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Abstract. Kinetic parpmeters of partly purified malic engymes (NADP+: Lomalate oxidoreductase
[lecarboxylating) EC 1.1.1.40) from the eyvtoplasm anid mitochondria of Taenia crassiceps oysticoron
were compared. The eytoplasmic malie enzyme differcd from the mitochondrial malie enzyme in tho
K., for malate: other studicd properties wore identical. The chromatographies of both the cytoplasmic
ang mitochondrial engymes wers identical, They exhibited o hyperbolie dependenee of the netivity
on malate concentration, sigmoidal kinetics was not ebserved, The effects of ruccinate and fumarate
known as positive modulators of the activity of malie enzymes from other sources weorg not observed
either in eytoplasmic or mitechondrial enzymes from 7. erassiceps. It was found that the two enzymes
can bo partly inhibited by ATP. Molecular weight of the malie enzyme from I eraesiceps oysticoron
was detormined by chromatography on Sephadex G-200 (Mw = 116,700) and o four-step purification
of the enxyme was perfarmoed, The propertios of mabic oncymes from the eytoplasm and mitochoondrin
of T, crossiceps are compared with those of the malie eneymoes from other parasitic worms and higher
ArEANISTE.

In a previous study (Zenka and Prokopid 1985), malic enzyme (NADP*: L-malate
oxidoreduetase (decarboxylating) EC L1140} was found in the mitochondria and cyto-
plasm of 7. crassiceps. The activity of this enzyme was dependent on Mn?* igns and its
specific activity was higher in the mitochondria than in the cytoplasm. Since malic
enzyme is sapposed to play an important role in carbohydrate metabolism of parasitic
worms (Barrett 1981), we decided to study in detail the properties of this engyme and,
particularly, the possibility of its regulation. Malic enzyme is present at the site of
branching of metabolic ways and it may be therefore supposed that it could be regulated.
It wag really found that malic enzyme from 4. swwm mitochondria which reacts speci-
fically with NAD (Landsperger and Harris 1976) and is therefore of a different type
{EC 1.1.1.39) exhibits sigmoidal kinetics and it can be positively regulated by fumarate.
It was of interest to assess what is the kinetic behaviour of the enzyme studied by us
and what is its molecular weight, as Li et al. {1972) demonstrated a surprisingly low
molecular weight (approximately 120.000) of malic enzyme in Hymenolepis diminuta,
which iz & member of the same class (Cestoda) as T\ eressiceps. This molecular weight
was by one half lower than that of malic enzymes from other sources (for details see

Diiscussion).

MATERIALS AND METHODS

Biological material. Cysticerci of 1. erassiceps (strain KBS) passaged at 6-month intervals in rats
in our laboratory werp used in the experiments, They were washed out from the sbdoypinal cavity
of rats using PBS and processed as deseribed below,

Determination of molecular welght of malic enzyme. The molecular weight of this enzyme was
duotormined by colomn chromatography on SBephadex G-200 eolumn (1.6 120 em) equilibrated
with clution buffor — 0.1 M phosphate buffer, pH 7.2, 1 mM EDTA, and 1 mM mercaptoothanol,
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The supernatant of homogenate from whole cysticerci (2 ml) was applied to the column. The cysticerc
were washed 6 times with elution buffer, homogenized at the ratio of 1 : 1 (v/v) with the same buffer
for 2 X 2 min using MSE knife homogenizer (8,000 —10,000 rpm), and centrifuged at 20,000 x g
for 30 min. The supernatant contained 5.75 mg protein/ml. The elution was made with elution buffer
(flow 5 ml/h). The column was calibrated by standards for gel chromatography (Pharmacia).

Preparation of cytoplasmic fraction and mitochondria. Always about 50 —60 ml of cysticerci were
washed 6 x with PBS, 2 x with mitochondrial medium (0.25 M sucrose in 0.01 M TRIS, 2.103 M
EDTA, pH 7.5) and homogenized with 4-fold volume of mitochondrial medium using Potter homo-
genizer with teflon piston at 0°C (700—1,000 rpm, 4 strokes). The homogenate was centrifuged
at 500 x g for 10 min at 4 °C (the same temperature was used also for further process). The sediment
was discarded and the supernatant was centrifuged at 10,000 x g for 30 min. The supernatant was
then stored to be used in further studies as a cytoplasmic fraction. The sediment was suspended
in mitochondrial medium and further centrifuged at 11,740 X g for 30 min. The sediment (mito-
chondria) was suspended in 8.5 ml of 0.1 M phosphate buffer, pH 6.5, 1 mM EDTA, and 1 mM
mercaptoethanol and homogenized in MSE knife homogenizer at 8,000— 10,000 rpm for 2 X 2 min.
After centrifugation at 33,000 x g for 20 min the supernatant was used for the study of the malic
enzyme.

Partial purification of malic enzyme from the cytoplasm and mitochondria of T'. crassiceps cysticerci.
The cytoplasmic fraction and supernatant of mitochondrial homogenate, prepared as described above,
were separated on Sephacryl S-300 Superfine (1.6 X 100 ecm) column equilibrated with 0.1 M phosphate
buffer, pH 6.5, 1 mM EDTA, and 1 mM mercaptoethanol (flow rate 20 ml/h). The same buffer was
used for the elution. Four ml of ecytoplasmic fraction (= 18.2 mg of protein) or mitochondrial homo-
genate (= 21.2 mg of protein) were applied to the column. Fractions of 2.5 ml were collected and the
activity of malic enzyme was determined. Fractions with maximum activities were combined and used
for further study. Protein elution profile was continually registered by UV-2 monitor (Pharmacia).
The column was calibrated by standards for gel chromatography (Pharmacia).

Determination of malic enzyme activity. This determination was used for the detection of malic
enzyme in chromatographic fractions, as well as in the kinetic and inhibition studies of this enzyme.
The growth of absorbance at 340 nm was followed continually in a Pye Unicam PU 8800 spectro-
photometer. The volume of reaction mixture was 2 ml and optical path 1 em. The reaction mixture
contained the following final concentrations (optimalized for maximum reaction speed): 0.1 M TRIS,
pH 7.5, 30 mM malate Na (or lower concentration for the study of enzyme saturation with substrate),
10+ M NADP, 4.10-* M MnClz, 30—100 ul of enzyme preparations and the substances the effect
of which on malic enzyme activity was tested (if the properties of malic enzyme were studied).
The temperature of the reaction mixture was 25 °C.

Four-step purification of malic enzyme from T. crassiceps cysticerci. Some steps deseribed by Lf
et al. (1972) were applied for the purification. The cysticerci (50 ml) were homogenized fn 50 ml
of 0.1 M phosphate buffer, pH 6.5, containing 1 mM EDTA, and 1 mM mercaptoethanol for 2 X 2 min
using MSE knife homogenizer at 8,000—10,000 rpm, and centrifuged at 12,000 x g for 20 min.
Then (CH3;COO); Mg was added to the supernatant to give a final concentration of 10 mM. After
10-min incubation at 58 °C, the mixture was centrifuged at 12,000 X g for 30 min, double volume
of distilled water was added to the supernatant, and the pH was adjusted to 6.0. After binding on CM
Sephadex C-50 equilibrated with 0.02 phosphate buffer, pH 6.0, containing 1 mM EDTA, and 1 mM
mercaptoethanol (10 g of dry weight), double washing with the same buffer and elution with 270 ml
of equilibration buffer containing 0.5 M NaCl were performed. Malic enzyme was then salted out
with ammonium sulphate (68.5 9, saturation) at 4 °C. Aftor centrifugation at 12.000 X g for 30 min,
the sediment was dissolved in 0.1 M phosphate buffer, pH 6.5, containing 1 mM EDTA, and 1 mM
mercaptoethanol, and separated on Sephaeryl S-300 Superfine column as described above. I'ractions
with the highest malic enzyme activities were combined.

Linear dependences in all determinations (column calibration, determination after Linoweaver
and Burk, Hill’s determination) were estimated by the method of smallest squares using TI-58-¢
computer.

Protein was determined by the mcthod after Lowry et al. (1951) using BSA as the standard.
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RESULTS

Determination of molecuiar weight of malic enzyme by gel chromatography on
Sephadex G-200

Homogenate of whole 7'. crassiceps cysticerci (i.e. with malic enzymes from both the
cytoplasm and mitochondria) was applied to the column. A single sharp peak appeared
in the eluate at the activity determination. On the basis of a calibration of the column
with four standards, the molecular weight of malic enzyme was assessed to be 116,700.
The calibration curve and reading of molecular weight of malic enzyme are shown in
Fig. 1.
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Fig. 1. Determination of molecular weight of malic enzymec from 7. crassic'eps larvae using gel
chromatography on Sephadex G-200: calibration curve and reading of malic enzyme molecular
weight.

Comparison of properties of partly purified malic enzyme from the cytoplasm and
mitochondria of T. crassiceps cysticerci

Partial purification on Sephacryl S-300 Superfine column. Samples of cytoplasm _and
mitochondrial homogenate were separated on Sephacryl S-300 Superfine column. Fig. 2
shows the elution protein profiles and results of the detection of malic enzyme activities
in both samples. The chromatography of both samples was identical. According to the
calibration, the elution volume of malic enzyme in both samples corresponded to the
molecular weight of 110.700. The part of the eluate which contained the highest activity
of malic enzyme (fractions 33—36 in both samples) was used for further studies of
kinetic parameters of this enzyme (about 10 ml).

Kinetic properties of malic enzyme from the mitochondria and cytoplasm
of T. crassiceps

The properties of mitochondrial and cytoplasmic malic enzymes (partly purified on
Sephacryl S-300 Superfine colurn) were compared. First of all, the dependence of the
activity on malate concentration was studied using a wide range of substrate concentra-
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Flg 2. Partial purification of malic enzyme from the cytoplasm and mitochondria of 7. crassiceps
using the chromatography on Sephacryl S-300 Superfine. - - protein, mitochondria, - - - protein,
q)’top_lasrn, ~- o . — malic cnzyme, mitochondria, - - - 0 - - - malic enzyme, cytoplasm. Vertical
lines indicate a part of eluates with highest malic enzyme activities used for further kineticfpara-
meters of this enzyme.
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Fig. 3. Deppndence (_)f the activity of malic enzyme from 7. crassiceps mitochondria on malate
concentration. Plotting of the dependence on low malate concentrations.
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tions including very low ones. I'ig. 3 shows this dependence for the mitochondrial malic
enzyme at low malate concentrations. The dependence has a hyperbolic course; sigmo-
idal course was not recorded even at very low malate concentrations. Fig. 4 shows the
same dependence for the cytoplasmic malic enzyme. Even in this case the hyperbolic
course was recorded.

Double reciprocal plotting of measured values after Lineweaver and Burk was
made at malate concentrations of 7.14 . 10-5 M — 1. 10-2 M. A linear dependence was
obtained for both the cytoplasmic and mitochondrial enzymes. Michaelis constant for
malate at 10-4M concentration of NADP was K{ = 4.104M for mitochondrial
malic enzyme, and K}, = 1.3.10-4 M for cytoplasmic malic enzyme.

The values obtained in the previous determination of the dependence of the activity
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Fig. 4. Dependence of the activity of malic enzyme from 7'. crassiceps cytoplasm on malate concentra-
tion. Plotting of the dependence on low malate concentrations.

on malate concentration were plotted after Hill. In case of the mitochondrial malic
enzyme, a linear dependence was obtained (correlation coefficient = 0.998857), ac-
cording to the gradient of which Hill coefficient = 0.9665. In case of the cytoplasmic
malic enzyme, the gradient of linear dependence (correlation coefficient = 0.9949045)
gave Hill coefficient = 1.18. It is known if the values of Hill coefficient are close to
one, as in our case, the cooperativeness of subunits is excluded and therefore the sig-
moidal dependence of the enzyme activity on substrate concentration does not occur.
Effects of succinate, fumarate, and ATP on the activity of partly purified malic enzyme.
Results of the studies of the effects of these substances on the cytoplasmic and mito-
chondrial malic enzymes are summarized in Table 1. The effects of the studied substances
were similar in both the enzymes.

Four-step purification of malic enzyme from T. crassiceps cysticerci

The method of purification was described in Materials and Methods and its result
is shown in Table 2. The obtained enzyme was studied in the same way as the malic
enzyme from the cytoplasm and mitochondria of 7. crassiceps cysticerci. Also the
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Table 1. The effect of succinate, fumarate, and ATP on malic enzyme aoctivity

% Inhibition/activation
Malate —
Substance concentration mitochondrial cytoplasmic
malic enzyme malic enzyme
102 M 104 M 34.3 30.9
succinate inhibition inhibition
7.104M ‘ 10+ M 2.9 0.75
fumarate activation activation
102 M 104 M 30.6 40.1
fumarate inhibition inhibition
103 M 103 M 36.1 34.7
ATP inhibition inhibition

Table 2. Four-step purification of malic enzyme from 7. crassiceps cysticerci

— o
2~ €= g o5
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Step g 58 g & 3 352
_ g5 3% T 5 ! & € g 9
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-E | £5 | 82 | 83 | 2% 'dig | £8
, Original ’
supernatant ‘
of the homog. 81 401 8.85 0.022 1 1 100
Heat
denaturation 72 I 174 6.95 | 0.04 1.8 1.8 78.4
CM Sephadex 1
C-50 272 24.7 4 0.162 7.3 4.07 45.1
Precipitation i }
(NH,):80, 3 2.14 1.1 0.512 23.2 3.16 12.3
! I
Sephacryl | | |
8-300 Superfine i 17 “ 0.82 0.44 ‘ 0.536 J 24.3 1.05 ' 4.94

Tablg 3. The effect of succinate and fumarate on the activity of purified malic enzyme from 7.
crassiceps cysticerci (four-step purification)

Substance [ Malate concentration 9% inhibition
o [
10-2 M succinate 104 M 27.2
7 .1074 M fumarate 10+ M 9
102 M fumarate 10+ M 47.1
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dependence of its activity on malate concentration was studied in a wide range of
substrate concentrations. The value of Kj; for malate (in the presence of 1—10-4 M
NADP) was 3.8 . 10-4 M. The course of the dependence was hyperbolic. Table 3 shows
the dependence of malic enzyme activity on the concentrations of succinate and fumar-
ate.

DISCUSSION

The molecular weight of malic enzyme in 7. crassiceps corresponds to that of malic
enzyme in Hymenolepis diminuta determined by Li et al. (1972) to be 120,000 (as
detected by the chromatography on Sephades G-200) and 115,000 (as detected by
ultracentrifugation (sedimentation balance)). These values differ considerably from
those given for this enzyme from other materials, as rat liver — 250,000 (Saito et
al. 1971), chicken liver — 250,000 (Silpananta and Goodridge 1971), pigeon liver —
250,000—280,000 (Hsu and Lardy 1967, Saito et al. 1971), K. coli — 550,000 (Spina
et al. 1970), and A. suum — 250,000 (Fodge et al. 1972). The determination of the
molecular weight of malic enzyme in 7'. crassiceps was deliberately made on non-purified
material in order to prevent splitting of the enzyme during some more drastic steps of
preparation. In spite of this, our results are comparable with those obtained for Hymeno-
lepis diminute (Li et al. 1972), where the determination of the molecular weight was
made after previous purification processes including heat denaturation of ballasts.
The data recorded by some authors (Hsu and Lardy 1967, Silpananta and Good-
ridge 1971, Spina et al. 1970, Fodge et al. 1972) indicate that the malic enzyme con-
sists of subunits with molecular weights of 60,000—65,000. It is possible that the malic
enzyme of 7. crassiceps, similarly as that of H. diminuta, exists in a dimer form.

A comparison with malic enzymes from the cytoplasm and mitochondria of higher
organisms revealed that these enzymes have different properties. Frenkel (1972a),
who studied malic enzyme from the cytoplasm and mitochondria from bovine brain, .
observed different electrophoretic and chromatographic behaviour and found a sigmoidal
dependence of their activity on substrate concentration at low malate concentrations,
but only in the mitochondrial enzyme. The same author (Frenkel 1972b) detected
a sigmoidal dependence of malic enzyme activity on malate concentration in bovine
heart in the mitochondrial malic enzyme and absence of cooperativeness in case of the
cytoplasmic enzyme. A sigmoidal dependence was exhibited also by NAD*-dependent
malic enzyme (EC 1.1.1.39) present in the mitochondria of adrenal cortex (Sauer
1973) and mitochondria of 4. suum (Landsperger and Harris 1976). In our case,
no cooperativeness was found in the mitochondrial enzyme and it exhibited, like the
cytoplasmic enzyme, a hyperbolic curve of malate saturation. Also the chromatography
of the two enzymes was the same. They could be differentiated only on the basis of
Kj; for malate.

The effect of succinate on malic enzyme from the mitochondria and cytoplasm of
T crassiceps was similar and was exhibited by a partial inhibition. The results obtained
correspond to the data published by Frenkel (1972b), who studied the kinetics of the
cytoplasmic malic enzyme isolated from bovine heart. A contrary phenomenon was
described for the mitochondrial enzyme with sigmoidal dependence of the activity on
substrate concentration. The 10 mM succinate acted as an allosteric activator, increased
the reaction velocity and changed the sigmoidal course of the dependence to a hyper-
bolic one. Malic enzyme (EC 1.1.1.39) either cannot be affected by succinate (4. suum —
Landsperger and Harris 1976) or can be affected only slightly (adrenal cortex —
Sauer 1973).
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Another substance, fumarate, did not produce any effect on NADP-dependent malic
enzyme from bovine brain (Frenkel and Cobo-Frenkel 1973), but it was reported
as a positive modulator of malic enzyme (EC 1.1.1.39) from mitochondria of adrenal
cortex (Sauer 1973) and of 4. suum (Landsperger and Harris 1976).

The inhibitory effect of ATP might contribute to the feedback regulation of the whole
ATP-producing process, in which malic enzyme participates. In our opinion, however,
the degree of malic enzyme inhibition detected for ATP is not high enough to be weta-
bolically significant, since at normal course of metabolism the ATP concentration in
cells does not reach a level sufficient for affecting the activity of the enzynie.

The properties of malic enzyme from 7. crassiceps cysticerci purified by a four-step
purification procedure to a higher degree (but not to a completely pure state) correspond
to the data obtained by us previously.

It can be concluded that the malic enzymes present in the mitochondria and cyto-
plasm of 7. crassiceps cysticerci are very similar and can be differentiated only on the
basis of Kj; for malate. Neither the mitochondrial nor the cytoplasmic malic enzyme
exhibited a sigmoidal course of dependence of the activity on substrate concentration.
The properties of malic enzyme from 7. crassiceps, including its low molecular weight,
are different from those of malic enzymes from other organisms. It is of interest that
it differs even from the malic enzyme from A. suum. Qur results (unpublished) indicate
that fumarat-reductase activity is present in 7. crassiceps and that both aerobic and
anaerobic processes participate in the total energy metabolism of 7. crassiceps larvae.
Malic enzyme plays a key role in the anaerobic energy metabolism (which occurs not
only in 4. suum, but was described in the majority of parasitic worms). It is therefore
surprising that the malic enzymes of the two species, 7' crassiceps and A. suum, are
so different, though it may be supposed that their metabolic position and significance
are the same.

NAPARTEPUCTURA MATATJAETUAPOTEHARK U3 UHUCTUIEPKOB
TAENIA CRASSICEPS (Z1: IR, 1800)

. Menka n fl. Oporkonuuy

Pestone. B paGoTe cpaBNNBAIOTCA KMHCTATECKHMC 1LAPAMETPH YACTHYHO OYMICHHLIX MaT-
aernpporerad (NADP+: I-malate oxidoreductase (decarboxylating), EC1.1.1.40) na 1prro-

T 1a3MbL B MHTOXOBNPHI HHCTHUCPROB Tacnin crassiceps. IINTOILIASMATAYC KT MA TATRR I APU-
FeHA3a  OTJIMYACTCH OT MMTOXOIIPHWTBHOH MAJATIeiLIPOICHA3n  TOABKO siteHuMes K,
AT MATaTa; IpyIMe W3yvaeMble ¢BOHCTBA OTMHAKOBBIC, TR HC KAK H XPOMATOrpadust aTHX

(epmentoB. Oba (epMerTa NPOABIAIN THICPOOMMUCCRYIO 3aBHCHMOCTh X #LTHRHOCTH OT
JROHMEHTPANAH MafiaTa, CHIMOBHAMAA KHHeTWRA He Hadmiogaiach. CyRUWIHAT 1 QyMapar.
M3BCCTHBIE KA IOTOMATEIbHHE MOMAYJIATOPH aAKTHBHOCTH MATATHAEIMAPOTeHA3 M3 HEKOTODKIX
APYI'HX HCTOUHMKOB, HE OK43LIBAJIM BIMHHA Ha MATATIErM;IPOreHasy M3 IHTOMAA3MDBL M METO-
xoE)puid T crassiceps. Brimo o6BapyKeHO, 9To 064 (GePMCHTLI MOMKHEO JACTIYHO HHIH0M POBATL
¢ omominio ATM. Oupemessiiin Takme MOTORYIAPHOIH Bec MAIATHETHAPOICHAZLI M3 LACTI-
nepros T crassiceps ¢ MOMOMLIO Xxpomatorpaduu Ha cedamerce T'-200 (M = 116 700) & npo-
BOJIUIH 1eTLIPEXCTYUEHYATYIO OYMCTKY 3TOro ¢epmeHTa. B palore cpaBHAmBalOTCH ¢BoiicTBa
MaJIATAEI HAPOI'CHASHL U3 HHUTOMIA3MEL I MUTOXOHJPUH T'. crassiceps co cBOifcTBaMu 10O (pep-
MEHTA H3 APYIMX MaPAsNTHICCKHX YePBCH M H3 BLICIINX OPraHU3MOB.
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