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In a previous communication (Lowick & James,
1955) we reported marked changes in the electro-
phoretic behaviour ofa strain ofAerobacter aerogene8
during growth in the presence of crystal violet. The
alteration of the surface, as followed electro-
phoretically, depended on the age of the untrained
parent culture used for inoculation; further, it
occurred only during actual cell division in the
presence of the drug. Once a population of type C
(i.e. extreme) behaviour was produced, it was stable
on subsequent subculture in both the presence and
the absence of the dye. In the present paper we

report an investigation ofthis strain in an attempt to
explain these altered electrokinetic properties.

It seemed reasonable that the electrokinetic
properties of different strains of bacteria on treat-
ment with suitable reagents, e.g. surface-active
agents, under carefully controlled conditions ofpH
and ionic strength would be mainly dependent on

the nature of the surface constituents. Dyar &

Ordal (1946) have shown the sensitivity of bacteria
of widely different taxonomic groups to treatment
with both anionic and cationic surface-active agents.
In general these workers found that the presence of
sodium tetradecyl sulphate produced no change, or

a slight or a marked increase in the electrophoretic
mobility. The cationic surface-active agent, cetyl-
pyridinium chloride, always produced the same

general pattern of decrease of charge-reversal of
charge and finally stabilization of charge. A
'fattened' strain of Micrococcu8 aureus, known to
contain a greater amount of fatty substance than
the normal strain, was more sensitive to both the
anionic and cationic detergents. This was attributed
to an increase in the amount of lipid material in the
surface of these cells. Later Dyar (1948) described
a method of characterizing cell surfaces in which
chemical and enzyme treatments were employed to
remove parts of the cell surface. In this way both
lipid and amphoteric material were detected and
removed from the surface of M. aureus.

Using the same technique, Douglas (1955) con-

cluded that the absence of any effect of sodium
dodecyl sulphate on Bacilluw 8ubtili8 spores showed
surface lipid to be absent, whereas with Baciflub
megatherium spores the increase in mobility in the

presence of this detergent indicated the presence of
some lipid. Further evidence in support of the
difference between the surfaces of these two spores
was obtained from a study of the variation of their
mobilities in solutions of different pH values, under
conditions of constant ionic strength.

In the light of this previous work we considered
that the difference of electrophoretic behaviour
between the normal cells of Aero. aerogenes and
those trained to crystal violet must be due to a
change of surface constituents. Accordingly, we
have investigated the effect of surface-active agents
on the mobilities of these two strains. In addition,
we have attempted to correlate changes of mobility
on treatment with various organic solvents with the
fractions extracted, as measured by ultraviolet-
absorption spectra.

EXPERIMENTAL

Cultur&s. Aero. aerogenes was grown at 400 with aeration
in a simple synthetic medium containing glucose, potassium
dihydrogen phosphate, ammonium sulphate and a small
quantity of magnesium sulphate (Lowick & James, 1955).
The organisms were freeze-dried from aqueous suspension
(rather than from serum suspension, to avoid contamination
of the surface with protein) and were resuspended in the
buffer solution when required. Cells stored in this way
remained viable during the period of observation. This
drying technique had no effect on the mobility of either the
normal bacteria or those trained to crystal violet.

Cells trained to crystal violet with type C electrokinetic
properties were chosen for the detailed study of altered
surface characteristics for two reasons: first, these cells with
very low mobility values have undergone the greatest
change in the surface properties incurred by training to the-
dye. Secondly, cell populations of this type exhibit a homo-
geneous distribution of mobilities, enabling an average
mobility to be determined (compare type B, Lowick &
James, 1955). It is more convenient to follow changes in the
average mobility of a strain produced by different chemical
treatments than to detect changes in histograms which
depict a heterogeneous population (type B).

Electrophoretic mea8urement. Suspensions for electro-
phoretic measurements were prepared by shaking a sample
of the freeze-dried organisms with mixed phosphate buffer
solution (1 part of m/150 KH,PO4 to 1 part of M/150
Na,HPO4,12H20) of ionic strength 0-013 and pH 7 00. The
technique for determining the mobility and mobility
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distribution of cell suspensions has already been described
(Lowick & James, 1955; Moyer, 1936). The micro-electro-
phoresis cell was calibrated with human red-blood cells for
which the mobility is 1-31 ./sec./v/cm. in M/15 phosphate
buffer solution, pH 7.35 (Abramson, 1929). Cells of Aero.
aerogene8 have an average mobility of 2-37+0-04j../sec./
v/cm. (coefficient of variation, 8%) in phosphate buffer
solution of ionic strength 0-013, pH 7-00 (Lowick, Loveday
& James, 1956).

RESULTS

Variation of electrophoretic mobility accompanying
the first sub-culture in medium containing cry8tal
violet

When Aero. aerogenes is first grown in synthetic
medium containing 5-6 mg. of crystal violet/l., three
different types of mobility distribution can be
obtained, according to the age of the parent in-
oculum: for a parent of age less than 8 hr., the
population at the end of the growth phase has a
histogram which is typically Gaussian and similar
to that for cells grown in drug-free medium (type A).
A parent of age 8-36 hr. gives rise to a hetero-
geneous population with mobility values varying
from 0-4 to 2-70 ,./sec./v/cm. (type B). A parent
culture over 48 hr. old gives rise to a population of
cells whose mobilities have a Gaussian distribution
centred round very low mobility values (type C).
Fig. 1 shows the three types of behaviour and gives
the corrected absolute values for the electro-
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phoretic mobility (Lowick et al. 1956). It can be
seen, by comparing this diagram with Fig. 2 of our
earlier paper (Lowick & James, 1955), that the new
values have not affected the mobility distributions,
but merely displaced the histograms towards higher
values.

Effect of pH on the mobility of
normal and trained cells

The buffer solutions used in the range pH 2-8-6-9
were prepared from M/300 citric acid and m/150
disodium hydrogen phosphate adjusted to constant
ionic strength (0-02) by the addition of sodium
chloride. The extreme acid solution was 0-01 N
hydrochloric acid, also at constant ionic strength
(0-02).
The mobility-pH curves for the two strains are

shown in Fig. 2. The response of the two types is
considerably different; the normal cells give a curve
similar to that obtained for inert surfaces, and the
trained cells a curve (with an isoelectric point at
pH 3-5) similar to that of some protein and lipid
surfaces (Price & Lewis, 1933; Abramson, 1933).
The act of suspension of the normal cells in acid

solution caused no surface damage, since when
washed after this treatment and resuspended in
normal phosphate buffer solution at pH 7-00 their
mobility returned to the normal value. The mobility

Fig. 1. Effect of the age of the inoculum of untrained cells I f I I I I

on the mobility distribution after growth in media 2-0 3-0 4-0 5-0 6-0 7-0
containing 5-6 mg. of crystal violet/l. The times 21, 24 pH
and 96 hr. refer to the age ofinoculum; A, B and C refer to Fig. 2. Mobility-pH curves of normal and crystal violet-
the types of behaviour. trained cells of Aero. aerogenes.
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Table 1. Effect of wa8hing on the electrophoretic mobility of the organi8m. after treatment at low pH valUe8

Treatment of cells
Suspended in M/300 phosphate buffer (control)
Suspended in 0.01 w-HCI
Suspended in 0-01 N-HCI, washed and suspended
in M/300 phosphate buffer
Suspended in citrate-phosphate buffer (control)
Suspended in citrate-phosphate buffer
Suspended in citrate-phosphate buffer at pH 2*93,
washed and suspended in citrate-phosphate buffer

pH of
test soln.
700
1-94
7-00

6*89
2*93
6-89

Ionic
strength

0-013
0*02
0-013

0*02
0-02
0*02

Mobility
(pu./sec./v/cm.)

'Al

Normal
- 2.37*
-0-12
-2-44

-2X41
-0-87
- 2X43

Trained
-0-39
+1'17
-0 54

-0X31
+0-28
-0-43

* The sign indicates the charge carried.
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Fig. 3. Effect of solvents on the mobility distribution of
trained cells of Aero. aerogenes.

ofthe trained cells, however, after similar treatment,
returned to a more negative value than the control
(Table 1).

Effect of organic solvents on Aerobacter aerogenes

A known weight of the dried bacteria (generally
0*01 g.) was shaken for 4 days with 40 ml. of ether,
methanol, ethanol, acetone or chloroform. The
organisms were removed on the centrifuge and the
supernatant liquid was saved (see below). The cells

were then washed twice and resuspended in the
normal phosphate buffer solution.

28

Electrophoretic mobility. The mobility distribution
ofnormal cells was unaltered after shaking with any
of these solvents. When the same treatment was
applied to trained cells, however, the histograms
were greatly altered (Fig. 3). Ether and methanol
caused a slight increase in the average mobilities of
these cells, but the distribution ranges were not
significantly increased. Acetone and ethanol
produced considerable increases in mobility values
and the final histograms showed a heterogeneous
population. A very widespread heterogeneous
population was obtained on treatment with chloro-
form or a mixture of chloroform and methanol, and
many mobility values were in the same range as
those for normal untrained cells. The final histo-
gram obtained with any solvent was independent of
the time of shaking, for periods of 2-96 hr.

Abaorption 8pectra of the extracts. After the cells
had been treated with the different solvents, the
supematant liquid was evaporated to dryness. The
residue was then dissolved in absolute alcohol and
the ultraviolet-absorption spectrum determined
with a Unicam SP. 500 spectrophotometer. When
the same weight of bacteria was shaken for different
periods, ranging from 2 to 96 hr., it was observed
that the absorption increased with shaking time
until a maximum was attained. Extracts of both
types of bacteria with ethanol, ether and acetone
gave absorption spectra with similar intensities
when equal amounts of bacteria were taken.
Methanol was, however, a much poorer solvent.
The absorption spectra of the extracts from the

two types of cells were essentially the same in the
ultraviolet range (Fig. 4), consisting of an intense
peak at 225-230 my., presumably due to the
presence of lipid-like material (Miller, Brown &
Burr, 1938), and a lesser peak at 250-252 m,u. due to
the presence of purines or pyrimidines (possibly
nucleic acids). A comparison of the relative in-
tensities of these absorption spectra shows that the
trained cells contain approximately the same
amount of these materials as an equal weight of
normal cells. The trained cells are considerably

Bioch. 1957, 65
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smaller than the normal cells; 1 mg. of normal cells
contains 32-5 x 108 organisms, whereas 1 mg. of
trained cells contains 81-5 x 108 organisms.

Crystal violet is soluble in all the solvents used
(except ether) and was therefore extracted by this
shaking procedure. This was shown by the addi-
tional peak in the absorption spectra of the extract
of trained cells at 580 m,. due to the dye. From the
intensity of this peak the amount of crystal violet
f.tnrA n I T-c otf 'himpfrat. wn- o.eln.tRs.

being 470,g. After such extraction the bacteria
were colourless.
Although the solvents have generally removed

the dye from the trained organism, their mobility
distribution never returns to that characteristic of
untrained cells.

Effect of 8urface-active agent8 on the mobility of
normal and trained cell8

exTOt%uVLu irLJIL J i1Lg. JL IJO ritU, w s* W

1-2

1-1

1-0

0-9

0-8

0-7

CI
V

0

0-6

0-5 [

0.41

0-3

0-2

0-1

200 220 240
Wavelength (mjy.)

Fig. 4. Absorption spectrum in absolute
ether extract ofnormal cells of Aero. aero6
bacteria was shaken for 4 days with 30 r

solvent was evaporated and the residi
200 ml. of absolute ethanol.

sUniuLumuu M5 To characterize the surface ofnormal and trained
bacteria their mobilities were determined in buffer
solution containing a surface-active agent. Cetyl-
pyridinium chloride was chosen as the cationic and
sodium dodecyl sulphate as the anionic surface-
active agent. Concentrations up to 0-02M ofeach
of these were prepared in buffer solution and mixed
with the bacterial suspension in buffer solution to
give the appropriate concentration ofthe detergent.
The final concentration of bacteria in each sus-
pension was 3 x 108 organisms/ml.
The normal cells were insensitive to sodium

dodecyl sulphate, there being no change in the
electrophoretic mobility at concentrations up to
mM. In cetylpyridinium chloride, however, the
mobility became less negative at a concentration of
about 50 ,um, and at higher concentrations the cells
actually possessed a positive charge. The cells of the
trained strain were much more sensitive to sodium
dodecyl sulphate, the mobility becoming more
negative at 0- 1 mM. At a concentration of mm the
mobility showed an increase of 800% over the
value in the absence of surface-active agent
(Table 2). In addition the trained cells were slightly
more sensitive to cetylpyridinium chloride than the
normal cells, the curve crossing the concentration
axis at a much lower concentration (60 uiM for

260 ^ trained compared with 600 ,uM for normal) (Fig. 5).
The physical effect of these surface-active agents

ethanol of the on the surface was investigated by washing the
heano15 mg of organisms, after treatment with the detergent,

nl. of ether, the twice with phosphate buffer solution and then
ue dissolved in determiniing their mobility in this medium. The

results (Table 3) show that this washing does not

Table 2. Effect of 8urface-active agents on the electrophoretic mobility of Aerobacter aerogenes

Strain and treatment
Normal
Trained
Normal treated with ether
Trained treated with ether
Trained treated with CHCI3 + methanol
Normal
Trained

Surface-
active
agent
SDSt
SDS
SDS
SDS
SDS
CPC
CPC

Electrophoretic mobility
(pu./sec./v/cm.)

Control In mM
-2-35 -2-39
-0.46 -4-18
-2-31 -2-52
- 0-88 -5-50
-2-32* -4-18
- 2-36 +0-80
-0-48 +0-89

Change
from

control
(%)

2
810

9
525
80
134
286

Concn. at which
departure from
control occurs

Above mm
0-1 mM
0-5 mM
0-1 mM
0-1 mM
50 JM
10 PM

* Population heterogeneous.
t In this and subsequent tables SDS represents sodium dodecyl sulphate and CPC represents cetylpyridinium chloride.

I I I

434 I957



ELECTROKINETIC PROPERTIES OF AERO. AEROGENES
Table 3. Effect of washing on the electrophoretic nobility of organi&sma after treatment

with surface-active agents

Electrophoretic mobility
(j/sec./v/cm.)

Treatment of the cells Normal Trained
Suspended in M/300 phosphate (control) - 2-48 - 0-39
Suspended in buffer +mm SDS -* - 3-8
Suspended in buffer +mm SDS, washed -4-4-10
and suspended in M/300 phosphate

Suspended in buffer +mM CPC + 0-35 +
Suspended in buffer +mme CPC, washed - 1.90
and suspended in M/300 phosphate

* Not tested owing to the lack of effect of SDS on normal cells.

1-23
-0-66

Fig. 5. Electrophoretic mobility of normal and trained
cells of Aero. aerogenes in the presence of surface-active
agents. 0, Normal cells in SDS; *, normal cells in CPC;
(, trained cells in SDS; Q, trained cells in CPC.

completely remove the cetylpyridinium chloride
from the surface of normal cells. The effect of
sodium dodecyl sulphate on the trained cells is
irreversible, possibly due to the formation of a

stable lipid-detergent complex. Treatment of the
trained cells with cetylpyridinium chloride followed
by washing results in an increased negative mobility
value over the control.
The effect of sodium dodecyl sulphate was tested

on bacteria which had been treated with ether for
4 days. Normal cells were now slightly more

sensitive, and the trained cells were less sensitive, to
this reagent, but still showed a considerable increase
in their mobility with mm sodium dodecyl sulphate

(Table 2). Trained bacteria treated with other
solvents gave similarly high mobility values in the
presence of mm sodium dodecyl sulphate. The
distributions which were widespread in the controls
(e.g. chloroform-methanol) became homogeneous in
the presence of the surface-active agent.
The differences in behaviour of normal and

trained strains towards surface-active agents can

most probably be attributed to a higher content of
lipid-like material in the surface of the trained
organisms. This material is partly extracted by the
ether.

Effect of lipase on the surface properties of
normal and trained cells

A sample of each of the freeze-dried strains
(0-01 g.) suspended in 25 ml. of phosphate buffer
solution at pH 7-00 was treated with lipase (Sol-
media Ltd.; final concentration, 1 % w/v) at 400 for
about 18 hr. Controls, in which the enzyme had
previously been inactivated by heat treatment, were
always included. The suspension was centrifuged
and the organisms were washed twice with phos-
phate buffer solution and finally resuspended in that
menstruum. The mobility distribution of each
suspension was determined in the presence and
absence ofmm sodium dodecyl sulphate.
The average values (Table 4) show that the active

lipase is without effect on the electrophoretic
mobility of the normal cells in the presence and
absence of sodium dodecyl sulphate. In contrast,
lipase brings about a marked increase in the mobility
of the trained cells to a value characteristic of
normal untrained and untreated cells. Further,
these cells are no longer sensitive to the presence
of sodium dodecyl sulphate. Inactivated lipase is
without effect on the mobility of normal cells. It
increases the average mobility of trained cells by
some 40% and reduces their sensitivity to sodium
dodecyl sulphate by approximately the same

amount. These changes are, however, negligible
when compared with those resulting from the use of
the active enzyme.
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Table 4. Effect of lipa8e on the electrophoretic nobility of normal and trained cells of Aerobacter aerogenes

Electrophoretic mobility
(IA./sec./v/cm.)

A

Normal cells Trained cells
Untreated cells (controls)
Suspended in buffer solution 2*40 0 45
Suspended in buffer solution +mM SDS 2*39 4-44
Percentage increase in the presence of SDS 0 890

Cells treated with active lipase
Suspended in buffer solution 2-45 2-31
Suspended in buffer solution +mM SDS 2-29 2-34
Percentage increase in the presence of SDS - 6* 0

Cells treated with inactive lipase
Suspended in buffer solution 2-43 0-63
Suspended in buffer solution +mm SDS 2-31 400
Percentage increase in the presence of SDS - 5* 540

* These values have little significance, as they are only just outside the limits of experimental error.

'1 5

0

1.1

1-0 I

220 240 260 280 300 220 240 260 280
Wavelength (mF.)

Fig. 6. Ultraviolet-absorption spectra of aqueous sus-

pensions of normal and trained cells of Aero. aerogenes.

The histograms obtained from the trained cells
after treatment with the active enzyme tended to
be bimodal in forn, there being a small percentage
(about 10 %) ofthe population with the original low
mobility value. A similar enzymic treatment of
killed cells (2 hr. at 550) with active lipase produced
the same result as for viable cells.

Absorption spectra of aqueous suspensions of
normal and trained cells

The ultraviolet-absorption spectra of cells of the
normal and trained strains were determined in
aqueous suspension by the method of Shibata,
Benson & Calvin (1954) (Fig. 6). The absorption

spectra are similar, maxima occurring at 235, 254
and 260 mp. The maxima at 260 m,u. may be due
to deoxypentosenucleic acid. The other maxima
probably correspond to those observed on the
solvent extracts of the bacteria.

DISCUSSION

The electrophoretic behaviour of cells of Aerobacter
aerogenes trained to crystal violet is markedly
different from that of untrained cells. It is evident
from the colour of the trained organisms that the
dye has been absorbed. The amount absorbed on the
surface from the low dye concentration in the
growth medium is insufficient to produce the change
in mobility (Lowick & James, 1955). The dye is
not removed by washing with phosphate buffer
solution, and the mobility is unchanged by this
treatment (Lowick & James, 1955). The differences
in the electrokinetic properties are due to an alter-
ation in the nature of the cell surface and not to the
effect ofthe dye combined with surface components
of the trained organism. This is supported by two
independent observations: First, repeated and
prolonged growth of the trained cells (type C
behaviour) in the absence of the dye caused no
alteration in the mobility distribution (Lowick &
James, 1955). The large increase of surface area
which occurred during growth in the absence of the
dye precludes the possibility of any significant
amount of crystal violet remaining on the surface.
The organisms were colourless and no dye was ever
detected by examination of ethanolic extracts of
the organisms. Secondly, organic solvents (except
ether) extract the dye from the trained organisms,
but the mobility distribution, although in some
cases undergoing a change, never returns to the
value for normal untrained cells. A further type of
training to crystal violet-type A (reported pre-
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viously) is worth recalling. Cells of this training
series, although containing considerable amounts of
the dye, possessed a mobility distribution which was
indistinguishable from that of untrained cells.
Thus it can be concluded that the outermost

surface layers of normal and trained cells (type C)
are of different chemical or physical structure, or
both. This fact is amply illustrated by the large
quantitative differences observed in the effect of
pH and surface-active agents on the mobility
values (Figs. 2, 5). Some idea of the nature of these
two cell surfaces can be obtained by comparing
these results with those for model surfaces, e.g.
polysaccharide, protein and lipoprotein, obtained
by previous workers.
For the cells of Aero. aerogenes trained to crystal

violet, the form of the mobility-pH curve (with an
effective isoelectric point at pH 3-5) is similar to
those of protein (Abramson, 1933) and lecithin
(Price & Lewis, 1933) surfaces-ionogenic, am-
photeric-and to those of some sterols (Moyer,
1934). In addition these cells show a marked
increase in mobility in the presence of the anionic
surface-active agent sodium dodecyl sulphate.
Droplets of a hydrocarbon and of lipids acquire a
greater negative charge in the presence of these
surface-active agents, a phenomenon attributed to
the solution ofthehydrocarbon ends ofthe detergent
molecules in their surface with the negatively
charged polar groups oriented outwards (Dyar,
1948). Thus the material in the cell surface re-
sponsible for the increase in mobility is most
probably lipid. Treatment of these trained cells
with organic solvents, particularly ether, makes
them slightly less sensitive to sodium dodecyl
sulphate. This may be due to the removal ofsome of
the fatty lipid material from the surface, resulting
in a surface in which less of the sodium dodecyl
sulphate can dissolve.

In contrast the mobility-pH curve for the un-
trained cells, which is essentially independent of
pH abovepH 5 0, is quite unlike those for protein or
lipid surfaces. Rather does it resemble in form the
curve for an inert surface (Abramson, Moyer &
Gorin, 1942), and those for the smooth forms of
bacteria which almost certainly have a polysac-
charide surface. The anionic surface-active agent
has no effect on the mobility [cf. cellulose and glass
particles (Dyar, 1948)], but the cationic agent
(cetylpyridinium chloride) results in neutralization
and reversal of charge, as would be expected.

Further evidence about the nature of the surfaces
was obtained from a study of the effect of lipase on
the cells. This enzyme has a pronounced effect on the
mobility of trained cells. After treatment, these
cells had a mobility characteristic of untrained
cells; further, like untrained cells, they were in-
sensitive to sodium dodecyl sulphate. In contrast,

lipase had no effect on the mobility of normal
bacteria either in phosphate buffer suspension or in
the presence of sodium dodecyl sulphate, suggesting
the absence of lipid in the surface of these cells.

Bacterial cell walls, particularly those of the
Gram-negative bacteria, are known to contain a
considerable amount of lipid material (Salton,
1956). The ultraviolet-absorption spectra of the
normal and trained organisms and the solvent
extracts are consistent with this observation. The
spectra show that both strains contain approxi-
mately the same amounts (w/w) of the different
materials, but as the trained are of approximately
one-third the size ofthe normal cells it would appear
that there would be less material (lipid, nucleic acids,
etc.) per cell. This lipid in the trained cells is exposed
and is readily detected. This is in contrast to that in
the normal cell, where the lipid probably constitutes
the deeper layers in the cell wall. Treatment of
normal cells with solvents does not affect their
mobility, but renders them slightly more sensitive
to sodium dodecyl sulphate, indicating the removal
of an outer layer, or layers, and the consequent
laying bare of (at least) a portion of the lipid
material.
We believe, from the evidence reported, that cells

of Aero. aerogenes which have been trained to grow
in the presence of crystal violet contain lipid
material exposed on the surface, whereas the
surface of the normal cells is predominantly poly-
saccharide. Further work on the effect of specific
enzymes on the electrical properties of these
surfaces is in progress.

SUMMARY

1. The mobility-pH curve of the normal strain of
Aerobacter aerogenes is similar to that of a poly-
saccharide surface; that of the trained strain is
similar to the curve obtained for protein surfaces.

2. The greater sensitivity of the trained cells
towards both anionic and cationic surface-active
agents suggests that a greater amount of lipid
material is present in their surface.

3. Treatment with organic solvents does not
affect the mobility distribution of normal cells, but
histograms obtained from the trained cells were
altered to varying degrees. Ultraviolet-absorption
spectra of the extracts from normal and trained
cells were similar.

4. Extraction with solvents renders the normal
cells slightly more sensitive and the trained cells
less sensitive to sodium dodecyl sulphate.

5. Lipase has no effect on the mobility of normal
cells, but increases the value for trained cells to
that of a normal untrained strain. The trained
cells, so treated, are insensitive to sodium dodecyl
sulphate.
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6. The experimental observations, discussed in

the light of model surfaces of known structure, are
consistent with the hypothesis that the cells of
Aero. aerogenes trained to crystal violet have a
surface which is lipid in nature, in contrast to that
of the normal cells, which is polysaccharide.
The authors acknowledge with thanks continued financial

support from the British Empire Cancer Campaign.
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The Metabolism in the Rat of Naturally Occurring
(+ )-14-Methylhexadecanoic Acid
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The recent isolation of branched-chain fatty acids
from animal fats (Hansen, Shorland & Cooke,
1952) has aroused interest in the fate of such acids
as dietary components. Hitherto, feeding experi-
ments with branched-chain acids were carried out
mainly in relation to the effects ofsuch acids present
in synthetic fat. Thus Appel, Bohm, Keil & Schiller
(1947) fed glycerides of the higher branched-chain
fatty acids with methyl, ethyl or propyl side chains
to goats, whereas Weitzel (1951) fed dogs with a-
substituted myristic and steario acid triglycerides.
The metabolism of the acids was followed by
determining the nature of the ether-soluble break-
down products in the urine. In addition, without
giving experimental evidence, Appel et al. (1947)
stated that 13-6% of the braniched-chain acids fed
in synthetic fat to goats was found in the depot
fats. Weitzel (1951) estimated that 90% of the a-
substituted myristic and stearic acids fed to dogs
was metabolized, but he did not determine the
storage of these acids in the body.

In the present study the branched-chain acid
'(+ )-14-methylhexadecanoic acid, naturally occur-
ring up to approximately 0-5% in ruminant fat, has
keen fed to rats to determine its storage, excretion,
breakdown and effect on growth.

Because of the difficulty of isolation of traces of
branched-chain fatty acids from animal fats, meta-
bolic studies without the use of isotopically labelled
compounds are not normally feasible. However, as
the acid used in this work is optically active it has
been possible to utilize this property as a sensitive
method of estimation.

EXPERIMENTAL
Rats oftheWistar strain maintained as an inbred colonyfor
the past 22 years were used. They were fed on the experi-
mental diet from weaning (40-50 g.) until they reached
160g.
The 'fat-free' basal diet used was similar to that described

by Longenecker (1939). It consisted of (%): casein, 20;
corn starch, 60; sucrose, 9; salt mixture, 4; agar-agar, 2;
dried yeast, 5. The diet was computed to contain not more
than 1-36% of fat.
The animals were divided into groups, each with two sub-

groups consisting of five bucks and five does. Group A
(controls) were given the basal 'fat-free' diet; group B
received the same diet but with a supplement of 0 1 g. of
C17 anteiso-acid (from a preparation obtained by Hansen
et al. 1952)/rat/week. Altogether seven such supplements
were given, after which the bucks returned to the basal diet
for 3 weeks, and the does for 7 weeks. The animalswere then
killed The faeces of bucks and does were collected for48hr.


