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Mammalian Cells.*
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To study metabolic or morphologic differ-
ences between individual cells, it is essential
to be able to derive clones from a single cell.
Although this is true for established hetero-
ploid as well as diploid cells, it is particularly
applicable to primary cells. Cloning of such
primary cells offers an opportunity to develop
lines derived from cells which in conventional
mass cultures might be overgrown by more
vigorous types.

Methods for isolating a single cell for
cloning include: Sanford’s isolation of single
cells in a capillary tube(1), implantation by
Lwoff of single cells in drops of medium un-
der mineral oil(2), trypsinization of a clone
within a glass or plastic well by Puck(3),
and isolation of single cells on glass squares
by Schenck and Moskowitz(4).

All of these methods have been used suc-
cessfully for cloning heteroploid cells with an
efficiency approaching 100% in various me-
dia. With the exception of Puck’s report of
25-60% efficiency for fibroblastic cells(5),
however, the cloning of diploid cells is re-
ported to be much less efficient, ranging from
one clone per thousand to one clone per mil-
lion cells(6). It is perhaps for this reason
that certain workers clone diploid cells by

* Supported in part by contract with Laboratory
of Infectious Dis., Nat. Inst. of Allergy and Infect.
Dis, N. I. H.

diluting to a point where a single clone grows
(6). Under these conditions it is apparent
that a high degree of selection has been ap-
plied to the original population.

A simplified method is presented herein for
the cloning of heteroploid and diploid cells.
The following points are covered:

1. Procedures which help assure that the
clones are derived from single cells. 2. A
modified Schenck method for planting cells
on small pieces of broken cover slips which
facilitates their detection and isolation. 3. A
description of media and conditions which
provide average plating efficiencies from 5%
to 50% for the diploid strains and from 5%
to 1009% for the heteroploid strains studied.
4. A tabulation of cloning efficiency as a func-
tion of population. 5. A tabulation of cell
line derivation efficiency as a function of
population.

Materials and methods. Media. All cloning
was carried out in a medium consisting of
Eagle’s Basal Medium in Earle’s Balanced
Salt Solution, supplemented with 2 mM glu-
tamine, 0.1 mM non-essential amino acids, 1
mM pyruvate and 10% dialyzed calf serum
or 10% whole fetal calf serum. All media
were obtained from Microbiological Associ-
ates and had been certified by their Quality
Control Department as having 90% cloning
efficiency for HeLa S3 cells.
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Preparation of cell suspensions. Hetero-
ploid cells were grown in suspension culture.
If, as determined by cell count, a culture had
been in log phase for 3 consecutive days, a
10 to 15 ml aliquot was removed and placed
in a test tube for 5 to 15 minutes, allowing
larger cell clumps to settle out. The top few
ml of supernatant fluid were removed for
counting and plating.

Diploid cell strains were prepared by re-
moving the growth medium from a mono-
layer culture which had been refed the day
before and replacing with fresh cloning medi-
um, containing 2% serum and 0.25% tryp-
sin. After one minute this was poured off
and the cells were allowed to incubate at
37°C for an additional 10 to 15 minutes. Re-
moval of the cell sheet, if not complete, was
assisted by scraping with a rubber policeman.
The cells were resuspended in fresh cloning
medium, pipetted vigorously, and placed in
a tube for five minutes to allow settling of
clumps.

Primary cells were prepared by trypsiniza-
tion with 0.25% trypsin in cloning medium
containing 29 serum. After an initial dis-
card, 3 cell collections were made at 15-min-
ute intervals and the pooled cells were stored
at 0°C until the final collection was made.
The final cell pool was centrifuged at 800
rpm for 8 minutes and resuspended vigor-
ously in cloning medium. A S5-minute set-
tling out period was allowed before removal
of the planting aliquot.

Counting of cells. The counting of cells
was performed in a hemocytometer with try-
pan blue as a vital stain. Total viable cells
and total viable clone forming units (CFU),
ie., single cells, doublets, or triplets were
counted. The cell distribution obtained will
be discussed later.

Planting of cells. The planting of cells was
carried out by a 2-man team. One member
made the cell counts on the original aliquot,
while the second man made the necessary
serial dilutions based on the estimate of the
cell concentration. As soon as the dilutions
were completed, 1 ml of cell suspension was
added to 5 ml of cloning medium in a 60
mm tissue culture petri dish. Dishes were
planted so as to contain approximately 10,
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100, and 1000 cells. The number of clone
forming units per dish which had actually
been planted was then calculated, based on
the viable count of the original aliquot. For
example, a series of dishes may have been
planted at 6 CFU, 60 CFU, and 600 CFU.
The important reasons for this simultaneous
count and plant will be discussed later.

Two sets of plates were planted, consisting
of dishes with and without broken cover slips.
The dishes with broken cover slips were used
for the actual isolation and selection of
clones; the other dishes were stained at peri-
odic intervals to yield information on cell dis-
tribution, cloning efficiency or generation
time.

The cloning dishes were incubated at 37°C
in an atmosphere of 5% CO, in air with a
humidity of about 70%.

Preparation of cover slips. The cover slips
were prepared by placing #1 cover glasses in
a mortar and pestle and grinding to a size
that would pass a 10 mesh but not a 20 mesh
screen. The pieces were then washed in run-
ning tap water for S minutes, followed by 3
rinses in 70% ethyl alcohol and one in ether.
After a preliminary air drying, the pieces
were oven dried in an open tube, distributed
into glass petri dishes, and autoclaved before
being used.

Selection of clones. Using the stained
dishes as a guide to cloning efficiency, a
planting level was established which yielded
from 5 to 50 clones per dish. Beginning with
the third day after planting, the dishes con-
taining glass chips were screened for clones
of a size which, based on generation time,
would be expected to have been derived from
a single cell. For example, a cell with a
generation time of 24 hours produces a clone
of not more than 16 cells in 4 days.

Clone containing chips were removed with
a sterile forceps. The isolated clone was in-
troduced into 0.3 ml fresh medium in a 5 ml
screw cap vial then left undisturbed except
for feeding once weekly.

Building up of clone. In the case of hetero-
ploid cells, the floor of the vial became filled
with daughter clones derived from floating
cells. As the number of cells increased, re-
feeding was increased to twice a week, The



CLoNING HETEROPLOID

AND Dipromp CELLS 341

TABLE I. Cloning Efficiencies Obtained for Heteroploid, Diploid, and Primary Cells.

Pereent cloning efficiency

Cell line

Range of CFU per plate N
50-150 250-750  500-1500 5000-15,000

Primary diploid

Human emb skin/muscle
Monkey kidney, rhesus adult
Mouse kidney, adult

‘Whole mousc embryo
Rabbhit kidney, adult
Human emb kidney
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MA 106 human emb lung
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* TM = Too many to count.
— = Not done.
t MA — Microbiologieal Associates.

cells were eventually scraped, planted into 4
oz Brockway prescription bottles, and subse-
quently handled by conventional mass cul-
ture methods. Diploid cells, however, needed
help in spreading. When the clone complete-
ly filled the glass chip and had begun to
spread on the floor of the vessel, it was tryp-
sinized gently and allowed to resettle on the
same surface, forming many new centers of
growth. This was repeated until the bottom
was about 75% sheeted, at which time the
culture was trypsinized and transferred to a
4 oz Brockway bottle.

Results. Cloning efficiency based on a
minimum size of 10 cells in 7 days is listed
in Table I. The results are expressed as the
mean efficiency for a minimum of 3 plates in
each of 2 separate experiments. In the case
of primary monkey kidney and HeLa S3, the
results are a mean of multiple experiments.
The range in all cases fell within + 20%
which would be expected from figures origi-
nally based on hemocytometer counts.

The optimal number of CFU per plate was
100. Planting concentrations below that fig-
ure resulted in too few clones per plate, al-
though there did not appear to be any popu-
lation effect. Cloning efficiencies of less than
10% in a 100 CFU plant would probably not
prodiice any clones at a 10 CFU level due to

dilution. It seems that either 10 or 1000
CFU per 5 ml of medium is below the popu-
lation level required for enhanced plating
efficiency.

The clones derived from a single cell dif-
fered morphologically. They can be divided
into 4 groups based on 2 characteristics.
These are: 1. Epithelial, forming closely knit
clones with no migration or repulsion of cells.
2. Fibroblastic, forming similar clones to
type 1. 3. Epithelial, forming loose or broken
clones by migration or repulsion. 4. Fibro-
blastic, forming similar clones to type 3.
Type 1 is typical of heteroploid cells and pri-
mary kidney, Type 2 is unusual for these
cells.

Type 4 is typical of diploid fibroblastic
cells; Type 3 is unusual for these cells.

In addition, there are individual morpho-
logical cell characteristics which seem con-
stant within a clone. For example, some
clones consist of giant cells, some of vacuo-
lated cells. These morphological differences
indicate the clone, if not derived from a sin-
gle cell, is derived from a reduced population
which results in different colonial morphol-
ogy.

The ability to plate clones at an efficiency
of 5% to 50%, however, does not mean that
cell lines can be derived from these clones.
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TABLE II. Cell Line Derivation Efficiency as a
Funection of Size—Cell Line No. 3884.

No. cell Cell line
Size of No. clones lines derivation
clone selected derived  efficiency*
(cells) (%)
0- 5 41 0 0
6- 10 9 1 11
11- 15 6 1 17
16- 20 10 4 40
21- 25 4 1 25
26-100 b 2 40

* Cell line derivation efficieney is based upon
number of clones selected.

As shown in Table II, even the trauma-re-
ducing method of removing the entire clone
on a glass slip results in a low efficiency of
cell line 3884 derived from a hamster tumor
induced by the Schmidt-Puppin strain Rous
Sarcoma virus. No clone selected with fewer
than 6 cells was able to survive. Clones of
larger size yielded from 11% to 40% cell
line derivation efficiency. In this case there
appears to be a definite population effect
which has a cut-off point in the vicinity of
10 cells.

Discussion. There are two major problems
in the planting of clone cells. The first is the
maintenance of a “physiological” environ-
ment in the surrounding medium. Large
populations can adjust their environment to
some extent. With small populations, how-
ever, unfavorable conditions result in ex-
tremely low cloning efficiency. The conditions
to be maintained include temperature, CO,
tension, pH, and humidity. For example,
even with heteroploid HeLa S3 cells, it is
difficult to clone in medium 199 in 5% CO.
unless additional bicarbonate is added to the
medium. Humidity is important as an in-
crease in tonicity due to evaporation can be
lethal,

The second major problem is contamina-
tion of the clone with other cell types. This
is eliminated if a single cell is isolated and
cultured, but the methods most likely to
achieve this (Sanford, Lwoff) are also the
most tedious. Puck’s method, which is much
simpler, also has disadvantages. There is con-
siderable chance for a migrant cell to con-
taminate a clone in 7 days. Furthermore, in
our hands it is difficult to work within the
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glass wells. It is also possible to lose a num-
ber of cells during the trypsinization process
so that only large clones can be selected. The
major disadvantage lies in reduced cell line
derivation efficiency due to the trauma of
trypsinization on a small cell population.

The process of diluting out a cell suspen-
sion until isolated clones are obtained in sub-
culture may not produce true clones. In the
case of diploid cells, the cloning vessel may
contain many cells which as single cells can-
not clone but are viable. As a nearby clone
grows, these cells may become incorporated
and may begin to divide as mass culture con-
ditions are restored.

The glass chip method offers definite ad-
vantages. A clone can be isolated easily, re-
gardless of its size and without the trauma of
trypsinization. Ideally, a single cell should
be selected, but single cells are difficult to see
and examination of the plates at such an
early time may cause a change of conditions
which lead to cell death. Furthermore, it is
difficult to derive a cell strain from a single
diploid cell. It is, therefore, necessary to em-
ploy other safeguards to help assure that the
clone is derived from a single cell.

The cell inoculum should consist mostly of
single cells. Although this can be accom-
plished with ease for most cell lines, it is
quite difficult for some cell strains. Using the
methods previously described for preparing
cell suspensions, cell distribution ranged from
80-100% single cells and from 0-20% dou-
bled or triplets.

The number of cells planted per dish
should be small enough that it is possible to
isolate a clone. If there are more than 1000
cells in a 60 mm dish, it has been difficult to
isolate a true clone. In our experiments for
most cell lines tested, a plate containing 100
CFU is optimal.

The clone selected must be a size that is
consistent with the generation time of the
cell. There have been published pictures of
clones which contain too many cells to have
been derived from a single cell in the time
period indicated. A cell with a generation
time of 24 hours can produce a clone of 16
cells in 4 days but can not produce a clone
of 32 or 64 cells.
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In theory, it is best to select and isolate a
single cell and to derive a cell from it. This
is relatively simple for most heteroploid cells
but very difficult for diploid cells. Larger
clones have a better chance to grow into cell
lines. This population effect demonstrates
the need for suspending the newly isolated
clone in as small a volume of medium as is
practical.

Methods of increasing efficiency. This paper
reports higher plating efficiencies for diploid
cells than generally reported. The reason for
this is not clear. The answer may lie in con-
trolling conditions, including media, tempera-
ture, COg, pH, and humidity. There is also
a possibility that there is a time element in-
volved. If there is a 5-minute delay between
the preparation of a cell dilution and its in-
oculation, the cell concentration in the dilu-
tion tube will be greatly diminished because
diploid cells attach to glass very rapidly. In
some cases, we have observed 50% of the
cells attach within 5 minutes. To offset this,
one person counts the cells while simultane-
ously a second makes the dilution and plants
the cells. In this way the calculated number
of cells is more closely related to the number
actually planted.

The variation of plating efficiency of from
5%-100% for heteroploid and from 5%-50%
for diploid cells cannot be due to variations
in environment because each experiment had
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a HeLa S3 control. The variations may be
due to differences in the condition of the cells
when they were planted or they may repre-
sent differences between cell types.

Summary and conclusions. A method which
appears a practical and easy way to produce
cloned cell lines is presented, with some ob-
servations and problems to be considered
when cloning. Although the method attempts
to derive cell lines from single cells by taking
many precautions, it cannot be definitely
stated that this goal is actually accomplished.
It has yet to be demonstrated satisfactorily
that a single diploid cell can in fact be cloned.
The method, however, definitely produces
cell lines which are derived from such a re-
duced population that morphological differ-
ences cannot be demonstrated within a clone,
but can be demonstrated between cells from
different clones.
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The action of estrogens in producing a
state of infertility in a large number of ani-
mal species has been well documented. Smith
(1) demonstrated that estrin, an ovarian ex-
tract, produced sterility in rats. Pincus and
Kirsch(2) obtained similar results when

* Present address: Seton Hall School of Medicine
and Dentistry, Jersey City, N. J.

treating rabbits with estrone. Brown and co-
workers(3) were able to inhibit ovulation in
the human with daily doses of stilbestrol.
More recently, ethynyl-estradiol- 3 methyl-
ether, without addition of a progestagen, has
been reported by Walker to be an effective
oral contraceptive in humans (cited by Jack-
son; 4). The contraceptive action of estro-



