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I am sure that you are all aware of the current limitations of
cancer chemotherapy, both from a theoretical and a practical
point of view. My assignment is not to dwell upon the
problems of chemotherapy in any specific way but, if possible,
to determine how the current biochemical information might
be useful for the development of new agents. As it exists
today, cancer chemotherapy lacks the specificity of chemo
therapy for infectious diseases due to microorganisms, largely
because the metabolic processes of cancer cells are so very
similar to those of other cells of the host. Indeed, the question
has been raised by many workers as to whether such a
significant difference will ever be found between the
neoplastic cells and other cells that chemotherapy in the sense
of antibiotics will ever become possible. No one today could
hope to make more than a speculative statement on this point.

The great hope of biochemistry of cancer has been that
ultimately some specific distinction between cancer cells and
other cells would be found, such that a definitive form of
chemotherapy could be directed against a specific biochemical
target. With the possible exception of the nucleolar gene
readouts in neoplastic cells, there do not appear to be any
definitive and specific targets offered by cancer cells. This, of
course, does not preclude the discovery in any very short
period of time of targets that will offer valuable approaches to
cancer chemotherapy, for example, in the rapidly developing
fields of nuclear protein chemistry and nucleic acid chemistry
of the nucleus. This discussion will largely be devoted to a line
of attack which is directed against nuclear targets and is based
on the sequence of amino acids in the GAR histone. This
histone is the first of the nuclear proteins to be sequenced.

Nuclear Proteins

In general, nuclear proteins are divisible into two major
classes, namely, the basic proteins, largely histones, and the
acidic nuclear and nucleolar proteins. Although the former
consist largely of histones, it is now well known that there are
basic proteins in ribosomal ribonucleoprotein complexes that
are in some respects more basic than the histones. As a result

'These studies were supported by a Cancer Research Center grant
(10893) of the USPHS and American Cancer Society grants P-339 and
P-369.

2Faculty Research Awardee of the American Cancer Society.

of recent efforts in our laboratory (5, 13) and others (3),
isolation in highly purified form of individual molecular
species of histones has been achieved. The yields of these
proteins are sufficiently high that gram quantities can be made
available both for analytical and degradative studies. The
histone that has lent itself to sequential analysis (2, 9, 14) is
referred to in our laboratory, where it was discovered (4), as
the GAR histone or the glycine- and arginine-rich histone. The
GAR histone has approximately 17% glycine residues and 13%
arginine residues. The overall structure of this molecule is
shown in its sequential arrangement of amino acids in Chart 1.
This molecule contains four clusters of basic amino acid
residues which are underlined in this chart. Cluster 1 (amino
acids 16-20) consists of a Lys(Ac)-Arg-Arg-His-Arg-Lys(Me)-.
Cluster 2 (amino acids 35â€”40) consists of -Arg-Arg-Leu-Ala-
Arg-Arg-. Cluster 3 (amino acids 75-79) consists of -His-Ala-
Lys-Arg-Lys-, and Cluster 4 (amino acids 91 -95) consists of
-Lys-Arg-Gln-Gly-Arg-. These clusters of basic residues contain
three to five basic amino acids per cluster. They appear to be
distributed randomly in the molecule and to vary in their
basicity. Although a precise function for the clusters is not
known, it is not difficult to imagine that they may serve as

10
AcetylSer-Gly-Arg-Gly-Lys-Gly-Gly-Lys-Gly-Leu-

20
Gly-Lys-Gly-Gly-Ala-Lys(Ac)-Arg-His-Arg-Lys(Me)-

30
Val-Leu-Arg-Asp-Asn-Ile-Gln-Gly-Ile-Thr-Lys-Pro-

40
Ala-Ile-Arg-Arg-Leu-Ala-Arg-Arg-Gly-Gly-Val-Lys-

50
Arg-Ile-Ser-Gly-Leu-Ile-Tyr-Glu-Glu-Thr-Arg-Gly-

60
Val-Leu-Lys-Val-Phe-Leu-Glu-Asn-Val-Ile-Arg-Asp-

80
Ala-Val-Thr-Tyr-Thr-Glu-His-Ala-Lys-Arg-Lys-Thr-

90
Val-Thr-Ala-Met-Asp-Val-Val-Tyr-Ala-Leu-Lys-Arg-

100
Gln-Gly-Arg-Thr-Leu-Tyr-Gly-Phe-Gly-GlyCOOH.

Chart 1. Structure of the GAR histone.
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Nuclear Macromolecular Segments

basic binding groups for phosphate residues of DNA or RNA.
These multiple clusters of basic residues in the histones may
serve as points of variable gene modulation, i.e., the most basic
Clusters 1 and 3 should have a different effect on gene
function than Cluster 4, which consists of only three basic
amino acids.

The question that is more important from the point of view
of the present approach to chemotherapy is whether an attack
can be made on gene function by the isolation or synthesis of
these clusters and injection of protected peptides into animals
bearing tumors. These days, when it seems practical to
synthesize peptides, peptide hormones, and proteins, as well as
a variety of gene modifiers such as alkylating agents and analog
inhibitors, the critical question is whether the synthesis of
segments of nuclear macromolecules would provide an
effective approach to chemotherapy.

Two approaches are currently being used to test this
possibility in this laboratory. The first of these consists of the
isolation of peptides containing clusters of basic amino acids.
Most of the methods employed for fragmentation of peptides
include tryptic hydrolysis, and it is clear that this procedure
could not give a satisfactory isolation of clusters of basic
amino acids. In addition, it is clear that chymotryptic
hydrolysis would provide such large fragments that the
possibility of obtaining a portion which is restricted in the
number of other amino acids would be rather limited.
Fortunately, at least for the GAR histone, thermolysin
hydrolysis has offered a means for isolation of the peptides
listed below:

Basic clusters (from the thermolysin digestion)

10
1. Le\i-G\y-Lys-Gly-Gly-Ma-(Ac)Lys-Arg-His-Arg-(Met)Lys-

37 45
2. Leu-Ala-Arg-Arg-Gly-Gly- Val-Lys-Arg

70 80
3. Val-Thr-Tyr-Thr-Glu-His-Ala-Lys-Arg-Lys-Thr

90 96
4. Leu-Lys-Arg-Gln-Gly-Arg-Thr

Although these peptides are somewhat larger than the clusters
of basic amino acids, they are available in good yield from
preparations of calf thymus histones.

Another approach to the basic peptides today is clearly
direct chemical synthesis. The availability of satisfactory
precursor amino acids enhances the opportunities in this
regard and, moreover, makes it possible for modification of
the structure of the peptides as will be noted below.

Systems for Testing

Systems for testing the activity of gene modifiers or
substances proximal to DNA include the RNA polymerase
system employing E. coli RNA polymerase and calf thymus
DNA. The nucleolar RNA polymerase system (12) is also
available for such studies. Later studies will be made on the
whole ascites cells. Effects on tumor-bearing animals will be
analyzed, assuming that the pharmacologie responses, such as
those of the cardiovascular system, would not be unfavorable
(15).

Chemical Modifications of BasicAmino Acid Clusters

Two types of chemical modifications may be employed in
the preparation of clusters of basic amino acids. In the first
type, direct chemical substitution can be made. For example,
amino groups of lysine can be modified by maleylation,
trifluoroacetylation, or hydroxyethylation. Similarly, other
groups in the proteins or peptides can be altered. These
modifications can be made directly on the peptides. Such
peptides could serve as useful carriers for alkylating groups or
other groups. In addition, substitutions can be made in the
clusters by chemical synthesis either of analog amino acids or
other amino acids (basic or acidic), which could alter the
overall character of the peptides. Thus, in Cluster 1, in place of
the histidine, a phenylalanine might be introduced into the
molecule, or a structure which is not an amino acid might be
introduced into the molecule. Such substitutions are limited
only by the ingenuity of the chemist.

Cluster 1 offers a unique system for modification since it
already contains two modified lysine residues, an acetylated
and a methylated lysine. The substitution of the acetyl group
with a formyl or a larger acid, i.e., butyric acid, or the
substitution of the methyls on Lysine 20 with a larger group,
i.e., isopropyl, might provide effective analog inhibitors.

Approaches to Nucleic Acids

There are two groups of nuclear nucleic acids which offer
potential targets for chemotherapy. The first of these are the
low molecular weight 4â€”8S RNA's; because of their small size,

it now seems possible to carry out sequential analysis of their
nucleotides. This group of RNA's, which has been described in

a series of studies from our laboratory (6, 7,11) and by others
(10, 16) consists of a number of classes of RNA's of different

mobility on polyacrylamide gels and on diethylaminoethyl
Sephadex. These RNA's have different compositions, different

rates of turnover, and different degrees of methylation.
The new groups of low molecular weight nuclear RNA's

range in sedimentation coefficient from 4 S to 12 S. Some of
these species of RNA are limited in location to the nucleus,
i.e., the 4.5 S RNA, the Ul, U2, U3, and an 8 S band. Some of
these RNA's are limited in location to the nucleolus, i.e., the

U3 band and possibly a 4.1 S RNA band that constitutes a
single group of RNA's which do not have transfer activity but

have a size similar to that of transfer RNA.
It is now possible by two methods (6, 7) to isolate highly

purified RNA from the electrophoretic bands or, using
preparative gel electrophoresis and diethylaminoethyl Se
phadex chromatography, to isolate RNA which has electro
phoretic homogeneity. It is this RNA which is currently being
sequenced in our laboratory by the Sanger procedure. It is
hoped that the types of sequences being evolved will permit an
approach to specific regions similar to that envisioned for the
basic peptides obtained from the histones. It is possible that
by preparation of oligonucleotide analogs or by inclusion of
inhibitors such as 6-mercaptopurine, approximation of these
oligonucleotides to DNA might become possible and, as a
result, inhibition of functional regions of DNA could then
occur.
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One of the more important points at present is that
definition of the structure of the nucleolus specific U3 RNA
may enable a specific block of nucleolar function. On the
other hand, the 4.5 S, Ulb, Ulc, and U2 bands are localized to
the chromatin fraction; specific information on their struc
tures may make it possible to specifically attack functional
areas in the chromatin.

Nucleolar High Molecular Weight RNA

The fundamental difference found in this and other labora
tories in the nucleolar RNA readouts of tumor cells and other
cells is that, in the newly synthesized 28, 35, and 45 S
nucleolar RNA of the tumors, the content of adenylic acid is
lower and that of cytidylic acid is higher in the tumors than in
nontumor tissues (1, 8). As a result, the pyrimidine content is
higher and the purine content is lower in the tumor nucleolar
RNA. These findings refer only to the newly synthesized
nucleolar RNA and not to the bulk of RNA in nucleolus.

Any chemical attack on the nueleolar RNA is difficult at
present because of the enormous size of the nucleolar RNA
molecules, i.e., 45 S nucleolar RNA contains approximately
12,000 nucleotides as compared with 6,000 and 3,000
respectively for 35 S and 28 S nucleolar RNA. Accordingly,
the primary efforts in this laboratory have been directed
toward fragmentation of the nucleolar 45, 35, and 28 S RNA's

by means of T-l RNase digestion. Considerable success has
been achieved obtaining reproducible results, i.e., specific
fragmentations have permitted the separations of individual
bands of oligonucleotides of these RNA's. In addition, it

has become clear that there are some sensitive points in the
AU-rich regions of these RNA's which are cleaved with ease by

T-l RNase and pancreatic RNase.
Although some distance away, the hope of this type of

research is that some of the fragments of the RNA differ in
tumors and other tissues while others do not. Support for this
idea has come from recent studies on the oligonucleotide
frequencies of the nucleolar RNA of tumors and other tissues
(17). These studies have demonstrated that the oligonucleotide
frequencies of a number of di- and trinucleotides are quite
similar in the tumors and other tissues, whereas differences
were found for others. If this means that specific regions of
the nucleolar RNA are different in tumors and other tissues,
an approach to chemotherapy may become possible.

For this reason, emphasis in our laboratory will be directed
toward the isolation of the smaller oligonucleotide fragments
of the rapidly labeled nucleolar RNA in an effort to define the
types of differences between tumors and other tissues.
Hopefully, this will then lead to synthetic approaches similar
to those now being envisioned for the small fragments isolated
from the histones and/or low molecular weight RNA's.
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