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1. OBJECTIVE

Qur long range goal, growing out of the research which we have pursued
in bacterial systems over a numbeyr of years, is to define and characterize
the DNA polymerases of mammalian cells, both normal and neoplastic, applying
the pracedures that have been successful with bacterial enzymes.

IT. HKETHODS AND MATERIALS

a) In addition to conventional chromatographic methods for the isolation
and purification of polymerases we use DNA-acrylamide gel chromatography, a
type of affinity chromatography. We have developed such columns {19) and
we find them efficient and convenient. In addition to their specificity they
have a major advantage in that DNA is entrapped in the gel matrix and is not
leached out. s

b) Because of its extremely high resolving capabiVity we still study
polymerases by electrofocusing in gel beds. The method has already been
used for DNA polymerasas (20) with a conventional liquid system, and the
results warraznt its application in our work.

¢} We plan to study Polymerase II {the 6-85 enzyme) isolated from Wil
celis which appears heterogeneous, to see if a monomer-dimer situation exists.
We will examine the main peak and its shoulder {sometimes two peaks are
discernable} as a function of: a} rotor speed, which may result in reselution
of the incipient peak at higher speeds; b} ionic strength. 1f dimerization
(or oligomerization) of the enzyme depends only on ionic strength, the
association-dissociation may be due to a simple charge interaction between
the specias, This type of interaction can in general be distinguished from
association due to hydrophobic forces by examining the amounts of each
spécies present at different temperatures. Although there are technical
difficulties (such as detarmining the area under the activity peak as 2
measure of its mass) the axperiments are worth developing since the 6-8S
enzyme{s) is ubiquitous in eukaryotic cells and obviously needs to be
characterized.

d) 1In this discussion we have primarily referred to sedimentation
velocity as the means of analysis. However, the same gereral theory for
associating-dissociating systems holds for gel filtration and has been
apptied in a number of cases {21-23) in the concentration range 5-900 ng/fm)
of proteins (21,23}, Using sepbadex G-100 and deteymining that the gel
matrix does not perturbe the associating-dissociating system, it is possible
to calculate the degree of polymerization of the protein {up t¢ a tem-mer)
and the respective equilibeium constants. The latter requires that the
initia) solute zonme is sufficiently large that a plateau region is present
in the effluent zone., If we cannot accumulate encugh polymerase to do this,
we can in any event determine whether or not an associating-dissociating
system exists by amalyzing the trailing zone,
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e) Kinetic and heat inactivatjon studies. The procedures for carry-
ing out the kinetic studies have been detailed in references 9, 15 and 16.
In brief, after the enzyme has been treated for a given time at & given
temperature, aliquots are added to standard assay mixtures containing
template, substrates and buffer, are incubated and the rates of synthesis
are calculated from the time course of incorporation of acid-insoluble
material. They are initizl rates taker from the initial tangent af the
incorporation versus time curve, This procedure eliminates variables
arising from long reaction times,

3trictly speaking, these are not classical heat inactivation studies.
To be so, the rate of synthesis should be examined at the elevated temper-
ature, We cannot do this since the template would 21so be changing at the
higher temperature, introducing another (unknown) variable. In our work,
we make the assumptions that no renaturation of the enzyme occurs in cooling.
to ﬂﬂﬂaftgr the heat treatment and later when incubating the veaotion mixture
at 379,

To determine the influengce of the primer on the kinetics of synthesis,
a series of oligonucleotides, dT. .~dT,.., will be prepared by partial
hydrolysis of dT 000" After fral?iunlg?un, these will be annealed to
various temp1ate1 ek as poly vA, poly dA and hemoglobin mANA and the
resulting primer-templates used in kinetic studies in the same way as in
the oligo dT]u series.

T11, RESULTS AND CONCLUSIORS for years 1973 - 1375
RESULTS 1975
Merbrane Associated DNA Polymerase Activity.

The enclosed reprint describes some of our recent work in this area.
A brief summary of this paper follows. Membranes have been implicated in
DNA synthesis for a long time, but it is clear from the background material
presented in the Proposal that their role is still uncertain. While it is
certain that DNA polymerase activities can be Tound associated with various
types of membranous structures, the nature of the interaction is not known.

1f the membrane is to play a role in replication it is reasonable to assume

an intimate type of interaction among the various companents of the system -
nucleic acids, polymerase{s) and membranes, Such interactions would include
both polar {hydrophilic) and nen-polar (hydrophabic) forces, which are
present in all of the components,

thanges ir membrane structure can be determined by fluorescence
spectroscopy to am exquisitely sensitive degree. For example, if the
fluorophore changes from a hydrophebic (1ipid) envirorment to a hydrophilic
{aqueous) one there will be a decrease in the fluorescence intensity. We
have used this basic idea in observing the endogenous DNA polymerase
activity associated with our membrane preparations. We reasoned that if
the nucleic acid were intimately associated with the membrane then its use
as a template for synthesis would dislodge it from fts ariginal binding
position and this couvld induce a conformational change in the membrane
giving rise to a fluorescence change. This expectation has been borne gut.
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Smooth membranes were prepared from Wily, a human 1ymphoid continugus
cell Tine (1}, The membranes have been characterized both morphologically
and blochemically. Examination by electron microscopy reveals only smooth
membranes with some smal) vesicles. There is no evidence of mitochondria
or'ribosomes. The levels of various enzyme markers have been determined
and they indicate that there is no detectable contamination by endoplasmic
reticulum or inner or cuter mitochondrial membranes. Therefore, most of
the smooth membrane in the p = 1.16 fraction is probably plasma membrane,
with perhaps some nuclear membrane from nucle1 accidentially ruptured
during ¢211 lysis.

This membrane fraction synthesizes ONA, in the presence of the four
deoxynucleoside triphosphates. When the four denxynuc!ens1de triphosphates
are added to the membrane fracticn in assay buffer at 379, fluorescence
changes also occur. Since, at the wavelength used, most of the fluorescence
is due to tryptuphan we conclude that cunfurmat1unal changes must be
occurring in membrane proteins. When DNA synthesis is prevented by omitting
dCTP or dGTP from the reaction mixture, fluorescence changes are nearly
absent and therefore we conclude that DMA synthesis produces the conformat-
fonal changes in the membrane proteins. Our data show that the ratio of
DRA synthesized to protein present in the membrane fraction studied is 1/10
That is, remarkably 1ittle DHA synthesis is required to produce measurable
changes in membrane conformation.

"

In order to learn whether smooth membranes from other spurces possess
a similar endogenous DHA polymerizing system, we examined membranes from
SKL-N (a 1ymphoid 1ine originating from a normal donor (2)) and SKL-7 {a
ymEhuid line originating from peripheral blood of an acute myleomonocytic
eukemia (2)}, We observed both RNase-sensitive and -~insensitive activity
in both cases. But C¥-1 {an established 1ine of monkey kidney celts}, CLM-7
{a mouse fibroblast 1ine) and F1-1 {a human amnion 1ine) showed no endogenous
activity. These results suggest that endogenous DNA=-synthesizing activity
in smooth membranes may be characteristic only of lymphocytes. Since some
cell types lack this activity, it seems unlikely that the binding of nucleic
acid and polymerases to membrane is artifactual in the case of lymphocytes.

In addition to studying the smooth membrane fraction discussed above,
we have begun a study of nuclear membranes (preprint Ne. 1, enclosed).
Huclei were prepared from Wil, ¢ells using the double detergent {NP-40, DOC)
method (3), which strips off fhe outer nuclear membrane. After removal of
the nuclei by centrifugation the supernatant material showad no endogenous
DNA polymerase activity; however, brief sonication af the nuclei just after
the double detergent treatment yielded an endogenous RMate-sensitive activity
in the supernatant; about 80-90 percent of this endogenous activity could
be eliminated by Riase treatment, The activity Vliberated by sonication has
been thown to be membrane-associated and is presumably on the inner nuclear
membrane, It is of particular interest that the nuclear pellet itself
possesses & marked endegenous DNA polymerase activity which ¥s not sensitive
to RNase. Thus two types of activity, and perhaps twe differenf polymerases.
have been separated by this simple procedure. We have begun to examine the
DNA product of this reactiom, The native product from a 30 minute incubation
had a density of 1.42 in (5,50, whether the label was H*-~dTTP or H¥-dCTP,




Proposal #6
Pragress Report
Page 4

Section 6601

Liebe F. Cavalieri, Ph.D., Head

Heat denaturation yielded two peaks: one at p= 1.44 and a smaller one at
o= 1.55. We are examining the latter in more detail. Alkaline treatment
yielded only one peak of denatured DNA at p = 1.44 in Cs_50,. We have done
velocity sedimentatian on these products and the resu]tszarg given in the

preprint.

We have also examined the extent of emdogenous DHNA synthesis in the
nuclear membrane fraction as a function of {NH,),S0, and ethanol concentr-
ation. The former decreases the reaction markgd?y §hite the latter (at
30% {v/v)) increased the rate of reaction 3=fold. This may have implic-
ations regarding the membrane association of the pplymerase. MWe have
¢arried out preliminary fluorescence measurements with these nuclear mem-

; brane fractions and find that changes do occur on addition of the four
/ deoxynucleoside triphosphates; very small changes occur when only three are
present,

L)
It i% known that isolated marmmalian DNA polymerases (4,5,8) produce
some type of polymer synthesis when only 3 deoxynucleoside triphosphates
are present. It has been shown for a nuclear DNA polymerase obtained from
KB cells {4) that the synthesis is not due to terminal transferase. We
have studied this situation using the 1ymphocyte endogenous nuclear membrane
system. The results are summarized below. Other resulis are given in the

preprint.
System pmoles dCMP incorp/mg membrane protein
Complete (H3-dCTP, dGTP, dATP, TTP) 20
Complete + RMase pretreatment ) 2.6
Coplete -dATP ¢.0
Complete -dATP + RMase pretreatment 1.4
Complete -dATP, -dGTP 2,7
Complete -dATP, ~dGTP + RNase pretreatment ‘ 1.4
Complete -dATP, -dGTP, -TTP 2.7
Complete -dATP, -dGTP, -TTP + RMase pretreatment 1.5
_ Complete (H3-TTP, dCTP, dGTP, dATP) 15.5
Complete + RNase pretreatment 2.6

We feel that these results are fmportant and we plan to explore this
situation; qualitatively similar resuylts have been obtained with the plasma
membrane system. Future work will include a study of the products obtained
with various combinations of the precursors; a search for deoxynuclegside
diphosphate kinase activity; a detailed search for terminal transferase.
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In nermal fresh human peripheral lymphocytes the cytoplasmic particu]ate
fraction appears to contain an endogenous DNA pn1ymera5e activity which is
RNA-primed but DMA directed {7). HWe are examining a similar fraction from
WiLs cells and comparing the results to those obtained with isolated enzymes.
Thus, in an on-going study using isolated partially purified {RNA-dependent)
potymerases III and IV {E{ (kindly supplied by Dr. A. Weissbach) we have
studied the use of various oligonucleotide-polymuclectide pairs as primer-
templates with these enzymes., These R-DNA polymerases are known to be
capable of cooying ribostrands of ribaoppiynucleotide-oligonucieotide pairs.
In a collaborative effort we have extended his wugk using other primer-
templates, and we find that in the presence of Mn™* both polymerase 111 and
IV can use an RNA template with ar RNA primer (rArlqg); this is not the
case when Mg** is the metal son. Also, neither enzyme can use a DNA template
with an RNA primer (dArU, l in the presence of Mn*;: there is a small amount
of synthesis when using Hg These results show that reverse tramscription
can take place using an RNA pr1mer, and that metal ions may be important as
a control. A study of the effects of different metal ions in the endogenous
system may help to clarify the type of reaction present.

" RESULYS 1974

The following are summaries and conclusions of recently published
papers which are pertinent to this propasal.

TITLE: DH% Eumplementary to Rabbit Globin mRMA made by E. coli Polymerase
1(9).

Summary:

E. coli DNA polymerase I has been used to synthesize DNA complementary
to, rabbit globin mRNA. [n addition to the heteropolymeric DNA, poly (dT)
and poly {dA] (dT) are also synthesized. The extent of synthesis of these
three products decreases at different rates upon heat inactivation of the
polymerase, suggesting that the sites of syrthesis on the enzyme are either
entirety or partially separate. The use of polymerase 1 for copying RHAs
makes possible the ready availability of complementary DNAs.

Conclusion:

e haye shown that E. coli DNA pn]ymerase I uses rabbit hemoglobin
mRNA as a template to produce poly (dT), poly {dA)-(dT} and anti-mRNA DHA.
The extent of homopolymer synthesis is greater than that of the anti-
messenger. Heat inactivation of the polymerase shows the greatest decrease
for poly (dA)-(dT} synthesis, followed by poly {dT) and anti-messenger.

This suggests distinet areas of the enzyme for each type of synthesis; the
areas may be separate or may overlap. Although the yield of product is
tower using the heated enzyme, the proportion of anti-messenger is greater,
He plan to examine in the manner described here the products formed from
the same mRNA using the reverse transcriptases of the oncogenmic RNA viruses.
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The sfze of the anti-messenger formed (5=3.5} is significantly smaller
than that of the template (S5=30). Other investigators using viral reverse
transcriptases (10,11,12) have obtained larger DNA products. The small
size may be due to destruction of the product by the nucleolytic action of
polymerase I or to incomplete transcription of the RNA or both. It has
bean shown (12} that globin mRNA has poly A-rich stretches 50-70 bases lang
containing about 70% A and that the 3'-terminus contains & or 6 A residues
{(14). The exact disposition of the A-rich stretches is unknown. The oligo
d7 primer probabiy couples to the short poly A stretch as weil as to the
A-rich regions some of which must be internal. Synthesis originating at the
3'~end would give complete complementary strands which might be nicked once
or. twice, reducing the size of the final product. Synthesis origimating
internally would lead directly to shorter complements. Since the hetero-
polymeric DNA product has been shown to hybridize completely and specifically
to the template mRNA, it therefore represents complementary strand synthesis.

TITLE: Evidence for Template-Specific Sites in DNA Polymerases {15).
Summary:

Using rabbit hemoglobin messenger RMA as template, E. coli polymerase

I produces poly {dT}, poly {dA)-(dT) and antimessenger DNA products. Mild
heating of the enzyme rcauses a differential loss in activity as indicated

by three rates of inactivation for the three types of synthesis. Heat in-
activation studies have also been carried out with DNA polymerases from
oncogenic RNA viruses and mammalian sources using varipus homopolymeroligomer
pairs as primer-templates. In general, for any given enzyme these synthetic
?rimer-templates reveal different extents of inactivation of the polymerase.

hese findings may be interpreted to suggest a) that the binding of DNA
palymerase to varicus primer-templates produces conformational changes in
the enzyme which are dependent on the type of template bound, or Bb) that
many, if not all, DNA polymerases have different subsites for different
templates.

Conclusian:

We have found that inactivation of DNA polymevases produced by heating
depends upon the type of primer-template used to measure that imactivation.
The data indicate that the apparent binding constants of polymerase to both
primer-template and deoxynucleoside triphosphates are probably decreased by
partial heat inactivation and there may be 2 change in the catalytic site
as well, A decrease in the apparent binding constant between the polymerase
and the primer-template could be explained by either an actual decrease in
binding or by a decreased ability of the enzyme to underge a coenformational
¢change induced by the primer-template to produce the active form. The
differential heat inactivation observed with different primer-templates when
the enzyme concentration is rate=1Wmiting indicates either that the active
site on the enzyme differs with different templates - an unlikely possibility -
or that the template binding site is actually a collection of subsites with
different specificities, which can be differentially inactivated. The
results can be interpreted in either of two ways. The binding of the enzyme
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to the template may result in a conformational change of the emzyme which,
in turn, results in the active form of the enzyme. We suggest that the
ability to underqo this conformation change depends on the primer«template
inducing it and the state of the enzyme. Partial heat inactivation couid
alter the enzyme such that it could no longer undergo a conformational change
to the active form. An alternative interpretation of our results is that
thera exist subsites within the active center of the polymerase molecule and
that they recognize specific bases and the type of sugar-phosphate backbone
of the primer-template. Heat inactivation of the enzyme may be affecting
these specific subsites in some fashjon and cause the observed differences
in the utilization of specific primer-templates. C(learly, however, not all
of the results are explained by these interpretations, suggesting other
subtTeties within the active centars of DNA polymerases which await further
¢larification,

TITLE: E:g?ence for Allosterism in In Yitra DNA Synthesis on RKA Templates

Summary:

Hemeglobin mRNA and {rA)},-{dT);, have been used as primer-templates in
a kinetic study of ONA synthesus H1EH Escherichia coli OMA polymerase I and
Mason-Ffizer monkey virus reverse transcriptase [RNA-directed OMA polymerase).
The rate versus enzyme concentration curve is sigmoidal and is consistent
with a cooperative phenomenon. The results could be irterpreted in terms

of the formation of an active complex containing enzyme dimers (or oligomers)
of the primer-template, We have also observed sigmoidal kinetics in rate
versus deoxynuclecotide triphosphate concentration, These results are con-
sistent with an allosteric mechanism in which the triphosphates act as both
modifiers and DHA precursors., In the ¢ritical range, a 6- to 8-fold increase
in both enzyme and triphesphate concentrations can lead to a 1500-fold
increase in the rate of synthesis on an RNA template. Thus, small changes

in enzyme and precursor concentrations ceuld play a regulatory role in vivo.

TITLE: A New Sensitive Method for Detecting Poly Adenylate in Viral and
. Other RNAs Using Escherichiz Coli DNA Polymerase I (17).

Summary :

In the presence of messenger or viral RNA containing poly {A) streiches
as a template and oligo (dT),. as a primer, DNA polymerase I from Escherichia
coli synthesizes poly {dT) ugqng dTTP as the sole precursor. HNo synt es5is
occurs when dATP is present as the sole precursor, although dATP s incorpor-
ated into acid-ins¢luble product in the presence of dTTP. Identical results
were observed using the synthetic homopolymeric template poly (rA} with
oligo {dT),, as added primer. Thus, poly (dT) synthesized on paly (A)
stretches lppears to serve as a tempiate for the synthesis of poly {dA).
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Poly (dT) which has been synthesized using poly {dA):{dT). . as template-
primer does not allow the incorporation of dATP in the pr%gence of dTTP.

We have utilized these observations as a basis for the development of an
extremely sensitive and precise technique for the detection of poly (A)
stretches in any RNA sample. This technique can also he used in the
presence of DNA but the sensitivity is decreased. Paly (A) can be detected
in as little as 2 nancgrams of mRNA.

Conclusions:

We have shown that the poly {A) tracts present in mRNA and viral! RNA
genomes, when complexed to (dT).., can serve as effective template-primers
for the synthesis of poly {dﬂ}-lﬁT} by E. coli DNA polymerase 1. The
specific dTTP-dependent incorporation of (’H)-dATP into acid-insoluble
product does not occur with poly (dA) templates, thus providing a specific
enzymatic detection technigue for the presence of poly (A) stretches in any
RNA sample. The addition of exogencus RMA lacking poly (A) tracts to the
reaction at concentrations up to 50-fold that of mRNA has no effect an
product synthesis. DHA at increasing concentrations does inhibit the
praoduct synthesis, although at DNA concentrations 50-fpld that of input mRNA,
significant product synthesis is still observed. The inhibition of product
synthesis by added DNA appears to be due to the binding of DNA polymerase
to the free 3'-hydroxyl groups on the DNA normally used by the enzyme to
imitiate DNA synthesis. As only two of the four DNA precursors are prasent
in the poly (A) detection reaction mixture, heteropoiymeric ONA synthesis
does not occur and enzyme bound to the DNA apparently remains as inactive
"dead-end complexes." The inhibition of {°H}-dAMP incorporation which is
dependent on dTIP by contaminating DNA can be overcome by the use of excess
enzyme, although the detection of poly (R} tracts by this method in total
cellular nucleic acid extracts would more easily be accomplished by first
removing mast of the contaminating cellular DNA.

Although several methods exist for the detection of poly [A) stretches
in RHA samples, 211 require the use of radicisptopically labelled RNA when
conditions prohibit the isolation of large gquantities of RMA. A distinct
advantage of the use of E. coli DNAR polymerase I for the detection of poly
(A) stretches in RNA samples is that labelled RNA is not required. The
sensitivity of this technique is such that poly (A) stretches could be de-
tected using as 1jttle as 2 nanograms of input mRNA. The synthesis of large
quantities of labelled product relative to the small amount of poly [A)
present in the RMA samples may be accomplished through an amplification
mechanism in which newly synthesized product is removed from the poly (A)
stretch through synthesis of the poly {dA)-{dT) duplex followed by annsaling
of fresh (dT),,. to the poly (A) tract, allowing reinitiation of poly (dT)
synthesis, TAE sensitivity of the assay can be further increased through
the use of higher enzyme concentraticns or by raising the specific activity
of the {*H)-dATP used in the reaction. Examination of radieisotopically-
labelled REA samples for the presence of poly (A) stretches may be performed
in an identical manner, although the synthesis of alkali -insensitive,
acid-precipitable material would be determined in this case.
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TITLE: Purification of Avian Myelablastosis Virus BNA Polymerase by
Affinity Chromatography on Polycytidylate-Agarose {18).

Summary :

Polycytidylic acid {poly rC) covalently linked to cyanogen bromide-
activated agarose is an effective affinity matrix for the RNA-dependent ONA
potymerase from Avian Myeloblastosis virus {AMY). Poly rC-agarose is capable
of binding targe quantities of AMV DNA poiymerase, which is then eluted
using a Vinear KC1 gradient of increasing concentration. The DNA polymerase
isolated from crude, detergent-disrupted virions by a single pass through
celumns of poly rC-agarose appears nearly homogeneous (approximately 90% pure)
as determined by sodium dodecyl sulfate-palyacrylamide disc gel electropharesis,
Complete recovery of input enzymatic activity was obtained, Results suggest
that poly-ribonucleotide columns may provide a high-yield, rapid method for
the purification of oncornaviral DNA polymerase. This is the first instance
in which RNA-dependent DMA polymerase isolated using affinity chromatography
has been shown to be nearly homogeneous by bigphysical in addition to
catalytic criteria.

RESULTS 1973
1. DNA Polymerase from E. Colj

We have obtained circumstantial evidence that both the DNA-dependent
and the RNA-dependent activities reside in one molecule by observing that
the agtivities co-purify using several different types of procedures. For
this, we used as starting material the 60% ammonium sulfate cut described
in a previous publication. First: when the 60% cut was subjected to
acrylamide gel electrophoresis, the DMA-dependent (DD} and RMA-dependent {RD)
activities appeared together at an value of 0.48. WHhen this fraction was
applied to a glycerol gradient, the activities appeared together at an SZD
value of 4.5. The gel electrophoresis was repeated ai a lower pH value A
(7.2} with identical results. Similarly, when the gel electrophoresis was
carried out at a higher gel concentration {7%) or lower (4%) there was no
separation of the DD and RD activities although, of course, the Rm values
were lower {0.33) and higher {0.52}, respectively. Second: when the 60%
fraction was applied to a phosphocellulose column, the DD and RD activities
eluted together at an ionic strength of 0.12 using a linear KC1 gradient.
Third: when this peak fraction was applied on a glycerol gradient (SH 50.1,
45,000 rpm, 15 hrs 49C) both activities again appeared in the same fractions
corresponding to an 5., " value of 4.2,

In order to show that one molecule is capable of carrying out both TD
and RD synthesis, thea enzyme has to be used at a limiting concentration,
We therefore determined the amount of dA-dT,. which would saturate a fixed
ampunt of enzyme and then added increasing ;Hounts of vA-dT, .. If the same
molecule were carrying out both synthetic reactions, we wnu19 observe poly
rA-dT synthesis at the expense of poly dA-d¥V synthesis. This is, in fact,
what we observed when the products of the reaction were examined on a (s sua
gradient. There is not conly a shift in density toward the higher density
value of poly rA.dT when the input amount of rR-d7,. is increased but there
is also a concomittant decrease in the amount of paqy dA dT synthesized.
We conclude that one mplecule carries out both functions. There is another
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finding which leads to the same conclusion. We have found that the Pol A
mutant H560, which lacks polymerase I, shows no activity with rA-dT. . Since
the Fol A mutant arises from a point mutation, it seems certain thaluthe
activity responsible for DD and RD synthesis resides in the same molecule.

In order to determine whether there are ane or twa active sites on the
molecule, we carried out three types of experiments: a) Heat Inactivation:
this was carried out in two ways. First the enzyme was heated for varying
times at 45° C. The rA-dT,, reaction is very sensitive while the dA-dT
is virtually unaffected. +ﬂe effect of varying the temperature .gives tﬁg
same result; each aliguot was maintained at the stated temperature, for 3
minutes. Again, the rA-dT1 reaction is exquisitely sensitive. b) Effect
of pH. The pH optimum was Qeterm1ned for each reaction., There is a gross
difference in behavior. c¢) Effect of XL) concentration. MWe have shown
that at 0.1 M KC1 the dA-dT,. reaction is totally unaffected but that the
rA-dT. . is completely 1nh1b]ged. We have shown that this effect is reversible:
on diiﬂtinq the KC1, full activity is restored,

We conclude from these independent measurements that the sites for DD
and RD synthesis differ. We know nothing about their exact configuration;
they may be totally separated physically or they may partially overlap.

2. Endogenous RHase-sensitive ONA-polwvmerizing Activity from Tissue Culture Cells

Cel? lines used: SK-L? {myelomonocytic leukemia); SK-LMT (hemophiliac)
were used for the majority of all experiments discussed.

Cells were grown in McCoy's Medium. They were haervested and pelleted
and washed. The cells were suspended in buffer and homogenized. The super-
natant from a low-speed spin was then spum at 45,000 vpm to obtain a pellet.

A1l cell lines examined were found to possess RNase-sensitive endogenpus
DNA-polymerizing activity. Al] pellet fractions were /0-90% RNase-sensitive
with respect to endogenous DNA-polymerizing ability.

The great majority of RNase-sensitive endogenous DNA-polymerizing
activity from the gel runs is situated atop the gel and apparently does not
enter the gel, hut as much as 20¥% of such activity {relative to the activity
on gel top fractions) was found to migrate into the 5% acrylamide qels,
Assays of gel fractions after slicing and elution of material from gels
generally show a single peak of "endogenous reverse" activity migrating into
the gels with a mobility of 0.1 relative to the distance moved by the bromo-
phenol blue tracking dye.

The gel top fractions containing a high amount of RNase-sensitive
endogenous DNA-polymerizing activity. After collectien, the flecculent
precipitate was spun down at 1000 x g for 5 minutes. A1l of the activity
was found in the slightly turbid supermatant. This activity was stable
for at least one week at 4% C while pellet fractions appear to lose their
endogenous reverse activity after 72 hours at 4% C. The greatly increased
stability may be due to the loss of nucleases or proteases into the gel during
electrophoresis. The gel top fraction supernatant was placed atop fresh X%
gels and rerun. Again, a band of endogenous reverse activity was observed
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at = 0.1 but unlike the fresh pellet fraction, most of the endogencus
reverse activity of the gel top fractions could be run into the gel and
recovered, This suggests that the process of electrophoresis may be in-
strumental in cleaving an RNA-transcriptase complex into reproducibly-sized
moieties capabie of entering the gels. RMase H activity has been observed
in the gel top fractions hut has not yet been observed in peak ge) fractions,

The RMase-sensitive endogencus DNA polymerizing activity migrating
into the 5% gels were recovered and run on 10-30% glycero] gradients to
ascertain the number of species (accoerding to size? which entered the gels.
The results of two runs show the endpgenous reverse activity to exist as
two and possibly three species of 5 and 105.
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DIVISION OF BIOMEDICAL AND ENVIRONMENTAL RESEARCH COMPREHENSIVE REPORT
As requested in letter of March 11, 1975 by Gegrge 0. Duda

#l, Thg main research accomplishments, with special reference to the
originally stated objectives.

Our originally stated objectives have been concerned with the contral
and mechanism of DNA replication; the work has been carried out and is
reporied in summary herein. Much of our work has been concerned with in
yitro DNA synthesis using purified DNA polymerases. In the early work we
used primarily the DNA polymerase {Pol I} from E. coli. Using this system
we made two new and potentially biologically important observations. fFirst,
we showed that RNA templates {which we had shown for the first time in 1963
¢could be utilized by DNA polymerase) exhibit an unusual pattern of DNA
synthesis when it is observed as a function of polymerase concentration.
The results indicate that a cooperative mechanism is operative when DNA
petymerase uses RMA templates; i.e. when the first polymerase attaches
itself to the RNA there is a low rate of synthesis but when more polymerase
malecules attach the rate increases exponentially and finally levels off.
These resilts are manifested as a sigmoid curve. Such a mechanism, if
operating in vivo could serve as a contral for reverse transcription.

Secondly, in this same system we observed a classical allosteric
effect brought about by the precursors themselves, i.e. the deoxynucieoside-
5'=-triphosphates. When ONA synthesis was ohbserved as a function of pre-
cursor concentration, fallowing a lag pertod, ONA synthesis was enhanced
markedly. This effact too reprasents a control mechanism for in vitro
reverse transcription and would be of significance, if operating in vivo.

In the last several years our efforts have been directed more toward
the mammalian DNA polymerase with, however, the same goals in mind as
stated in the First paragraph above. The state of the art of polymerase
isolation and purification is in a much more primitive state in this area
and much of our earTy effort has been directaed to improving methods of
isolation and purification. We had developed earlier a new type of affinity
chromatography using DNA antrapped in acrylamida gel beads to separate DNA
binding proteins from those that do not. This was followed with affinity
chromatography using various types of agarose matrices. We have studied
DNA synthesis on DNA templates using mammalian enzymes purified in this
manner and $o far have not observed the unusual patterns described above
for the bacterial polymerase.

In attempts to try to determine the functions of the mammalian DNA
polymerases we have spent some time on arganalle {mainly membrancus
structuras} isplation with the hope of locating a given polymerase in known
regions of the cell. 3o far we have found DNA polymerase activity associated
with the (inner) nuclear membrane, The DNA polymerase(s) appears to be one
not heretofore described and has the interesting property that it utilizes
poly rAdT] as a primer template and not poly dadT, .. However, it is pre-
mature to gssign an in vivo function to this enzyné?s).

As indicated, the polymerase is associated with a membrane; but the
membrane also contains DNA and/for RNA, for on adding the four deoxynucleoside
precursors, DNA synthesis takes place. Therefore this is an endogenous DNA -
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synthesizing “complex." We plan to use it as a model system for in vivo
OWA synthesis; 1.e. we will add back components of cellular extracts to
see if we can find Okazaki pieces and semi-conservative DNA replication,
for example. We have already isolated the products of this endogenously
synthesizing system and znalyzed them in sucrose velocity gradients as well
as Cs 5D4 equilibrium density gradients. The sizes of the products vary
somewhat but they have sedimentation constants in the %-115 range. Their
densities correspond to those of double-stranded DKAs.

Using this same endogenous system we have found that polymer synthesis
occurs in the presence of gnly three, or two or one deoxynucleoside-5'-
triphesphate(s}. The reaction appears not to be due to terminal transferase.
These analyses are continuing.

#2. Plans for the continuation of present objectives and possible new
objectives in consideration of past results.

The results outlined above have proved so encouraging that we plan to
continue working on the original aims. That is, we plan to extensively
purify the various ONA polymerases both from normal and neaplastic cells
and te attempt to localize them in the ¢ell so as to gain clues as to
their furction{s}. These experiments will be carried out with cells under
various physiological states {i.e., $-phase, G-phase, etc.). : »

We have also discovered that the endogenous ONA synthests which occurs
on membranes (the “complex" noted above) can be monitored by observing the
fluorescence changes of the tryptophan of the membrane proteins. This
method represents a new and potentially valuable approach to the role of
membranes in DNA synthesis. This represents a new goal not heretofore
mentioned in previous proposals.

Another new approach to be applied to the study of structure and .
function of DNA polymerases involves the use of non-aqueous media for the
preparation of cell organelles and then the isclation of ONA polymerases
from them; this will permit a comparison with the aqueous systems and
%iv$ i?furmatiun concerning possible transiocation of polymerases during |
solation.

#3. Graduzte students trained, degrees granted, and post-doctoral tenures
completed.

Drs. S. Marcus and M. Modak spent two years training in my laboratory
Yearning methodology and techniques used in the nucleic acids of molecular
bioiogy. At present Dr. I. Yamaura is a post-doctoral fellow learning the
same techniques.

#4. Biblicgraphy, with titles, of publications associated with this
contract.
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#5. Your opinion as to the present state of knowledge in this area of
research, its significance in the fields of biology and medicine, and
needed future investigation.

Our research is concerned primarily with the mechanism and control of
DONA replication. While paipable progress in this area is clear in bacterial
systems, there is much less progress in mankalian systems. Although there
is much effort being expended in the general area of DNA polymerases, the
field is indeed in a primitive state, both with respect to the structures
and functions of the DNA polymerasas. It is a truism to state that a knowl-
edge of the functions [one of which is DHA replication) of normal cells is
a prerequisite to the understanding of growth in cancer cells. Therefore
intensive study in the molecular biology of nucleic acids is a must both for
biology and medicine. En my op¥nion future investigations of the type just
alluded to should be expanded in all directions.
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#6. The present division of federal support for your overall research
program,
gyrrent:

NCI 08748-09, Core Grant to Stoan-Kettering Institute for Cancer
Research, for salary and benefits of the principal investigator and
certain core services,

2. Source:r AEC
Title: Physical-chemical studies on nucleic acids and derivatives
Principal Investigator: Liebe F. Cavalieri
Pariod: . January 1, 1975 to December 31, 1975
Amount: Direct Cost - $29,276

3. Source: HNCE #CA 17085-01
Title: Mclecular Biology - Cancer Program Project Grant
Principal Investigator: Liebe F. Lavalieri :
Period: - January 1, 197% to December 31, 1579
Amount: Direct Cost - $30,810

4, Source:. NCI #1 RDO1CA18383-01 .
Title: The Mechanism of the reverse transcription of oncornaviral RHA
Principal Investigator: Liebe F. Cavalieri
Period: : June 30, 1975 to June 30, 1978
Amount: Direct Cost = $34,270

Futures;

NCI (28748-09, Core Grant to Sloan-Kettering Institute. These funds
will cover the salary and benefits of the pringipal investigator,
plus certain core services. Support is now keing scught only for
research expenses that w111 no longer be covered by Sloan-Kettering
Institute funds.

AEC - see above.




