ANNALES
UNIVERSITATIS MARIAE CURIE-SKLODOWSKA

LUBLIN—POLONIA
VOL. XXXVI, 1 SECTIO D 1981

Zaktad Biochemii. Instytut Chemii Podstawowych. Akademia Medyczna w Lublinie
Kierownik: prof. dr hab. Marian Szymona

Irena PASTUSZAK, Marian SZYMONA

Isolation of a Specific ATP: D-Fructose 6-Phosphotransferase from
Mycobacterium phlei

Wyodrebnienie specyficznej 6-fosfotransferazy ATP: D-fruktoza z Mycobacterium
phlei

Uzonuposauue cneumdpuyeckoit 6-dochorpancdepassr ATP: JI-cbpykTo3a us
Mycobacterium phlei

Saprophytic mycobacteria can grow on fructose as well as glucose,
let the corresponding sugar kinases considerably differ with respect to
their activities. Thus, the kinase responsible for glucose phosphorylation
is a constitutive enzyme and utilizes inorganic polyphosphate more read-
ily than ATP while that for fructose is formed in response to an inducer
and requires ATP as the principal phosphate donor (10, 11).

Previous results suggested that the phosphorylation reactions involv-
ing inorganic polyphosphates might be due to enzymes specifically dif-
ferent from those which use ATP (9). Recent work showed, however, that
pure polyphosphate-glucose phosphotransferase of Mycobacterium tuber-
culosis HzRa was capable of utilizing both phosphate donors (12). On the
other hand, in agreement with the former suggestion a separate ATP-
-depedent hexokinase (5) has been found in mycobacteria.

The aim of this study has been to re-examine the fructokinase activity
of Mycobacterium phlei with the use of some hitherto unemployed,
methods.
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MATERIALS AND METHODS

Chemicals. Sources of reagents and substrates were as previously describ-
ed (10—12).

Microorganisms and cultivation, Mycobacterium phlei was used
throughout. In preliminary experiments, some other strains were tested i.e, M,
friburgi, M. hauduroy, M. jucho, M. smegmatis, Mycobacterium sp. 279 and Myco-
bacterium sp. 607. All the strains were maintained in this laboratory for several
years by serial mass transfers on Lowenstein slants. They were grown on fructose-
-glutamate-citrate-salts media (initial pH 6.6) as reported earlier (10, 11).

Preparation of cell-free extract. Washed mycobacteria were dis-
rupted by sonication in an MSE disintegrator (100 W, 20 kc/s) using 20% cell
suspension in 0.04 M Tris-HCI] buffer (pH 7.6) containing 1 mM f-mercaptoethanol,
1 mM EDTA and 50 mM fructose (further referred to as T-ME-EDTA-F buffer).
About 30 ml volumes were sonicated for 2X5 min (under cooling) with subsequent
centrifugation at 18 000 Xg.

Protein determination. The protein content in extracts and in partially
purified enzyme solutions were determined by the-method of Lowry et al. (6)
using bovine serum albumin as a standard.

Enzyme assays. Fructokinase activity was measured on the basis of
either fructose or ATP utilization. For the assays, a stock mixture was prepared
which contained: 120 mM Tris-HC1 buffer (pH 8.0), 10 mM ATP, 7.5 mM MgCl,,
10 mM fructose and 250 mM KCI. If not otherwise specified, a 0.40 m! volume of
the stock mixture was incubated at 37°C with 0.1—0.2 ml enzyme. At the beginning
and at desired time intervals (usually 10—20 min) aliquots of the incubation mixture
were withdrawn and either substrate was determined. In the case of crude extract,
0.2 ml volumes of the incubation mixture were transferred to centrifugal test
tubes containing 2.0 ml H,0 with subsequent additions o 5% ZnSO4 (0.3 ml) plus
0.3 N Ba(OH), (0.5 ml). After stirring with a glass rod, the precipitate was spun
down and in the supernatant (2.0 ml) unutilized fructose was measured by the
Roe method (13). In the case of partially purified enzyme preparations, 0.1 ml
volumes of the incubation mixture were transferred to test tubes containing 2.9 ml
H,O plus 1.0 ml 4 N H,SO, and heated for 10 min at 100°C (boiling water-bath).
After cooling, orthophosphate was measured by the Fiske-Subbarow method
(13). Color readings were taken in a spectrocolorimeter Spekol at 500 and 660 nm,
respectively. .

Inorganic polyphosphate-glucose phosphotransferase (EC 2.7.1.63) was determin-
ed as described earlier (12).

One unit of enzyme activity is defined as 1 pmol of substrate utilized per
minute under the assay conditions. Specific activity is expressed in units per mg
protein.

Chromatography. lon-exchange chromatography was carried out using .
Whatman DEAE-cellulose DE 52 equilibrated with T-ME-EDTA-F buffer according
to the instructions of the producer. For elution, both stepwise and linear gradients
of KCl were used.

Gel filtration. Glucose and fructose kinase activities were separated
on Sephadex G-100 gel. Enzyme solutiuns were freed from ammonium sulfate
and/or fructose by filtration on either Sephadex G-100 or Sephadex G-25 columns.
For both equilibration and elution, T-ME-EDTA buffer with or without fructose
was employed. ’






4 Irena Pastuszak, Marian Szymona

ISOLATION OF FRUCTOKINASE FROM M. phlei

Further experiments aimed at obtaining ATP-dependent fructokinase
in a separate state. To this end, Mycobacterium phlei was employed.
The first step consisted in preparing cell-free extract from about 50 grams
of wet weight bacteria. The extract in a volume of 200 ml was then chro-
matographed on a DEAE-cellulose column (3X3.5 cm) which had been
equilibrated with T-ME-EDTA-F buffer (pH 7.6). After adsorption, the
column was washed with the same buffer and subsequently eluted with
KCl. Fractions of 6 ml were collected at a flow rate of 60 ml/h, and both
protein content and kinase activities determined.

Figure 1 shows that fructokinase activity emerged from the column
upon addition of 0.1 M KCI. At the same time, a large part of polyphos-
phate-glucose phosphotransferase was eluted. This enzyme proved to oc-
cur in mycobacteria in two molecular forms one of which passes through
the column unretarded while the other from becomes adsorbed (7). In
order to separate fructokinase from this latter form, the most active
fractions (45—54) were combined and concentrated with ammonium sulfate
at 75% saturation. During treatment with ammonium sulfate, the pre-
paration was adjusted to pH 7 by additions of 0.4 M Tris. After centri-
fugation, the precipitate was dissolved in 4 ml of T-M-EDTA-F buffer,
and applied to a Sephadex G-100 column (2.6 X87 ecm) which had been
equilibrated with the same buffer. The filtration was conducted at a flow
rate of 15 ml/h. Figure 2 shows the elution profile indicating two distinct
peaks of phosphotransferase activities towards glucose and fructose, re-
spectively. The most active fractions containing fructokinase (42—54)
were pooled and rechromatographed on DEAE-cellulose. In this case,
a higher column (1.5X15 c¢m) and a linear KCl concentration gradient
(0/0.4 M, pH 7.6) was used. Fractions of 6 ml were collected at a flow
rate of 20 ml/h. As one can see in Fig. 3, fructokinase became eluted as
a symmetrical peak upon influence of 0.10—0.14 M KCI. The results of
the fractionation procedure are summarized in Table 2. It is clear that
the adopted method gave an approx. 40-fold purification with about 24%
recovery.

The final enzyme solution, when tested by polyacrylamide gel electro-
phoresis revealed one single activity band with fructose and ATP as the
subtrates. Its R value relative to the marker was about 0.52. There was
no activity with polyphosphate as the phosphate donor, and no reaction
with glucose. Control gels incubated without fructose or without ATP
gave no reaction either.
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Fig. 1. DEAE-cellulose chromatography of celi-free extrict from M. phlei. Elution
with buffer and KCIl as indicated
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Fig. 2. Filtration of (NH,),;SO,-precipitated material on Sephadex G-100. Striated
area indicates the most active fractions pooled for further treatment
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Fig. 3. DEAE cellulose chromatography of Sephadex G-100 eluate. Elution with
a linear KCl concentration gradient

Table 2. Purification of fructokinase from M. phlei

Activity
(units)
Fraction Total Purifi- .
Vol. protein total ber mg cation Yield
(ml) (mg) protein factor (%)
(I) Extract 200 1200 36.0 0.03 100
(11) DEAE-cellulose '
(stepwise) 47 196 35.3 0.18 6 - 96
(I1I) Sephadex -
G-100 70 70 21.9 0.32 10 60
TV DEAE-cellulose '
(linear gradient) 22 7.7 8.8 1.14 38 24 .
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PROPERTIES OF FRUCTOKINASE FROM M. phlei

Figure 4 shows that the pH optimum activity is comprised between
7.5 and about 8.5 which agrees with former data (10).

The effect of the fructose concentration is represented in Fig. 5. Al-
though the method used gave somewhat scattered results it is evident
that the enzyme became saturated at about 8 mM fructose.
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Fig. 4. Effect of pH on fructokinase
activity. Standard assay conditions
except for buffer as indicated 1 —
Tris-maleic .acid, 2 — Tris-HCl, 3 —
glycine-NaOH. DEAE-cellulose elu-
ate (step IV) was used as enzyme
source '

Fig. 5. Effect of D-fructose concentra-

tion on the reaction rate, Standard

assay conditions except varying fructo-

se as indicated. DEAE-cellulose eluate

(step 1V), after removal of fructose by

Sephadex G-25 filtration, was used as
enzyme source

The effect of temperature was studied using the enzyme with and
without fructose added. In a series of assays, aliquots of either enzyme
were heated for one minute (water bath) at various temperatures, and
after cooling activity was determined. Figure 6A indicates rapid inactiv-
ation upon heating above 50°C irrespective of whether fructose was pre-
sent or not. When the enzyme (Sephadex G-100 eluate) was stored at
4°C, a gradual decrease in activity tas observed, 50% being left after
9 and 6 days in the presence and absence of fructose, respectively
(Fig. 6B). :

Specificity of the enzyme was studied by incubating appropriate re-
action mixtures with different sugars followed by filter paper ionopho-
resis. Figure 7 demonstrates that the enzyme was active with fructose
but inactive with glucose, glucosamine, mannose and tagatose. Attempts
to replace ATP by inorganic polyphosphates ended in failure (not shown).
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Fig. 6. Stability of fructokinase in the presence (1) and absence (2) of D-fructose.

A — the step IV enzyme preparation was freed from fructose by Sephadex G-25

filtration, then 0.4 ml samples were heated for 1 minute at indicated temperatures

without or with 50 mM fructose added. B — Sephadex G-100 eluate was stored

at 4°C for indicated times without or with 50 mM fructose added. Activity was
assayed under standard conditions as in Methods
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Fig. 7. Paper ionopherogram of the incuba-
tion mixtures with indicated sugars: gluco-
se (G), glucosamine (G-NH;), mannose (M),
tagatose (T) and fructose, (F). The mixtures
contained in a final volume of 0.60 ml: 3
umol of sugar, 4 umol of ATP, 3 pumol of
MgCl,, 100 pmol of KC1, 50 pmol of Tris-HCl
buffer (pH 8.0) and 0.2 ml of enzyme (Sepha-
dex G-100 eluate, fructose-free). Control sam-
ples (n) were deproteinized with 0.05 ml of
60% HCIO, immediately, incubated samples
(i) — after 1 hour of incubation at 37°C. The
mixtures were then neutralized with solid
KHCO; and 0.04 ml portions of the super-
natants used for analysis. Further details
are given in Methods

The molecular weight of fructokinase was determined by the An-
drews method-(1). To this end, a Sephadex G-100 column (1.5X90 cm)
was equilibrated with 0.02 M phosphate buffer (pH 7.2) and 1.5 ml of
enzyme (DEAE-cellulose eluate) passed through the gel. To compare with,
following marker proteins were used in separate runs: myoglobin (17 800),
trypsin (24 000), hemoglobin (64 500) and aldolase (149 000). The void
volume (V,) was established with Dextran blue. As it can be seen (Fig. 8),
the molecular weight of M. phlei fructokinase amounts to 54 300 daltons.
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Fig. 8. Estimation of the molecular

weight of fructokinase. DEAE-cel-

lulose eluate (1.5 ml) was passed Ve/
through a Sephadex G-100 column Yo
(1.5X90 cm) which had been equili- Fructokinase
brated with myoglobin, trypsin, he-
moglobin and aldolase, Elution was
carried out at a flow rate of 12 ml/h.

Hemoglobin
(64 500)

Aldolase

Fractions of 3 ml were collected and 10 . (74900‘0)
fructokinase activity measured as in 40 * 4‘4 ' 48 52
Methods (og mol wt
DISCUSSION

The ability of saprophytic mycobacteria to grow at the expense of
fructose suggested the existence of a kinase phosphorylating this sugar.
Indeed, previous work brought evidence for this reaction to occur in My-
cobacterium phlei (10, 11). When fructose-grown cells were disintegrated
by grinding with alumina or corundum, an extract capable of phosphor-
ylating fructose with ATP, and eventually with inorganic polyphosphates
was -obtained. Fractionation of the extract with ammonium sulfate and
Sephadex G-100 made it possible to separate an ATP-dependent fructo-
kinase from polyphosphate-dependent glucokinase but not from poly-
phosphate-dependent fructokinase. This latter activity detectable in elu-
ates from Sephadex G-100 columns entirely disappeared during subse-
quent chromatography on DEAE-cellulose. The above result was taken
as evidence for nonidentity of the enzymes phosphorylating fructose
with the two phosphate donors (10).

The results of the present work confirm the occurrence of the fructo-
kinase as a separate enzyme. Using a different method of disintegration
(ultrasounds) we obtained extract which phosphorylated fructose with
ATP but not with polyphosphates. When crude extract was directly chro-
matographed on DEAE-cellulose at pH 7.6, the fructokinase activity was
separated from the heavy form of polyphosphate-glucose phosphotrans-
ferase but not from the "normal” 110 000 mol. wt enzyme (7, 12). The
latter form could be removed, however, by Sephadex G-100 filtration.
In fact, the fructokinase revealed a two-fold lower molecular weight
(54 000) and so emerged later.





Streptomyc.es
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STRESZCZENIE

Wyhodowane na podlozu z fruktozg komorki Mycobacterium phlei, dezintegro-
wano w aparacie ultradiwiekowym MSE i z ekstraktu wyodrebniano 6-fosfotrans-
feraze ATP : D-fruktoza (fruktokinaze), stosujac kolejno: 1) wysalanie siarczanem
amonu, 2) chromatografie na DEAE-celulozie, 3) sgczenie na sefadeksie G-100 i 4)
rechromatografie¢ na DEAE-celulozie.

Koncowy, ok. 40-krotnie oczyszczony, enzym okazal sie swoisty dla wyzej wy-
mienionych substratow (nie zuzytkowywal polifosforanéw i nie fosforylowal innych
heksoz) i dawat w Zzelu poliakrylamidowym jedng strefe aktywnosei. Optimum pH
reakcji fosforylacyjnej wynosito 7,5—8,5, nasycajgce enzym stezenie fruktozy — ok.
8 mM. Ogrzewanie powyzej 50°C powodowalo szybka denaturacje. Cigzar czgstecz-
kowy, oznaczony metoda filtracji zelowej, wynosit ok. 54 000 daltonoéw.

Aktywnosé fruktokinazowsg stwierdzono rowniez w ekstraktach szeregu innych
saprofitycznych szczepéw Mycobacterium.

PE3IOME

Bripamennble Ha (PYKTO30BOI cpefe Kiaetku Mycobacterium phlei paspyiuanmn
B YJbTPa3BYKOBOM annapare MSE u U3 nONy4yeHHOTO SKCTPaKTa M30JIUpoBaiau 6-
-choccorpancdepasy ATP : JI-copykTo3a ((bpyKTOKMHA3a), IPMMEHAA CJIEJ0BATEJBLHO:
1) BeicanusaHue (NH,),SO,; 2) xpomarorpacduo na JADAD-pennronose; 3) cuabTpa-
w0 Ha cedagekce G-100 u 4) pexpomartorpacduio Ha A3 AD-nensnoioze.

dunanbubnt, 40-KpaTHO OUMILEHHBLINA hepMeHT ObLI chelbuuecKMit AJA BbILIS-
YIOMAHYTHIX CyOCTPaTOB M NPOABIAN B [OJMAKPUIIOAMMJIHOM rejle OLHY 30HY aK-
™uBHOCTH. Ontumym pH ¢ochopunmupoBauna — 7,5—8,5, unachlualoiasd KOHIEHTpa-
uua GppykTo3bl — 8§ mM. HarpeBaume Bbiuie 50°C GpIcTpO MHaKTHMBUPYET (PepMEHT.
MonekynapHbT Bec 0003HaYEHHBII METOZOM Trelb-(uilbTpaumyu coctariaser 54 300.

DPYKTOKMHA3OBYI0O AKTMBHOCTL OOHAPYXKEHO TakKiKe B SKCTPAKTax U3 pPaAxa Ipy-
rux canpoduror Mycobacterium.






