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Respiration Activity and Carbohydrate-Lipide Content during Growth
and Starvation of Mycobacterium sp. 279

Aktywnos$é oddechowa oraz zawartosé weglowodanéw i lipidéow
podczas wzrostu i glodzenia Mycobacterium sp. 279

PecriMpaTopHad aKTMBHOCTB, COAEPIKAHME YTIAEBOJLOB M JUIIMIOB BO BpEeMA DOCTA
u ronoxauusa Mycobacterium sp. 279

A genetic peculiarity of mycobacteria is a high proportion of storage materials,
chiefly lipids and carbohydrates, that are located mainly in a very thick and hydro-
phobic cell wall structure (1). The level of the storage materials depends on the
age of the mycobacterial culture, the composition of the culture media and other
factors (ref. Tepper, 1965). As a consequence, an enormously high and variable
endogenous respiration of the cell suspension is observed which causes difficulties
in the proper interpretation of the substrate utilization by the particular cultures
when manometrically tested. By using various kinds of starvation techniques the
central well contained 0.2 ml of 20% KOH. Equilibration lasted 10 min. and reading
was talsen every 10 min. during 90 min. of the incubation.

This report compares the changes in lipide and carbohydrate content
with the respiration activity during the growth and starvation of My-
cobacterium sp. 279.

MATERIALS AND METHODS

The organistn employed was a Mycobacterium sp. 279. The strain was obtained
from the Department of Plant Physiology, University in Lublin and was maintained
in this Laboratory on appriopriate media by serial mass transfers. It was grown on
the surface of a glucose-glutamate-citrate-salts medium (2) at 37°C for several days.
After incubation, cells were harvested and washed with water by centrifugation.

Starvation was carried out with an underlayering techmique (3) by incubating
washed cultures for definite times in the growth medium with glucose omitted.
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Oxygen uptake was measured manometrically at 37°C with the conventional
Warburg method. Each Warburg vessel contained in the final volume of 2.5 ml;
15 ml of 0.1 M phosphate buffer (pH 7.0), 1 ml of the cell suspension (6 mg dry
weight) and 0.5 ml of 0.1 M substrate solution (or 0.5 ml of water in controls). The
central well contained 0.2 ml of 20% KOH. Equilibration lasted 10 min and reading
was talsen every 10 min during 90 min of the incubation.

RESULTS AND DISCUSSION

The manometric method is frequently employed to screen the sub-
strate utilization by microorganisms in metabolic and taxonomic studies.
This technique was also successfully applied to follow the enzyme in-
duction and to distinguish inductive enzymes from constitutive ones (3).

Mycobacteria are rather inconvenient for the manometric determina-
tions due to a high level of their stored materials which undergoes
fluctuation depending upon growing conditions. A characteristic feature
is their substantial endogenous respirafion, hence low or negligibile
response to various compounds. In many cases it looks like a particular
compound is not a substrate for mycobacterial cells, despite its evident
uptake from the incubation mixture.

Szymona and Szymona (3) were the first routinely to apply
different starvation procedures to greatly reduce the stored materials
and simultaneously to diminish their endogenous respiration. We have
observed (unpublished data) that the lowering of a carbon substrate con-
centration (mainly glucose and glycerol) in the growth medium of Myco-
bacterium sp. 279 (i.e. from 4 to 2%) resulted in the obtention of less
slimy cultures with the reduced endogenous metabolism, especially when
they come up to an early stationary phase of growth.

Table 1 shows that 3-day old cultures of Mycobacterium sp. 279 which
are thought to be in the exponential phase of growth reveal an elevated
endogenous metabolism and low response to added glucose and lactate.
The prolongation of cultivation to 4 days, presumably to reach the early
stationary phase of growth, results in the decrease of endogenous respi-
ration by approx. 35% with simultaneous 2-fold and 3-fold elevation of
the response to glucose and lactate, respectively. The extention of incu-
bation to 5 days causes further drop in the endogenous respiration with
the response to the added substrates unchanged or slightly diminished.
However, between the fifth and seventh day of cultivation a considerable
drop in the respiration activity of cells is observed.

The changes in the carbohydrate content of the cultures roughly pa-
rallel the variations in the endogenous respiration. Thus, 6-day old cul-
tures possess 43% less carbohydrates than 3-day old ones. The reason was
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Table 1. Effect of growth age on total carbohydrate content and respiration activity
of Mycobacterium sp. 279
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virtually in the exhaustion of glucose from the media. In fact, 5-day old
cultures were totally devoid of the mentioned source of carbon and
energy and feel into starvation. The accelerated drop in the bacterial
respiration at the end of cultivation may be explained as a result of an
impairment of metabolic activities brought about by the alkalinization
of the media. Namely, it was checked that the pH-value of the media
rose from 7.8 for 5-day old cultures to 8.5 for 7-day old cultures, as
a result of the intensive deamination of glutamate, a possible substitute
for exhausted glucose.

Table 2 shows determinations of the respiration activity and the lipide
— carbohydrate content of Mycobacterium sp. 279 from 4% glucose
during staravtion on a sugar-free medium. As can be seen, 24-hour culture
starvation was manifested with the diminution of the endogenous meta-

Table 2. Effect of starvation on carbohydrate-lipide content and respiration activity
of Mycobacterium sp. 279
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4-Day old cultures from 4% glucose medium were used. Starvation was per-
formed with the underlayering technique on sugar-free growth medium.
Respiration expresed in ul Oy/h/mg dry wgt.
Respiration after subtraction of the endogenous respiratiom.
Carbohydrate and lipide content of cells expressed in mg/g dry wegt.
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bolism by 80% and the augmentation of the response to added glucose.
During that period carbohydrates were burnt by one — half and lipids
by 30%.

It may be stated in conclusion that the starved cultures of Myco-
bacterium sp. 279 or the cultures from scanty synthetic media and
harvested in the early stationary phase of growth appear to be suitable
material for the manometric determinations since their reduced endo-
genous metabolism which reflects the diminished pool of the stored ma-
terials, chiefly carbohydrates and lipids.

REFERENCES

1. Ratledge C.: The Physiology of the Mycobacteria. Advan. Microbiol. Physiol.
13, 115, 1976.

2, Szumilo T, Szymona M.: The Effect of Arsenite on the Endogenous Respi-
ration of Some Microorganisms. Ann, Univ. M. Curie-Sklodowska, Lublin, Sectio
D 34, 159, 1979.

3. Szymona O, Szymona M.: Semiinducible Oxidation of Some Carbohy-
drates and Polyoles by Starved Mycobacteria. Acta Microbiol. Polon. 20, 125, 1971,

4, Tepper B. S.: Modification of Cellular Constituents during Growth of My-
cobacterium phlei. Amer. Rev. Resp. Diseases. 92, 75, 1965.

Otrzymamno 25 XI 1982,

STRESZCZENIE

Niepatogenny szczep Mycobacterium sp. 279 hodowano na syntetycznym podto-
zu zawierajacym 2% glukoze jako Zrédilo wegla i energii, a nastepnie analizowano
komoérki na zawarto$é catkowitych weglowodanow i aktywnosé oddechows, zas pod-
loze — na zawarto$¢ glukozy. Stwierdzono, ze w miare wyczerpywania sie glukozy
z podloza wystepuje spadek weglowodanéw oraz obnizenie si¢ metabolizmu endo-
gennego komérek. RO6wnoczesnie rosnie reakcja komoérek w aparacie Warburga na
dodane z zewnatrz zwiazki, ktére komorki potrafia metabolizowaé. Glodzenie ko-
moérek na podlozu bezcukrowym réwmniez powoduje obniZenie oddychania endogen-
nego w rezultacie wyczerpywania sie substancji zapasowych w formie weglowoda-
néw i lipidéow, dzieki czemu reakcja na dodane z zewnatrz zwigzki jest wyraZna.
Tak wiec mykobakterie z podiloza syntetycznego, zawierajacego obniZone stezenie
glukozy, i zebrane we wczesnej fazie stacjonarnej oraz mykobakterie glodzone na
podiozu bezcukrowym sa dobrym materialem do oznaczen manometrycznych.

PE3IOME

Uccnenosano wmitamm Mycobacterium sp. 279 BbIpalUMBaeMblii Ha CTaHAAPTHOM
nuraTenbHOM cpexe. IIpM TIOMOIUM MaHOMETPMUYECKMX OIIpeleNleHMii MoKa3aHO, 4TO
BLICOKMI 9HIOTEHHBIN MeTaboNIu3M ABJIAETCA DPe3yJbTaTOM BLICTYIINIEHMA O60JbIIOTO
KOJIMYECTBa 3allaCHbIX BeIleCTB, IJIaBHBIM 00pa3oM JIMIMAOBR M yrieBoaoB. Onpene-
J€HO HM3KYI0 PeakuMIo IuTaMma Ha jobaBienue cyberparos. IIpeabiayinee ronoza-
HMe Ha 6e3caxapHOi cpefie BelleT K 3HAUYUTEJbLHOMY CHUIKEHMIO 3alIaCHBIX BeEIECTB,
CHMIKEHMIO DPECIIMPATOPHON AKTUBHOCTHM M NOBBIMEHUIO Peaknuy Ha cybcTpaTsl.



