
 

 

Introduction 
 
In eukaryotic cells, genomic DNA of eukaryotes 
is compacted within the nucleus in the form of 
chromatin in which individual DNA fibre wraps 
around histone octamers to form nucleosomes 
[1]. Thus, chromatin-remodelling factors play 
important roles during transcription, particularly 
those that are mediated by RNA polymerase II 
(RNAPII). First, chromatin-remodeling factors 
can enhance the recruitment of RNA poly-
merase to the promoter-proximal region imme-
diately upstream of the transcription start site 
(TSS), a prerequisite for the establishment of 
transcriptional machinery, i.e. the formation of 
the so-called preinitiation complex (PIC) [2]. 
Therefore, the presence of nucleosomes at the 
vicinity of individual TSS represents a potential 
structural barrier for the establishment of PIC 
[3, 4]. Recent studies have revealed that most 
eukaryotic genes contain an evolutionary con-

served nucleosome-free region (NFR) immedi-
ately upstream of their TSS’s [3, 5-7]. This NFR 
provides a site for the initial recruitment of tran-
scription regulators. However, other chromatin 
modulators, such as SWI/SNF chromatin-
remodeling complex, are required in order to 
facilitate the assembly of a bulky PIC complex at 
a promoter [3, 8]. In addition, chromatin-
remodeling factors also have important roles in 
other aspects of RNAPII transcription. For exam-
ples, they can function to modulate the process 
of transcription elongation and/or pre-mRNA 
processing [8]. The mechanism by which these 
chromatin modulators modulate RNAPII tran-
scription in mammalian cells has not been fully 
understood to date. 
 
RECQL5 is a member of the human RecQ DNA 
helicase family. DNA helicases are enzymes that 
catalyze the conversion of individual double 
stranded DNA molecules into their correspond-
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ing single stranded forms and therefore are in-
volved in many important aspects of DNA trans-
action, including gene transcription, DNA repli-
cation, repair and recombination [9]. The hu-
man RecQ helicase family are members of the 
RecQ helicase super-family, which share a high 
degree of homology with the founding member, 
the RecQ helicase of E. coli [10]. To date, RecQ 
helicases have been shown to have important 
roles in DNA repair, recombination and DNA 
replication [11-13], consistent with their intrin-
sic DNA helicase activities. The functional im-
portance of the human RecQ helicases are un-
derscored by the recent discovery that muta-
tions in three different RecQ helicase-encoding 
genes give rise to several human genetic dis-
eases, including Bloom, Werner, and Rothmund-
Thomson syndrome, respectively [14]. 
 
RECQL5 and RECQL represent two additional 
members of the mammalian RecQ helicase fam-
ily. The RECQL5 gene was first cloned in 1998 
based on its homology to other members of the 
RecQ helicase family [15]. It encodes multiple 
transcripts via alternative RNA processing [16]. 
However, to date, only the largest predicted pro-
tein product from these transcripts, i.e. REC-
QL5beta, have been detected in a significant 
quantity in both mice and humans [16, 17], 
suggesting that it is the main isoform expressed 
in mammalian cells. In vitro biochemical studies 
showed that RECQL5 could unwind double 
strand DNA as other helicases. Interestingly, it 
also exhibits a unique single strand annealing 
activity [18], has high affinities to fork-liked 
structures [19], and contains a PCNA-interacting 
pocket (PIP) motif and could interact with PCNA 
both in vitro and in vivo [19].  In addition, 
RECQL5 interacts with RAD51 and the MRE11-
RAD50-NBS1 complex [20, 21]. Functional stud-
ies in mice and human cultured cells have 
shown that Recql5/RECQL5 helicase has impor-
tant roles in both DNA replication and homolo-
gous recombination [20, 22, 23]. Moreover, 
Recql5 knockout mice are prone to sporadic 
cancers [20], signifying the functional impor-
tance of this unique member of the mammalian 
RecQ helicase family in tumor suppression.  
 
Intriguingly, several recent studies have re-
vealed a direct physical interaction between 
RECQL5 and RPB1, the largest subunit of the 
RNA polymerase II (RNAPII) core complex [24-
27]. Moreover, a recent study has shown that 
RECQL5 affects both initiation and elongation of 

RNAPII-mediated in vitro transcription from na-
ked DNA templates [27]. Here, we report the 
immunoaffinity purification of a novel RECQL5-
containing complex of a very high molecular 
mass using newly produced anti-RECQL5 poly-
clonal antibodies. Mass spectrometry analysis 
revealed that this complex comprises primarily 
the components of the RNAPII core complex and 
the SWI/SNF chromatin-remodeling complex. 
RECQL5 is present in RNAPII holoenzyme. These 
findings in conjunction with those from previous 
studies reveal novel temporal and structural 
information regarding the interaction between 
RECQL5 and RNAPII and suggest that RECQL5 
may have a role in RNAPII transcription during 
the initial assembly of the PIC and/or at the 
elongation phase of RNAPII transcription.  

 
Materials and methods 
 
Antibodies and Other Reagents 
 
Anti-RPB1 antibodies were purchased from 
commercial vendors (8WG16, H5, H14 from 
Convance; N20 from Santa Cruz). Antibodies for 
BRG1, BAF170, BAF155, and SNF5 were kindly 
provided by Dr. Weidong Wang’s group at the 
National Institute of Aging, USA. Rabbit poly-
clonal anti-RECQL5 antibodies were produced 
by Pocono Rabbit Farm and Laboratory Inc (PA) 
using a recombinant polypeptide corresponding 
to amino acid 661 to 880 of human REC-
QL5beta. The antigen was produced in E. coli. 
The antibodies were purified by a two-step affin-
ity column chromatography (a CNBR-GST col-
umn followed by a CNBR-HQ5C antigen column) 
procedure as described [28]. All of the other 
reagents, unless specified otherwise, were pur-
chased from Sigma (Sigma, MO). 
 
Plasmid Constructs  
 
pGEX-2TK-HQ5C, the vector that was used to 
generate the antigen for producing anti-
RECQL5, was constructed as follows. First, a 
pair of oligos: 5’-GATCTGCAGAGCTCGGAGCAG-
3’, and 5’-GATCCTGCTCCGAGCTCTGCA-3’ was 
ligated into BamHI-cut pGEX-2TK vector 
(Amersham, NJ) converting the BamHI site into 
a BamHI-SacI sequence to obtain pGEX-2TK-BS. 
The sequence corresponding to amino acid 661 
to 880 of human RECQL5beta was first ampli-
fied by PCR with the appropriate primers: 5’-
CTAGGAGCTCAAAGGCTCCTGCCCGTTCCAG-3’ 
and 5’-CGTAGGATCCTTATACGACGGAGGGCTTGG 
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CTG-3’. This PCR product was then digested 
with BamHI plus SacI to a BamHI- Sac I frag-
ment and cloned into BamHI-SacI doubly di-
gested pGEX-2TK-BS to derive pGEX-2TK-HQ5C, 
which is expected to express a GST-HQ5C fusion 
protein when transformed into the E coli strain 
BL21. pFasrBac-RECQL5beta, the vector that 
was used to produce the recombinant human 
RECQL5beta protein in insect cells was con-
structed as the following: First, the coding re-
gion of RECQL5beta cDNA was amplified as two 
fragments by PCR using two different pair of 
primers. The first pair of primers (5’-
CAAGCTTGGCTAAGATGAGCAGCCACCATA-3’ and 
5’-GGGATCCTCCTGCTAGAAGCCTCTTTC) gener-
ate the 5’ portion of the coding region as a Hin-
dIII and BamHI fragment, whereas the second 
pair of primers (5’-AGGATCCCCAGGCTGACT 
GTGAAGG-3’ and 5’-GTCTAGATCTCTGGGGGCCA 
CACAGGCCATG-3’) amplify the 3’ portion as a 
BamHI-XbaI fragment in which a sequence cod-
ing for three copies of the FLAG epitope peptide 
was included in frame at the C terminal end of 
the RECQL5beta open reading frame. These two 
fragments were then cloned into HindIII-XbaI cut 
pCDNA3.1mychisA (Invitrogen) to obtain 
pCDNA3.1RECQL5-3flag. Subsequently, the 
RECQL5beta-3flag cassette of pCDNA3. 
1RECQL5-3flag was retrieved as a NotI-XbaI 
fragment and cloned into NotI-XbaI cut pFast-
Bac vector (Invitrogen) to derive pFastBac-
RECQL5beta-3flag. Introduction of this plasmid 
into DH10BacTM cells generated the REC-
QL5beta-3flag Bacmid that was then used to 
produce recombinant flag-RECQL5 protein from 
insect cells.  
 
Production of Recombinant RECQL5 proteins 
 
The protocol for this experiment has been de-
scribed[29]. Briefly, Sf9 insect cells were in-
fected with the recombinant Bacmid pFastBac-
RECQL5beta for 4 consecutive passages. The 
final protein induction was done in a 250 ml 
suspension culture after 48 h of infection. Then 
the harvested cell pellet was lysed in 20 ml BLB 
buffer (20 mM Tris-HCl, pH7.9, 500 mM NaCl, 
1mM EDTA, 0.1% NP40 and 10% glycerol sup-
plied with protease inhibitor cocktail, Roche). 
After clarification and centrifugation, 200 µl of 
M2 agarose beads (Sigma, MO) was used to 
capture the recombinant protein by incubation 
for 12 hours at 40C, the beads-protein complex 
was washed three times in BC300, 2 times in 
BC100. Finally, the beads were loaded onto a 

1.5 ml microcentrifuge spin column (Bio-Rad, 
CA). BC100 with the 200 µg/ml of 3XFlag pep-
tide (Sigma, MO) was added to elute the protein 
by continuous rocking for 1 hour at 40C. The 
elution was repeated four times. The eluted 
protein was concentrated by Amicon Ultra Cen-
trifugal Filter (Millipore, MA).  
 
Cell Culture and Nuclear Extract preparation 
 
Nuclear extracts were prepared from HeLa S3 
cells as described [30]. Briefly, HeLa S3 cells 
were grown in suspension culture and expanded 
to 60 liters. Cells were then harvested at log 
phase by centrifugation. Cell pellets were re-
suspended in five volumes of Low Salt Buffer A 
(20 mM TRIS (pH 7.9), 1.5 mM MgCl2, 10 mM 
KCl, 0.5 µM phenylmethylsulfonyl fluoride 
(PMSF), and 0.5 mM dithiothreitol (DTT)) and 
incubated for 10 minutes on ice. The cell sus-
pension was then centrifuged at 420 g for 5 
minutes. The cell pellet was re-suspended again 
in two volumes of the same low salt buffer and 
processed using a Dounce homogenizer with a 
type B pestle. The crude nuclear pellet was ob-
tained by centrifugation at 10,000 g for 10 min-
utes and re-suspended in 0.5 volume of Low 
Salt Buffer B (20 mM TRIS (pH 7.9), 1.5 mM 
MgCl2, 25% glycerol, 10 mM NaCl, 0.2 mM 
EDTA, 0.5 mM phenylmethylsulfonyl fluoride, 
and 0.5 mM DTT plus cocktail inhibitors). An 
equal volume of High Salt Buffer (20 mM TRIS 
(pH 7.9), 1.5 mM MgCl2, 25% glycerol, 1.2 M 
NaCl, 0.2 mM EDTA, 0.5 mM phenylmethylsul-
fonyl fluoride, and 0.5 mM DTT plus cocktail 
inhibitors) was then added drop by drop and 
incubated with rotation at 40C for 30 minutes. 
After the incubation, nuclear extract was har-
vested by centrifugation at 12,000 g for 15 min-
utes followed by an overnight dialysis in Storage 
Buffer (20 TRIS (pH 7.9), 20% glycerol, 100 mM 
KCl, 0.2 mM EDTA, 0.5 uM PMSF, and 0.5 mM 
DTT) to obtain the final preparation of nuclear 
extract. This nuclear extract was snap frozen 
and stored at -800C. 
 
P11 ion-exchange chromatography 
 
The procedure has been described previously 
[30]. Briefly, for each experiment, 60 ml of nu-
clear extract was loaded onto a 60-ml P11 
phosphocellulose column (Whatman) at a flow 
rate of 1 column volume (CV)/hour. The column 
was washed with 3 CVs of BC100 or BC buffer 
(20% glycerol, 20 mM Tris-HCl, pH 7.9, at 40C, 
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0.2 mM EDTA, 0.5 mM PMSF, 1.0 mM DTT) with 
100 mM KCl and then step-eluted with 2.5 CVs 
each of BC300, BC500, BC850, BC1200 to ob-
tain P.3, P.5, P.85, and P1.2 fractions, respec-
tively. These individual fractions, when neces-
sary, were dialyzed overnight against 4 liters of 
BC100 for 90 minutes, and then centrifuged at 
14,000 rpm for 15 minutes to remove insoluble 
debris.  
 
Antibody affinity purification and mass spec-
trometry analysis 
 
The experiment was performed as described 
[28]. Briefly, anti-RECQL5 antibodies were im-
morbilized onto agarose beads. The binding 
efficiency of the antibodies was estamiated by 
PAGE gel electrophoresis followed by Commasie 
staining. Then, 20 µl of beads (with approxi-
mately 4 ug antibodies) was incubated with 2 
ml of P.5 fraction from the P11 fractionation 

experiment at 4０C for 6 hours. The beads were 
then washed three times with BC300 plus two 
times with BC100. Bound polypeptides were 
eluted in 0.1 M glycine (pH 2.5) twice and the 
elutant was neutralized by 1/10 volume of 1 M 
Tris-HCl (PH 8.0). In the meantime, a control set 
of experiments was performed using preim-
mune IgG-conjugated beads. An aliquot of the 
elutants was run on a 12% gel and visualized by 
silver staining (ICN Biomedicals, Aurora, OH). A 
sample with the best enrichment was run on a 
regular PAGE gel, stained with GelcodeTM Blue 
Stain Reagents (Pierce, IL). The lane with the IP 
product was excised. Then, three portions (the 
part above the 250 kDa marker, the part below 
the 22 kDa marker, and a segment of about 6 
mm corresponding to the IgG band, respec-
tively) were removed. Finally, the rest of sample 
was sliced into segments of 2-3 mm, depending 
on their relative position to visible bands (if 
there was any nearby) and analyzed using a LC-
MS/MS system (ProtTech, PA).  
 
In vitro interaction between RECQL5 and the 
RNAPII core complex 
 
For in vitro co-incubation between purified re-
combinant RECQL5 and RNAPII core complex, 
200 ng of purified RNA pol II core complex was 
mixed with 500 ng of RECQL5 protein and incu-
bated for 2 hours at 40C. Following incubation, 
1 µg of RECQL5 antibodies and 20 µl of protein 
A beads were added to capture the immuno-
complex for an additional hour. The beads were 

washed three times with BC300 and 2 times 
with BC100 plus 0.1% Nonidet P 40. Bound 
polypeptides were then eluted in 40 µl of 2X 
sample buffer. Similar experiments were carried 
out using purified RNAPII-holo enzyme [29], 
rather than purified RNAPII core complex.  
 
Size exclusion column chromatography 
 
 P.5 or the immunoprecipitated product was 
fractionated by size exclusion column chroma-
tography as described [31]. Briefly, for each 
experiment, a Superose 6 (10/300 GL) column 
(GE Healthcare) was equilibrated with modified 
BC200 (20 mM Tris-HCl, pH 7.9, 1 mM EDTA, 
200 mM KCl, 5% glycerol and calibrated with a 
defined Gel Filtration Standard (BIO-RAD). Then, 
200 µl of either P.5 fraction from the P11 frac-
tionation experiment or the product of the im-
munoaffinity purification experiment was ap-
plied to the column. Fractions (500 µl) were 
collected and analyzed by SDS-PAGE followed 
by Western blotting.  
 
Immunoprecipitation 
 
The immunoprecipitation (IP) experiments were 
performed as described [32]. Briefly, for each 
experiment, the corresponding immunoglobin, 
i.e. IgG or IgM was used as negative control. 
Nuclear extract, whole cell lysate, chromatin-
bound protein portion or P.5 was first clarified 
by centrifugation and 2-5 µg of primary antibody 
was added to the clarified sample and the reac-
tion was incubated for 6-12 hours in the cold 
room, protein A or protein G beads were added 
to capture the IgG and its associated antigens 
for additional 2 hours.  The bead complex was 
washed sequentially three times each with 
BC300 and 2 times with BC100 plus 0.1% Non-
idet P-40. The IgG-bound polypeptides were 
then eluted with 2X sample buffer.  
 
Results 
 
Identification of RECQL5-interacting polypep-
tides 
 
 As part of our ongoing effort to elucidate the 
molecular basis through which RECQL5 func-
tions in humans, we have undertaken a bio-
chemical study to identify RECQL5-interacting 
polypeptides. First, a rabbit anti-RECQL5 poly-
clonal antiserum was raised against a recombi-
nant polypeptide corresponding to the last 220 
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amino acids of the human RECQL5beta protein 
(referred to as RECQL5 hereon). The presump-
tive anti-RECQL5 antibodies were then purified 
by affinity chromatography against the antigen. 
Western blot with these antibodies showed that 
they could be used to detect a single band with 
the expected size for human RECQL5 in total 
lysates from HeLa cells (Figure 1B, and data not 
shown). Preliminary studies also indicated that 
these antibodies could be used to pull down 
RECQL5 (data not shown). Thus, these affinity-
purified anti-RECQL5 antibodies were used to 
isolate RECQL5-containing complexes by im-
muno-affinity purification. To increase specific-
ity, an ion exchange chromatography step was 
included as an additional measure to enrich 
RECQL5-containing complex(es) before the anti-
body-affinity purification step (Figure 1B). This 
resulted in a significant enrichment of the 
RECQL5-containing complexes in the fraction 
eluted with 0.5 mM KCl, the P.5 fraction (Figure 
1B). Immunoprecipitation (IP) using this P.5 
fraction resulted in a significant enrichment of a 
limited number of protein bands as revealed by 
silver staining of the SDS-PAGE gel of the IP 
products (Figure 2A). Importantly, mass spec-
trometry analysis of the IP product identified 
primarily components of RNAPII and SWI/SNF 
chromatin-remodeling complex (Fig 2B). The 
identified RNAPII components include RPB1, 
RPB2, RPB3, and RPB5, which represent essen-
tially all components of RNAPII core complex 
within the 22-250 kDa range.  The identified 

Figure 1. Purification of RECQL5-containing com-
plexes. A. The strategy used for purifying RECQL5-
containing complexes. B. Western blot detection of 
RECQL5 (top panel) and RPB1 (bottom panel) in nu-
clear extract (N) from HeLa S3 cells and in the P.5 
(0.5 mM KCl) from P11 ion-exchange column chro-
matography. Lane 1, input nuclear extract; lanes 2-6: 
P.1, P.3, P.5, P.85 and P1.2 fractions eluted with 0.1, 
0.3, 0.5, 0.85, and 1.2 M KCl, respectively.  

Figure 2. Results from immunoaf-
finity purification and mass spec-
trometry analysis. A. A photograph 
of a silver-stained SDS-PAGE gel 
showing the protein profile of prod-
ucts from antibody affinity chroma-
tography experiments using either 
a pre-immued serum (lane 1) or 
anti-RECQL5 antibodies (lane 2). 
The positions of individual markers 
are indicated on the left (in kDa). 
The top and the bottom edges of 
the gel being processed for mass 
spectrometry analysis were indi-
cated with a pair of arrowheads. 
The presumptive bands corre-
sponding to individual components 
of RNAPII and SWI/SNF complex 
are also shown on the right of the 
gel image. B. A list of all polypep-
tides identified by mass spectrome-
try analysis.  
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SWI/SNF proteins include BRG1, BAF170. 
BAF155, BAF60b, BAF57, BAF47/SNF5 and β-
actin, which appear to represent all but BAF53 
of a BGR1-containing SWI/SNF BAF complex 
within the range of molecular weight between 
22 to 250 kDa [33, 34]. In addition, five other 
proteins (INT1, DTX3L; KARS, Tubulin a-3C/D 
chain and β-actin) were also identified (Figure 
2A, 2B).  
 
Confirmation of RECQL5-RNAPII and RECQL5-
SWI/SNF interactions 
 
The result from the mass spectrometry analysis 
suggested that RECQL5 interacts with both the 
core complex of RNAPII and SWI/SNF chromatin
-remodeling complex. Thus, additional IP experi-
ments were carried out to verify these interac-
tions. We found that several components of the 
SWI/SNF complex could be effectively pulled 
down by our anti-RECQL5 antibodies (Figure 
2A). Similarly, the anti-RECQL5 antibodies also 
effectively pulled down RPB1 (Figure 2B), the 
largest subunit of RNAPII core complex. These 
data confirm that indeed RECQL5 physically 
interact with both SWI/SNF chromatin-
remodelling complex and RNAPII core complex. 
In human cells, the RNAPII can exist as either a 
hypophosphorylated or a hyperphosphorylated, 
depending on the phosphorylation status of the 
C-terminal domain of RPB1, the largest subunit 
of RNAPII [35, 36]. The hyperphosphorylated 
RNAPII (RNAPIIO) migrates slower than its hypo-
phosphorylated counterpart (RNAPIIA) on a SDS-
PAGE gel and therefore could be distinguished 
from the hypophosphorylated form. The data 
presented in Figure 3 showed that RECQL5 
could interact with RNAPIIA (Figure 3B). How-
ever, as the level of RNAPIIO in the test sample 
was very low, the data were not sufficient to 
indicate whether RECQL5 could also interact 
with RNAPIIO. In order to address this question, 
a series of pull-down experiments were carried 
out using three different anti-RPB1 antibodies 
(N20, 8WG16 and H14, respectively). N20 is a 
pan-RPB1 antibody and hence is used to detect 
both RNAPIIA and RNAPIIO, whereas 8WG16 
and H14 can be used to specifically detect hy-
pophosphorylated (RNAPIIA) and hyperphos-
phorylated (RNAPIIO) forms of RPB1, respec-
tively. The results from these experiments show 
that RECQL5 interacts with both the hypophos-
phorylated and the hyperphosphorylated forms 
of RPB1, and therefore, both RNAPIIA and 
RNAPIIO.  

Figure 3. Results of immunoprecipitation experi-
ments. In each case, the identities of individual sam-
ples are shown on top (i.e. IN, 5% input of total cell 
lysate; or the name of the antigen for which specific 
antibody was used for the IP experiment), whereas 
the targets of the Western blots were shown on the 
right. A. IP of various components of SWI/SNF com-
plex (BRG1, BAF170, SNF5) with anti-RECQL5 anti-
bodies (middle), but not with pre-immune IgG (right). 
B. IP pull-down of RPB1 by anti-RECQL5 antibodies as 
detected by Western blotting using N20, a pan-
antibody that can be used to detect both the hypo- 
and hyperphosphorylated form of the protein, but not 
by pre-immune IgG. Note that the RPB1 from this cell 
lysate is predominantly hypophosphorylated. C. Re-
ciprocal IP of RECQL5 using three different anti-RPB1 
antibodies: N20, a pan-RPB1 antibody; 8WG16, an 
antibody specific for hypophosphorylated RPB1; H14, 
an antibody specific for hyperphosphorylated RPB1. 
Note that slower-migrating hyperphosphorylated 
RPB1 that was pulled down by N20 and H14, but not 
by 8WG16. Again, the pre-immune IgG was included 
as a negative control.   
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Co-fractionation of RECQL5 with components of 
both SWI/SNF and RNAPII core complex 
 
Several groups have recently reported the physi-
cal interaction of RECQL5 and RNAPII core com-
plex [24-26]. Thus, our finding that RECQL5 in-
teracts with both SWI/SNF complex and RNAPII 
core complex prompted us to ask whether 
RECQL5-SWI/SNF interaction reflects the pres-
ence of a previously unknown RECQL5-SWI/SNF 
complex in addition to the RECQL5-RNAPII com-
plex or a RECQL5-SWI/SNF-RNAPII super com-
plex, or both. To address this question, we ex-
amined the mass of the RECQL5-containing 
complex or complexes within the affinity-purified 
product by size exclusion column chromatogra-
phy. We found that the bulk of RECQL5 in the 
purified product was eluted in fractions with a 
mass more than 2000 kDa (Figure 4A). These 
data indicate that our immunoaffinity purifica-
tion has yielded primarily a RECQL5-containing 
complex or complexes of more than 2000 kDa.  
 
Intriguingly, however, when the P.5 fraction was 
subjected to the same size exclusion column, 

we found that the vast majority of the RECQL5-
containing fractions are of molecular weights 
less than 800 kDa (Figure 4B, top panel), al-
though RECQL5 could be detected in fractions 
of more than 2000 kDa when the Western blot 
was exposed much longer (data not shown). The 
level of RECQL5 in fractions higher than 30, in 
which monomeric RECQL5 with an estimated 
mass of 130 kDa is expected to be, was very 
low, indicating that the vast majority of RECQL5 
in HeLa S3 cells does not exist as a monomeric 
form. Importantly, these data in conjunction 
with those shown in Figure 4A suggested that 
under the condition of our immunoaffinity purifi-
cation procedure, the RECQL5-containing com-
plex or complexes with high molecular weights 
were specifically pulled down. Moreover, RPB1 
and BRG1, the largest subunit for RNAPII core 
complex and SWI/SNF complex, respectively, 
were detected in fractions with molecular 
weights over 2000 kDa (Figure 4B, middle and 
bottom panel, respectively). Together with the 
data from the mass spectrometry analysis, our 
data indicate that RECQL5 exists in either one 
or two super complexes that contain compo-

Figure 4. Analysis of RECQL5-containing complexes by size exclusion column chromatography. For each fractionation 
experiment, 200 µl of sample was applied to a Superose 6 (10/300) column and serial elutants (0.5 ml each) were 
collected. The first 15 fractions were considered void volume and discarded, whereas individual subsequent fractions 
with an estimated mass larger than 130 kDa (the expected size of monomeric RECQL5) were saved and analyzed by 
Western blotting. A. Western blot results with fractions derived from the product of the affinity purification using anti-
bodies specific for RECQL5. Note the detection of a prominent RECQL5 specific signal in fractions 18 and 19. B. 
Same as in A except that the input was the P.5 fraction, i.e., the input for the immunoaffinity purification experiment 
and the membrane was incubated sequentially with antibodies against RECQL5 (top panel), RPB1 (middle panel), 
and BRG1 (bottom panel), respectively. Positions of three protein size markers (158, 669, and 2000 kDa, respec-
tively) are shown.  
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nents of either SWI/SNF complex, RNAPII core 
complex, or both.  
 
Direct interaction between RECQL5 and RNAPII 
core complex 
 
RNAPII holo-enzyme contains SWI/SNF [29, 37]. 
As both RNAPII core complex and RNAPII holo-
enzyme complex are routinely purified and used 
for various types of in vitro reconstituted tran-
scription assay, we examined whether RECQL5 
was co-purified as an integral component in 
either of these two RNAPII preparations. Analy-
sis of previously purified RNAPII core complex 
and RNAPII holo-enzyme preparations [30] by 
Western blot revealed that RECQL5 could not be 
detected in RNAPII core complex preparation by 
standard Western blotting (at 0.2 microgram 
core RNAPII, Figure 5A). In contrast, RECQL5 
was readily detectable in the RNAPII holo-
enzyme preparation even when the amount of 
RPB1 was undetectable under our western blot 
condition (at 0.10 microgram RNAPII holo-
enzyme, Figure 5B). Similarly, SNF5, a compo-
nent of SWI/SNF complex, was detected in the 
RNAPII holoenzyme preparation but not in 
RNAPII core complex (Figure 5A, 5B). These 
data therefore show that at least a fraction of 
RNAPII holo-enzyme contains RECQL5 and/or 
SWI/SNF complex.  
 
We have shown earlier that RECQL5 could inter-
act with the hyperphosphorylated form of RPB1 
(Figure 3C), suggesting that RECQL5 can inter-
act directly with RNAPII core complex even in 
the absence of SWI/SNF complex. To test this 
hypothesis, we examined whether purified re-
combinant RECQL5 protein could interact with 
purified RNAPII core complex. Recombinant 
RECQL5 protein was produced using the Bacu-
lovirus system in insect cells (Figure 5C). When 
purified RECQL5 was incubated with purified 
RNAPII core complex, it enabled the capturing of 
RPB1 onto the agarose beads that are pre-
coated with anti-RECQL5 antibodies (Figure 5D), 
providing direct proof that RECQL5 interact di-
rectly with RNAPII core complex.   
 
Discussion 
 
We reported here biochemical data for both 
RECQL5-RNAPII and RECQL5-SWI/SNF interac-
tions. The finding that RECQL5 interacts with 
RNAPII core complex is consistent with recent 
reports that show a direct physical interaction 

Figure 5. Direct physical interaction between 
RECQL5 and RNAPII. A. Western blot analysis of puri-
fied RNAPII core complex with antibodies specific for 
RPB1 (top panel), RECQL5 (middle panel), or SNF 
(bottom panel). Note the absence of RECQL5 and 
SNF5 signals. The amount of RNAPII core complex 
used in each experiment is indicated on the top of 
the lane (in microgram).  B. Same as A, except that 
purified RNAPII holoenzyme was analyzed. Note the 
detection of both RECQL5 and SNF even with the 
lowest amount of RNAPII holoenzyme. The amount of 
RNAPII holoenzyme used in each experiment is indi-
cated on the top of the lane (in microgram).  C. A 
photograph of a Coomassie-stained PAGE gel show-
ing the single band of recombinant RECQL5 protein 
purified from insect cells. D. Results of Western blot 
experiments showing the affinity capturing of RPB1 
from purified RNAPII core complex with beads coated 
with anti-RECQL5 antibodies when recombinant 
RECQL5 protein and RNAPII core complex were 
added (+RNAPII); but not when only recombinant 
RECQL5 protein was added (-RNAPII). S, super-
natant; W, wash; E, elutant. N20 was used to detect 
RPB1 (top panel), while anti-RECQL5 antibodies were 
also used to detect RECQL5 as a control (bottom 
panel) to assess the relative amount of RECQL5 in 
individual samples.  
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between RECQL5 and RNAPII [24-26]. This 
unique interaction between RECQL5 and RNAPII 
suggests a potential role of RECQL5 in RNAPII 
transcription or an RNAPII-related process(es). A 
recent study showed that RECQL5 had an inhibi-
tory effect on both initiation and elongation of 
RNAPII-mediated transcription from naked DNA 
templates in an in vitro reconstituted transcrip-
tion assay [27]. Interestingly, our immunoaffinity 
purification experiment using a newly raised 
anti-RECQL5 antibody had led to the specific 
purification of a RECQL5-containing complex or 
complexes of more than 2000 kDa from the P.5 
fraction of a P11 ion exchange chromatography-
fractionated nuclear extract from HeLa S3 cells 
(Figure 4A).  Importantly, mass spectrometry 
analysis of this affinity purification product re-
vealed the presence of components of both 
SWI/SNF chromatin-remodeling complex and 
RNAPII core complex. The existence of a high 
molecular weight complex within which RECQL5 
and RPB1 could physically interact has been 
reported previously. But the nature of this com-
plex has not been determined [24]. Thus, this is 
the first report on the existence of a super com-
plex that contains both RECQL5 and compo-
nents of SWI/SNF chromatin-remodeling com-
plex.  
 
The co-purification of components from both 
SWI/SNF complex and RNAPII core complex by 
immunoaffinity purification using anti-RECQL5 
antibodies suggests the existence of a RECQL5-
containing super complex that also contains 
components of both SWI/SNF complex and 
RNAPII core complex, although it remains possi-
ble that RECQL5 interacts with SWI/SNF com-
plex and RNAPII core complex in separate enti-
ties within this immunoaffinity purification prod-
uct. However, we also found that both RECQL5 
and SNF5 (a component of SWI/SNF complex) 
were present in RNAPII holoenzyme that was 
previously purified based on a widely used Flag-
tagged RPB3 strategy (Figure 5, [29]). In addi-
tion, human SWI/SNF complex has been shown 
to co-purify and co-immunoprecipitate with 
RNAPII holoenzyme [37-39]. More recently, it 
has also been shown that RECQL5 could be 
pulled down in antibody-affinity purification ex-
periments using Flag-tagged components of the 
mediator complex as baits [40], providing addi-
tional support that RECQL5 is present at the pre
-initiation complex on at least some RNAPII-
transcribed genes. Together, these data strongly 
suggest that we have in fact purified a previ-

ously unknown RECQL5-containing super com-
plex that includes most, perhaps all compo-
nents of both SWI/SNF chromatin-remodelling 
complex and RNAPII core complex. In addition, 
these data provide a clue to the temporal ar-
rangement of this RECQL5-SWI/SNF-RNAPII 
interaction, i.e. during the assembly of the PIC 
complex. It should be noted that purification of 
a presumptive promoter-bound PIC complex 
from a nuclear extract preparation is not unex-
pected since PIC complex is present in nuclear 
extract.  
 
In yeast, chromatin modulators, including SWI/
SNF complex, play an important role in the ini-
tiation of transcription by facilitating the assem-
bly of transcription complex at individual nu-
cleosome-bound promoters [41]. The recruit-
ment of SWI/SNF by gene-specific regulators to 
human genes has also been reported [42-44]. 
Our data showed that within the range of mo-
lecular weight analyzed, all but one component 
(i.e. BAF53) of an SWI/SNF BAF complex were 
effectively pulled down by our anti-RECQL5 anti-
bodies. The inability to detect BAF53 by our 
analysis is expected since BAF53 was excluded 
from our mass spectrometry analysis after the 
gel slice containing the 50 kDa IgG heavy chain 
was discarded (see Materials and Methods). 
Thus, our data indicate that RECQL5 interacts 
specifically with the BAF subtype among the 
BRG1-containing SWI/SNF complexes. In this 
regard, it can be envisaged that RECQL5 can 
either affect the recruitment of SWI/SNF chro-
matin-remodeling complex to specific promoters 
to aid in the assembly of a bulky RNAPII tran-
scription machinery on individual nucleosome-
bound promoters or the activity of these chro-
matin modulators once they are recruited to 
individual promoters. In addition, it remains to 
be determined whether such a RECQL5-SWI/
SNF-RNAPII interaction is restricted to a specific 
subset of genes or represents a general phe-
nomenon during the assembly of PIC in human 
cells. In any case, it is likely that RECQL5 has a 
role in transcriptional regulation of at least a 
subset of genes. Interestingly, recent studies 
have shown that BRGF1-dependent chromatin-
remodeling complexes play key roles in prolif-
eration and differentiation in many types of cells 
and tissues [45]; and BRG1 is essential for em-
bryonic development in mice [46]. In addition, 
BGR1 containing SWI/SNF complex occupies 
the promoters of a specific subset of genes in 
mouse embryonic stem (ES) cells and play an 
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important role in maintaining the homeostasis 
of these ES cells [47, 48]. In addition, it should 
also be noted that RECQL5 could interact with 
RNAPIIo as well. Thus, it remains possible that 
RECQL5 may also have a role in RNAPII tran-
scription elongation. Future experiments are 
required to address these important issues and 
to formally assess the in vivo role of RECQL5 in 
RNAPII transcription and/or related process(es).  
 
Acknowledgement 
 
We are grateful to Drs. Peter Harte for discus-
sion and his comments on the manuscript. This 
study was supported by the following grants:  01
-E-109 (G.L.) from the Kinship Foundation; and 
RO1 CA112094 (G.L.), RO1NS049103 (H.L.), 
RO1CA103867, RO1CA124760 (C.-M. C.) from 
the US National Institutes of Health.  
 
Please address correspondence to: Guangbin Luo, 
PhD, Department of Genetics, School of Medicine, 
Case Western Reserve University, Biomedical Re-
search Building 720, 2109 Adelbert Road, Cleveland, 
OH 44106-4955, USA. Tel: 1-(216)-368-4883; Fax: 1-
(216)-368-3432; E-mail: guangbin.luo@case.edu 
 
References 
 
[1] Luger K, Rechsteiner TJ, Flaus AJ, Waye MM and 

Richmond TJ. Characterization of nucleosome 
core particles containing histone proteins made 
in bacteria. J Mol Biol 1997; 272: 301-311. 

[2] Thomas MC and Chiang CM. The general tran-
scription machinery and general cofactors. Crit 
Rev Biochem Mol Biol 2006; 41: 105-178. 

[3] Venters BJ and Pugh BF. How eukaryotic genes 
are transcribed. Crit Rev Biochem Mol Biol 
2009; 44: 117-141. 

[4] Kornberg RD and Lorch Y. Twenty-five years of 
the nucleosome, fundamental particle of the 
eukaryote chromosome. Cell 1999; 98: 285-
294. 

[5] Albert I, Mavrich TN, Tomsho LP, Qi J, Zanton SJ, 
Schuster SC and Pugh BF. Translational and 
rotational settings of H2A.Z nucleosomes across 
the Saccharomyces cerevisiae genome. Nature 
2007; 446: 572-576. 

[6] Mavrich TN, Jiang C, Ioshikhes IP, Li X, Venters 
BJ, Zanton SJ, Tomsho LP, Qi J, Glaser RL, 
Schuster SC, Gilmour DS, Albert I and Pugh BF. 
Nucleosome organization in the Drosophila ge-
nome. Nature 2008; 453: 358-362. 

[7] Schones DE, Cui K, Cuddapah S, Roh TY, Barski 
A, Wang Z, Wei G and Zhao K. Dynamic regula-
tion of nucleosome positioning in the human 
genome. Cell 2008; 132: 887-898. 

[8] Li B, Carey M and Workman JL. The role of chro-
matin during transcription. Cell 2007; 128: 707-

719. 
[9] Matson SW, Bean DW and George JW. DNA heli-

cases: enzymes with essential roles in all as-
pects of DNA metabolism. Bioessays 1994; 16: 
13-22. 

[10] Nakayama H NK, Nakayama R, Irino N, Naka-
yama Y, Hanawalt PC. Isolation and genetic char-
acterization of a thymineless death-resistant 
mutant of Escherichia coli K12: identification of 
a new mutation (recQ1) that blocks the RecF 
recombination pathway. Mol Gen Genet 1984; 
195: 7. 

[11] Bachrati CZ and Hickson ID. RecQ helicases: 
guardian angels of the DNA replication fork. 
Chromosoma 2008;  

[12] Chakraverty RK and Hickson ID. Defending ge-
nome integrity during DNA replication: a pro-
posed role for RecQ family helicases. Bioessays 
1999; 21: 286-294. 

[13] Oakley TJ and Hickson ID. Defending genome 
integrity during S-phase: putative roles for RecQ 
helicases and topoisomerase III. DNA Repair 
(Amst) 2002; 1: 175-207. 

[14] Chu WK and Hickson ID. RecQ helicases: multi-
functional genome caretakers. Nat Rev Cancer 
2009; 9: 644-654. 

[15] Kitao S, Ohsugi I, Ichikawa K, Goto M, Furuichi Y 
and Shimamoto A. Cloning of two new human 
helicase genes of the RecQ family: biological 
significance of multiple species in higher eu-
karyotes. Genomics 1998; 54: 443-452. 

[16] Shimamoto A, Nishikawa K, Kitao S and Furuichi 
Y. Human RecQ5beta, a large isomer of RecQ5 
DNA helicase, localizes in the nucleoplasm and 
interacts with topoisomerases 3alpha and 
3beta. Nucleic Acids Res 2000; 28: 1647-1655. 

[17] Sekelsky JJ, Brodsky MH, Rubin GM and Hawley 
RS. Drosophila and human RecQ5 exist in differ-
ent isoforms generated by alternative splicing. 
Nucleic Acids Res 1999; 27: 3762-3769. 

[18] Garcia PL, Liu Y, Jiricny J, West SC and Janscak 
P. Human RECQ5beta, a protein with DNA heli-
case and strand-annealing activities in a single 
polypeptide. Embo J 2004; 23: 2882-2891. 

[19] Kanagaraj R, Saydam N, Garcia PL, Zheng L and 
Janscak P. Human RECQ5beta helicase pro-
motes strand exchange on synthetic DNA struc-
tures resembling a stalled replication fork. Nu-
cleic Acids Res 2006; 34: 5217-5231. 

[20] Hu Y. RS, Sehorn M. G., Lu X., Bussen W., Zheng 
L., Stark J. M., Barnes E. L., Chi P., Janscak P., 
Jasin M., Vogel H., Sung P., Luo G. RECQL5/
Recql5 helicase regulates homologous recombi-
nation and suppresses tumor formation via dis-
ruption of Rad51 presynaptic filaments. . Genes 
Dev 2007; 21: 3073-3084. 

[21] Zheng L. KR, Mihaljevic B., Schwendener S., 
Sartori A. A., Gerrits B., Shevelev I., Janscak P. 
MRE11 complex links RECQ5 helicase to sites of 
DNA damage. Nucleic Acids Res 2009; 37: 2645
-2657. 

[22] Hu Y. LX, Barnes E., Yan M., Lou H., and Luo G. 



Purification of RECQL5-SWI/SNF-RNAPII super complex  
  

 
 
111                                                                                                   Int J Biochem Mol Biol 2010:1(1):101-111 

Recql5 and Blm RecQ DNA helicases have non-
redundant roles in suppressing crossover. Mol 
Cell Biol 2005; 25: 3431-3442. 

[23] Hu Y LX, Zhou G., Barnes E. L., Luo G. Recql5 
Plays an Important Role in DNA Replication and 
Cell Survival after Camptothecin Treatment. Mol. 
Biol. Cell 2009; 20:  

[24] Izumikawa K YM, Hayano T, Tachikawa H, Koma-
tsu W, Shimamoto A, Futami K, Furuichi Y, 
Shinkawa T, Yamauchi Y, Isobe T,  Takahashi N. 
Association of human DNA helicase RecQ5beta 
with RNA polymerase II and its possible role in 
transcription. Biochem J 2008; 413: 505-516. 

[25] Aygün O SJ, Liu Y. A RECQ5-RNA polymerase II 
association identified by targeted proteomic 
analysis of human chromatin. Proc Natl Acad Sci 
U S A. Proc Natl Acad Sci U S A 2008; 105: 8580
-8584. 

[26] Islam MN FDr, Guo R, Enomoto T, Wang W. 
RecQL5 promotes genome stabilization through 
two parallel mechanisms-Interacting with RNA 
polymerase II and Acting as a helicase. Mol Cell 
Biol 2010;  

[27] Aygün O XX, Liu Y, Takahashi H, Kong SE, 
Conaway RC, Conaway JW, Svejstrup JQ. Direct 
inhibition of RNA polymerase II transcription by 
RECQL5. J Biol Chem 2009; 284: 23197-23203. 

[28] Chi T, Yan Z, Xue Y and Wang W. Purification and 
functional analysis of the mammalian SWI/SNF-
family of chromatin-remodeling complexes. 
Methods Enzymol 2004; 377: 299-316. 

[29] Wu SY, Thomas MC, Hou SY, Likhite V and 
Chiang CM. Isolation of mouse TFIID and func-
tional characterization of TBP and TFIID in medi-
ating estrogen receptor and chromatin transcrip-
tion. J Biol Chem 1999; 274: 23480-23490. 

[30] Kershnar E, Wu SY and Chiang CM. Immunoaf-
finity purification and functional characterization 
of human transcription factor IIH and RNA poly-
merase II from clonal cell lines that conditionally 
express epitope-tagged subunits of the multipro-
tein complexes. J Biol Chem 1998; 273: 34444-
34453. 

[31] Tie F, Furuyama T, Prasad-Sinha J, Jane E and 
Harte PJ. The Drosophila Polycomb Group pro-
teins ESC and E(Z) are present in a complex 
containing the histone-binding protein p55 and 
the histone deacetylase RPD3. Development 
2001; 128: 275-286. 

[32] Wu SY and Chiang CM. Expression and purifica-
tion of epitope-tagged multisubunit protein com-
plexes from mammalian cells. Curr Protoc Mol 
Biol 2002; Chapter 16: Unit 16 13. 

[33] Trotter KW and Archer TK. The BRG1 transcrip-
tional coregulator. Nucl Recept Signal 2008; 6: 
e004. 

[34] Wang W, Xue Y, Zhou S, Kuo A, Cairns BR and 
Crabtree GR. Diversity and specialization of 
mammalian SWI/SNF complexes. Genes Dev 
1996; 10: 2117-2130. 

[35] Allison LA, Moyle M, Shales M and Ingles CJ. 
Extensive homology among the largest subunits 

of eukaryotic and prokaryotic RNA polymerases. 
Cell 1985; 42: 599-610. 

[36] Cadena DL and Dahmus ME. Messenger RNA 
synthesis in mammalian cells is catalyzed by the 
phosphorylated form of RNA polymerase II. J Biol 
Chem 1987; 262: 12468-12474. 

[37] Wilson CJ, Chao DM, Imbalzano AN, Schnitzler 
GR, Kingston RE and Young RA. RNA polymerase 
II holoenzyme contains SWI/SNF regulators in-
volved in chromatin remodeling. Cell 1996; 84: 
235-244. 

[38] Cho H, Orphanides G, Sun X, Yang XJ, Ogryzko V, 
Lees E, Nakatani Y and Reinberg D. A human 
RNA polymerase II complex containing factors 
that modify chromatin structure. Mol Cell Biol 
1998; 18: 5355-5363. 

[39] Neish AS, Anderson SF, Schlegel BP, Wei W and 
Parvin JD. Factors associated with the mammal-
ian RNA polymerase II holoenzyme. Nucleic Acids 
Res 1998; 26: 847-853. 

[40] Sato S, Tomomori-Sato C, Parmely TJ, Florens L, 
Zybailov B, Swanson SK, Banks CA, Jin J, Cai Y, 
Washburn MP, Conaway JW and Conaway RC. A 
set of consensus mammalian mediator subunits 
identified by multidimensional protein identifica-
tion technology. Mol Cell 2004; 14: 685-691. 

[41] Peterson CL and Workman JL. Promoter target-
ing and chromatin remodeling by the SWI/SNF 
complex. Curr Opin Genet Dev 2000; 10: 187-
192. 

[42] Fryer CJ and Archer TK. Chromatin remodelling 
by the glucocorticoid receptor requires the BRG1 
complex. Nature 1998; 393: 88-91. 

[43] Kowenz-Leutz E and Leutz A. A C/EBP beta iso-
form recruits the SWI/SNF complex to activate 
myeloid genes. Mol Cell 1999; 4: 735-743. 

[44] Lee CH, Murphy MR, Lee JS and Chung JH. Tar-
geting a SWI/SNF-related chromatin remodeling 
complex to the beta-globin promoter in erythroid 
cells. Proc Natl Acad Sci U S A 1999; 96: 12311-
12315. 

[45] de la Serna IL, Ohkawa Y and Imbalzano AN. 
Chromatin remodelling in mammalian differen-
tiation: lessons from ATP-dependent remodel-
lers. Nat Rev Genet 2006; 7: 461-473. 

[46] Bultman S, Gebuhr T, Yee D, La Mantia C, Nichol-
son J, Gilliam A, Randazzo F, Metzger D, Cham-
bon P, Crabtree G and Magnuson T. A Brg1 null 
mutation in the mouse reveals functional differ-
ences among mammalian SWI/SNF complexes. 
Mol Cell 2000; 6: 1287-1295. 

[47] Kidder BL, Palmer S and Knott JG. SWI/SNF-
Brg1 regulates self-renewal and occupies core 
pluripotency-related genes in embryonic stem 
cells. Stem Cells 2009; 27: 317-328. 

[48] Schaniel C, Ang YS, Ratnakumar K, Cormier C, 
James T, Bernstein E, Lemischka IR and Paddi-
son PJ. Smarcc1/Baf155 couples self-renewal 
gene repression with changes in chromatin 
structure in mouse embryonic stem cells. Stem 
Cells 2009; 27: 2979-2991. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


