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Abstract

The human gene for the seventh largest subunit of RNA polymerase II complex, hsRPB7 was cloned, sequenced and
mapped. This complex is an integral part of the transcription-coupled DNA repair mechanism and has been shown to be
involved in several human genetic diseases and implicated in many others. The hsRPB7 gene consists of 8 exons and spans
approximately 5.1 kb. Southern blots of genomic and cloned DNA suggest that hsRPB7 is coded for by a single gene. Using
human radiation hybrids and YACs, the gene was localized to 11q13.1, within 70 kb of marker D11S1765. The sequence of
the 5’ flanking region does not contain a TATA element, but does contain several Sp1 binding sites, an AP-1 site and a
novel inverted polymorphic GATA tandem repeat. This novel GATA repeat can be used for linkage analysis. The hsRPB7
gene seems to be highly conserved among eukaryotic species, showing general sequence conservation to yeast and
Drosophila. Northern blot analysis reveals a high degree of tissue-specific expression. For example, adult retina, brain and
kidney exhibit a relatively high level of expression. A moderate level of expression is observed in heart, lung, testis, cornea,
retinal pigmented epitheliumrchoroid and placenta with a lower level of expression in the uterus, small intestine and
skeletal muscle. A very low level of expression was observed in stomach and liver. Comparison between four fetal and
adult tissues also demonstrate a surprising level of developmental specificity. Expression in fetal retina is considerably
lower than fetal brain but similar to adult retina. q 1997 Published by Elsevier Science B.V.
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1. Introduction

Ž .RNA polymerase II Pol II is the enzymatic com-
plex responsible for transcription of genes that result

Ž .in messenger RNA mRNA production. RNA poly-

) Ž .Corresponding author. Fax: q1 301 4020750. E-mail: igna-
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merase II is composed of 10–14 subunits ranging in
w xsize from 220 to 10 kDa 1 . This complex interacts

with the promoter regions of genes as well as with a
variety of elements and transcription factors to deter-
mine essentially all of the parameters that govern

Žtranscription e.g., tissue and developmental speci-
w x.ficity, stress response, etc., see review 2 . Presently,

human cDNAs have been isolated and chromosomal
localization performed on a total of seven of the Pol

w xII complex genes 3–5 . However, to date, the com-
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plete genomic sequence has been reported for only
w x w xthe 220 kDa 4 and 14.5 kDa 5 subunits.

During the process of screening a macula-enriched
w xsubtraction library 6 , we isolated a cDNA clone that

w xwas determined, during a BLAST 7 database search,
w xto be hsRPB7 8 . Although hsRPB7 message expres-

sion is only two-fold enriched between macula and
peripheral retina, its chromosomal localization to
11q13.1 made this gene a possible candidate for
several genetic diseases located in this area. Due to
the overall importance of the Pol II complex and the
possible involvement of this gene in genetic disease,
we have characterized and localized the human gene
for hsRPB7 as well as determined its relative level of
expression in a variety of human tissues.

2. Materials and methods

X ( X )2.1. 5 Rapid amplification of cDNA ends 5 RACE

The 5X RACE was performed using a previously
w xpublished technique 9 . Two hsRPB7 specific primers

Ž 5X

were used: 5253 TGTGCCACTTCGTCT-
3X . Ž 5X

TCGAGA and 5440 TACAGAACGAAG-
3X.TAGAGAGCTG .

2.2. Screening of a human genomic library

A human genomic library constructed in PWE-15
Ž .Clontech, Palo Alto, CA was screened using a
32P-labelled PCR product from the hsRPB7 cDNA.

w32 xThe PCR product was labeled with P dCTP to a
specific activity of approximately 5=109 cpmrmg

w xusing a PCR-labeling technique 10 . Approximately
300 000 clones were screened resulting in one posi-
tive clone pTS14 of approximately 30 kb in length. A
human YAC and a PAC library was screened by

Ž .Genome Systems Inc. St. Louis, MO . Two YAC
clones, 737-H7 and 782-G7 and one PAC clone
p11929 were identified.

2.3. DNA sequencing

The hsRPB7 gene was sequenced directly from the
cosmid clone pTS14 as well as from PCR products
and subclones derived from pTS14. Fluorescent se-

quencing was performed in a Perkin-ElmerrApplied
Ž .Biosystems ABI model 370A instrument. The se-

quencing was performed using ABI PRISMe Dye
Terminator cycle sequencing kit following the manu-
facturer’s protocol. In general, 0.5 pmol of template
and 3 pmol of primer were used per sequencing
reaction. All other details are provided in the ABI’s
manual included in the sequencing kit. The reactions
were purified using Select-D G-50 columns pur-

Ž .chased from 5Prime-3Prime Boulder, CO .

2.4. Chromosomal sub-localization by PCR

The human monochromosomal somatic cell hybrid
panel was purchased from NIGMS Human Genetic
Mutant Cell Repository at the Coriel Institute for

Ž .Medical Research Camden, NJ . PCR amplification
was performed using the hsRPB7 primers 4823,
5X

GCTACAAGAAGCACCAGATGC 3X

and 4824,

Fig. 1. Expression of hsRPB7 in macula vs. peripheral retina.
Ž .Northern blot analysis of total RNA 5 mg from monkey macula

and peripheral retina. The blot was probed with hsRPB7 cDNA
as described in Section 2. Panel A shows the autoradiogram after
8 h of exposure. Panel B shows the ethidium bromide staining of
the 28S band. The relative expression normalized to the 28S
ribosomal RNA band is shown in the graph in panel C.
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5X

TACTTGGGGCTTGTAAGCTGA3X

. The PCR reac-
tion mixture contained approximately 300 ng of ge-
nomic DNA, 25 pmol of each primer, 200 mM

Ž .dNTP’s, 10 mM Tris pH 8.8 , 50 mM KCl, 1.5 mM
ŽMgCl and 2.5 units of Taq polymerase Stratagene,2

.La Jolla, CA . Amplification was performed in one
cycle of 2 min at 958C, followed by 30 cycles of a
45-s denaturation step at 958C, a 1-min annealing
step at 558C and a 1-min extension at 728C, with a
final extension step of 5 min. The YAC clones were
tested by PCR with primers specific for several mark-
ers in the area. The microsatellite marker D11S1765
Ž 5X 3X 5X

CAGAAATGCCACCCAGAGAG , TTCCG-
3X.GAGTTTGCACAATCT was found to co-localize

with hsRPB7 in YACs 782-G7.
The hsRPB7 primers and the PCR conditions as

described above were used to screen the following
somatic cell hybrids containing parts of the chromo-
some 11: J1-11, J1-44, J1-46, R28-4D, and G35F1A.
In addition, the hybrid J1 with entire chromosome 11
was also used along with hamster mouse and human
DNA controls. All the somatic cell hybrids were

Žobtained from Dr. Carol Jones J1, J1-11, J1-44,
.J1-46, R28-4D except G35F1A which was obtained

from Dr. Philippe Couillin. The region of chromo-
some 11 present in the somatic cell hybrids was

w xdescribed earlier 11,12 . The hybrid G35F1A was
w xdescribed in Ref. 13 .

2.5. Southern blot analysis of human genomic DNA

Samples containing 10 mg of high molecular
Ž .weight human genomic DNA Clontech and 300 ng

of cosmid DNA were digested with selected restric-
tion enzymes for 16 h at 308C. The fragments were

Ž . Ž .separated on a 0.7% wrv agarose 0.5=TBE gel
Ž .at 1 Vrcm, stained in ethidium bromide 0.5 grml ,

photographed and transferred to a nylon membrane as
described for Northern blots. Following the transfer,
the blot was prehybridized in a solution containing
6=SSC, 10=Denhardt’s and 1.0% SDS for 1 h at
428C. Hybridization was performed at 428C for 18 to
24 h in a solution of 50% formamide, 5=SSC,
1=Denhardt’s, 1.0% SDS and 10% dextran sulfate
and approximately 106 cpmrml of the 32P-labeled
full-length hsRPB7 cDNA PCR product. Following
hybridization, the blots were washed in 2=SSC
containing 1.0% SDS for 15 min at room temperature

and transferred to a solution containing 0.2=SSC
with 0.1% SDS at 658C for 2=15 min. Autoradiog-
raphy was performed using X-Omate film with an
intensifying screen at y808C.

2.6. Northern hybridization

Total RNA was isolated from embryonic and adult
re tin a , co rn ea an d re tin a l p ig m en ted

Ž .epithelium RPE rchoroid using the RNAazol method
Ž .CinnarBiotecx Laboratory, Friendswood, TX . Hu-
man total RNA for all other tissues was obtained

Ž .from Clontech Palo Alto, CA . Samples containing
Ž .total RNA 5 mg were electrophoresed on a 1%

agarose formaldehyde gels at 25 volts for 3 h. Fol-
lowing electrophoresis, the gels were photographed
and soaked in 20=SSC for 15 min to remove excess
formaldehyde and then blotted to nylon membranes
Ž .Schleicher and Schuell, Keene, NH using a Posiblot

Ž .apparatus Stratagene . Following the transfer, the

Fig. 2. Sequence of the human hsRPB7 cDNA. The complete
sequence of the human hsRPB7 cDNA was put together from a
combination of our initial isolate, the GenBank file accession no.

w x XU20659 8 , genomic sequence and 5 RACE. Sequence obtained
from 5X RACE is shown in bold and the primers used in the 5X

RACE amplification shown in arrows. The complete sequence is
826 bp in length. An open reading frame of 172 amino acids is
shown above the nucleotide sequence and the position of the
exonrintron junctions are also indicated. An imperfect
polyadenylation sequence is shown in double underline.
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Ž .Fig. 3. Southern blot hybridization of human genomic and cosmid DNA. Human genomic DNA 10 mg and the hsRPB7 genomic cosmid
Ž . Ž . Ž . Ž .clone pTS14, 300 ng was digested with EcoRI E , BamHI B , or HindIII H . The DNA was separated in a 1% agarose TAE gel and

visualized with ethidium bromide. Panel A shows the gel before blotting and panel B shows the blot after hybridization with a 32P-labeled
full-length cDNA probe generated by PCR.

blot was washed for 5 min in 20=SSC, blotted
damp dry and cross-linked using a UV Stratalinker
Ž .Stratagene . Blots were probed as described above
and autoradiography was performed using X-Omate
film with an intensifying screen at y758C. An esti-
mation of the hybridizing band size was obtained by
comparison with the migration of RNA molecular

Ž .weight standards Life Technologies, Bethesda, MD .
To normalize for variations in loading, the ethidium-
stained 28S and 18S bands in the gel were photo-

graphed and the gel negative along with the hsRPB7
autoradiograms were scanned using an Ultroscan XL

ŽLaser Densitometer with Gel Scan software Phar-
.macia, Uppsala, Sweden .

2.7. ‘Zoo’ Southern blot

Samples containing 8 mg of high molecular weight
genomic DNA from human, monkey, pig, dog, cow,

Table 1
Intron-exon junctions in the human hsRPB7 gene

Ž . Ž .Exon no. Size bp Exon Intron Size bp Intron Exon Exon no.
X5 flanking TAGTCGCAC 1

1 118 TTCTACCAT gtgagcagg . . . 133 bp . . . tctccgcag ATCTCCCTA 2
2 110 CACAGGGAA gtgagtgtc . . . 965 bp . . . tccttgcag GTATGGCTT 3
3 160 GTCAACAAG gtgagacca . . . 2157 bp . . . tttttctag GTTGGACTC 4
4 51 TCTCGACAT gtaagtctg . . . 107 bp . . . tcctttcag TCCATCCCT 5
5 66 ATGGATGAG gtgagtgga . . . 247 bp . . . tctcctcag GATATTGTG 6
6 72 AATGACATT gtgagtctt . . . 518 bp . . . ttcttgcag TTTGCTATT 7
7 34 ATTACTTGG gtgagtgcc . . . 217 bp . . . gtttcgcag GGCTTGTAA 8

X8 217 TTGGTTCTC atggaagtg . . . 3 flanking

The complete sequence of the human hsRPB7 gene can be obtained from GenBank accession no. U52427. This table shows the first and
Ž .last nine base pairs of each intron and exon starting with exon 1. The sizes i.e., base pairs given for the lengths of the introns include the

bases shown.
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Fig. 4. Scale map of the human hsRPB7 gene. Exons are
indicated by solid boxes. Positions of the HindIII and Pst I sites
used in subcloning are shown.

mouse, rabbit, rat, chicken, yeast and Drosophila
Ž .Clontech, Palo Alto, CA were restriction digested
with EcoRI, separated on a 0.7% agarose gel, blotted
to a nylon membrane and probed with the full-length
hsRPB7 cDNA PCR product. Blots were washed at
high stringency as described above

3. Results

3.1. Isolation of hsRPB7 cDNA and 5X RACE

The hsRPB7 cDNA was isolated during a solid-
phase subtraction between the macula and peripheral

w xareas of the retina as previously described 6 . North-
ern blot analysis of total RNA from monkey macula
and peripheral retina demonstrates that hsRPB7 is
enriched about 2-fold in the macula versus peripheral

Ž .retina Fig. 1 . The original isolate was identified by
performing a GenBank search using the National
Center for Biological Information BLAST server pro-

w xgram 7 . The search identified this clone as hsRPB7,
w xreported by Khazak et al. 8 . Further analysis of this

X w xclone using a solid-phase 5 RACE technique 9 ,
revealed an additional 78 bp of 5X untranslated se-

Ž .Fig. 5. Multi-tissue expression analysis of the human hsRPB7 mRNA. Northern blot analysis was performed on total RNA 5 mg from
different adult human tissues. The autoradiograms of the blots probe with hsRPB7 cDNA are shown in panel A and the ethidium bromide
stained gels are shown in panel B. The autoradiograms were scanned densitometrically and normalized to the relative intensity of the 28S
band. The relative expression, normalized for loading are shown in the graph in panel C.
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w xquence not reported by Khazak et al. 8 , bringing the
Ž .full-length hsRPB7 cDNA to 826 bp Fig. 2 .

3.2. Isolation of the hsRPB7 gene

Ž .A human genomic cosmid library Clontech was
screened using an hsRPB7 PCR product obtained
from human retina cDNA and a single cosmid clone
Ž .pTS14 was isolated. Before proceeding to subclone
and sequence the hsRPB7 gene, a Southern blot
analysis was performed on BamHI, EcoRI and
HindIII digested human genomic and cosmid DNA.
This experiment was performed to see if the clone
contained the entire gene and to determine if there
were any hsRPB7 pseudogenes present in genomic
DNA. The results of this experiment can be seen in
Fig. 3. Comparison between hybridization patterns of
our cosmid isolate pTS14 and the genomic DNA
indicate that the entire hsRPB7 gene is contained in
cosmid pTS14 and that hsRPB7 is a single gene.

The hsRPB7 gene was completely sequenced using
a combination of direct sequencing of the cosmid,
cosmid-derived subclones and PCR products. The
entire sequence for this gene can be obtained from
GenBank accession no. U52427. The hsRPB7 gene
consists of 8 exons and spans approximately 5 kb.
The intronrexon junctions were determined by direct
sequencing of the cosmid using intron- and exon-
specific primers. The sequence of the intronrexon
junctions, along with the size of the corresponding
introns and exons is shown in Table 1. All splice
junctions conform to the GTrAG rule. A scaled map
of the gene is shown in Fig. 4.

3.3. Multi-tissue Northern blot

In order to determine relative expression of hsRPB7
mRNA in adult human tissues, Northern blot analysis

Ž .was performed Fig. 5A . The autoradiographs were
scanned and normalized to the relative intensity of
the 28S ribosomal RNA band stained with ethidium

Ž .bromide Fig. 5B and the results are graphically
represented in Fig. 5C. Surprisingly, a wide range of
expression was observed. A high level of expression
was detected in brain, retina and kidney, with lower
expression in the retinal pigmented epitheliumr
choroid, placenta, lung, heart, cornea and skeletal

Fig. 6. Developmental difference in expression of hsRPB7 mRNA.
Ž . Ž .Total RNA 5 mg from fetal 10–14 weeks and adult tissues

were separated side by side. Panel A shows the autoradiogram
and panel B the ethidium bromide staining. The autoradiograms
were scanned densitometrically and normalized to the relative
intensity of the 28S band. The relative expression, normalized for
loading are shown in the graph in panel C.

muscle. Interestingly, hsRPB7 mRNA is barely de-
tectable in adult stomach and liver.

3.4. DeÕelopmental Northern blot

Because of the variable expression of hsRPB7 in
adult human tissues, it was of interest to ascertain
whether or not hsRPB7 expression varied during
development. Therefore, samples of RNA from fetal
Ž .10–14 weeks and adult brain, retina, cornea and

Žliver were subjected to Northern blot analysis Fig.
.6A . As explained above, hsRPB7 autoradiographs

were normalized to the relative intensity of the 28S
Ž .band stained with ethidium bromide Fig. 6B and the

results are graphically represented in Fig. 6C. The
highest expression of hsRPB7 is observed in fetal
brain, over a two-fold higher expression than that
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observed in adult brain. A similar pattern of expres-
sion is observed with liver where hsRPB7 is high
during development and almost non-detectable in the
adult. hsRPB7 mRNA expression in the fetal retina is
only slightly higher than that of the adult retina. In
contrast to the brain, retina and liver, the expression
of hsRPB7 mRNA is actually lower in the fetal
cornea as compared to adult cornea.

3.5. Chromosomal sub-localization

Chromosomal localization by PCR using a hu-
man–rodent somatic cell hybrid panel revealed that

ŽhsRPB7 is located on chromosome 11 data not
.shown . Since several degenerative retinal diseases

are located on chromosome 11, it was of interest to
determine the precise sub-localization of the hsRPB7

Ž .Fig. 7. Sublocalization of hsRPB7 on chromosome 11 using a radiation-hybrid panel. DNA 200 ng from several radiation hybrids were
used as template to amplify hsRPB7 gene using oligos 4823r4824. The chromosome 11 idiogram and the cell lines are listed to show the
approximate location of the hsRPB7 gene.
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Fig. 8. Association of hsRPB7 to marker D11S1765 using YACs.
YACs 737H7 and 782G7 which contain the hsRPB7 gene were
tested with several markers in the region. The DNA from the
corresponding YACs was used as template to amplify the hsRPB7

Žand D11S1765 see Section 2 for primer sequence and PCR
.conditions .

gene. Fig. 7 shows the results of PCR analysis of
several radiation hybrids containing portions of chro-

w xmosome 11 11–13 . The finding that G35F1A yields
a positive PCR product while J1-46 is negative indi-
cates that the hsRPB7 gene is located between
11q13.1 and 11q12.2. To further define the position
of the hsRPB7 gene, PCR was performed using DNA

Ž .from two YAC clones located in this region Fig. 8 .
The finding that YAC 782G7, which is only 70 kb in
length, yields a positive PCR product with the
D11S1765 primers as well as with the hsRPB7
primers, suggests that hsRPB7 gene is located within

Ž .70 kb of D11S1765. A PAC p11929 clone contain-
ing the hsRPB7 gene was found to be negative for
D11S1765.

3.6. Analysis of 5X flanking sequence

Analysis of 5X flanking sequence failed to uncover
any TATA or CAAT putative promoter elements, but
did reveal several putative Sp1 binding sites at posi-
tions y4, y29, y96 and y109, and a single AP-1

Ž .binding site at position y286 Fig. 9 . In addition, an
Ž .inverted polymorphic GATA tetranucleotide re-18

peat is present starting at positions y594 to y520.
The oligonucleotides 5X

CAAGCGCTTAGCA-
CAGTGTCT3X

and 5X

AAGAGCGAAACTCCATCT-
CAACAG3X

will amplify a 247 bp product from our
genomic clone and will generate two products of

Ždifferent size from most genomic DNA samples data
.not shown . Our preliminary results indicate that this

GATA repeat will be suitable for linkage analysis.

3.7. Species conserÕation of the hsRPB7 gene

In order to determine the degree of conservation of
the hsRPB7 gene, a Southern blot of EcoRI-digested

Fig. 9. Analysis of promoter region of hsRPB7 gene and poly-
morphic GATA. The sequence of the hsRPB-7 gene from the
transcription starting position y1 to y750 is shown in lower
case. Exon 1 is shown in upper case letters. A polymorphic
inverted GATA repeat from y594 to y520 is underlined. Sp1
binding sites at positions y4, y29, y96 and y109 and a single
AP-1 site at position y286 are shown in bold.
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Fig. 10. Southern ‘Zoo-blot’ containing EcoRI-digested genomic DNA from eukaryotic species. Southern ‘Zoo-blot’ containing
Ž .EcoRI-digested genomic DNA from 9 eukaryotic species. The digested DNA 8 mg was separated on a 0.7% agarose gel and blotted.

The blot was probed with a human hsRPB7 cDNA probe. After hybridization, the blot was washed under stringent conditions, 0.2=SSC,
0.1% SDS, twice for 30 min at 658C and the autoradiographic exposure time was 24 h for all species except for the yeast and Drosophila,
which were exposed for 72 h.

genomic DNA from several different species was
probed with a full-length hsRPB7 cDNA probe under
stringent conditions. The results demonstrate that the
hsRPB7 gene is highly conserved among vertebrates
Ž .Fig. 10 . On prolonged exposure, the human hsRPB7
also seems to recognize specific bands in yeast and
Drosophila DNA. The genomic blot containing the
vertebrate DNA samples was exposed for 24 h,
whereas the yeast and Drosophila DNA was exposed
for 72 h.

4. Discussion

Our interest in cloning the hsRPB7 gene was
3-fold: its chromosomal localization, its high and
differential expression in the macula region of the
retina and its fundamental importance in RNA tran-
scription. Based on our radiation hybrid and YAC
analysis, the hsRPB7 gene is located in chromosome
11 band q13.1, closely associated with the marker
D11S1765. Attempts to associate this gene with other

markers in the area using our YACs and PAC have
been unsuccessful so far. However, we have localized
a new polymorphic GATA repeat in the 5X flanking
region of hsRPB7 which can be used for linkage

Ž .analysis Fig. 9 .
The higher expression of the hsRPB7 mRNA in

Ž .the macula than in peripheral retina Fig. 1 is of
special interest to us due to the critical importance of
the macula in a variety of important diseases of the
eye. This observation coupled with its chromosomal
localization makes hsRPB7 a possible candidate for
Best’s macular dystrophy, a disease preferentially
affecting the macula area of the retina which impairs

w xcentral vision 14 . Although hsRPB7 mRNA is highly
expressed in a variety of tissues besides the retina,
this does not necessarily exclude it from causing a
retinal degeneration. Mutations in a number of genes
that are generally expressed have been found clini-

w xcally to affect only the retina 15,16 .
The wide-ranging expression of hsRPB7 in differ-

ent tissues has been shown previously by Khazak et
w x Ž .al. 8 . The reason s for these variations are unclear.
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w xKazhak et al. 8 have found high expression of
hsRPB7 mRNA in heart, liver, skeletal muscle, kid-
ney and low expression in brain, placenta and lung.
Although we find high hsRPB7 expression in heart
and kidney, we also find high expression in brain and
retina. Our blots also show moderate expression in
lung, skeletal muscle and placenta, but very low

Ž .expression in liver and stomach Fig. 5 . These dis-
crepancies may be due to hsRPB7 mRNA instability
in some tissues or to individual or circadian varia-
tions. These types of variables are difficult to control
in human samples. Another possibility is that hsRPB7
modulates the Pol II complex to preferentially tran-
scribe certain types of genes more actively in certain
tissues. This might explain the low levels found in
adult liver even though liver is known to actively
transcribe a wide variety of genes. However, an
argument could be made that hsRPB7 mRNA levels
are just a reflection of the level of transcription. For
example, skeletal muscle has a hsRPB7 expression
which is approximately half that of heart muscle and
only 20–25% of the level of expression found in
brain and retina. These other tissues are likely to have
higher metabolic and transcription rates than most
skeletal muscle. There are also developmental differ-

Ž .ences in expression Fig. 6 . Interestingly, fetal liver
has a moderate levels of expression but it is still only
about 20% of that found in fetal brain.

The 5X flanking region or putative promoter of
Ž .hsRPB7 Fig. 9 lack a TATA box but contains

several Sp1 sites and a AP1 site. This is consistent
with a constitutive or ‘housekeeping’ promoter and
may explain the wide-ranging expression. Although
we are not providing any direct evidence that the
sequence in Fig. 9 is an active promoter, our 5X

RACE results and genomic sequence analysis strongly
suggests that this is the hsRPB7 promoter. Other
possible transcription factor binding sites are present
within this region but until functional analyses are
performed, it is difficult to speculate as to their
importance in transcribing this gene.

w xKhazak et al. 8 , have shown that hsRPB7 has
63% amino acid similarity to the yeast RPB7 and can
functionally complement yeast RPB7 deletion strains.
These results suggest that hsRPB7 would be highly
conserved in eukaryotic species. We have performed

Ž .a multispecies genomic blot Fig. 10 to see the
extent of conservation among different eukaryotic

species. Our results suggest that RPB7 is highly
conserved at the nucleic acid level among eukaryotic
species, especially mammals. These result also indi-
cate that there is only one RPB7 gene in most
species.

The RNA polymerase II complex is involved in a
variety of complex interactions as it performs its
main function, transcribing expressed genes. Another
well known function of this complex is DNA repair
w x17 and another suspected function is the mainte-

w xnance of the chromatin structure 18 . In the past few
years it has become clear that the RNA Pol II com-
plex and its involvement in transcription coupled
DNA repair plays an important role in human disease
w x17,19 . Two rare but highly heterogeneous human
genetic disorders have been shown to be caused by
defects in genes whose products are involved in
transcription-coupled DNA repair, xeroderma pig-

w x w xmentosum 20 and Cockayne syndrome 21 . How-
ever, defects in the transcription-coupled DNA repair
mechanism are suspected in a broader range of dis-
eases such as those of a neurodegenerative nature
w x w x22 as well as cancer 23 . The information provided
by this study will facilitate further work to determine
if hsRPB7 is involved in some of these above-men-
tioned diseases.
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