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terfere with glucose uptake or its utilization
by these cells.

Summary. 1t was shown that in vive
grown tubercle bacilli are readily permeable
to glucose and oxidize it to an even greater
extent than those grown in vifro. It was
therefore concluded that the apparent lack of
respiratory response to glucose by in vive
grown tubercle bacilli was not due to either
permeability factor or to inability of these
cells to oxidize exogenous glucose. Possible
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causes for the apparent lack of respiratory
response of LH3;Rv cells to glucose are dis-
cussed.
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Certain strains of Paramecium contain
particles, kappa, in their cytoplasm which
are essentially independent genetic units
capable of undergoing mutation and self-re-
production. Kappa-bearing paramecia (kill-
ers) are capable of killing other particle-free
paramecia (sensitives) and are resistant to
the action of a toxic agent which they pro-
duce(1).

As pointed out by Stock, et al.(2), destruc-
tion of kappa by chemical means without in-
jury to the host indicates a degree of selec-
tivity on the part of the agent tested. Of
over 70 purines and pyrimidines tested by
these workers, only 2-6 diaminopurine was
found to reduce the kappa content of killers;

certain antibiotics have also been reported to

have this effect(3). The foregoing experi-
ments were carried out with bacterized cul-
tures. Hence, the role played by these bac-
teria cannot be adequately evaluated and the
need for axenic (bacteria-free) -cultures is
emphasized.

Reexamination of the kappa system in
axenic medium for its possible application to
screening potential anti-cancer agents forms
the basis of a future investigation. As a pre-

* Work done under Government contract to the
CCNSC, Nat. Cancer Inst., NI.H. The author wishes
to thank Mrs. Rae Woods for technical assistance.

liminary step this paper reports successful
development of an axenic medium for 2 killer
stocks of Paramecium aurelia.

Materials and methods. 1) Stock cultures.
Killer stocks 51 and 299 of Paramecium au-
relia and a corresponding sensitive strain of
stock 51 were used. Stock 299, a recently
discovered killer, contains particles somewhat
larger than kappa, called lambda(4). Cul-
tures were obtained from Dr. T. M. Sonne-
born of Indiana University, and maintained
at 27°C in a 0.15% infusion of Cerophyl
(Cerophyl Labs, Kansas City, Mo.) previ-
ously inoculated (1-2 days) with Aerobacter
aerogenes; transfers were made at intervals
of 48 hours. In this manner the organisms
were maintained at approximately one fission
per day and kappa content ranged from 200
to 500 particles per cell. Mass cultures were
prepared by doubling the volume with Cero-
phyl infusion until approximately 1 to 2 1 of
culture were obtained. Population densities
approximated 500-1000 animals per ml. 2)
Sterilization of killer paramecia. After a
number of attempts at sterilization using an-
tibiotics in combination with several washing
procedures, the following method gave satis-
factory results. Mass cultures of the ciliates
(usually 1 or 2 1) were twice filtered through
cotton to remove accumulated debris, concen-
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trated to a small volume by filtration through
Whatman No. 1 paper, and placed in an ap-
paratus designed by Claff(5) for sterilization
of certain protozoa. The technic is essen-
tially a washing procedure which takes ad-
vantage of the fact that paramecia are nega-
tively geotropic. To enable the ciliates to di-
gest bacteria present in vacuoles, a modifica-
tion was made which allowed a stationary
period of 5 hours. Neomycin (50 ug/ml)
was added to the wash fluid. As a test for
sterility, individual paramecia obtained by
this method were plated on nutrient agar.
3) Aceto-orcein stain for kappa. Available
technics for visualization of kappa (Feulgen
and Geimsa Stains) were time-consuming. A
simpler and more rapid method was devel-
oped using aceto-orcein.

The dye was prepared by refluxing 1 g of
orcein (Matheson, Coleman, and Bell) in 100
ml 50% acetic-acid, cooling to room tempera-
ture and filtering through Whatman No. 1
paper. One or more animals were added to a
small drop of the dye on a glass slide by
means of a micropipette. A cover slip was
placed over the drop so that the organisms
could be observed under oil immersion.
Kappa and the nuclear apparatus stained
dark red against a light background. 4)
Method of assay of test culture media. The
technics for handling paramecia were essen-
tially those described by Sonneborn(6). In-
dividual animals were picked up in micro-
pipettes (bore size — 150 to 200 p) equipped
with a rubber bulb on one end, and placed in
a volume of test culture fluid. In practice,
humidifying chambers were prepared from
sterile Petri dishes (25 mm x 150 mm dia)
containing three, 3-spot glass depression
slides by addition of approximately 20 ml
of sterile water to the bottom plate. A vol-
ume of 0.3 ml of test culture medium was
added to each depression and inoculated with
single sterile paramecia; plates were incu-
bated at 27°C. Routinely, animals were re-
moved aseptically with a sterile micropipette,
stained with aceto-orcein and examined for
the presence of kappa.

Each medium was tested with 3, 6 or 9 in-
dividual paramecia. When populations of 64
to 128 cells were reached (5-6 days), the ani-
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mals were transferred to tubes contaihing 4
ml of test media. Surviving tube cultures
were tested for sterility in the following me-
dia: thioglycollate, nutrient broth, 0.5%
veast extract plus 1% glucose, and 0.3%
beef extract. If no bacterial growth was ob-
served after 2 weeks at 27°C, the protozoan
cultures were considered sterile.

Results. The ability of bacterized Cero-
phyl to support the growth of killer animals
suggested trial of this medium supplemented
with killed bacteria. Consequently, cultures
of Aerobacter aerogenes were killed by heat,
solvents and freeze-thaw procedures and
added to Cerophyl medium alone and in com-
bination with various crudes. None of the
media tested was effective in supporting the
growth of killers. Feeder cultures of living
bacteria placed in dialysis sacs and suspended
in a variety of culture media were also inef-
fective in cultivating the ciliates.

A medium consisting of 7 vitamins, a yeast
preparation (AlF-acetone insoluble fraction
of a hot water extract of Fleischman’s yeast),
proteose-peptone and stigmasterol, which
supported the growth of a sensitive strain of
P. aurelia(51) was available(7,8). This me-
dium supported the growth of killer animals
when supplemented with Edamine S (an en-
zymatic digest of lactalbumin-Sheffield) but
killers lost their kappa after 5-8 fissions.

Constituents of the medium were tested, in
various concentrations and combinations, for
effects upon growth and maintenance of
kappa. Increased concentrations of the
yeast fraction (AIF) were toxic. Dialysis of
the preparation removed some of the toxic
material and made possible the testing of
larger amounts. Media supplemented with
dialysed AIF allowed growth of some clones
in which kappa was maintained for 10 to 15
fissions before being lost. A fresh fraction,
(NDF - nondialysable fraction(9)) prepared
by dialysing a hot water extract of Fleisch-
man’s yeast against running deionized water
and distilled water for 48 hours, was found
to be an effective replacement for AIF in sup-
porting the sustained growth of killers and
maintenance of kappa in the cells.

Table I shows the final composition of the
medium and Table II the essentiality of vari-
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TABLE T. Composition of Axenic Medium* (ug/ml
Unless Otherwise Specified).

Compound  Cone. Compound Cone.
Ca pantothe- 2.5 K,HPO, 250.0

nate K H.PO, 250.0
Nicotinamide 2.5 ; S, 5

. Ethylenedi: A0

P sy Pt
g;‘ﬁ;ﬂ:‘(‘;il e (disodium salt)

rl1e acad 20 - - -
Thiamine HCL 7.5 MgB0, - 7TH.0 - 25.0
Biotin 625 myg Fe(NH D, (80, - 6.25
Stigmasterol .2 811,0
Mn(l, - 4H,0  .125 Proteose-pep- 5.0 mg
ZnCl, 015 tone
Al Al v D e
(;a( 1, - 2H.O 12,5 Edamine St 10.0 7
CuCl,- 2H,0 125 R S
FeCl, - 6H,0 .31 NDF (yeast 5

fraction)}

* Proteose-peptone, Edamine S, salts and stig-
masterol may he autoelaved together. NDI and
vitamins are added asceptically. pH is 6.9,

t Enzymatic digest of lactalbumin  (Shefiield
Chemieal).

1 Details of preparation can be found in Miller
(8.
ous components. While proteose-peptone is
not required for growth of the stock 51 kill-
ers, it is necessary for maintenance of
kappa. If the NDF fraction of medium No.
8 is replaced with nondialysed AIF, the cells
become sensitive. Apparently. in addition
to a factor (factors) present in proteose-pep-
tene, an additional factor (factors), either
absent or present in small quantities in AIF
and present in NDF, is required for mainte-
nance of kappa. Killers of stock 299 may be
cultivated without loss of lambda in media
containing NDF and Edamine S or proteose-
peptone.

Maintenance of stocks. XKillers of stock 51
are best grown at 27°C as single cell isolates
in depression slide culture where they divide
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at a rate of slightly more than one fission per
day. However, tube cultures have been suc-
cessfully maintained by transferring small
volumes (0.1 to 0.3 ml) to fresh medium at
3-day intervals. Kappa populations have
heen estimated at several thousand particles
per cell; killers exhibit strong killing activity
when tested against suitable sensitive strains
in axenic medium.

Stock 299 has now been maintained at
27 C in tube cultures for several months.
Subcultures are made every 5 days and popu-
lation densities range from 13,000 to 17,000
cells per ml. Periodic examination of the cili-
ates reveals the presence of an estimated 500
particles per cell although considerable varia-
tion has been noted in cells taken at various
stages of the growth cycle.

Discussion. In an attempt to cultivate
stock 51 killers in a medium consisting of
salts, lemon factor (stigmasterol), NDF and
proteose-peptone, van Wagtendonk et al.(9)
reported that the animals underwent one to
4 fissions and died. They pointed out that
their results indicated that the presence of
kappa in the cell modified the growth re-
quirements of the killers. The additional re-
quirements of the killers, reflected in the me-
dium reported here (Edamine S, EDTA, and
increased amounts of NDF), support this
idea.

It is of interest to note the differences in
nutritional requirements between the Xkiller
stocks. Common to both stock 51 and 299
is the NDF; replacement of NDF by AIF for
stock 299 results in loss of lambda and indi-
cates the essentiality of a factor(s) present

TABLE II. Essential Constituents of the Axenic Medium and Maintenance of Particles.

Retention of

Components of medium Growth particles
Proteose- Edamine
Medium* peptone S NDF 51 (8) 51 (K) 299 (L) 51 (K) 299 (L)
0 1] 0
0 + 0 0 0
3 + 0 0 0
4 + 0 0 0
5 + + 0 0 0
6 + + + 0 + t =+
7 + + + =+ + — =+
8 + + + + + + + +

* Medium consists of salts, vitamins and stigmasterol.
t Kappa lost in Medium No. 7 after 5-8 fissions.
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in yeast. Moreover, proteose-peptone and
Edamine S, both of which are requirements
for growth and maintenance of kappa of
stock 51, may be substituted for each other
without loss of lambda in stock 299.

The complexity of the growth require-
ments of killers as they differ from sensitives
and the differences in these requirements be-
tween stocks serves as an indication of the in-
tricate relationships between these remark-
able particles and the cells of the host. More
detailed analysis of nutritional requirements
of the killers is presently being undertaken,
to develop a chemically-defined medium. In
this way, greater insight into the nature of
the particles themselves as well as identity
of the factors responsible for their mainte-
nance may be obtained.

Summary. Two killer stocks of Parame-
cium aurelia, 51 and 299, have been culti-
vated axenically in a medium consisting of
vitamins, a salt mixture, stigmasterol, pro-
teose-peptone, an enzymatic digest of lactal-
bumin and the nondialysable fraction of a
hot water extract of yeast. All components
are necessary for growth of the ciliates and
for maintenance of the kappa character. Dif-
ferences in nutritional requirements of the
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two stocks have been noted. As far as is
known, this is the first instance of cultiva-
tion of a kappa-bearing strain of Paramecium
in bacteria-free medium.

Since this paper was submitted for publication,
stocks 138 and 139 of P. aurelia, containing respec-
tively u and = particles, have been placed in axenic
culture- (medium No. 8 as given in Table II). The
organisms have been maintained in tube culture for
two months without loss of particles.
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There appears to be no report regarding the
influence of dietary protein on biosynthesis of
ascorbic acid in the rat. Prompted by a
chance observation that rats receiving a high
protein diet excreted relatively large amounts
of ascorbic acid in urine, we investigated the
influence of dietary protein on the Vit. C
status of the rat. In the first instance, the

* A preliminary report of this work was presented
at the Symposium on Proteins held at this Institute
Aug. 14-16, 1960.

t Present address: Dept.
Univ. of Illinois, Urbana.

of Animal Nutrition,

effect of variations in dietary protein levels
was examined.

Materials and methods. Adult male albino
rats (Wistar strain) with body weights in
the range 180-200 g were employed in all ex-
periments. Animals were distributed accord-
ing to the randomized block design for the
various test treatments. Diets fed had the
following composition: Protein (Polson’s lac-
tic casein)—according to choice; fat (refined
peanut 0il)~—10%; vitaminized starch—1%;
salt mixturet—2%; and corn starch—to 100.

{ Hubbell, Mendel and Wakeman mixture.



