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ABSTRACT A cDNA library of newborn rat brain
poly(A)* RNA in phage Agt11 was screened with a polyclonal
antibody against chicken DNA polymerase B. One positive
phage was isolated and purified after testing 2 x 107 recom-
binants. This phage, designated ApolB-10, contained an 1197-
base-pair cDNA insert that corresponded to a mRNA with a
poly(A) sequence at the 3’ terminus and a single, long open-
reading frame of 957 bases. The open-reading frame, starting
44 residues from the 5’ end of the cDNA, predicted a 36,375-Da
protein of 318 amino acids. Comparison of this deduced amino
acid sequence with the partial sequence obtained with purified
polymerase f revealed a match of six tryptic peptides, involving
a total of 47 amino acid residues. This confirmed the identity
of the cDNA. Blot-hybridization analysis of newborn rat brain
poly(A)* RNA revealed a mRNA species of approximately the
same size as the cDNA insert; in addition, a second mRNA
species =4000 bases long was detected. Computer-derived
secondary structure analysis of the enzyme predicted seven
regions of a-helix distributed throughout and three regions of
B-sheet.

DNA polymerase S8 is the simplest naturally occurring DNA
polymerase known. The purified enzyme is unable to conduct
processive DNA synthesis, lacks associated nuclease activ-
ity, and does not catalyze detectable levels of pyrophosphate
exchange, pyrophosphorolysis or dANMP turnover; the en-
zyme from vertebrate sources is purified as a holoenzyme
composed of a single =~40-kDa polypeptide chain (1-3).
Although DNA polymerase g is typified by the mammalian
enzymes from calf and rodent tissues, polymerase-g-like
enzymes are present throughout the animal kingdom (4), and
tryptic peptide mapping and immunological studies indicate
that the primary structure of polymerase 8 in vertebrates is
highly conserved (5, 6). In addition to animals, polymerase-
B-like enzymes have been found in plants, fungi, and proto-
zoa (for discussion, see ref. 7). There are differences in the
properties of the B8 polymerases in various eukaryotes. For
example, the polypeptide chain size of the enzyme from
mammalian cells is 35-40 kDa, whereas the Drosophila,
plant, and fungal enzymes range from about 70 to 110 kDa (7,
8); the level of polymerase B activity in mammalian cells in
culture remains constant during periods of change in growth
rate and replication of genomic DNA (1, 9), whereas levels of
the Drosophila, plant, and fungal B polymerases are regulated
as a function of developmental stage (7).

The cellular role of DNA polymerase B is not fully
understood. As noted above, levels of the enzyme do not
correlate with replication of genomic DNA in a mammalian
cell, and the enzyme has been described as constitutive (1, 4).
This implies that polymerase B is involved in cellular main-
tenance, such as DNA repair, rather than in replicative DNA
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synthesis. Indeed, several groups have reported that after
DNA damage of mammalian cells by bleomycin or
neocarzinostatin, polymerase 8 has a synthetic role in DNA
repair (10, 11). Purified polymerase B is efficient in filling
small ‘‘repair patch-size’’ gaps in DNA, and, contrary to
polymerase a, polymerase B synthesizes DNA at nicks and
can promote DNA strand displacement (12, 13).

Questions as to whether DNA polymerase 8 is actually
required for cell viability and the consequences of impaired
function of the enzyme remain to be answered. Since cells
carrying a mutated polymerase B8 gene are not yet available,
one of the best approaches to answering questions about
polymerase B molecular biology is through gene cloning.
Here we report the initial cloning of a polymerase 8 cDNA.
A library prepared with newborn rat brain poly(A)* RNA in
Agtll was screened by using a polyclonal antibody to poly-
merase B, and a positive phage was plaque-purified. Com-
parison of the partial amino acid sequence of purified poly-
merase B with the sequence deduced from the open-reading
frame in the cDNA indicated the identity of the cDNA. This
rat cDNA will be useful for isolation of polymerase 8 cDNA
from other sources and for study of the structure and
expression of DNA polymerase $ genes.

MATERIALS AND METHODS

Screening for Recombinant Clones and Subcloning of cDNA.
The phage Agtll cDNA library of 1-week-old Sprague-Daw-
ley rat brain poly(A)* was screened as described (14) except
that 2 x 10° phage were cultured on each 150-mm plate for 2
hr at 42°C. Rabbit anti-chicken DNA polymerase g8 IgG (3, 5)
was used at 20 ug/ml. Recombinant clones A7, A8, and A10
were purified by plaque purification.

cDNA inserts, isolated by cleavage with EcoRI followed
by electrophoresis, were ligated with pUC9 (15). The result-
ing plasmid recombinants, pUC9-7S, pUC9-7F, pUC9-8,
pUC9-10S, and pUC9-10F then were used to transform
Escherichia coli JM-83. Sequence analysis with pUC9 DNAs
was with normal and reverse primers as described (16).
cDNAs from pUC9-10S and pUC9-10F were subcloned in
phage M13 and sequenced (17, 18).

DNA and RNA Blot Hybridization. Genomic DNA (10 ug)
was obtained as described (19), cleaved with EcoRI or
BamHI and then fractionated in a gel. DNA was electro-
transferred to GeneScreen membrane (New England Nucle-
ar) and hybridized to nick-translated denatured probe (about
10® cpm/ ug) for 24-48 hr at 60°C in 0.3 M NaCl/0.06 M Tris
chloride, pH 8.0/2 mM EDTA/0.02% polyvinylpyrrolidone
(M, 40,000)/0.02% bovine serum albumin/0.02% Ficoll (M,
400,000)/1.2% NaDodSO, containing 0.2 mg of denatured

Abbreviation: bp, base pair(s).
*A brief report of this work was presented at a meeting of the
International Congress of Biochemistry, Amsterdam, August, 1985.
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salmon sperm DNA per ml. Membranes were exposed to
Kodak XAR-5 film with an intensifying screen at —70°C.

Poly(A)* RNA of newborn rat brain and calf thymus were
prepared as described (20); poly(A)* RNA of adult rat brain
(21) and a human teratocarcinoma cell line, NTera2D]1, in
growth phase (22) were provided by S. L. Sabol and J.
Skowronski, respectively, of the National Institutes of
Health. Poly(A)* RNA denaturation, electrophoresis, and
hybridization were performed as described (23). Hybridiza-
tions with a rat B-actin cDNA probe (10% cpm/pug), provided
by B. Paterson of the National Institutes of Health, were
exactly as described (23).

Amino Acid Sequence Analysis of Chicken and Rat
Polymerases 8. DNA polymerases 8 were purified to near
homogeneity from chicken embryo (24) and rat hepatoma
AH130 cells (25). The 40,000-Da polypeptides of these
enzyme preparations were further purified by preparative
NaDodSO,/polyacrylamide gel electrophoresis. Gel strips
containing these polypeptides were digested with trypsin as
described (26) except that the reaction mixtures contained 10
mM CaCl, to reduce autodigestion by trypsin and the amount
of trypsin was minimized (3-5 ug). About 20 ug of each
40,000-Da polypeptide was used. Tryptic peptides were
purified by HPLC (Cyg, 0.4 X 25 cm) with a gradient system
of 0-45% acetonitrile containing 0.1% trifluoroacetic acid in
H,0 at 0.7 ml/min for 0-120 min. Peptides were detected by
absorbance at 214 nm. Samples were lyophilized and applied
to a gas-phase protein sequencer (470A Applied Biosystems,
Foster City, CA). Both rat and chicken polymerases g were
blocked at their amino termini. Therefore, no amino acids
were recovered from samples not digested with trypsin.

RESULTS

Cloning of Polymerase 8 cDNA. A Agtll cDNA library of
poly(A)* RNA from newborn rat brain was screened with a
polyclonal antibody to chicken polymerase B. Use of an
antibody raised against the chicken enzyme was reasonable
because earlier work had shown extensive amino acid se-
quence homology between rat and chicken 8 polymerases
(25). In addition, this antibody cross-reacted with mammalian
B polymerases (5), and we found that as little as 0.1 ng of pure
mammalian DNA polymerase B spotted directly on a nitro-
cellulose sheet could be detected. Screening of the cDNA
library was with 2 X 10° recombinant phage per 150-mm dish.
After a total of 2 X 107 recombinant phage were screened,
three positive phage, termed A7, A8, and A10, were isolated
and purified. Some properties of the A10 clone are shown in
Fig. 1. After plaque purification and plating at a low density,
the signal produced by A10 was much stronger than that seen

F1G. 1. The signal produced
by purified phage A10 in protein
blots probed with antibody to
polymerase B and then stained
with a horseradish peroxidase-
based dye system. (Top) Purified
A10 at 200 phage per 100-mm
dish. (Middle) Library phage at
3000 phage per 100-mm dish.
(Bottom) Mixture of the phage
added to the other two dishes.
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with library phage. The A\10 clone was indistinguishable from
library phage when probed with IgG from the preimmuniza-
tion serum (not shown).

The cDNA insert of each positive clone was excised and
subcloned in pUC9 as appropriate. pUC9 derivatives of the
inserts from A8 and A10 were labeled by nick-translation and
then used to probe Southern blots of the original Agtll
recombinants. No cross-hybridization was observed be-
tween the inserts from the three Agtll recombinants.

Next, we conducted preliminary sequencing of the cDNA
inserts subcloned in pUC9. The results indicated a match
between the A10 cDNA insert and the amino acid sequence
of purified polymerase 8. No such match was found for the
cDNA inserts from A7 and A8. Therefore, the A10 cDNA was
selected for the detailed studies described below, and the
other two cDNAs were set aside. The phage A10 is hereafter
termed ApolB-10.

Primary Structure of Polymerase 8 cDNA. The cDNA insert
of ApolB-10 [1197 base pairs (bp)] contained one internal
EcoRlI site, and cleavage at this site produced two fragments
termed 10F and 10S of 438 and 759 bp, respectively (Fig. 2).
These fragments first were subcloned in pUC9 and then
further digested and subcloned in phage M13 for sequencing.

The nucleotide sequence of the ApolB-10 cDNA is shown
in Fig. 3. The alignment is with the 57-nucleotide poly(A)
sequence at the 3’ end. A potential mRNA processing signal,
AATGAA, was present 14 nucleotides upstream from the
poly(A) sequence. There was a single, long open-reading
frame extending 954 residues from the first ATG codon
(which was 44 nucleotides from the 5’ end) to a TGA
termination codon at residues 998-1000. The 36,375-Da
protein deduced from this sequence contained 318 amino
acids (Fig. 3). The 5’ untranslated region of the mRNA had
a 19-nucleotide G/C-rich sequence (residues 10 through 28)
that is partially self-complementary and able to form a
hairpin. This hairpin is related to the hairpin that can be
drawn with a highly conserved sequence in the 3’ end of
mammalian 18S rRNA (27), and the sequence in the stem
portion of the polymerase 8 mRNA hairpin is able to pair with
the stem portion of the rRNA hairpin; of 16 residues in the
stem of the polymerase 8 mRNA hairpin, 14 residues are
complementary. Finally, 3 of the 5 nucleotide residues
directly preceding the ATG codon (39, 41, and 43) match the
consensus initiator sequence—CC‘éCC—discussed by
Kozak (28).

Match of Primary Structures of APolB-10 cDNA and Poly-

merase B. Rat and chicken B polymerases were purified to
homogeneity, and sequences of six different tryptic
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FiG. 2. Partial restriction map and sequencing strategy for the
ApolB-10 ¢cDNA. Restriction mapping was done by digesting
subclones pUC9-10F and pUC9-10S with restriction endonucleases.
Sequencing was by the method of Maxam and Gilbert (18) (X) or by
the method of Sanger (17) in pUC9 and M13 with E. coli DNA
polymerase I large fragment at 25°C (O) or with reverse transcriptase

at 42°C (o).



5108 Biochemistry: Zmudzka et al.

8

€£ACAAGACCCE Qe agagar et caacagegacateacgaac ALG C1C GG GAA CIL GUA
Mot Lea Val Glu Lew Ala

&

117

ARL TTT GAG ARG AAL GTG AGE LAG GUG ATE UAC AALG TAC AAT GEA 1AL BGA AAR LUA GLA
Asn Fhe Glu Lys Ao val Ser Gla dda Tle thia Lye Tue o Aba Tyr g bve Ala Ala
26

177

TEV GIG ATA GEAAAL TAC TG CAC Acn AT and Al LGa GEA G GLT AAG AAR 116G 1CA
Ger Vel Do alabve T GO v TTe v ter Gy Al B Ala e Cve Lo Tra
a6

o

BUA GIA GUA ALA ARG (08 G0 GAR 0AG AT LA GAG T1HE TTA GEA ACT GGA ARR TG GG T
CIv val Giv dhe v Tie Ale Glu Dy Tie fo Gla e Len ada The Gly Lve Lea Ara
bt

K

AR CTG GAR AAG ATT LT Lt Gl Gfos Ao Gt D T AT Ane 110 GG Act C0a G
Pye dew Ghoobyva THe dra Gl anpe o U Soc Do Ser o The fon Thee Loa the Arg val
36

v

ACT GGE AL GGG CLG DO G0 GOA AGH AAG 11T HIn Gat GAn LOA AT ARR ACA TTA LAR
Thr Gly Lle Gly Bro See Ala dda dra Ly | Sl G Gl Ghy e fue The e Dl
A

ay7

GAT CTE AGH ANA GAT HAG G Ana T AAE LA Cal Can UG Gl b GG C G afn 1at e
ALD Lew A v Gon Dl G Bve e s S T Sl dree T Gy Ten bve Ty The
106

a7

BAG GAT THL GAR ARG AGA O 00T TG GAG GAL ATG C TG CAR NG LA GAC AT (1T o1t
Gl Asp Fhe Gl fve drag e fro dca Gl Gl Met Len Gl ot Gl dep The Val Lew
144

97

AAT GAA GTT ARG AAL TG GAT L0 sal, TAC AT G AR GG TGO GGE aGT TIC 1GA AGA
Aen Gl Val Lve Lys Len Ann Tro Gla Tvr Fle dda the Val Gve Gy e The Arg Ay
166

597

GGC GCA GAG TEC AGT GLA GAT ATG GAC GEE TG 56 AcE CAC CUA ARG 110 ACG 1TEA GAN
Gly Ala Glu Ser o Gly Aon Met o Vol Do Deae e s Fro aen Tl 1 A
146

ol

TCA AGE ANA CAG LUA AAG 1T TIA CAT CGT 6T GG GAA CAG TEA UAR ARA GIC T (T
Ser Ser Lys Gl bro Lve Lew Lo bhe Ara Vel Yal Blo Gin Lea Gin L ys Val Ara bhe
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246

817
CAG TAC TAC TGT GGT GTI CTC TAC TTC ACT GGA AGT GAC ATC T11 AAT ARG AAT ATG AGA
Gln Tyr Tyr Cvs Gly Val Leu lyr bhe Thr Gly Ser Asp Tle bhe Asn Lyvs Asn Met Arg
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ACT GGG GTT GCT GGG GAG CCC CTT CCG GTG GAL AGL GAG CAG GAC ATT TTC GAT TAC ATC
Thr Gly Val Ala Gly Glu Fro Leu Fro Val Asp Ser Glu Gln Asp lle Fhe Asp Tyr lle
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CAG TGG CBC TAC CGG GAG CCC AAG GAC AGG AGT GAA TGA cqcctgccccacccaggcctatcccac
Gln Trp Arg Tyr Arg Glu Fro Lys Asp Arqg Ser Glu ##=«
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1101
gaggagtcctaagttattgcttaacctttgctatqtaaggqttqagtqttttagataattqectcttotceqtagcttee

catggactatcqgccaatgaacctcttgagcagect (a)
s7

Fi1G. 3. Nucleotide sequence of ApolB-10 cDNA and deduced
amino acid sequence corresponding to the long open-reading frame.
The long open-reading frame and deduced amino acids are shown in
capital letters. In the 3’ untranslated region, a putative mRNA
processing signal (AATGAA) is noted.

oligopeptides were obtained, three from chicken polymerase
B and three from rat polymerase 8. Comparison of these
sequences with the sequence deduced from the long, open-
reading frame of the ApolB-10 cDNA revealed a match for all
six oligopeptides (Fig. 4). Perfect correspondence was ob-
served with the three rat polymerase 8 oligopeptides and also
with a seven-residue chicken polymerase 8 oligopeptide (no.
5). A chicken oligopeptide (no. 3) of nine residues matched
perfectly except for one guanosine-to-thymidine nucleotide
change, and a seven-residue chicken oligopeptide (no. 4)
matched except for a GAT deletion and nucleotide changes
of adenosine to cytidine plus cytidine to thymidine.
Blot-Hybridization Analysis of Rat, Calf, and Human RNA.
The 438-bp EcoRI fragment of the ApolB-10 cDNA was used
to probe blots of poly(A)* and total RNA from newborn and
adult rat brain, calf thymus, and a human teratocarcinoma
cell line, NTera2D1. In experiments with poly(A)* RNA
(Fig. 5a), newborn rat brain contained two predominant
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hybridizing species, 1400 and 4000 bases, of apparent equal
abundance. RNA species of the same sizes were present in
adult rat brain; however, the 4000-base species was much
more abundant than the 1400-base species. Calf thymus and
NTera2D1 cells each contained only one species of =~1500
and =1400 bases, respectively. The pattern of bands shown
in Fig. Sa also was observed when glyoxal gel electrophoresis
was performed (Fig. 5b), indicating that the 4000-nucleotide
band probably was not an aggregate of the 1400-base mRNA.
Results similar to those in Fig. 5 were obtained when total
RNA from newborn rat brain and calf thymus were used (data
not shown).

With both total RNA and poly(A)* RNA from each source,
the relative abundance of the mRNA species hybridizing with
the probe was low. This was evident because autoradiogram
exposures for Fig. S were about 100 times longer than those
required to detect a high-abundance mRNA (rat B-actin)
using the same blots and hybridization conditions (not
shown). The specific activities, lengths, and methods of
nick-translation for the B-actin and polymerase B probes were
similar in these experiments.

Southern Blot Analysis of Rat Genomic DNA. The 438-bp
EcoRI fragment was used to probe DNA blots of restriction
enzyme-treated genomic DNA from newborn rat brain. A
simple hybridization pattern was observed (not shown). In
our experience, the autoradiogram exposure time required to
detect the signals (72 hr) was much longer than that required
for high-copy number DN A elements and was about the same
as that for single-copy genes. We conclude that the copy
number of the DNA polymerase B8 gene was low, and the
results are consistent with a single-copy gene.

Secondary Structure Predictions for Rat DNA Polymerase 8.
Plots of computer-derived secondary structure predictions
for the cDNA-deduced protein are shown in Fig. 6. The
protein appears to be globular with regions of a-helix pre-
dicted throughout. The first a-helix region, between residues
1 and 75, has low B-sheet prediction. The remaining six
regions of a-helix were 10-30 residues long and were pre-
ceded by a strong prediction of B-turns. Several regions of
B-sheet were predicted, with the three strongest centered at
residues 88, 255, and 291; these corresponded with low
a-helix prediction. The carboxyl-terminal 100 residues
formed a pattern of alternating B-sheet and a-helix, consist-
ent with the structure of a typical B-a-B-a-8 nucleotide
binding domain. Hydrophobic character was predicted for
the amino-terminal 5 or 6 amino acids, for the regions of
B-sheet prediction, and for some portions of the a-helices in
the amino-terminal 100 residues.

DISCUSSION

We used a DNA polymerase 8 antiserum to isolate a Agt11 rat
cDNA recombinant capable of expressing a strong antibody
epitope (Fig. 1). The authenticity of the cDNA was confirmed
with the observation that its nucleotide sequence correspond-
ed with the partial amino acid sequence of DNA polymerase
B (Fig. 4). The sequence comparison involved six different
tryptic oligopeptides representing 15% of the overall primary
structure of the enzyme.

There are several reasons to suggest that this polymerase
B cDNA s a full-length copy of the mRNA coding region.
First, the single, long open-reading frame in the cDNA
predicts a 318-amino acid polypeptide of 36,375 Da, and this
size is in line with that of purified rat polymerase g—i.e., 35
kDa (30). Second, blot-hybridization analysis of newborn rat
brain poly(A)* RNA revealed a mRNA species of =1400
bases. Assuming the presence of a 100- to 200-base poly(A)
tail, the 1197-bp cDNA has the size expected of a near
full-length copy of the 1400-base mRNA. Third, inspection of
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Sequence Match-up
Lys 80 90
1. cDNA AAG AAC GTG AGC CAG GCG ATC CAC AAG
AAC GTG AGC CAG GCG ATC CAC AAG
Rat peptide =~ ——» Asn Val Ser Gin Ala I|leuHis Lys
Lys 100 110
2. cDNA AAG TAC AAT GCA TAC AGA
TAC AAT GCA TAC AGA
Rat peptide =~ —» Tyr Asn Ala Tyr Arg
Lys 220 230
3. cDNA AAG ATT GAT GAA TTT TTA GCA ACT GGA AAA
L]
Chicken peptide ATT GAT GAA TTT TTA TCA ACT GGA AAA
P— lleu Asp Glu Phe Leu Ser Thr Gly Lys
Arg 330 340 350
4. cDNA AGG AAG CTT GTA GAT GAA GGA ATT AAA
L] L]
Chicken peptide ACG TTT GTA ——- GAA GGA ATT AAA
—_— Thr Phe Val ——— Glu Gly lleu Lys
Lys 420 430
5. cDNA AAA TAT TTT GAG GAC TTT GAA AAG
Chicken peptide TAT TTT GAG GAC TTT GAA AAG
—_— Tyr Phe Glu Asp Phe Glu Lys
Arg 970 980
6. cDNA CGC TAC CGG GAG CCC AAG
TAC CAA GAG CCC AAG
Rat peptide D Tyr Arg Glu Pro Lys
b
é EcoRl
Peptides Peptide F1G. 4. Comparison of the
12 3 4 5 6 nucleotide sequence of ApolB-10
ATG TGA (Alsy c¢DNA and the nucleotide se-
quence deduced from tryptic
5 Py ® 3’ oligopeptides of purified rat or
chicken polymerase B. (@) Num-
bers above the cDNA sequences
36.4 kDa protein <«——— correspond to those shown in
Fig. 3. (b) Summary of the pri-
mary structure of the rat poly-
L s | 1 ] 1 1 1 ] 1 ] 1 J merase ﬁ cDNA and the a_llgn-
0 0.2 0.4 0.6 0.8 1.0 1.2kb ment of tryptic oligopeptides.

the nucleotide sequence 5’ of the first ATG codon in the
cDNA revealed two oligonucleotide sequences that are
similar to sequences found in 5’ untranslated regions of
mammalian mRNAs. One of these common sequences is the
S-residue sequence directly preceding the start codon (28),
and the other is a 19-residue sequence complementary to a
highly conserved sequence in 18S rRNA (23). Finally, in
studies reported elsewhere (31), the cDNA described here
was used as probe to isolate a polymerase 8 cDNA from a
library prepared with the human RNA used in Fig. §, lane 4.
Sequencing of this cDNA revealed that the coding region was
90% homologous with that of the rat cDNA. The human
cDNA extended 122 residues 5’ of the end of the rat cDNA
and 163 residues 5’ of the assigned initiation codon of the rat
cDNA. This 5’ region of the human cDNA (163 residues) did
not contain an in-phase initiation codon but did have one
in-phase termination codon.

Another noteworthy feature of the polymerase 8 mRNA
described here is that it contains an unusual mRNA pro-
cessing signal, AATGAA. To date, this signal has not been
found in naturally occurring mRNA (32). Yet, studies on
point mutations in the commonly present AATAAA signal
showed that the AATGAA sequence can yield 3'-end-
processed mRNA, although at a reduced level (33).

Several interesting conclusions may be drawn from the
results of completely sequencing the ApolB-10 insert and from
its use as a probe. First, a low-abundance mRNA (=1400
bases) encoding a polypeptide of ~40 kDa exists in mamma-
lian cells; when this mRNA is translated as expected (34), the
=4(0-kDa enzyme routinely obtained by purification (I) is a
natural species rather than a degradation product of a larger
protein. Second, the cDNA probe hybridized to an additional
species of poly(A)* RNA (4000 bases) that is much larger
than expected for a =40-kDa protein. The nature and origin
of this transcript are subjects for further study. The accu-
mulation of this 4000-base RNA species appeared to be quite
different in adult and newborn rat brain, and this species was
minor or not present in calf thymus and human teratocarci-
noma cells. It is noted that the 4000-base species is long
enough to encode a polypeptide of =110 kDa, and polypep-
tides of this size correspond to the B polymerases found in
Drosophila and some other lower eukaryotic cells (7, 8).
Third, the availability of the amino acid sequence deduced
from the open-reading frame permitted an analysis of the
secondary structure of the enzyme. This analysis suggested
a protein with high a-helix content, a number of -turns, and
a region of alternating B-sheet and a-helix in the carboxyl-
terminal 100 residues. Based upon this and structural infor-
mation about E. coli DNA polymerase I large fragment (35,
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Fi1G. 5. Analysis of poly(A)* RNA with pUC9-10F DNA as
probe. Poly(A)* RNA from adult rat brain (lane 1), 7-day-old rat
brain (lane 2), calf thymus (lane 3), or human teratocarcinoma cells
(lane 4) was denatured in the presence of 2.2 M formaldehyde with
50% (wt/vol) formamide (a) or 0.5 M glyoxal with 50% (wt/vol)
dimethyl sulfate (b), electrophoresed in an agarose gel, electro-
transferred to GeneScreen hybridization transfer membrane, and
hybridized to 3?P-labeled pUC9-10F DNA as described. rRNA size
markers are indicated. Only the regions of each autoradiogram
containing signals is shown. Exposure was for 48 hr.

36), it is reasonable to suspect that the amino-terminal third
of the protein may be involved in DNA binding, and the
carboxyl-terminal third, in nucleotide binding.

Our Southern blot analysis of rodent genomic DNA re-
vealed a relatively simple restriction pattern and a low-copy
number for sequences complementary to the ApolB-10 cDNA
probe. Human chromosome localization studies to be report-
ed elsewhere (unpublished data) indicated that sequences
complementary to the polymerase 8 cDNA are single copy
and are present on one chromosome. A restriction fragment
length polymorphism was detected in 20-25% of normal
individuals by using a probe from the 5’ end of the cDNA.

Helix
LV AN N
N w7 W v
Turn
M. AD\A m./""\l/L /\/“NRI\V\\AM.AM

vl AVALWiat Siv e IvA v

e A ana N AL
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Hydropathy
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F1G. 6. Computer-derived secondary structure and hydropathy
plots for rat brain polymerase 8 (29). Amino acid residue numbers are
displayed relative to colinear conformation predictions and a
hydropathy plot. For predictions of conformation, all values plotted
above the line indicate a prediction for that conformational feature.
All values above the line for the hydropathy plot indicate hydropho-
bic character, whereas values below the line indicate hydrophilic
character of the polypeptide.
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