
Introduction 
MASTER 

Because of the reservations suggested by the reviewers of 
the three year renewal of this contract, it was decided to pursue 
a goal more meaningful to the Department of Energy which has 
better chance for success. Since the activities of the laboratory 
have involved the purification of enzymes with putative repair 
roles, it was decided to pursue the role and mechanism of action 
by repair in human tissues with these purified enzymes. In brief, 
the enzymes which have been purified to apparent homogeneity 
include a 5'-AP (apurinic/ apyrimidinic) enodnuclease. DNase VII 
(a 5' -+ 3' excision exonuclease), DNase VIII (3' -+ 5' excision 
exonuclease), DNA polymerase f3 and a (not homogeneous as yet) and 
polynucleotide ligase (ATP dependent). 

A. Purification and Properties of Human Placental 'DNA Repair Enzymes 

1. AP Endonuclease (Incision Step) Supported by this DOE Contract. 

Shaper, N.L. and Grossman, L. Methods in Enzymology, 
Vol. 65, 219 (1980). 

Shaper, N.L. and Grossman, L. "Purification and Properties 
of the Human Placental AP Endonuclease" (in 
preparation for J. Biol. Chem.--Abstract enclosed). 

This enzyme has been purified to apparent homogeneity with 
the purification steps shown in Table 1. 

Circulating antibodies to this enzyme have been tained from 
198 rabbits and mice using a radioimmunoassay in which [ I] labelled 

enzyme: has been prepared. We are currently preparing mouse 
monoclonal antibodies to this AP endonuclease for screening repair 
deficient cell lines and t & e i ~  presumed heterozygotes. It is 
planned to examine the level, distribution and nature of this 
enzymes in repair deficient diseases and for population screening. 

Properties of the Human, AP. Endonuclease 

a. pH optima - 8.25 
2+ b. Divalent cation optima - 3mM Mg , (Mn2+ has an optimum 

at 1 mM producing 50% of the activity observed with 3 mM Mg2+) 

c. Activity 50% inhibited in the presence of 50 mM NaCl 

d. Activities partially inhibited by 10 mM NEM 

e. The enzyme hydrolyzes the phosphodiester bond 5' to the 
AP site and will also act on NaBH4 reduced apurinic DNA 

DISCLAIMER 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Table 1 

P u r i f i c a t i o n  of AP Endonucleases from Human P l ~ c e n t a  

Procedure F r a c t i o n  Volume To ta l  To ta l  P r o t e i n  S p e c i f i c  A c t i v i t y  P u r i f i c a t i o n  Recovery 
(ml) Units* (-fold)  '(%) Number (mg 1 (units/mg p r o t e i n )  

Crude e x t r a c t  I 190 380 15,580 . 0.024 0 100 

OSA I1 280 152 190 0.8 
Chromatography - - - .. . - '  , .. 

Concentrat ion 
and D i a l y s i s  111 5.5 228 180 1 . 3  

Sephadex G-75 V 12 124 2 9 42.8 1,783 33 

Sephadex G-75 V I 11 9 1 0.52 175 

DNA-agarose VII 8 7 2 0.21 343 

* One u n i t  of enzyme c a t a l y z e s  t h e  hyd ro lys i s  of one nmole of phosphodiester  bond per  minute.  

The s u b s t r a t e  used i n  t h e s e  assays  i s  depurinated cova l en t ly  c losed c i r c u l a r  @ ~ 1 7 4  duplex DNA. 



f . The .enzyme .ha$'no "phosphatase activity, no nonspecific 
endonucleolytic or exonucleolytic activity 

g. Fraction V is stable with no apparent loss of activity 
during 10 months.. Fraction VI, however, is less stable with 
approximately 50% loss of activity in 4 months. 

h. The apparent molecular weight of the enzyme determined by 
Sephadex G-75 chromatography and SDS polyacrylamide gel electro- 
phoresis (PAGE) is 33,000 daltons. 

i. The enzyme is homogeneous based on SDS gel electro- 
phoresis and by radioactive labelling. 

j. The enzyme is over 14,000-fold purified with a 19% 
overall yield. 

2. DNase VII (5'-exonuclease-excision step) Supported by NIH 

Pedrini, A.M. and Grossman, L. "Chromatin DNases 
From Human Placenta" in preparation for 
J. Biol. Chem. 

An exonuclease which specifically degrades single stranded 
DNA has been extracted from chromatin of human placenta and 
resolved from DNases I11 and VI. This enzyme, referred to as 
DNase VII, has an apparent molecular weight of 31,000 daltons, 
an isoelectric point of 5.75 and requires divalent metal. Optimal 
activity occurs at alkaline pH with a sharp peak at 9.5 at a PIg2+ 
concentration of 0.2 M. It only attacks DNA with a 5'-phosphory- 
lated terminus, liberating 5'-phosphorylated oligonucleotides 
ranging in size from dinucleotides to pentanucleotides; no mono- 
nucleotides have been observed. It degrades polynucleotides of 
repeating base sequence yielding oligonucleotides of even number 
with dinucleotides as the major reaction products of unique sequence. 
DNase VII can attack duplex W irradiated DNA following treatment 
of the DNA with the M. luteus endonuclease specific for pyrimidine 
dimers by d i y e s l i n g  5' to the nick generating a gap of only 10 
nucleotides. 

3. DNase VIII (3'-exonuclease excision step) Supported by 
NIH 

Hollis, G.  and Grossmarl, L. "Purification a.nd 
Properties of DNase VIII from Human Placenta" 
in preparation for J. Diol. Chcm. 

An enzyme has been purified from total human placenta.to 
apparent homogeneity which is a single strand specific 3'-exo- 
nuclease. This enzyme referred to as DNase VIII acts on single 
stranded DNA and circular, duplex structures with apyrimidinic 



sites at its .3' terminpg. Yhe products of hydrolysis are 
5'-mononucleotides. The enzyme will act on UV irradiated duplex 
structures which have been incised with the M.~luteus dimer DNA 
glycosylase (Haseltine et al. Nature 285, 634, 1980) followed by - 
a 3'AP endonuclease from the same organism generating a 3'-AP, 5' 
thymine:thymidylate dimer terminated DNA duplex. However, the 
enzyme will not hydrolyze a phosphodiester bond between the two 
pyrimdine nucleotides damaged by W light. 

The enzyme requires Mg2+ and has a pH optimum of 7.8. The 
enzyme will hydrolyze in an unabated fashion generating gaps as 
large as 1,000 nucleotides in length. 

4. DNA Polymerases (Reinsertion- Step.) Supported by NSF 

a. DNA polymerase B 

This enzyme purified over 16,000-fold has an apparent 
molecular weight of 43,000 daltons, is a basic protein (iso- 
electric point 9.2) and which functions with either Mg2+ or 
~ n ~ + .  In the presence of Mg2+ the enzyme requires a gap 
in double stranded DNA one nucleotide 1ong.at least for a 
productive binding. 

b. DNA polymerase a (Reinsertion Step) Supported by NSF 

This enzyme, although not completely homogeneous is being 
studied as well as polymerase B for reinsertion reactions. 
Although polymerase a is primarily responsible for replication, 
its role in reinsertion is being studied as well. 

5. Polynucleotide Ligase (Ligation Step) Supported by NCI 

Bhat, R. and Grossman, L. "Prearation and 
Properties of Human Placental Polynucleotide 
Ligase" in preparation for J. Biol. Chem. 

This homogeneous enzyme of 73,000 daltons catalyzes the 
formation of the. phosphodiester .bonde joining  HI oligo dT 
fragments to immobilized oligo dT anneaXed to poly dA. It has an 
optimal activity at 'pH 8,. requires 8mM Mg2+ and 1mM ATP with a 
substrate Krn of 3.2 X 10-~fiq. and 1.47 X ~ o - ~ M  for ATP. The enzyme 
is inhibited by PoLi.and will not ligate ,an RNA:DNA heteroduplex. 



RESEARCH PLANS FOR 198'6-1981 

A. Antibodies to the,AP Endonuclease 

Through the use: of rabbit and 'mouse anti-AP endonucleases 
it is planned to determine the level, distribution and nature of 
this enzyme in familial pairs of xeroderma pigmentosum (XP) 
heterozygous and homozygous cell lines. The current activities 
related to this problem are is to develop monoclonal antibodies 
to this enzyme. When mice produce maximal antibodies to the AP 
endonuclease their spleens will be removed, minced and hybridized 
with mouse myeloma cells in the presence of Sendai virus. Auto- 
radiographic screening for anti-AP endonuclease producing hybridomas 
with [I2511 labelled enzyme will permit the isolation of those 
clones producing homogenous anti-AP endonuclease. The pure IgG 
fractions will be proteolyzed with papain to isolate the F(ab)2 
fragment which adheres to serial dilution plates constructed of 
polyvinyl chloride (PVC). The F(ab)2 coated PVC plates will be 
treated with pure enzyme and extracts of cells to form the Ag- 
F(-ab)2-c~mplex after which pure anti-AP endonuclease will be 
sandwiched with this complex. [125~] labelled Staph. aureus A 
protein which binds the Fc fraction of the intact antibody provides 
an extremely sensitive assay for as little as 10' molecules ~f 
action or 1 molecule of antigen per cell when extracts of 10' 
cells are used as test antigen. 

This same procedure will be used with either ferritin- 
labelled antibody or fluorescein-labelled antibody to localize 
the enzyme in the cell and to determine its locality in repair 
deficient cell lines. 

Through the use of radioimmunoassays (RIA) it will also be 
possible to follow the changes in molecular weight and isoelectric 
point of this enzyme in repair deficient cell lines. It is 
further anticipated that any alteration in substrate binding and 
specificity can be examined. 

It therefore will be possible as a consequence of the above 
studies to identify whether the protein structure in these mutants 
has been altered either through molecular weight or amino acid 
changes. It will also be possible to determine if mutants of 
repair are expressed in deficiencies through changes in the 
localization of enzyme as well. as in substrate specificity. 

u. 'ilhe Effect of Al? Sites on DNA polymerase B and a 

The fullowing structures will be used to determine the 
effects of AP sites and'gap sizes necessary for productive 
polymerization and binding. 



These sites will be generated with the human AP endonuclease 
(5' AP endonuclease) and the M. luteus AP endonuclease (3' AP 
endonuclease) followed by exo?hclease I11 from E. coli - in case 
b..and DNase VII in case d. The stoichiometry of nucleotide 
uptake and ligasability wTll be studied. 




