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Pyruvate Formation as a Test for the Induction of some Enzymes
in Mycobacterium sp. 279

Tworzenje pirogronianu jako test na indukcje niektérych enzyméw u Mycobacterium
sp. 279

ObpazoBaHMe IMUPYyBaTa — TECT HA MHAYKIMIO HEKOTOPBLIX 3H3UMOB
y Mycobacterium sp. 279

Inducible synthesis of an enzyme can be observed on the basis of an increase in
its specific activity. If the enzyme is functionally connected with cell respiration;
and many catabolic enzymes are, it may be possible to reveal induction by stating
the continuously increasing oxygen uptake in a Warburg apparatus. This indirect
method proved valuable in a screen for inducible enzymes in mycobacteria,
especially so when the cells were starved prior to manometric determinations (4).

The aim of this work has been to use pyruvate formation as another criterion
of inducible enzyme synthesis. It was expected that increased amount of an enzyme
engaged in carbohydrate metabolism would be manifested by an increased accumula-
tion of pyruvate, provided the test is carried out in the presence of an inhibitor
of the Krebs cycle. Xylitol: NAD 2-oxidoreductase (EC 1.1.1.9, xylitol dehydrogense)
served as the model enzyme since it was shown to yield pyruvate via the follow-
ing reaction sequence: xylitol_,D-xylulose-5-P_5 _yD-fructose-6-P_,. _spyruvate (5).

MATERIALS AND METHODS

The organism employed was a D-xylose mutant of Mycobacterium sp. 279,
isolated in this Laboratory from the parent strain (5). It was grown on the surface
of a glucose-glutamate-citrate-salts medium (2) at 37°C for 3 days. After incubation,
cells were harvested and washed with water by centrifugation. The procedures
of starvation, induction and disintegration of cells were as described earlier (4, 5).
Oxygen uptake of cell suspension was measured with the conventional Warburg
method (6). Protein content in cell-free extracts was estimated by the Lowry et
al. method (3) using bovine serum albumin as a standard.
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Xylitol dehydrogenase activity was determined in a Zeiss spectrophotometer
VSU-2G at room temperature with the use of 1-cm light path cuvettes. The re-
action mixture contained: 63 mM glycine-NaOH buffer, pH 10.7; 150 mM xylitol;
0.4 mM NAD; and extract (80--250 pg protein) in a total volume of 1.65 ml. The
rate was followed at 340 nm for several minutes.

The pyruvate accumulation test was performed using a mixture which con-
tained: 100 mM phosphate buffer, pH 7; 100 mM xylitol; 10 mM sodium arsenite;
and bacteria (equivalent to about 8 mg dry cell weight) in a total volume of 2.5 ml.
The cell suspension was incubated by shaking for 30 minutes, then 1 ml of 25%
trichloroacetic acid was added and the precipitated material removed by centri-
fugation, Pyruvate accumulated in the supernatant was determined by the 2,4-di-
nitrophenylhydrazine-toluene extraction method (1).

RESULTS AND DISCUSSION

Previous work showed that starved mycobacteria responded to an ad-
dition of common sugars and polyols by continuously increasing rate of
oxygen consumption. Chloramphenicol suppressed this effect leaving the
basal level of the corresponding enzymes unchanged (4).

A similar behaviour has been obtained in the present work. As one
can see in Fig. 1, the oxygen uptake resulting from xylitol addition pro-
ceeded in a way characteristic of induction (curve 2). At the same time,
sample 1 containing both xylitol and chloramphenicol revealed a low
respiration which proceeded at a constant rate owing to a constitutive
level of xylitol dehydrogenase already present in non-induced cells.

_ Fig. 1. Induction of xylitol dehydrogenase as
3; observed manometrically at 37°C. Each Warburg
K] :‘;:’ Yz, vessel contained 100 umoles of phosphate buffer,
Sor — / pH 7; 20 mg of wet weight cells; and 0.2 ml
o / of 20% KOH in center well. 0 — endogenous
é 00 b / respiration, 1 — basal response to xylitol
° / (125 pmoles) in presence of chloramphenicol
j‘g J - (250 umoles), 2 — inducible response to xylitol
S st / -7 (125 umoles), 3 — non-inducible response to
8 ye T glucose as a reference substrate (125 pmoles).
g /// orior to manometric determinations the bacteria

o % 0 1[;0 were starved for 12 h by incubating cell pellicles

Incubation time (min) on the surface of glucose-free medium (4, 5)

In further experiments the enzyme was induced by incubating starved
and non-starved mycobacteria with xylitol, and then xylitol dehydroge-
nase activity was measured in cell-free extract. Table 1 shows that the
original amount of the enzyme studied increased approx. 3- and 4-fold
after 2 and 4 hours of shaking, respectively. In agreement with the former
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Table 2. Comparison of pyruvate formation and xylitol dehydrogenase activity in

starved mycobacteria submitted to induction under various conditions

Enzyme activity

Pyruvate
(umoles .
Addition (umoles/ ‘ﬁ";‘g NADH/min/mg ~ Taho
we lce S protein) '
2
Nil 0.065 0.025 2.8
Xylitol 0.32 0.15 2.1
D-Xylose 0.39 0.17 2.3
L-Xylose 0.32 0.14 2.3
D-Xylose+chloramphenicol
(100 pmoles/ml) 0.10 0.03 3.3
D-Xylose+arsenite (1 mM) 0.30 0.10 3.0
D-Xylose+arsenite (10 mM) 0.08 0.03 2.7

Three-day old cell pellicles were starved as in Fig. 1 and induced for 2 h using
indicated substrates in citrate-salts medium. Thereafter, the bacteria were centrifu-
ged, washed with cold water and used for analysis.

Longer induction times caused lower yields of pyruvate although xy-
litol dehydrogenase activity continued to increase, especially in non-starv-
ed cells. The fact that the process of enzyme synthesis was not parallel
to the pyruvate formation beyond the first 2—3-hour induction period
may be due to partial inactivation of the glycolytic pathway or to an al-
teration of its regulatory mechanism. The complication may render the
pyruvate test less sensitive but does not invalidate its usefullness for
screening purposes.
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Fig. 3. Xylitol dehydrogenase activity and py-

ruvate formation in starved and non-starved

cells. Induction was conducted for indicated

times by the underlayering technique with 1%

D-xylose; 1 — pyruvate, 2 — xylitol dehydro-

genase activity, 3 — fresh (non-starved) cells,
4 — starved cells

It is of importance to note that arsenite at a concentration of 10 mM
proved capable of inhibiting the induction of xylitol dehydrogenase
(Table 2). For this reason arsenite must be added to cell suspension only
after induction is terminated.

The main advantage of the pyruvate test lies in that it can be carried
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out with as little as 25—50 mg of wet weight cells which constitutes an

amount manifold lower than usually needed for preparation of cell-free
extract.

The use of the test can be extended to some other enzymes involved
in either pentose cycle or glycolysis provided their activities are not
affected by arsenite. In fact, similar experiments performed with man-
nitol-, glycerol- and fructose-induced mycobacteria gave equally positive
results. Other microorganisms could also be tested in this way. For ex-
ample, when Escherichia coli was used as the test organism, the amount
of pyruvate formed at the expense of glucose was 5 times that given by
Mycobacterium sp. 279. Therefore, in this case the time of testing and
the amount of bacteria could be reduced markedly.

Of course, obtention of reproducible results would require cell growth

and other experimental conditions to be maintained as constant as pos-
sible.
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STRESZCZENIE

Stosujgc mykobakteryjng dehydrogenaze ksylitolu jako enzym modelowy opra-
cowano test do badania indukcji niektérych enzyméw przemiany weglowodanowej.
Test obejmuje: 1) eksponowanie komoérek na induktor, 2) inkubacje z substratem
w obecnoéci inhibitora cyklu Krebsa (10 mM arsenin) i 3) oznaczenie kwasu piro-
gronowego. W opisanych warunkach do$wiadczalnych ilo§é powstatego pirogronianu
odpowiadala poziomowi aktywno$ci badanej dehydrogenazy; fakt ten uzasadnia przy-
datnosé testu co najmniej do celéw screeningowych.
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PE3IOME

IIpuMeHAs MMKODAKTEPMIIHYIO AErMAPOTeHa3y KCUMINTOJA KaK MOJAAJNBLHOrO SH3M-
ma, ob6paboTaHo TecT ANA MCCAENOBAHMA MHAYKLMM HEKOTOPBIX IH3MMOB YIJIEBOILHOIO
ob6mena. TecT oxBaTbkIBaeT: 1) 5KCIIOHMPOBaHME KJETOK HA MHAYKTOD; 2) MHKyOaumio
¢ cyberparoM B npucyTCTBUM MHTMOuTOpa nukina Kpe6eca (10 mM apcenun); 3) onpe-
AelleHMe NUPOBMHOTPAAHON KMCJIOThL B npeAcTaBleHHBIX YCJIOBUSX MUCCIEAOBAHUSA
KOJIMYECTBO BO3HMKIIETrO NMPrpOMsHA OTBEYAJI0 YPOBHI0 AKTMBHOCTM MCCJIEXOBAHHOM
AeruAporeHasbl. OTOT (baKT CBMAETEJILCTBYET O NPUTOAHOCTH TecTa XOTA Obl B CKpU-
HUHIOBLIX OIIBITAX.



