the sorediate-sterile morph do indeed
have different niche characteristics. In
every stand where both chemical races
were present the norstictic-connorstictic
race was encountered more frequently
on hardwoods than on conifers, and
the stictic-constictic-norstictic race was
encountered more frequently on coni-
fers than on hardwoods. At some locali-
ties these associations were statistically
not significant, but in every instance the
trend is in the same direction. How-
ever, when the data from stands geo-
graphically near each other are pooled
(thereby yielding a sample of larger
size), the pooled data are significant at
the 1 percent or 0.1 percent level. (The
only exception is for stands more than
90 km from the coast, where the stictic-
constictic-norstictic race becomes rare
and the number of encounters in sam-
ples was low.) The pooled data and
the maps (Fig. 1, C and D) show the
overriding effect of gross climatic
change from the seaboard to the in-
terior. The complex of environmental
parameters that makes up the east-west
climatic gradient in the mid-Atlantic
states causes an abrupt replacement in-
land of the coastal stictic-constictic-
norstictic race by the norstictic-connor-
stictic race. At 200 km west of the
Atlantic coast the stictic-constictic-nor-
stictic race of the sterile morph is elimi-
nated, but the norstictic-connorstictic
race of that morph ranges another 1400
km westward through Missouri (7).
The dependence of the stictic-constictic-
norstictic race of the asexual morph on
near-coastal environments is further
seen in the disjunctive representation of
this race in the Mediterranean region
(Fig. 1E) and in southern California
and Baja California (Fig. 1F) (8).
The norstictic-connorstictic race of
the asexual morph must have been de-
rived directly from the corresponding
chemical race of its fertile counterpart
by the production of soredia and the
subsequent suppression of sexuality.
The geographic ranges of the races are
virtually identical with the exception of
the absence of the norstictic-connor-
stictic race from the Gulf coastal plain.
More important, the ecologies of both
races are virtually identical—both are
highly adapted to life as epiphytes of
hardwoods. Although no field studies
were made on the norstictic-connor-
stictic race of the esorediate-fertile
morph, 94 percent (254) of the 269
herbarium specimens of this race seen
with appropriate substrate data came
from hardwoods. Likewise, the ecologi-
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cally different stictic-constictic-norstictic
race of the asexual morph must have
evolved from the fertile but chemically
identical race now known from only
Texas and Louisiana (9).

The suggestion that in lichen fungi
the chemically variable asexual morphs,
which conventional taxonomies treat as
species, may be polyphyletic and the
product of parallel evolution is new.
Poelt (10) put forth this theory only
this year, by using examples with hypo-
thetical but plausible extinct sexual an-
cestors to explain certain extant asexual
morphs. Many of the commonest
lichens are known only as chemically
variable asexual morphs, and few
asexual-sexual morph pairs coexist to-
day. The research reported here pro-
vides the first example of a full set of
chemical races of sexual and asexual
morphs of which the origin of the lat-
ter is better explained by parallelism
from the former than by the assump-
tions of conventional taxonomy.

WiLLiam Louis CULBERSON
Cuicrta F. CULBERSON
Department of Botany, Duke
University, Durham,
North Carolina 27706
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DNA Polymerase Activities of Human Milk

Abstract. DNA polymerases have been partially purified from human milk. A
DNA polymerase detected by phosphocellulose chromatography is similar to the
enzymes of RNA tumor viruses in that a hybrid of polyriboadenylate and oligo-
deoxythymidylate is a better template than is DNA. However, this polymerase
differed from that of the RNA tumor viruses in its chromatographic behavior.
Three different methods of detecting ‘“‘reverse transcriptase” activity failed to
correlate with the donor’s family history of cancer.

The reported morphologic and bio-
chemical properties of particles found
in human milk appear similar to the
properties of known RNA tumor vi-
ruses. (i) “Viruslike” particles of sev-
eral types have been detected by elec-
tron microscopy (/). (ii) RNA-directed
DNA polymerase activity has been
detected by two methods: ribonuclease-
sensitive incorporation of radioactive
thymidine triphosphate (dTTP) into
trichloroacetic acid—precipitable mate-
rial (2); and incorporation of dTTP
into molecules with sedimentation co-
efficients of 60 to 708 (3, 4). The lat-

ter method simultaneously detects the
presence of a high molecular weight
RNA of a size characteristic of the
RNA of RNA tumor viruses and of
an enzyme synthesizing DNA that co-
sediments with this RNA, (iii) RNA
extracted from human breast cancers
has been found to hybridize specifically
with DNA produced in vitro from the
mouse mammary tumor virus (5), and
DNA synthesized by a human milk
sample has been reported to hybridize
with the polysomal RNA of a human
breast carcinoma (6). Thus, DNA
polymerases and nucleic acids of hu-
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man milk have been claimed to have
properties characteristic of the DNA

polymerases and nucleic acids of
RNA tumor viruses.
In this study, DNA polymerases

T T 1
Human milk No, 17

Endogenous

05~

[’H] dTTP incorporated (pmole)

+Ribonuclease

o o o

o 20 40 60
Time (minutes)

Fig. 1. Kinetics of a positive endogenous
reaction in a human milk sample. Milk
samples were collected in the hospitals
of the Detroit metropolitan area and di-
vided into 15- to 30-ml portions with anti-
biotic added to prevent bacterial growth.
Early samples were stored less than 1
week and shipped to Bethesda at 4°C.
Samples were frozen slowly in Dry Ice
on arrival, stored in liquid nitrogen, and
thawed only once. Later samples were
shipped frozen after collection and were
stored in liquid nitrogen. Family histories
of the milk donors were not decoded be-
fore experimentation was completed. Sam-
ples of frozen milk (60 ml) were pro-
cessed essentially by the method of Schlom
et al. (2). After initial purification steps,
the material was placed on a sucrose
gradient (10 to 60 percent) containing a
density gradient marker bead that sedi-
ments to a density of 1.16 g/ml. After
centrifugation for 16 hours at 90,000g,
fractions were collected and the absorb-
ance at 260 nm was determined. Peaks of
absorbance or the fractions of the gradi-
ent within the density region of 1.16 to
1.19 g/ml were pooled, centrifuged at
90,000g for 30 minutes, and resuspended
in TNE [0.01M tris(hydroxymethyl)amino-
methane (tris), pH 8.3; 0.15M NaCl;
and 0.002M ethylenediaminetetraacetic
acid (EDTA)] containing 20 percent glyc-
erol and 0.08 percent Nonidet P-40
(NP-40). Half of the sample was then
analyzed by phosphocellulose chromatog-
raphy, and a portion of the remaining sam-
ple was added to the standard reaction
mixtures described by Schlom et al. (3)
except that the unlabeled dTTP was
omitted; [FHIJdTTP (17 c¢/mmole) was
added to a final concentration of 2.4 X
10°M. Samples were incubated at 37°C
and 25-ul portions were removed at the
indicated times. Samples were considered
positive if the endogenous activity after 1
hour of incubation was twice the reagent
blank (400 count/min) or greater, showed
ribonuclease sensitivity (12 wg/ml present
throughout incubation), and demonstrated
a requirement for the four deoxyribonu-
cleoside triphosphates; dATP, deoxyaden-
osine triphosphate.
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from human milk have been partially
purified in order to determine whether
these enzymes, when separated from
other components of milk, have prop-
erties similar to those of the DNA
polymerases of RNA tumor viruses.
In addition, the presence of “reverse
transcriptase” activity as measured by
various methods has been correlated
with the donor’s family history of
cancer.

The presence of DNA polymerase
activity in human milk was measured
by three methods:

Method 1: Endogenous reaction.
Milk samples from 94 donors were

tested for ribonuclease-sensitive incor-

poration of dTTP into acid-precipitable
form by the method of Schlom et al.
(2). Figure 1 shows a positive reaction
that is sensitive to bovine pancreatic
ribonuclease A and requires all four de-
oxyribonucleotide triphosphates. Such
reactions were observed in 15 percent
(14 out of 94) of the samples tested.

Method 2: Simultaneous detection.
An additional 40 milk samples were
tested by the simultaneous detection
method of Schlom et al. (3, 4) in the
presence of actinomycin D. Figure 2
shows the glycerol gradient profile of
a typical positive sample. This test was
scored as positive when the region of
the density gradient corresponding to
the position of a molecule with a sedi-
mentation coefficient of 60S to 70S
showed radioactivity at least 200
count/min above the background level
of 20 count/min. By this technique, 77
percent of the samples tested were
positive. This strikingly high percent-
age of positive donors suggests that this
technique measures the presence of a
commonly found constituent of human
milk, Alternatively, some of these sam-
ples may not represent DNA copies of
RNA. These data would suggest that for
this technique, as for method 1, the in-
corporation of dTTP should be shown
to be ribonuclease-sensitive or the ma-
terial in the high molecular weight
peak should be examined by cesium
sulfate centrifugation. Such additional
criteria could give assurance that a
positive result implies the presence of
an RNA-directed DNA polymerase
activity.

Method 3: Partial purification of
DNA polymerases from human milk.
Phosphocellulose chromatography has
been extensively used for purification
of DNA polymerases from many
sources. For this study, columns were

packed in capillary pipettes, and sam-
ples representing 15 ml of human milk
were applied. The milk samples used
for chromatography represented half
of the material processed by isopycnic
banding for method 1 or by pelleting
through 20 percent glycerol for method
2. Column effluents were simultane-
ously assayed with poly(rA)-oligo(dT)
(7) and activated DNA templates as
described (8). Column chromatog-
raphy was used to further characterize
enzymes responsible for dTTP incor-
poration as measured by methods 1
and 2. There was no single phospho-
cellulose elution pattern which could
be correlated with a positive assay by
either of these methods. In general, the
elution profile of DNA polymerases
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Fig. 2. Gradient profile of a positive si-
multaneous detection reaction from hu-
man milk. Samples of thawed milk (30
ml) were treated essentially as described
by Schlom ez al. (3) with the following
changes. The pellet resulting from the
purification and concentration steps was
resuspended in 100 ul of a solution con-
taining 0.01M tris-HCl (pH 8.3), 3.3 mg
of NP-40 per milliliter, and 0.1M dithio-
threitol. A 45-ul portion of the sample
was added to a reaction mixture (final
volume, 125 ul) with the components
and concentrations described (3) plus 9.4
wug of actinomycin D (I7). After a 30-
minute incubation at 37°C, the reactions
were terminated by addition of tris-HCI
(pH 8.3), NaCl, and sodium dodecy! sul-
fate to final concentrations of 0.1M, 0.2M,
and 10 mg/ml, respectively (final volume,
0.5 ml). An equal volume of phenol-
cresol  containing  8-hydroxyquinoline
(equilibrated with 1M tris-HCI at pH 8.3)
was added and the mixture was shaken
and centrifuged as described (3). The
aqueous phase was layered over a linear
glycerol gradient (10 to 30 percent, by
volume) in 0.1M tris-HCI (pH 8.3), 0.15M
NaCl, and 10°M EDTA, and centrifuged
at 40,000 rev/min for 3 hours at 4°C
(Spinco SW-40 rotor). External markers
were 185 and 28S ribosomal subunits.
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from human milk (Fig. 3) corre-
sponded to either pattern A (DNA-
directed DNA polymerases only) or
pattern B [poly(rA) - oligo(dT)-directed
poly(dT) synthetase present either with
or without DNA-directed enzymes], or
was completely negative for DNA po-
lymerase activity. A total of 33 individ-
ual milk samples were examined by
phosphocellulose chromatography. Of
these samples, 10 showed pattern A,
12 showed pattern B, and 11 were neg-
ative for DNA polymerase.

The poly(dT) synthetase activity
shown in pattern B eluted at 0.6 =%
0.05M KCI in all 12 samples where it
was found. An elution position (Fig. 3,
arrow) of 0.3 +=0.02M KCIl has been
observed in this laboratory for the
viral enzymes of murine mammary
tumor virus purified from CgH and

Fig. 3. Phosphocellulose elution profiles
of DNA polymerases from different hu-
man milk samples. The arrow marks the
gradient elution position of DNA polym-
erases of known RNA tumor viruses
(murine mammary tumor virus, Rauscher
and Gross murine leukemia viruses, Rous
sarcoma virus RAV-1, and feline leu-
kemia virus). Samples of 50 to 100 ul
were received after processing as de-
scribed for Figs. 1 or 2. These samples
were diluted with an equal volume of
buffer containing 0.1M tris-HCI (pH 7.8),
1.0M KCI, 2 mM dithiothreitol, 2 percent
Triton X-100, and 40 percent (by volume)
glycerol and incubated for 30 minutes
at 37°C. The disrupted sample was cen-
trifuged at 100,000¢ for 1 hour at 4°C,
and the pellet was discarded. All subse-
quent steps were performed at 4°C. The
basic buffer for phosphocellulose chro-
matography contained 0.05M imidazole
(pH 6.5), 1 mM dithiothreitol, 0.1 per-
cent (by volume) Triton X-100, 10~*M
EDTA (disodium salt), and 20 percent
(by volume) glycerol. Phosphocellulose
(Whatman, P-11 powder) was prepared
as described (8) and packed with 0.1
atm of N. pressure to just below the
constriction in short-form Pasteur capil-
lary pipettes with glass wool plugs (col-
umn volume, 2.0 ml). Columns were
equilibrated in the basic buffer containing
0.1M KCIl. Samples were dialyzed against
the equilibration buffer for two 1-hour
periods and applied to the columns which
were then washed with at least 10 ml of
the same buffer. Flow rates of 8 ml/hour
were maintained with peristaltic pumps.
DNA polymerases were eluted with a 40-
ml linear gradient from 0.2 to 0.8M KClI
in the basic buffer. Portions (0.01 ml) of
the 0.75-ml fractions were assayed in
0.05-ml reaction mixtures as described
(8). Symbols: @, DNA-dependent DNA
polymerase activity assayed with “ac-
tivated” calf thymus DNA and Mg*; O,
hybrid template—directed DNA polymer-
ase activity assayed with poly(rA) -oligo-
(dT) and Mn*; A, KCI concentration.
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Table 1. “Reverse transcriptase” in milk clas-
sified according to cancer history of donor.
Method 1 is endogenous reaction, method 2 is
simultaneous detection, and pattern B is that
shown in Fig. 3B. Methods used to detect
“reverse transcriptase” are detailed in the leg-
ends to Figs. 1 to 3. Familial cancer histories
were scored as positive when at least one sib-
ling, parent, sibling of parents, or grandparent
had a documented cancer. Most donors did
not have families with multiple occurrences
of cancer.

Number positive/total number

History Method Method Pattern
1 2 B
Breast 1/26 5/1 3/7
Other 7/42 12/16 4/12
Negative 6/26 14/17 5/14
RIII mouse milk, Rauscher murine

leukemia virus, Gross murine leukemia
virus, Rous sarcoma virus (RAV-1),
and feline leukemia virus (Rickard).
Thus the poly(dT) synthetase activity
observed in milk elutes at a higher salt
concentration than the DNA polym-
erase of these tumor viruses.

Since unknown factors in human
milk might influence the elution posi-
tion of viral polymerase, 10° particles
from a sample of the Rauscher virus,
purified twice in sucrose density gradi-
ents, were added to 50 ml of untreated
human milk. The milk sample was then
processed as usual. It was tested for an
endogenous reaction by method 1 and
found negative, yet it showed a typical
viral enzyme peak eluting at 0.3M KCl
from phosphocellulose. A 50-ml sample
of this milk without added virus
showed no polymerase activity in the
0.3M KCI region. The results of this
experiment suggest that column chro-
matography is as sensitive as the en-
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dogenous method, but they do not pre-
clude the possibility that other milk
samples might alter the chromato-
graphic behavior of other viral en-
zymes.

Phosphocellulose purification indi-
cates that some human milk samples
contain a DNA polymerase that prefers
the hybrid template poly(rA) - oligo-
(dT) to “activated” DNA. This enzyme
differs from viral enzymes described
previously in its elution position after
phosphocellulose chromatography. In
addition, this enzyme, in contrast to
viral enzymes, has proved to be very
labile. Purified viral DNA polymerases
have been stored for months in this
laboratory without loss of activity at
— 70°C in solutions containing 20 per-
cent glycerol and 0.1 percent Triton.
However, the purified enzyme from
milk was completely inactivated in 24
hours under these conditions at 0°,
—20°, or —70°C. Others have de-
scribed cellular enzymes that synthesize
poly(dT) with poly(rA) -oligo(dT)
primers (9). The relation of the milk
enzyme described here to cellular or
viral enzymes remains to be investi-
gated.

The various methods for detecting
the presence of “reverse transcriptase”
can be correlated with each other by
means of the data reported here. When
samples were tested by both the endog-
enous reaction and simultaneous detec-
tion, all milk samples that were positive
by the first method were also positive
by the second. These results can be
explained by a greater sensitivity of the
simultaneous detection method. In sev-
eral instances, different portions of the
same sample were tested by all three
methods, and results were reproducible.
There was no correlation between the
detection of a poly(dT) synthetase
on phosphocellulose chromatography
and the result of either method 1 (en-
dogenous reaction) or method 2 (si-
multaneous detection).

Some samples that showed only
DNA-dependent DNA polymerase ac-
tivity (Fig. 3A) after phosphocellulose
chromatography were positive by the
criteria of the endogenous reaction or
simultaneous detection. In addition,
some samples that were negative by
these criteria did show a poly(dT)
synthetase peak at 0.6M KCl. These
data could be explained if a viral en-
zyme of insufficient quantity or stability
to be found by phosphocellulose chro-
matography is detected by the other
methods. Alternatively, enzymes other
than “reverse transcriptases” may pro-
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duce positive results by methods 1 or
2. Other studies (10) demonstrate no
correlation between the detection of
“viruslike” particles by electron mi-
croscopy (1) and detection of “reverse
transcriptase” by methods 1 or 2.

The data of Table 1 show that the
occurrence of “reverse transcriptase”
was not significantly higher in milk
donors with a positive family history
of breast cancer or any other cancer
than in donors with normal histories.
Donors in this study were sampled only
once, and few donors with positive
family histories had more than one rel-
ative with breast cancer. However, the
lack of correlation is not due to small
numbers of positive determinations but
to an equal distribution of positives
among the three classes.

Thus, there is no correlation of the
“viruslike” enzyme activity observed
in human milk with a positive family
cancer history of the donor. The en-
zyme activity being measured may still
be virus-associated. If so, then the
presence of a viral agent containing
this enzyme might be a necessary cause
but could not be sufficient cause for
the development of breast cancer.
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Milk Carbohydrates of the Echidna and the Platypus

Abstract. The principal neutral carbohydrate of three samples of echidna milk
was identified as a trisaccharide, fucosyllactose. That of a sample of platypus
milk was a tetrasaccharide, difucosyllactose. Free lactose was found in small
amounts only. The milk carbohydrate of monotremes is distinguished from that
of both marsupials and placental mammals by its high fucose content.

The principal carbohydrate of the
milk of placental mammals is lactose
(7). Marsupial milk contains oligo-
saccharides that, upon acid hydrolysis,
yield mainly galactose (2), but the iden-
tity of the carbohydrate of the milk of
monotremes (egg-laying mammals) has
been in doubt (3, 4). We now report on
the carbohydrate composition of milk
of the echidna (Tachyglossus aculeatus)
and the platypus (Ornithorhynchus
anatinus).

Echidna milk sample 1 was from an
animal caught in October 1969 on
Kangaroo Island, South Australia; its
pouch young weighed 300 g. The other
two samples were from one animal
from Rankin Springs, New South Wales,
which was milked in October 1971
(sample 2a) and again in November
1971 (sample 2b), when its pouch young
weighed 150 and 312 g, respectively.
The platypus milk was from an animal
caught in the Bendora Dam, Australian
Capital Territory, on 9 February 1972.
Milking was done by squeezing the
mammary glands immediately after the
injection of synthetic oxytocin (5).

After the removal of fat and protein
(6), the samples were analyzed for total
carbohydrate (7), sialic acid (8), and
fucose (9), and the results were com-
pared with those we obtained with milk
from three different species of marsu-
pials (Table 1). Echidna milk was
rich in sialic acid, in which respect it
resembled marsupial milk; but of
the samples examined only those of
the monotremes contained detectable
amounts of fucose.

For the separation and partial iden-
tification of the milk carbohydrates, we
used a column of Sephadex G-15 gel
that had been calibrated with maltodex-
trins and other small saccharides. Neu-
tral carbohydrates were eluted in order
of decreasing molecular size and could
be separated from each other (Fig. 1),
but those containing sialic acid ap-
peared earlier than expected, presumably
because of the exclusion effect exerted
by negative charges in the Sephadex gel
(10).

Figure la shows the elution pattern
obtained with echidna milk sample 2a;
the patterns obtained with samples 1
and 2b were very similar. The material

was resolved into five peaks, of which
the first contained some protein and
the second contained sialyllactose. The
other three peaks contained neutral
carbohydrates which were eluted at
volumes (V,./ V) corresponding to those
of tetra-, tri-, and disaccharides, respec-
tively. Peaks 3 and 4 contained fucose.
The carbohydrate of platypus milk was
also separated into five peaks (Fig. 1b);
the major fraction (peak 4) emerged at
a volume expected for tetrasaccharides
and contained fucose. Peak 5 was a
disaccharide.

The column fractions containing the
neutral carbohydrates were lyophilized
and studied qualitatively by paper chro-
matography and quantitatively with the
aid of glucose oxidase and galactose de-
hydrogenase (/7). The milk disac-
charides of both species cochromato-
graphed with lactose and were hydro- .
lyzed to glucose and galactose by S-
galactosidase. Hydrolysis with 0.5M sul-
furic acid (2 hours at 100°C) yielded
only glucose and galactose in equimolar
amounts. The disaccharides were there-
fore identified as lactose. The trisac-
charide from echidna milk (peak 4 in
Fig. 1a) cochromatographed with au-
thentic 2’-fucosyllactose; was resistant
to B-galactosidase; and yielded glucose,
galactose, and fucose in the molar ratio
1:1:1 during hydrolysis with sulfuric
acid. Partial hydrolysis with 1M acetic
acid (2 hours at 100°C) resulted in the
formation of lactose, fucose, and traces

Table 1. Carbohydrate composition of milk
from the echidna, the platypus, and three
species of marsupials: gray kangaroo, Ma-
cropus giganteus; brush-tailed possum, Tri-
chosurus vulpecula; and short-nosed bandi-
coot, Isoodon macrourus.

Carbohydrate
(grams per 100 g of milk)
Animal Total free ;.
carbo- SIa.]‘C Fucose
hydrate* acid
Echidna
Sample 1 0.90
Sample 2a 1.1 0.47 0.18
Sample 2b 1.0 0.43 0.17
Platypus 1.7 0.05 091
Kangaroo 59 0.43 < 0.01
Possum 6.4 0.33 < 0.01
Bandicoot 4.7 0.55 < 0.01

* Lactose used as standard.
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