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Oxidative Assimilation by Serratia marcescens* (32766)

C. E. CLIFTON
Department of Medical Microbiology, Stanford University School of Medicine,
Stanford, California 94305

This study, preliminary to one on endoge-
nous respiration and energy of maintenance,
sumimarizes observations on oxidative assimi-
lation by Serratia marcescens. The influence
of age of the cells and of cell concentration is
considered. Glycerol was employed in most of
the tests as the exogenous substrate to avoid
any direot polymerization of substrates such
as sugar to endogenous reserves.

Materials and Methods. The general meth-
ods employed were the same as previously
described (1,2). Serratia marcescens Z-4
was grown for 16 hours at 30°C nutrient agar
(Difco) or on this medium containing 1%
glucose. The cells were harvested, washed,
and suspended in a basal salt solution (2) to
avoid any specific ion effects. In the aging ex-
periments the washed suspensions were shaken
in stoppered flasks on a wrist-action shaker at
30°C and samples were removed at daily in-
tervals. Total cell MC was determined in
samples of cells killed with HgCl, (0.2 ml
of 5% HgCl, per 2 ml of suspension), firmly
bound 4C in cells from 2 ml of suspension
acidified with 0.2 ml of 10% H.SOy. Glycerol
was determined colorimetrically (3).

Results. A Qos of 60 was observed follow-
ing the addition of 8 umoles (204muC) of
glycerol-U-C to 6 mg dry weight of freshly
harvested cells of S. marcescens suspended in

* This research was supponted by Army Research
Office Grant HC A-67-G-0014

2 ml of basal salt solution. The rate of O,
consumption (or *CO, production) decreased
abruptly after the time (break-point) that ap-
proximately 300 xl or about one half of the
theoretical amount (627 ul) of O. required
for complete combustion had been consumed.
The Qo, continued to decrease and ap-
proached the value (15) observed for the
endogenous control. No difference was noted
between the behaviors observed with cells
grown on nutrient or on glucose agar.

Results of quantitative tests for glycerol in
supernatant fluids from nonacidified sus-
pensions indicated that less than 10% of the
initial glycerol remained in solution while *C
determinations indicated 22% residual *C. A
portion of this residual 4C probably is in
matter relatively resistant to oxidation since
the 14C content of the supernatants decreased
very slowly after the break-point, a behavior
noted with other organisms and substrates
(4).

The O, consumption values to the break-
point, uncorrected for endogenous respiration,
suggested about 50% assimilation of the glyc-
erol while the data for total cellular C in-
dicated that only about 36% of the initial *C
was present in the cells. One fifth (9 muc) of
the intracellular 4C at the break-point was
present in the pool fraction, i.e., material re-
leased on acidification of the suspension. The
14C distribution data lead to a more accurate



OXIDATIVE ASSIMILATION BY S. wmarcescens

TABLE I. Influence of Cell Concentration on Oxi-
dative Assimilatory Aectivity® of Serratia marces-
cens.

Dry wt. of cells (mg/ml) 6.0 3.0 1.5
260 ul of O, consumed (min) 16 31 62
H4CO, produced (muC of #C) 92 92 89
Total cellular *C 60 47 43
Cellular *C/mg of cells 10 16 28
Pool *C/mg of cells 3.6 5.3 8.6

¢ 8 umoles of glycerol per 2 ml of suspension.

estimate of the extent of assimilation of a sub-
strate than do manometric results since the
former are not complicated by endogenous
behaviors. In kinetic studies it was observed
that the cell *C content increased to a slight
extent for at least 60 min after the break-
point and that #CO, was produced but at a
very low rate.

Similar behaviors were noted with glucose-
U-1C or glutamate-U-“C as the substrate.
Values for the O, consumed to the break-
point indicated about 45% assimilation of
glucose while the total intracellular 4C was
only 30% of the initial glucose *C. The
values for glutamate utilization suggested
55% assimilation on the basis of O con-
sumption, 36% for 1*C content of the cells.

One might expect that glycerol would be
oxidized via pyruvate and the Krebs cycle.
It was observed that 61% of the 1-1*C, 57%
of the 2-*C, and 57% of uniformly labeled
glycerol-C atoms were converted to 4COs.
About the same extent of assimilation,
20-22%, of the different C atoms was noted.
Much greater differences were noted with
variously labeled pyruvates. Fifty-five percent
of the 1-1*C was converted to *CO; as com-
pared with 36 and 38% from pyruvate-2-14C
and pyruvate-3-1*C, respectively. About 5%
of the 1-1*C of pyruvate was assimilated,
16% of the 2- and of the 3-C. The differences
between the results obtained with glycerol and
pyruvate suggest possible participation of a
second pathway of utilization but this pos-
sibility was not studied.

Since the concentration of bacteria may
influence the extent of oxidation and of as-
similation some experiments were conducted
to test this possibility. In a typical experiment
(Table 1) oxidation was halted shortly before

653

the break-point at times when approximately
260 pl of O, had been consumed. It is ap-
parent from the results that the time required
for an equivalent amount of oxidation, either
on the basis of Op consumption or CO.
production, was proportional to the concen-
tration of cells. On the other hand the total
amounts of *C assimilated by the cells in the
test periods, or the pool values, were not
proportional to the concentration of cells. This
lack of proportionality for assimilation by
cells of the same age complicates the inter-
pretation of results obtained with cell sus-
pensions of different ages. No satisfactory ex-
planation of the proportionality of respiratory
activity, nonproportionaity of C-assimilation
can be advanced at this time.

The results of aging experiments with
washed cells harvested from nutrient agar or
from glucose agar are presented in Table II.
The suspensions were made up to the same
initial turbidity, shaken at 30°C and samples
for the various tests were taken at daily in-
tervals. The amounts of O, consumed en-
dogenously in 60 min by 2 ml samples of the
suspensions were determined. Eight umoles
of glycerol-U-1*C (204 muC) were then added
for the exogenous tests and the times re-
quired to consume approximately 300 ul of O,
were determined. It is apparent that the time
required to consume this amount of O, in-
creased slowly with age of the cells, approxi-
mately doubling by 96 hours and again be-
fore 168 hours. The endogenous rate de-
creased during the first 48 hours and then
remained quite constant. The viable count
remained fairly high, decreasing in 168 hours
to about one third of the initial value. There
did not appear to be any direct relationship
between the viable count and either the en-
dogenous or exogenous rate of oxidation.

The amounts of 1#CO produced during the
exogenous tests were fairly constant but vari-
ation was noted as regards the total amount
of 1C assimilated by cells of different ages.
The same type of behavior was noted on re-
peating the experiment, the amount of ¢C
assimilated by glucose agar-grown cells chang-
ing from 36 muC at O hour to 76, 68, and
73 mpC at 24, 48, and 72 hours, respectively.
Corresponding values for cells from nutrient
agar were 39, 50, 48, and 40 muC. The lesser
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TABLE II. Influence on Cellular Activities of
Aging of Suspensions of Serratia marcescens.

Age (hours)

Cell type 0 24 48 72 96 168
Endogenous O, consumption in 60 min

G-cells® 96 54 39 42 43 42
P-cells 98 45 32 37 39 36
Time (min) required to consume 300

ul Og exogenously®
G-cells 43 53 61 70 78 155
P-cells 33 44 51 63 76 195
1CO, produced, muC/300 ul of O,
consumed

G-cells 90 93 96 92 87 100
P-cells 106 103 101 95 99 97

1C agsimilated (muC)
G-cells, total 38 71 64 59 54 63
P-cells, total 36 46 34 30 34 46

G-cells, pool 13 15 10 13 8 5

P-cells,pool 8 6 8 — 6 8
NH,N (ug/ml)
G-cells 26 75 110 155 155 240
P-cells 22 60 90 115 120 220
Viable cells/ml X 10°
G-cells 61 52 48 — 48 18
P-cells 60 56 48 — 45 23

¢ G-cells —glucose agar-, and P-cells —=plain agar-
grown cells.
® 8 umoles of glycerol/2 ml of suspension.

extent of assimilation by freshly harvested
cells may be associated with the higher level
of endogenous substrates in these cells. Since
concentration of cells also influences the re-
sults, as indicated by those reported in Table
I, it is difficult to determine the true cause(s)
of the variations noted in the results. The
variations do not appear to be to any marked
extent the result of experimental errors since
14C recoveries generally were very satisfactory
(better than 95%).
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The results of anthrone determinations in-
dicate that there was a small amount of a
readily utilized carbohydrate initially present
in the cells and that this was utilized within
the first 24 hours. After this time the carbo-
hydrate content of the cells remained fairly
constant but did decrease very slowly with
time. Nitrogenous compounds appear to be
a major endogenous substrate as indicated by
the marked increase in NHj3;-N with time
(Table II). The nature of the endogenous
substrate is being studied in more detail.

Behaviors similar to those reported in
Table II were observed in other experiments
in which glucose or glutamate served as the
exogenous substrate.

Summary. The oxidative assimilatory be-
havior of S. marcescens with various substrates
is similar to that noted with other bacteria
(4), a portion of the substrate being oxidized
to COs, a portion assimilated by the cells and
the remainder converted to extracellular ma-
terial not utilized readily by the cells. Oxi-
dative activity, but not C-assimilation, was
proportional to the concentration of cells over
the range studied. No satisfactory explanation
for this difference could be advanced. After
the first 48 hours of aging of the suspensions
the endogenous rate of respiration remained
fairly constant for § days. However, the rate
of exogenous respiration decreased with time
but not in proportion to the viable count.
Nitrogenous compounds appear to be a major
endogenous substrate of S. marcescens.
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