, 1999, Vol. 27, NR7S-2805

Characterisation of the adenovirus preterminal protein
and its interaction with the POU homeodomain of

NFIIl (Oct-1)

Catherine H. Botting and Ronald T. Hay*

School of Biomedical Sciences, University of St Andrews, North Haugh, St Andrews, Fife KY16 9ST, UK

Received January 28, 1999; Revised April 10, 1999; Accepted May 5, 1999

ABSTRACT

Formation of the preinitiation complex for adeno-
virus DNA replication involves the incoming pre-
terminal  protein—adenovirus DNA polymerase
heterodimer being positioned at the origin of repli-
cation by protein-DNA and protein—protein inter-
actions. Preterminal protein directly binds to the
cellular transcription factor nuclear factor Il (Oct-1),
via the POU homeodomain. Co-precipitation of POU
with individual domains of preterminal protein
expressed by in vitro translation indicated that POU
contacts multiple sites on preterminal protein. Partial
proteolysis of preterminal protein in the presence or
absence of POU homeodomain demonstrated that
many sites accessible to proteases in free preterminal
protein were resistant to cleavage in the presence of
POU homeodomain. The accessibility of sites in free
preterminal protein to cleavage by trypsin was
strongly dependent on the ionic strength, suggesting
that preterminal protein may undergo a sodium chloride-
induced conformational change. It is therefore likely
that the POU homeodomain contacts a number of sites
on preterminal protein to induce a conformational
change which may influence the initiation of adeno-
virus DNA replication.

INTRODUCTION

factor Il (NFIII or Oct-1) are required for efficient levels of
replication (4,5). In order to initiate replication it is thought
that the origin of replication is first coated with DBP. This pro-
tein acts cooperatively with NFI, which binds to a recognition
site within the origin of replication, separated from the 1-18 bp
core by a precisely defined spacer region (6). NFIIl also binds
at a specific recognition site between nt 39 and 48. Protein—
protein interactions, between NFI and pol (7-9) and pTP and
the POU homeodomain (POUd) of NFIII (10), help recruit
the pTP—pol heterodimer into the preinitiation complex. Inter-
action between the heterodimer and specific base pairs 9-18 in
the DNA sequence ensures correct positioning (11) and the
complex is further stabilised by interactions between the
incoming pTP—pol and the genome-bound TP (12). DNA
replication is then initiated by a protein priming mechanism in
which a covalent linkage is formed between th@hosphoryl
group of the terminal residue, dCMP, and tRehydroxyl
group of a serine residue in pTP, a reaction catalysed by pol
(13). The 3'-hydroxyl group of the pTP—dCMP complex is then
used as a primer, by pol, for synthesis of the nascent strand.
Base pairing with the second GTA triplet of the template strand
guides the synthesis of a pTP-trinucleotide, which then jumps
back three bases, to base pair with the first triplet (also GTA)
and synthesis then proceeds by displacement of the non-
template strand (14). Dissociation of pTP from pol begins as
the pTP-trinucleotide is formed and is almost complete by the
time 7 nt have been synthesised (15). NFIll dissociates as the
replication fork passes through the NFIII binding site (10).
Here we investigate the interaction between NFIIl and pTP
showing that widely separated portions of the linear sequence
of pTP interact with the POUhd of NFIII.

The adenovirus genome is a linear double-stranded DNA
molecule of 36 000 bp with inverted terminal repeats (ITRs) of
~100 bp. Located within the ITRs are tlés-acting DNA  MATERIALS AND METHODS

sequences which defirai, the origin of DNA replication (1). .
Covalently attached to each 5'-end is a terminal protein (Tpli’urlflcatlon of pTP, NFIll, POU, POUNd and GST-POUs
which is likely to be an additionalis-acting component afri  Ad 2 pTP was expressed iBpodoptera frugiperasf9 cells

(2). Within the terminal 51 bp of the adenovirus 2 (Ad 2) using recombinant baculoviruses and purified as described
genome, four regions have been defined that are involved ipreviously (11,16). NFIIl was expressed as a fusion with
initiation of replication. The terminal 18 bp are regarded as thelutathione Stransferase (GST) (plasmid obtained from P.
minimal replication origin (3) and limited initiation can occur O’Hare, Marie Curie Research Institute, Oxted, UK) and puri-
at this site with just the three viral proteins involved in repli- fied by affinity chromatography on glutathione—agarose.
cation: preterminal protein (pTP), DNA polymerase (pol) andDigestion with thrombin gave free NFIll from which the GST
DNA-binding protein (DBP). However, in Ad 2, two cellular was removed by reapplication on glutathione—agarose.
transcription factors, nuclear factor | (NFI) and nuclearPlasmids containing POU, POUhd and POU specific domain
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(POUs) as GST fusions were obtained from P. C. van der Vlietvashing with 1% BSA in 25 mM potassium acetate pH 7.5,
(Utrecht University, Utrecht, The Netherlands). The plasmidsand then 25 mM potassium acetate pH 7.5, samples were
were transformed intdEscherichia colistrain B834. Cells analysed by SDS-PAGE and immunoblotting.

induced by IPTG were resuspended in 50 mM Tris, pH 8.0, o ]

150 mM NaCl, 1 mM EDTA, 5 mM dithiothreitol (DTT), N Vitro transcription/translation of pTP fragments

5mM NaS,0; 0.5 mM phenylmethylsulphonyl fluoride DNA fragments corresponding to from the N-terminus of pTP
(PMSF) (buffer A), lysed with lysozyme and Triton X-100 tg the first iTP cleavage site (amino acids 1-175) (NTs), from
added to 1%. After sonication and centrifugation the supefthe N-terminus to the TP cleavage site (amino acids 1-349)
natant was passed through a DEAE—cellulose column equilignTh) and from the TP cleavage site to the C-terminus (amino
rated with buffer A. This flow-through was applied t0 a acids 350-671) (TP) were excised from pGEX plasmids
glutathione-agarose column_equilibrated with 50 MM Triscontaining these fragments and inserted into a pcDNA3 vector
pH 8.0, 150 MM NaCl, 1 mM DTT, 5 mM N&,0,, 15% glycerol  (|nyitrogen) into which an oligonucleotide coding for the
(buffer B). The column was washed with buffer B and elutedi4 amino acid Pk tag sequence (18) had been inserted

with 25 mM potassium acetate pH 6.8, 50 mM NacCl, 1 mMupstream of, and in-frame with, tHgarH! site (pcCDNA-N-

DTT, 0.1% Triton X-100, 10 mM glutathione, 10% glyCGrOl. 29, a gift of Leslevy Stark). The fraament corresponding to
For the GST-POU fusion protein the material thus obtaineérg' g y ) 9 b 9

om the first iTP cleavage site to the TP cleavage site (amino

was digested with thrombin to give free POU, which Was, ids 176-349) (M) was amplified by PCR from the NTb
further purified by FPLC on a Mono-S column (Pharmacia). i ot using)pSim)ers introleJ)cing N-%/ermir&im—n and C-

POU was eluted by applying a linear gradient of NaCl fromterminal EcadRl sites. The resulting fragment was cloned into

50 mM NaCl to include a greater proportion of buffer C pcDNA-N-tag. These constructs were used as templates in the

(25 mM potassium acetate pH 6.8, 1 M NaCl, 1 mM DTT, 10% .
glycerol). POU elutes at ~230 mM NaCl. GST-POUhd wa TNT Coupled Wheat,G(_erm Ext_ract System (Promeg_a) a_ccordlng
o the manufacturer’s instructions. Products from itheitro

also digested by thrombin and POUR further purified on afranscription/tr(:mslation reactions were incubated with GST or

Mono-S column eluted with a linear gradient of NaCl starting : :
with 25 mM potassium acetate pH 8.0, 100 mM NaCl, 1 rnlV|GST—POU glutathione—agarose beads and after extensive

0 o : _ ; : washing samples were analysed by SDS—PAGE. The gel was
DTT, 10% glycerol, 0.1% Triton X-100 and increasing thef'xed and dried and3fS]methionine-labeled protein detected

NaCl concentration up to 500 mM. GST-POUs was used onlg . .

as the fusion protein y exposure to a phosphorimager screen and scanning by a
' Fujix BAS 1000 phosphorimager and analysed with MacBAS

SDS—-PAGE and immunoblotting software using a linear signal intensity scale.

Protein samples were denatured and reduced by boiling in thgypsin assay
presence of 2% SDS and 0.72 M 2-mercaptoethanol and ana- . . . .
lysed by SDS—polyacrylamide/DATD gel electrophoresis! 'YPSin activity was measured at various NaCl concentrations
(PAGE). Proteins were electrophoretically transferred (minkSing @ modification of the method of Erlanggiral. (20). An
Trans-Blot cell; Bio-Rad) onto polyvinylidine difluoride @liquot of 435ug of N-benzoyloL-arginineo-nitroanilide,
(PVDF) membrane. Membranes were incubated in blockinglissolved in 1qu DMSO, was added to 1 ml 25 mM potassium
buffer [phosphate-buffered saline (PBS) containing 5% non@cetate, pH 7.5, containing the appropriate NaCl concentration.
fat milk], which was used in all subsequent incubations, and "YPSin (2.519) was added and the mixture incubated at room
then with primary antibody at the appropriate dilution. Mem-temperature for 30 min before quenching with s0glacial
branes were washed with PBS containing 0.1% Tween 20 ar@fetic acid. The optical density was measured at 410 nm and
antibody—antigen complexes detected by incubation of thelotted against NaCl concentration.

membrane with horseradish peroxidase-conjugated anti-mou?e teolviic digesti FoTP

or anti-rabbit antibodies and an enhanced chemiluminescence® ¢ ytic digestions of p

(ECL) system. pTP was preincubated with a 50-fold excess, unless otherwise
) o stated, of NFIll, POU, POUhd or protease-free BSA (as a
Primary antibodies control), for 30 min at room temperature, in 25 mM potassium

3D11, 5E3, 7H1 and 44E1 are mouse monoclonal antibodieacetate, pH 7.5, unless otherwise stated. Trypsin or chy-
raised against Ad 2 pTP (16) and were used as a cocktail unleB¥trypsin were added at a protein:protease ratio of 15:1 and
otherwise stated. Antibody MAD3 10B is a mouse monoclonathe samples incubated at room temperature. Aliquots were
antibody raised againskBa (17). The SV5 Pk tag mAb (18) removed at various time points and quenched by the addition
was used to detect Pk-tagged pTP fragments. Rabbit polyf PMSF. Similarly, digestions were performed atG@#awith

clonal serum was raised against a peptide corresponding to tliel 2 protease [provided by Goncalo Cabrita and preactivated

N-terminal 15 amino acids of pTP (19). by a 15 min incubation with the activating peptide (GVQS-
o LKRRRCF) at 37C; 19] quenching the aliquots with dithio-
GST co-precipitations dipyridine (DTDP). Endoproteinase Asp-N digestions were

GST-POU, GST-POUhd, GST-POUs or GST (400 ng) waslso performed at 3T, with a protein:protease ratio of 7.5:1
bound to glutathione—agarose () and, after washing and and quenched with EDTA. Control digestions were performed
blocking with 1% BSA in 25 mM potassium acetate pH 7.5,by digesting kBa with chymotrypsin in the presence of the
pTP (150 ng) was allowed to associate with the GST proteingppropriate NFIIl fragment or BSA as described in Jaffray
by incubation on a tumbling wheel for 1 h. After further etal.(17).
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Figure 1. Co-precipitation of pTP with GST-POU fragmentA.) (Schematic

diagram of NFIII (24) indicating the positions of the POU, POUhd and POUs

and of the NFIIbeD construct used. Regions marked Q are glutamine-rich and Figure 2. Co-precipitation of pTP fragments with GST-POW) (Schematic

that marked S/T serine/threonine-rich. Regions involved in transcription anddiagram of pTP indicating the fragments expressethbytro transcription/

DNA binding are indicated.§) GST fusions of the POU domain, the POUs translation and their relationship to the cleavage sites of the Ad 2 protease.

and the POUhd (400 ng) were immobilised on glutathieagarose beads (8). NTs is a fragment of amino acids-175, NTb of amino acids 1-349, M of

Following washing and blocking of the beads, pTP (150 ng) was allowed toamino acids 176-349 and TP of amino acids 350-6B)LS@mples of thin

associate with the fusion proteins bound to the beads and, after extensiveitro transcribed and translated pTP fragments were separated byPBIDE.

washing, pTP binding was assessed by western blotting probed with a cocktailhe fixed and dried gels were exposed to a phosphorimager screen.

of anti-pTP mAbs. The control track contains 30 ng pTP. (C) GSTPOU, or GST as a negative control, was immobilised on glutathione—
agarose beads. The pTP fragment was allowed to associate with the GST
proteins bound to the beads and, after extensive washing, the immobilised
material was separated by SDS-PAGE. The fixed and dried gels were
exposed to a phosphorimager screen and the bands quantitated.

N-terminal peptide sequencing

Peptide products of partial tryptic digestion of pTP were
separated by SDS-PAGE as described above except t Uhd, while neither GST-POUs nor the control GST are
freshly made acrylamide:piperazine diacrylamide solutlona able of binding pTP (Fig. 1B).

(37.5:1) was used and sodium thioglycolate (0.1 mM final”2P gp 9:

concentration) was added to the upper electrophoresis buffeyiapping regions of pTP interacting with the POU domain
Fragments were electrophoretically transferred to PVDE
membranes (Amersham) and stained with Coomassie Bri”largragments of pTP corresponding to those produced by

Blue for a few seconds. The membrane was washed exte igestion with Ad 2 protease (Fig. 2A) were cloned and
sively in distilled water and the bands excised. The sequen pressed in a pcDNA3 vector, modified to produce proteins

was determined by Paul Talbot and Graham Kemp using -terminally tagged with the Pk tag from SV5 (18 vitro

Procise microsequencer (Applied Biosystems) with on_“néranscrlptlon and translation in the presence®®]methionine
phenylthiohydantoin analysis. ave the N-terminally tagged pTP fragment of correct mol-

ecular weight (confirmed by western blotting with the anti-Pk

tag antibody and monoclonal antibodies to the C-termini of the
RESULTS fragments where available) as the major labelled product.
. . Other bands did not react with the anti-Pk tag antibody and are
PTP interacts with the POUhd of nuclear factor I due to initiation at secondary sites and proteolytic degradation
It has previously been demonstrated that the POU domain dfom the lysate. Binding of then vitro transcribed and trans-
NFIlI, the POUhd, but not the POUs domain (Fig. 1A), arelated products to GST-POU immobilised on glutathione—
required for interactions of the pTP—pol heterodimer (21) andgarose compared to GST immobilised on glutathione—agarose
are sufficient to enhance the binding of pTP—pol to the viralwas assessed under the same binding and washing conditions
origin of DNA replication (10). To characterise the interactionsas used for the studies with full-length pTP. All four pTP
between purified pTP and POU, GST fusions of the POUfragments were shown to interact with GST-POU (Fig. 2C),
POUd and POUs domains were immobilised on glutathionealbeit with different affinities, indicating that there must be
agarose and their ability to interact with baculovirus-expressenthultiple sites within the pTP molecule which interact with

P assessed. GST-POU efficiently binds pTP as does GST—
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Figure 3. Digestion of pTP with trypsin.A) Schematic diagram indicating the position and apparent molecular weight of tryptic digest fragments of pTP identified
with mAbs which recognise epitopes located as shoBhp(TP (210 ng) was digested with trypsin (14 ng) for 5 min at@Dbefore quenching with PMSF to

5 mM, the partially digested sample was divided into seven aliquots and the digestion products separated by SDS—-PAGE and blotted onto PVDF ammbrane. E
track was probed individually with either rabbit polyclonal serum raised against the N-terminal 15 amino acids, an anti-pTP monoclonal antibbskychiar

give equivalent intensity signals for a defined amount of pTP or a mixture of antibodies, followed by the appropriate horseradish peroxidase aodjtga

bands visualised by ECLC) pTP (34 ng) was preincubated with BSA (200 ng) in 25 mM potassium acetate, pH 7.5, containing the appropriate NaCl concentration.
Trypsin (2 ng) was added and the samples incubated at room temperature for 5 min before quenching with PMSF to 5 mM. The samples were fractionated on
SDS—polyacrylamide gel and blotted onto PVDF membrane. The blots were probed with a cocktail of anti-pTP mAbs and anti-mouse horseradish peroxidase an
detected by ECL.ID) pTP was digested by trypsin (1:15 protease:protein ratio) in the presence of a 50 molar excessoe\NPIOU or POUhd or BSA as a

control protein, aliquots containing 30 ng pTP and 140 ng NuBiil (or the molar equivalents of POU or POUd) or 200 ng BSA were removed at various time
points, quenched with PMSF to 5 mM, run on an SP8lyacrylamide gel and blotted onto PVDF membrane. The blots were probed with a cocktail of anti-pTP
mADbs and anti-mouse horseradish peroxidase and detected by ECL.

POU. Each experiment was performed several times anHrobing the pTP—POU complex by partial proteolysis

showed a consistently five times greater binding to GST__POLIJ_imited proteolysis of pTP with a variety of proteases gave
than to GST for the NTs and NTb fragments, three timegyistinctive cleavage patterns which were elucidated using
greater binding for the M fragment and two and a half timesyonoclonal antibodies (mAbs) raised against pTP, which have
greater for TP fragment. The NTb fragment bound mOSknown linear epitopes (Fig. 3A), and by N-terminal protein
efficiently, followed by the M fragment, the NTs fragment and, sequencing of the digestion fragments. There are 77 predicted
finally, the TP fragment, which bound only poorly. This typsin cleavage sites in pTP. Whilst only a small number of
suggests that the iTP—TP (M) region contains an importanhese are actually cleaved the susceptible sites are reasonably
Site(S) fOI‘ interaction, W|th interaCtiOI"lS in the N'terminal well Spread a|0ng the |ength of the molecule and were there-
section being next strongest and the TP portion playing only gore analysed in some detail (Fig. 3B). The majority of the
minor role. The structure of the POUhd, at only 7500 Da, haﬁagments produced, as seen on a Coomassie stained p0|y-
been shown, by NMR and X-ray crystallographic techniquesacrylamide gel, were detected by the panel of monoclonal anti-
to be a compact globular structure of theedelices withan N-  bodies against pTP used (data not shown). The most rapid
terminal arm of just nine amino acids (22,23). Thereforecleavage detected takes place 20 kDa from the N-terminus of
distant sites within the linear sequence of the 87 kDa pTP mushe protein to give a 67 kDa fragment, recognised by the mAb
be spatially close, if portions of each fragment are all to contadsE3, for which N-terminal sequencing gave the seguence
the POUhd. This may be the case in the free pTP structure ¢#LRPN, indicating cleavage at an arginine two amino acids C-
may be induced upon POU binding. terminal of the second iTP cleavage site (19) at amino acid
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185. (The second iTP site is at amino acid 183.) There are also &
two other cleavages just C-terminal to this, giving fragments of "
63 and 57 kDa, respectively, which are recognised by anti- [ I
bodies binding at the more C-terminal epitopes (44E1, 7H1 p
and 3D11). The N-terminal fragment corresponding to cleavage
at the 63 kDa site can be visualised by both 5E3 and polyclonal
antibodies raised against the N-terminal 15 amino acids.
Therefore cleavage can occur independently at this site and not g . ,

only by clipping of the larger 67 kDa fragment. Similarly, s w0 4 PO (mol. cq
cleavage to give a 40 kDa fragment (16) can occur without
prior cleavage at 67 kDa, as shown by immunoprecipitation of

40 — - T
&71 L

pTP by mAb 5E3 onto protein A—agarose, which blocked the 1= )
67 kDa cleavage site from trypsin proteolysis but still allowed . T —————— | T
proteolysis at the 40 kDa site to occur (data not shown). There -—— -
is also a slower cleavage 6 kDa from the C-terminus. At higher ' - - -

salt concentrations the digestion profile changes such that the
6 kDa C-terminal cleavage product is not produced (Fig. 3C).

Furthermore there is a reduction in digestion rate with increasing
NaCl concentration which occurs in two steps between 25 and ' _ a5 s S 30 45 digest time (mi
50 mM NaCl and between 0.6 and 0.8 M NaCl. This suggests 2 L
that a two step conformational change may be taking place, = 2 3% 3%

induced by changes in ionic strength, between a more open
ehepe- e & =
* 3 & |3

PO he
POUhd =

POURG
B5A

pTP structure at low concentrations of NaCl and a more compact "
structure in high concentrations of NaCl. It was shown that
alterations in the digestion pattern of pTP could not be
accounted for by NaCl-induced changes in trypsin activity as
the rate of digestion of a chromogenic substrate by trypsin
varied only 2-fold over the range 0-1 M NacCl. s
pTP which had been preincubated with an excess of NFII-

IDBD, POU, POUhd or BSA as a control was subjected to L

limited proteolysis with trypsin. Aliquots were removed and

guenched at certain time points. After 5 min incubation of pTP

in the presence of BSA with trypsin no full-length pTP Figure 4. Digestion of pTP with Ad 2 proteaseA)] Schematic diagram

; : S indicating the cleavage sites of the Ad 2 protease on @PpTP (30 ng)
remained but in the presence of POU the PTP was still ImaCWas preincubated with 0, 5, 10, 20 and 40 molar equivalents of POUhd and a

even after 10 min (Fig. 3D)- At Iong incubation times (30 min) corresponding amount of BSA to give a constant amount of protein in each

a small amount of cleavage occurred at the 67 kDa site but thexperiment. The samples were then digested with Ad 2 protease (50 ng), acti-

other sites remained protected. This may indicate that this sitgated by 15 min preincubation with activating peptide (19) for 15 min at
3/°C and quenched with DTDP to 0.2 mM. The digestion products were

is less protected than the others or may just be because it &
P Y separated by SDS—PAGE, blotted onto PVDF membrane and probed with a

always the first site to be cleaved. . . cocktail of anti-pTP mAbs, followed by anti-mouse horseradish peroxidase,
pTP was afforded very good protection from proteolysis byand the bands visualised by ECC)(pTP was digested by Ad 2 protease in

interaction with POU as compared with a BSA control the presence of a 50 molar excess of POUhd or BSA as a control protein,
(Fig. 3D).Identical results were obtained with NEo and S0 e 7 1P IP L 18 T 200 190 e
POUhd (C.jata n(_)t shown). As Identlcal proteolysis pattemsgn an SDSponacryIamitS)e geI’a(r]1d blotted onto PVDF membrane. The blots

were obtained with each construct this suggests that the protegzre probed with a cocktail of anti-pTP mAbs and anti-mouse horseradish
tion seen is due to pTP—POUhd interaction at or close to thesgeroxidase and detected by ECL.

sites and not just steric hindrance from non-interacting

portions of the protein.

Ad 2 protease cleaves pTP at completely defined iTP and TP . ) ) )
sites (19; Fig. 4A). Protection from digestion by POUhd wascleavage site 10 amino acids away or that a conformational
seen at both of these sites. Digestion of pTP by Ad 2 proteagghange in pTP is brought about by the binding of POU render-
in the presence of increasing equivalents of POUhd for a fixedg the TP site relatively more susceptible to cleavage than the
time showed that 40 molar equivalents of POUNd relative tdTP site.
pTP were required to achieve complete protection (Fig. 4B). Chymotrypsin initially digests pTP to give a 65 kDa
After prolonged digestions of pTP in the presence of POUhdfragment and then subsequent cleavage generates fragments of
limited cleavage of pTP was detected, but at the TP site and n60, 57 and 6 kDa. NFIIl afforded pTP protection from
the iTP site (Fig. 4C), which is the initial cleavage site in thedigestion by chymotrypsin at all these sites, even after
unprotected molecule. Taken in conjunction with the obserextended periods of digestion (Fig. 5A). Control digestions of
vation that in the case of the trypsin digest it is the 67 kDa sitékBa by chymotrypsin in the presence of POU compared to
which is most susceptible to cleavage in the presence of POBSA confirmed that the protection effect was specific to pTP
this may suggest either a site of interaction centred close to thend not as a result of any contaminating inhibitory effect on
iTP site but giving some protection to the 67 kDa trypsinchymotrypsin (Fig. 5B).
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indicating the endoproteinase Asp-N cleavage sites on pTP. The open arrows
indicate the protected sites and the solid arrow the less protectedB3ifel P

(15 ng) was digested with endoproteinase Asp-N (2 ng) in the presence of a
50 molar excess of NFIbBD or BSA as a control protein, aliquots containing

30 ng pTP and 140 ng NFibBD or 200 ng BSA were removed at various time
with chymotrypsin (2 ng) in the presence of a 50 molar excess of NEBlor points, quenched with EDTA to 50 mM, fractionated on an SDS—polyacrylamide

BSA as a control protein, aliquots containing 30 ng pTP and 140 ng béilbr gel an_d blotted onto PVDF _membrane. The b!ots were _probed with a cocktail
200 ng BSA were removed at various time points, quenched with PMSF 1®f anti-pTP mAbs and anti-mouse horseradish peroxidase and detected by

5 mM, fractionated on an SDS—polyacrylamide gel and blotted onto PVDFECL.

membrane. The blots were probed with a cocktail of anti-pTP mAbs and anti-

mouse horseradish peroxidase and detected by EB)LLkBa (75 ng) was

preincubated with POU (720 ng) or BSA (2400 ng) and then digested with

various concentrations of chymotrypsin from 12.4 ng and doubling dilutions  Partial proteolysis protection studies showed that POU gave

gﬁ?ﬁf{ al room temperature for > mi”i Th.‘fj digef“"gsbl‘”ﬁr% q“‘:”cg‘\‘jg;"’“@ood protection from proteolysis at a number of sites across the
embrans. The Blots were prabod i an sxisd mAb (L0B) and and.. PTP molecule. Under these limited proteolysis conditions, only
mouse horseradish peroxidase and detected by ECL. cleavage sites within exposed regions on the surface of the
protein, which, for example, form disordered loop regions
between areas of well-defined secondary structure, are
attacked. These exposed regions are also, by definition, likely
Endoproteinase Asp-N cleaves pTP to give similar sizéo be available for and involved in contact with other proteins.
cleavage products to chymotrypsin, i.e. products of 65, 57 anld is noteworthy that all four proteases particularly target a
50 kDa and an 8 kDa C-terminal fragment (Fig. 6). Incubationgegion between 67 and 50 kDa from the C-terminus producing
had to be set up over a longer time period with this proteasd range of cleavage products. This, therefore, suggests that the
than the others, giving time points of 2, 3 and 4 h. Even witi€9ion between the iTP and TP cleavage sites is relatively more

such long incubations a reasonable degree of protection §¥P0sed than the rest of the molecule. _
most sites was afforded by bound NFIII. However the cleavage A number of the cleavage sites were studied in some detail to

site which generates the 65 kDa species appears to be equaq@termine whether del:_;lyed protequsis at a site was a d_irect
accessible in free and NFIll-bound pTP consequence of protection at that site or caused by protection at

another site delaying a prerequisite cleavage that reveals the
second site for proteolysis. It was found that several sites
DISCUSSION throughout the molecule were independent cleavage sites and
the pre|n!t|at!on complex _fqrmed at the adenovirus origin Ofand expressing fragments corresponding to those produced by
DNA replication. It was originally reported that the POUhd of g > protease cleavage. Expression in the TNT coupled wheat-
NFIII interacts with the pTP—pol heterodimer (21) and Ia’[ergerm extract system should allow the fragments to fold
established that the enhanced binding of pTP—pol to the origifroperly into independent domains. All of these pTP domains
of DNA replication detected in the presence of NFIll wasinteracted with POU, confirming that multiple contacts are
mediated by a direct contact between pTP and POU (10). Het@ade. The relative strength of the interactions indicated that
we have investigated the regions of pTP which participate inhe iTP-TP section already identified as the most surface
this interaction. exposed region of the protein makes the most important

Figure 5. Digestion of pTP with chymotrypsinA) pTP (120 ng) was digested
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contribution to binding, followed by the N-terminal to iTP out by Graham Kemp and Paul Talbot and their expertise was
section, and that the TP portion was least involved in the intergreatly appreciated. This work was supported by the Wellcome
action. As the POUhd has a compact globular structure and iBrust and the Royal Society of Edinburgh.

only 7.5 kDa, portions of pTP widely separated in the linear
sequence must be brought together, possibly by a confo
mational change, to form the components of a POUhd bindin
site. Some evidence has been obtained for a possible confort.
mational change in pTP which is induced by changes in NaCl?-
concentration, suggesting that it may at least be possible t
induce a change in the conformation of pTP. A conformational
change in pTP would allow for a mechanism of dissociation of 4.
pTP from NFIIl once NFIIl has accomplished the task of
helping to direct the pTP—pol heterodimer to the origin and >
positioning it correctly for interaction with base pairs 1-18. o
pTP and POU do not rapidly dissociate when complexed 7.
unless dissociation is specifically triggered, when it is then 8.
facile. It is possible that the action of covalently linking a
dCMP residue onto Ser580 in the TP domain of pTP may act as>
such a trigger. This would explain why NFIll interacts with the ;¢
TP fragment but apparently not with TP covalently attached to

DNA (12). However van Leeuwent al. (10) have demon-

strated that NFIIl is bound to the DNA until the replication 12.
fork passes through. This mechanism would involve NFIII
remaining bound at the origin but not interacting with pTP =
whilst some 40 residues are added to the growing nucleotides.
chain. Thus NFIII would not be performing an active stabilising 15.

role during this time. However the NFIll interaction with DNA

may be too strong to allow its efficient removal from the ], Jaffray.E., Wood,K.M. and Hay,R.T. (1998pl. Cell. Biol, 15

recognition site by any other mechanism than rendering the
recognition site single stranded, as occurs when the replicatiors.

fork passes through.
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