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Pathways through Networks of Branched DNA 

Abstract. Differentiation may be controlled by forks in DNA each having a 
replicatable protein "switch," stable in either a "left" or a "right" configuration, 
which determines the path through the DNA network taken by RNA polymerases 
during transcription. The possibility for dedifferentiation exists, but differentiation 
could be made irreversible by the exertion of a similar control over parts of the 
paths through the network taken by DNA polymerases. The concept of bistable 
switches at DNA branch points can be used to account for antibody variability. 
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regions and that markers, segregating 
in a simple Mendelian fashion, can be 
found in both NH2-terminal and 
COOH-terminal regions of some of the 
chains. In attempting to explain these 
observations, I find that one essentially 
simple assumption appears to accom- 
modate all the data and leads to the 
proposal of a possible mechanism for 
differentiation. 

The primary assumption is that DNA 
can exist in a branched two-dimensional 
network, as well as in the conventional 
one-dimensional form, and that at the 
branch points there are protein 
"switches" which can have alternative 
settings: "left" and "right." A simple 
molecular mechanism can be suggested 
for evolving DNA with such perma- 
nent branches or detours and for setting 
the switch points in the left or right 
configuration. During the transcription 
of a chromosomal region in a differ- 
entiated cell, the RNA polymerases are 
postulated to traverse the DNA net- 
works, following the pathways deter- 
mined by the switch settings. A switch 
would be automatically replicated in its 
given state, yet under suitable circum- 
stances it could be changed to its alter- 
native state, for example, by allosteric 
interactions of the switch protein with 
other proteins or small molecules, in- 
cluding hormones. Dedifferentiation 
would usually be possible, again 
through allosteric interactions, but dif- 
ferentiation could be made irreversible 
if only parts of the DNA network were 
traversed by DNA polymerases during 
replication. 

The plausibility of the proposal de- 
pends on whether simple molecular 

Fig. 1. A conceptual view of the evolu- 
tion, programming, and replication of a 
DNA detour. Each line represents a 
DNA half-helix. The crossover appears to 
be a necessary prerequisite for a single 
"joining rule" to yield replicas which 
could segregate. The figure is not in- 
tended to describe the actual events; rath- 
er, it illustrates that they are conceptually 
reasonable. 
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Fig. 2. A hypothetical locus for an immunoglobulin heavy chain with 16 variable regions (V1 to V16) and four constant parts (C<, 
Cy2, Ca, C,). Each line represents a DNA double helix. Commitment to one of the possible proteins coded by the locus is deter- 
mined by the random setting of its DNA forks in left (L) or right (R) configurations; X represents a position at which allo- 
typic variants could easily be found. The path of an RNA polymerase molecule is indicated by the heavy line; it would transcribe 
messenger RNA corresponding to V-C,,. 
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mechanisms can be suggested for the 
evolution and replication of a perma- 
nent DNA detour or fork, for program- 
ming the pathway through it, and for 
replicating the switch setting. Figure 1 
attempts to do this. The figure is not 
intended to be taken too literally; its 
purpose is simply to demonstrate that 
all the needed steps are conceivable. 

The segregation of branched DNA 
is compatible with the evolution of de- 
tours, branches, and returning loops of 
DNA in two (but not three) dimensions. 
Returning loops of DNA branching off 
linear sections would permit the levels 
of gene products to be self-regulating. 
RNA polymerase or DNA polymerase 
could cycle a loop until the level of a 
critical product or until the differential 
gene amplification had reached the 
height necessary for the loop entrance 
switch to be changed. DNA networks 
could thus provide a programmed but 
essentially unlimited computer-like 
flexibility for executing the linear in- 
structions contained in their molecules 
without the need for many diffusible 
regulatory factors. Flexibility would be 
enormous with only a modest number 
of elective branch points or detours, 
since the maximum number of differ- 
ent paths through a network with n 
branch points is 2n (that is, about 109 
for n = 30). 

The relevance of the present concept 
to the problem of antibody variability 
is illustrated in Fig. 2. The figure por- 
trays the locus for an imaginary im- 
munoglobulin heavy chain which has 
a genetic marker near its NH2-terminal 
end. The protein can have 16 different 
variable regions (V1 to V16) and can 
belong to any of four classes (/, 71, Y2, 
or a). Commitment of the cell to the 
synthesis of only 1 of the 64 possible 
chains is postulated to be due to a ran- 
dom setting of the left-right switches in 
the locus; the settings of the switches 
must be replicated true after the time of 
commitment. The committed locus 
shown in Fig. 2 would synthesize mRNA 
corresponding to V14-C/A. Commitment 
could be made completely irreversible 
if the left-right switches controlled the 
path taken by DNA polymerases 
through the immunoglobulin locus dur- 
ing DNA replication. I know of no 
observations in the field of antibody 
structure (1) that are not explicable in 
terms of loci similar in principle to the 
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structure (1) that are not explicable in 
terms of loci similar in principle to the 
one illustrated. There are no obvious 
reasons why other loci with special 
features could not show equally or 
more complex arrangements of lateral 
multiplicity (2). 
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The concept of programmable branch 
points in DNA is simple, yet it appears 
able to explain many aspects of the 
control of DNA function in complex 
organisms. 
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Prostaglandin Receptor Site: Evidence for an 

Essential Role in the Action of Luteinizing Hormone 

Abstract. A dose-response relation was established between prostaglandins and 
formation of adenosine 3',5'-monophosphate in the mouse ovary. The prostaglandin 
antagonist, 7-oxa-13-prostynoic acid, blocked the stimulatory effect of prostaglandin 
E1, prostaglandin E2, and luteinizing hormone on adenosine 3',5'-monophosphate 
formation in a competitive manner. Kinetic studies made it possible to suggest 
that there is a single luteinizing-hormone-related prostaglandin receptor in mouse 
ovaries, and that activation of this prostaglandin receptor is an essential require- 
ment in the action of luteinizing hormone to stimulate adenosine 3',5'-monophos- 
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The suggestion that prostaglandins 
(1) may regulate intracellular concen- 
trations of adenosine 3',5'-monophos- 
phate (cyclic AMP), the postulated 
second messenger of hormone action 
(2), was obtained mainly from studies 
on adipose tissue in which both the 
efflux of prostaglandin (3) and the 
formation of cyclic AMP were shown 
to increase as a result of hormonal 
stimulation. Since prostaglandins in- 
hibit hormonally induced cyclic AMP 
formation in adipose tissue (4) as well 
as in isolated lipocytes (5, 6) a neg- 
ative feedback role was assigned to 
these substances, as outlined by Horton 
(7). A similar negative feedback mech- 
anism also appears applicable in the 
case of the action of vasopressin on 
kidney tubules (8) and gastrin (9) on 
the rat stomach mucosa. However, in 
all other tissues studied (5), prosta- 
glandin El (PGE1; letters and sub- 
scripts are used to differentiate prosta- 
glandins) was found to stimulate the 
formation of cyclic AMP and thus 
mimic rather than antagonize the ac- 
tions of the individual hormones. Mea- 
surements in vitro (10) with rat 
adrenals, in which prostaglandins and. 
cyclic AMP were found to duplicate 
the effect of adrenocorticotrophic hor- 
mone (ACTH) in increasing steroido- 
genesis, led to the suggestion that 
prostaglandins serve a positive as well 
as negative feedback role in the action 
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of hormones. In addition, it has been 
postulated (11) that PGF2a and lu- 
teinizing hormone (LH) work through 
the same mechanism to increase pro- 
gesterone synthesis in rat ovaries. To 
our knowledge, however, there has 
been no evidence presented to suggest 
that the prostaglandins may play an 
essential role in the action of hormones 
to stimulate adenyl cyclase, as is indi- 
cated from data presented in this report. 

Female Charles River mice (60 to 70 
days of age) were killed by cervical 
dislocation, and their ovaries were ex- 
cised and denuded of surrounding fat. 
Three intact ovaries were first incu- 
bated at 37?C for 1 hour in 2 ml of 
Krebs-Ringer phosphate buffer, pH 7.2 
(12), with only one-half of the pre- 
scribed Ca + concentration and con- 
taining 6 mM glucose and 1 /zc of 
purified [8-14C]adenine. After this in- 
cubation, which brought about forma- 
tion of intracellular ['4C]adenosine tri- 
phosphate (ATP), theophylline was 
added to all tubes to a final concentra- 
tion of 5 mM. The prostaglandins and 
gonadotropin were then added, and the 
incubation was continued for 30 min- 
utes. The reactions were terminated by 
the addition of 0.4 ml of 10 percent 
trichloroacetic acid, and cyclic [14C]- 
AMP was subsequently isolated and 
measured, with paper chromatography 
being the final step, as described (13). 

Our studies revealed that, as with 
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