about 50 wm across, with individual fi-
bers of the order of 2 to 3 um. Figure 2
shows a section of tape after calcifica-
tion. The dark areas show regions where
coherent mineralization has occurred.
Some spherulitic growth is evident on
the outer surface of some deposits and
especially in the white region where the
tape has been torn apart, perhaps by
stresses induced during crystallization.
One band of collagen is only partially
covered, showing the small striations in
the underlying fiber.

Figures 3 and 4 are specimens of the
apatite material after the removal of col-
lagen by ethylenediamine treatment. Fig-
ure 3 shows a bundle of apatite fibers
with a hollow in the center, which ap-
pears to have grown around one of the
bands of collagen about 30 um in diame-
ter. Note the parallel arrangement of
bundles and the curvature of segments
which have grown apparently in con-
formity with the shape of the collagen fi-
ber bundle. Figure 4 shows the fractured
end of a piece of fibrous apatite. Beneath
the snowlike fine material on the surface,
this sample appears to be a mass of par-
allel crystallites with cross-sectional di-
mensions of about I um or less; some of
these appeared hexagonal in cross sec-
tion. Parallel striations can be seen on
the exposed longitudinal surfaces. The
mottled appearance of the transverse
surfaces indicates individual crystallite
fracture surfaces whose curvature is
reminiscent of that of the conchoidal
fracture seen in macroscopic apatite
mineral specimens. The electron micro-
scopic observations are entirely consis-
tent with the evidence from x-ray dif-
fraction and polarized light microscopy.

The phosvitin-modified collagen tapes
used in these experiments can only be a
crude approximation to the natural colla-
gen produced under cellular control. In
the latter a complex enzyme system
catalyzes the formation of precise molec-
ular _species, whose conformations lead
to structures which must be even more
specific in their capacity to control the
orientation of crystals of apatite in grow-
ing hard tissues. We reemphasize that
the only experiments yielding these fi-
brous deposits were those in which the
phosphoprotein was added to the colla-
gen in the presence of a known cross-
linking agent.

These experiments do not establish
Robison’s proposed calcification mecha-
nism. However, they indicate that the
failure until now to detect a concentrated
substrate for alkaline phosphatase does
not, of itself, rule out such a mechanism.
If alkaline phosphatase does play a part
in biological calcification, it would only
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require the presence in the tissue of a
system that would release a calcium salt
of an organic phosphate at a rate appro-
priate to .the rate of release of alkaline
phosphatase. Henrichsen (/2) has added
B-glycerophosphate to a tissue culture of
chicken heart fibroblasts and showed
that calcification occurs only near the
sites of dying cells. This could account
for abnormal calcification occurring in
normally noncalcifying tissues. It would
be of considerable interest to carry out a
similar study in cultures of osteoblasts,
odontoblasts, or similar cells from nor-
mally calcifying tissues.
E. BANKS
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Department of Chemistry, Polytechnic
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Localization of the Globin Gene in the Template Active

Fraction of Chromatin of Friend Leukemia Cells

Abstract. Friend leukemia cell chromatin has been fractionated into template ac-
tive and inactive components. The globin gene sequence is associated with the tem-
plate active component both prior to and after the cells are induced with dimethyl
sulfoxide to synthesize hemoglobin and therefore appears to be in an active configu-
ration in uninduced as well as in induced Friend leukemia cells. In cells which have
lost the ability to produce hemoglobin, the globin gene sequence is not associated
with the template active fraction of chromatin. These results demonstrate the suc-

cess of the fractionation procedure.

Gene regulation in higher organisms is
accomplished, at least in part, by the re-
striction of transcription to selective re-
gions of the genome (/). What specific in-
teractions of the proteins, RNA, and
DNA of chromatin are responsible for
the inactivation of certain regions of the
genome and activation of other regions is
not known. Early cytological studies
suggested that the extended regions of
chromatin or euchromatin were active in
RNA transcription, whereas the con-
densed regions or heterochromatin were
transcriptionally inactive (2). Recent bio-
chemical evidence showing active genes
to be more readily digestible by deoxyri-
bonuclease I (E.C. 3.1.4.5) also argues in
favor of structural differences between
transcriptionally active and inactive re-
gions of the genome (3).

The fractionation of template active
and: inactive components of chromatin
has been much investigated @-/0). One
approach has been to shear chromatin to

a size smaller than the average transcrip-
tional unit and subject the material to a
physical separation procedure such as
differential centrifugation (4), sucrose or
glycerol gradient centrifugation (5), ion
exchange chromatography (6), selective
precipitation (7), gel filtration (8), ther-
mal chromatography on hydroxyapatite
9), or others (10). Another approach is
based on a brief digestion of chromatin
with deoxyribonuclease 11 (E.C. 3.1.4.6)
followed by differential centrifugation
and selective precipitation of inactive
chromatin with magnesium (11, 12).

Although it has proved difficult to ob-
tain a pure fraction of chromatin by any
of the reported procedures, highly en-
riched fractions have been obtained. In-
deed, the deoxyribonuclease II proce-
dure has yielded a six- to sevenfold en-
riched template active fraction of rat
liver chromatin (12, 13).

We have now used the deoxyribonu-
clease II procedure to gain insight into
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the mechanism of gene induction. Using
Friend virus transformed mouse leuke-
mia cells, which do not transcribe globin
messenger RNA (mRNA) unless induced
(14, 15), we have localized the globin
gene in the fractionated chromatin of
uninduced and induced cells.

Friend leukemia cells, clone FSD-3
(I5, 16), were grown in suspension cul-
ture as described (I5). Cells were in-
duced in the presence of 1.5 percent di-
methyl sulfoxide for 24 hours, a time at
which the maximum rate of transcription
of globin mRNA is achieved (/5). Chro-
matin was prepared by lysis of nu-
clei in a buffer of low ionic strength as
described in Fig. 1. Fractionation of the
chromatin from induced and uninduced
FSD-3 cells was performed as described
previously (/2). The DNA was prepared
from the template active fraction of
chromatin as well as from whole cells
and analyzed for the frequency of globin
gene sequence by the following tech-
nique. The DNA to be analyzed was
mixed with ®H-labeled complementary
DNA (cDNA) to globin in mass ratios
varying from 5 X 10% to 5 X 107. The unla-
beled DNA was maintained at 5 mg/ml.
The samples were denatured by heating
and allowed to renature to an equivalent
C,t (initial concentration versus time)
of 10,000 (with respect to unlabeled
DNA). As described in Fig. 1, the frac-
tion of cDNA in hybrid at a particular
mass ratio is related to the frequency of
the globin gene sequence in the driver
DNA. Computer analysis of the data al-
lows a calculation of the point at which
50 percent of maximum hybridization oc-
curs. This is the point where the concen-
tration of cDNA is equal to the concen-
tration of globin gene sequence in the un-
labeled DNA. By this analysis, it is seen
that the DNA from the template active
fraction of induced FSD-3 cell chromatin
is enriched sevenfold for globin gene se-
quence over whole cell DNA (Fig. 1),
demonstrating the success of the frac-
tionation procedure. Figure 1 also shows
the result for DNA from the template ac-
tive fraction of uninduced FSD-3 cell
chromatin. The uninduced cell template
active DNA is enriched for globin gene
sequence as well, and is essentially iden-
tical to induced cell template active
DNA in this respect.

These results demonstrate that not on-
ly is a gene which is actively transcribed
present in a conformation that allows
fractionation into the template active
component, but so also is a gene with the
potential to be transcribed. As a further
check on the fractionation procedure, we
isolated the template active DNA from
Friend leukemia cells which have lost
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the ability to be induced (F4+ cell line)
(16). Saturation hybridization experi-
ments were performed on DNA from the
template active fraction of uninduced
FSD-3 chromatin and of F4+ chromatin
and compared to the hybridization of
whole cell DNA. In this experiment, in-
creasing amounts of *H-labeled globin
cDNA were hybridized to 50 ug of DNA

until saturation was approached. Hy-
brids were detected by hydroxyapatite
chromatography. As shown in Fig. 2,
DNA from uninduced FSD-3 template
active chromatin is again found to be en-
riched over whole cell DNA (four- to
fivefold) while F4+ template active
DNA contains barely detectable levels of
globin sequence. That the F4+ cells
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Fig. 1 (left). Titration of the globin gene sequence in DNA from template active fractions of
Friend leukemia cell chromatin and DNA from whole cells. Friend leukemia cells, clone FSD-3
(16), were grown in suspension culture as described previously. Induced cells were cultured for
24 hours in the presence of 1.5 percent dimethyl sulfoxide. Cells were harvested, washed in
phosphate buffered saline, and suspended in solution A consisting of 10 mM tris-HCI, pH 7.5,
6 mM KCl, 5 mM magnesium acetate, ImM phenylmethyl-sulfonylfluoride (PMSF), and 0.1 mM
ethylene glycol bis(aminoethyl ether)tetraacetate (EGTA) containing 0.5 percent NP-40. Pellets
were formed from the nuclei by centrifugation at 1000g for 5 minutes; the pellets were washéd
once in solution A containing 0.5 percent NP-40, once in solution A, and once in 0.075M NaCl,
0.025M EDTA, pH 7.5, and 1 mM PMSF. The nuclear pellet was resuspended with a glass-
Teflon homogenizer in solution B containing 10 mM tris-HCI, pH 8.0, 1 mM PMSF, and 0.1 mM
EGTA. Pellets were formed from chromatin by centrifugation at 10,000g for 10 minutes. Thé
chromatin was washed three times in solution B, suspended in solution B at an absorbance of 10
at 260 nm measured in 0.1N NaOH. The chromatin suspension was dialyzed overnight against 25
mM sodium acetate, pH 6.6, and 0.1 mM EGTA. Isolation of template active chromatin and
preparation of DNA was performed as described (/2). The DNA was prepared from whole cells
by the procedure of Marmur (/9) and sheared to a size of 350 base pairs in a VirTis 60 homog-
enizer. The *H-labeled globin cDNA was prepared as described by Harrison et al. (20). Titration
of the globin gene sequence was performed as follows: DNA (5 mg/ml) in 0.41M phosphate buffer,
pH 6.8 (21), was mixed with 3H-labeled globin cDNA [2 X 107 disintegrations per minute (dpm)
per microgram] in mass ratios varying from 5 x 10® to 5 x 107. A maximum of 6250 dpm and a
minimum of 250 dpm of [*H]cDNA were used. The DNA was denatured by boiling for 5 minutes
and was allowed to renature at 70°C for 40 hours (Cyt 10,000). Hybridization of the *H-labeled
globin ¢cDNA was detected by hydroxyapatite (HAP) chromatography as described (21). The
fraction of 3H-labeled globin ¢cDNA in hybrids is related to the mass ratio of driver DNA to
3H-labeled globin cDNA by the equation F(R) = A + (B/1 + RC) where F(R) is the fraction
[*H]cDNA (single-stranded) at mass ratio R ; A is the fraction of cDNA unreactable in vast excess
of whole cell driver DNA (data not shown); B is the fraction of cDNA reactable; C is the fre-
quency of globin gene sequence in the driver DN A expressed as fractional mass; and R is the mass
ratio of driver to tracer DNA’s. Data were analyzed by nonlinear least-squares fitting as de-
scribed (22). The concentration of template active DNA has been corrected for its twofold lower
reactability compared with whole cell DNA. The lower reactability of template active DNA has
been noted previously (/2) and appears to be random with respect to sequence. Whole cell DNA
(e); template active DNA from induced FSD-3 cells (»); template active DNA from uninduced
FSD-3 cells (o). Fig. 2 (right). Saturation hybridization of *H-labeled globin cDNA to tem-
plate active DNA from uninduced FSD-3 cell chromatin and from F4+ cell chromatin and to
whole cell DNA. Template active and inactive DNA was isolated as described previously (12)
and in the legend to Fig. 1, except that the DNA was further purified by binding to HAP in 0.12M
phosphate buffer, washing in 0.12M phosphate buffer, and then eluting in 0.48M pHosphate buffer
(21): DNA’s treated in this way had a reactability up to 90 percent of whole cell DNA. Saturation
hybridization experiments were performed as follows: 50 ug of DNA in 0.41M phosphate buffer,
pH 6.8, was mixed with increasing amounts of *H-labeled globin cDNA up to 1.0 ng. The DNA
concentration was maintained at 5 mg/ml. The samples were denatured by boiling for 5 minutes
and allowed to renature for 40 hours (C,t 10,000). Hybridization of the *H-labeled globin cDNA
was detected by HAP chromatography (27). The 10 percent HAP binding of the cDNA in the
absence of driver has been subtracted from each point. Whole cell DNA (®); template active
DNA from uninduced FSD-3 cells (0); template active DNA from F4+ cells (0); template inac-
tive DNA from F4+ cells (m).
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have not suffered a deletion of the gene is
shown by the normal saturation hybrid-
ization of the F4+ template inactive
DNA with ®H-labeled globin cDNA (Fig.
2). Thus, chromatin from a cell line
which does not have the potential to
transcribe globin sequences does not
have the globin gene in a conformation
which allows its fractionation into the
template active chromatin fraction.
These results have three important im-
plications. First, they show that an ac-
tive gene can be localized in the template
active fraction of chromatin. Second, the
finding that in uninduced FSD-3 cells the
globin gene is present in a conformation
which allows its fractionation with tem-
plate active chromatin suggests that the
globin gene is switched on somewhat
early in differentiation of erythropoietic
cells and that prior to its involvement in
actual transcription it is activated by a
cytoplasmic or nuclear signal. It is not
unlikely that this would be true for any
inducible gene, that is, a gene which can
be turned on by some specific environ-
mental signal such as a hormone, or oth-
er chemical agent. This might differ from
a differentiation process in which the
cells in a lineage must undergo multiple
changes in the expressed genetic pro-
gram and which could, for example, re-
quire a round of cell division to achieve
these changes (/7). Finally, the local-
ization of the globin gene in the template
active fraction of FSD-3 cell chromatin
argues that the target cell for Friend vi-
rus is a somewhat differentiated ery-
throid committed precursor cell. This
supports the earlier observation that the
virus needs a mature precursor cell to
express its oncogenic potency (/8).
R. BRUCE WALLACE
SHyam K. DUBE*
JAMES BONNER
Division of Biology, California Institute
of Technology, Pasadena 91125
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Mechanism of Suppression in Drosophila: Control of
Sepiapterin Synthase at the Purple Locus

Abstract. The amounts of sepiapterin and red pteridine eye pigments (drosopter-
ins) in Drosophila melanogaster are known to be reduced in the purple mutant and
restored to normal by a suppressor mutation. We show here that sepiapterin syn-
thase activity is 30 percent of normal in pr and pr¥, two naturally occurring alleles
of purple, and is restored to nearly normal levels by the suppressor su(s)>. A hetero-
zygote of two newly induced alleles of pr has even lower enzyme activity (< 10 per-
cent). The sepiapterin synthase activity is proportional to the number of wild-type pr
alleles in flies when one and two copies of the allele are present and is higher in three-
than in two-dose flies. We hypothesize that the purple locus may be a structural gene
for sepiapterin synthase in Drosophila.

The purple mutant of Drosophila mel-
anogaster’ is deficient in pteridines (/).
The red pteridine eye pigments, drosop-
terins, are reduced to 30 percent of
normal in two alleles of purple, pr and
prP®, and are restored to normal levels in
su(s)? pr and su(s)?% pr’® (2). In addition
the sepiapterin pool undergoes changes
that parallel those in the drosopterins (2).
These results indicate that the biochemi-
cal defect in purple is in pteridine biosyn-
thesis and that the defect is most prob-
ably among the early steps in the path-
way.

In this report two early enzymatic ac-
tivities in pteridine biosynthesis, guano-
sine triphosphate (GTP) cyclohydrolase
and sepiapterin synthase, were measured
in wild-type, purple, and suppressed
purple flies. Each activity has been pre- sition effect. The eye color of pre® cn/
viously demonstrated in Drosophila (3, pr cn is orange like that of pr cnlpr cn,
4). but that of pr¢* cn/pre® cn is white with

Two new alleles of purple were isolat-  yellow flecks. The eye color of pret/pre
ed by treating the flies with the mutagen tends to darken with age.
ethylmethane sulfonate. The treated Guanosine triphosphate cyclohydro-
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prten male flies were crossed with
Sco pr cn/CyO, pr cn*  females. Flies
containing the purple mutation were se-
lected, and stocks of the newly induced
pr alleles were constructed. One new
mutation, pr¢t, is lethal as a homozygote
and behaves as the least functional of all
the purple alleles, indicating that the
product of the pr locus is required for vi-
ability of Drosophila. White eyes are ex-
pected if the purple mutation is extreme
(not leaky) since cinnabar is included in
these stocks to prevent the synthesis of
brown ommochrome eye pigments. The
heterozygote, pret/pr, is distinctly lighter
in eye color than pr/pr. The second new
mutant, pre, is associated with a trans-
location between the Y and second
chromosome and shows a variegated po-



