havior of the enzyme separated in
acrylamide gels or present in crude
supernatant material. Tetrazole reduc-
tion did not occur in sections immersed
in reaction mixtures containing all
components except substrate. Inclusion
of quinacrin or an a-keto acid in cyto-
chemical reaction mixtures decreased
tetrazole reduction (Table 1). Substi-
tution of succinic acid for e«-hydroxy
acid in cytochemical reaction mixtures
resulted in typical mitochondrial stain-
ing (Fig. 3). We feel that the cyto-
chemical reaction system used to pro-
duce these results yields a valid image
of the cellular distribution of a-hydroxy
acid oxidase and, hence, of those renal
microbodies which contain the enzyme.
The functional significance of micro-
bodies is obscure. The identification of
yet another hydrogen peroxide—produc-
ing enzyme in microbodies strongly im-
plicates peroxide metabolism as a sig-
nificant functional feature of these
structures. The disparate catalytic func-
tions of p-amino acid oxidase, urate
oxidase, and a-hydroxy acid oxidase ap-
pear to preclude any unified metabolic
role other than an as yet undefined
association with catalatic oxidation.
Perhaps microbodies will be found to
contain diverse catalysts which have in
common only the production of hydro-
gen peroxide. In this case, microbodies
would serve to degrade hydrogen perox-
ide by catalatic oxidation and would
be a device to protect cell components
from indiscriminate oxidative attack by
this molecule. The high concentration
of catalase in hepatic microbodies (8),
and presumably in those of other cells,
would be admirably adapted to this role
in cellular decontamination.
JouN M. ALLEN
MARGARET E. BEARD
Department of Zoology,
University of Michigan, Ann Arbor
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Algal Cultures: Ability To Reduce
Turbulent Friction in Flow

Abstract. Liquid cultures of several
freshwater and marine algae required
less pressure to flow through a pipe at
a given rate than the pure liquid me-
dium before algal growth. This in-
creased ease of flow can be attributed
to long-chain polysaccharides produced
in the medium during growth. Mea-
surements of friction were used to esti-
mate the molecular weight of an algal
polysaccharide and to show the effect
of bacterial action on the polymer.

In tanks for towing model ships, the
occasional drastic decrease in the nor-
mal drag associated with a given model
has been of great concern (/). Be-
cause solutions of many natural and
synthetic high-polymers are effective in
damping turbulence and reducing fric-
tion (2), dissolved algal polysaccharides

FILLING CUP
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PRESSURE
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AUXILIARY, LARGER DIAMETER
FILLING PIPE

INNER DIAM.

THREE-WAY VALVE

100-CM3 HYPODERMIC

CONSTANT-SPEED
1/2-HP MOTOR

GEAR BOX BRAKE

Fig. 1. Diagram of apparatus for measur-
ing pressure losses by turbulent friction,
caused by flow of algal cultures through
a test pipe.

have been proposed as the cause of the
variations in drag in test tanks. It has
been shown (2) that solutions of car-
rageenin, derived from Chondrus
crispus, have lower friction in turbulent
flow than does pure water.

In order to show that algal growth
can influence turbulent friction drag,
we have examined liquid cultures
of several freshwater and marine
algae in an apparatus that measures
the loss of pressure by friction in a
short length of small-bore pipe. The
instrument is designed to give a con-
stant rate of flow of a sample of test
solution (initially contained in a 100-
cm?® hypodermic syringe) through a
measuring pipe, regardless of the mag-
nitude of friction loss in the pipe; a
fully turbulent flow is obtained, with the
Reynolds number in the pipe approxi-
mately 14,000. The test consists in mea-
suring pressures, during.a run, at the
two points marked “pressure taps” in
Fig. 1. Strain-gage pressure transducers
together with an oscillograph are used
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Fig. 2. Effect of dilution of culture of
Anabaena flos-aquae with distilled water
on observed reduction of friction.
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Table 1. Reduction of friction by algae in flowing liquid media. For each effective species,
determinations were made on each of several cultures; the reduction shown is the highest
recorded. Reproducibility from any given culture was within 1 percent; variations between
cultures were as great as 20 percent. Other marine species such as the diatoms Nirzschia
closterium and Biddulphia, the dinoflagellates Peridinium trochoideum and Gyrodinium, and
the flagellate Cryptomonas erosa, similarly grown and tested, did not reduce drag.

Culture Age Incubation Drag
Alga (dag s) temp reduction
Method Medium Y (°C) (%)
Freshwater species
Anabaena flos-aquae Tube Knops 12 40 59.5
Tube Bristol 28 40 57.3
Flask Soli* 26 40 6.4
Anabaena cylindrica Tube Bristol 12 23 0
Chlamydomonas peterfiit Tube Bristol 12 23 14.6
Ankistrodesmus sp. Tube Bristol 12 23 0
Marine species
Chactoceros didymus Flask Soli 11 18 16.0
Tube Soli 10 18 359
Porphyridium cruentumi Flask Soli 15 23 65.0
* Reduced ionic strength. + No. 728 in the Indiana University collection. f No. 161 in the

Indiana University collection.

to measure the pressure, since the run
lasts approximately 8 seconds. Friction
loss can then be calculated from the
following equation:

Reduction in drag (%) =
100 (1—AP/APy)

where AP, is pressure difference using
test fluid, and AP, is pressure dif-
ference using distilled water.

Results obtained with various spe-
cies of algae appear in Table 1. Some
algae were cultured by the method of

Moore and Tischer (3), in which agita-
tion is maintained by bubbling air and
CO, into the bottom of long glass tubes
containing the medium (“tube” meth-
od). Algae cultured in flasks received
either gentle aeration or none. Fresh-
water algae were grown under continu-
ous illumination by fluorescent lamps;
marine algae were grown on a cycle
of 12 hours of light and 12 hours of
darkness. Tests of the culture media
(4) for possible reduction of drag
showed no significant difference from
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Fig. 3. Chart for estimating molecular weight of polysaccharide, based on test data

on poly(ethylene oxide).
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distilled water. All friction tests were
made at 23°C.

Both freshwater and marine species
of algae caused large reductions in
turbulent friction (Table 1), especially
when they were grown by the tube
method. Dilution of the tube culture
of Anabaena flos-aquae with up to 20
percent of distilled water further re-
duced the drag to 66 percent (Fig. 2);
still further dilution linearly decreased
this reduction in drag. The drag reduc-
tions shown in Table 1 were increased
a few tenths of 1 percent when the
cells were removed by centrifuge; this
indicates that the drag-reducing sub-
stance is contained in the medium (af-
ter algal growth) and that the cell bod-
ies play no part in reducing drag.

Both of the Anabaena species ex-
amined produce copious polysac-
charides in their culture media (3, 5)
but only A. flos-aquae reduced the
drag. This difference in friction-reduc-
ing properties probably reflects differ-
ences in the molecular weights of the
polysaccharides. Tests of other poly-
mers have shown no reduction in fric-
tion with molecular weights under
about 50,000. Key features of a good
drag-reducing polymer seem to be
linearity of molecular structure, high
molecular weight, and good solubility.
Our experience with species of Ana-
baena suggests that the friction-re-
duction test may assist in settling taxo-
nomic questions in closely related spe-
cies.

One may estimate the molecular
weight of the A. flos-aquae polysac-
charide from its effect in reducing fric-
tion. This is done by use of a chart
derived from systematic friction-reduc-
tion tests on the linear water-soluble
polymer poly(ethylene oxide) in a range
of molecular weights (6) from 0.2 to
8 X 109. The reductions in drag shown
in Fig. 3 were measured in the same
apparatus used to test the algal cul-
tures.

Lines of reduction in drag for
constant polymer concentrations (in
parts per million) are shown, with the
zero of drag reduction arbitrarily put
at 50,000 molecular weight. Running
systematic tests of a polymer of un-
known molecular weight at various
concentrations in the same apparatus
and plotting the data points obtained
on the corresponding concentration
curves in Fig. 3 will show that a verti-
cal line passing through the new data
yields a good estimate of the molecular
weight. Although the method is gen-
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eral, the drag-reduction effect itself de-
pends upon the Reynolds number of
the flow through the measuring pipe
of the apparatus; thus a ‘“calibration
curve” such as that shown in Fig. 3

must be drawn for each solvent and.

for each test pipe of different dimen-
sions.

The concentration of polysaccharide
in the A. flos-aguae medium at the
time of testing was over 500 ppm,
which corresponds well with other simi-
lar measurements of concentration (3).
The only possible fit of the data of
Fig. 2 to the chart of Fig. 3, as-
suming 100-percent culture concentra-
tion of A. flos-aquae to be 500 ppm
polysaccharide, vyields a molecular
weight of about 100,000.

To investigate by its effect on reduc-
tion of friction the nature of bacterial
action on the extracellular polysac-
charide, we grew two cultures of
Chaetoceros didymus Bhrenberg simul-
taneously, one inoculated with syn-
trophic bacteria, the other bacteria-free
(7). The culture containing bacteria ef-
fected only half as much reduction in
friction as the axenic one (8). Avail-
able data are insufficient to determine
whether the effect of bacteria is to
lower the molecular weight, reduce
the concentration of polysaccharide, or

partially block synthesis of polysaccha-
ride. Cultures of Anabaena flos-aquae
effected considerable reduction in drag
even with bacteria present.

Thus it seems entirely possible that
algal polysaccharides can influence
measurements in tow-tanks and other
large-scale hydrodynamic facilities.

J. W. Hoyt
GIORGIO SOLI
U.S. Naval Ordnance Test Station,
Pasadena, California
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Malignant Lymphomas Following Allogenic Disease:

Transition from an Immunological to a Neoplastic Disorder

Abstract. The graft versus host reaction which occurs in F 1 hybrid mice
injected with parental spleen cells was used to examine several immunological
theories of neoplasia. Long-term survivors of this reaction developed lymphoid
neoplasms which resembled Hodgkin’s disease and lymphosarcoma. Mice with
these tumors were chimeras, but the parental cells present within their spleens
had specific immunological tolerance toward host antigens. This, together with
the finding that the tumors were transplantable only to isogenic recipients,
indicates that the tumors were of host rather than donor origin.

Chronic lymphocytic leukemia, lym-
phosarcoma, and Hodgkin’s disease
are frequently associated with immuno-
logical abnormalities. Defects of im-
munoglobulin synthesis, autoimmunity,
and anergy are commonly encountered
in patients with these diseases. It is not
known whether these aberrations of
immunity represent cause or effect of
the malignancy. Nevertheless, their
elucidation has stimulated considerable
interest in immunological theories of
neoplasia.

One of these theories (/) has as its
basis the cellular proliferation that
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characterizes the response of lymphoid
tissue to antigens. It proposes that a
continuous or repetitive exposure to
antigens could result in a sustained
proliferative response which culminates
in neoplasia. This concept is supported
by Metcalf’s (2) experiments in which
an increased incidence of reticulum
cell sarcomas and plasma cell tumors
was found in mice which had been
given repeated injections of bovine se-
rum albumin or Salmonella adelaide
vaccine.

Tyler (3) has elaborated a theory
that neoplasms of lymphoid tissue de-

velop in two steps. In the first step, an
immunologically competent cell under-
goes a mutation which results in the
loss of a histocompatibility antigen. In
the second step, normal cells having
a full complement of histocompatibil-
ity antigens serve as antigenic, and
hence proliferative, stimuli for the ab-
normal, immunologically competent
cell. The result is a constant, unre-
strained growth leading to what is
recognized as a neoplasm of lymphoid
tissue.

Tyler further proposed that the re-
action between graft and host pro-
duced in hybrid mice by the injection
of parental lymphoid cells into F; hy-
brids represents a potentially useful
model for studying the etiology of can-
cer. Since the transplanted parental
lymphoid cells lack one or more his-
tocompatibility antigens present in the
F; hybrid host, they are analogous to
the hypothetical antigen-deleted, im-
munologically competent cell of
lymphoid neoplasms. Kaplan and
Smithers (4) and Green et al. (5)
have also advanced the idea that the
graft versus host reaction is analogous
to malignant lymphomas, but on some-
what different grounds.

In our experiments the graft versus
host reaction (runt disease, allogenic
disease, homologous disease) (6) was
studied with particular reference to the
development of neoplasms. An impor-
tant technical drawback to the use of
this reaction for testing immunological
theories of neoplasia is that ordinarily
it is rapidly fatal. This objection was
overcome in two ways: (i) The re-
cipients were 4- to 6-week-old F,; hy-
brids rather than infant mice, which
are customarily used in studies of the
graft versus host reaction. The mortal-
ity due to the graft versus host reac-
tion was therefore reduced from 100
to 70 percent. (ii) The F; hybrid re-
cipients of parental spleen cells were
treated with amethopterin, which re-
duces the mortality due to the graft
versus host reaction to 30 percent (7).
It was possible by these methods to
accumulate adequate numbers of mice
for a long-term study.

The graft versus host reaction was
induced in 6-week-old male (CS57Bl/
6 X DBA/2)F; mice (hereafter re-
ferred to as BDF;) by four weekly
injections of approximately 80 X 106
male CS57Bl/6 spleen cells. The cells
were prepared by mincing whole
spleens with fine scissors and gently
pressing the fragments through tanta-
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