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Evidence of Complex Formation between Alkaline 
Phosphatase and a Pro-apoptot ic Hemoprotein 
Cytochrome c 
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A b s t r a c t . Two proteins, alkaline phosphatase (AP) and cytochrome c (cyt c) 
which seem to be involved in the apoptotic cell death program were examined on 
their interaction. Intestinal AP affects ferricytochrome c (cyt c(Felll)) by changing 
its optical properties, redox state and conformation. The effect proceeded over the 
course of hours with a gradual decrease in free cyt c(Felll) as the AP concentration 
increased. A heme containing high molecular species was created in the first stage 
of interaction of the proteins in neutral, acidic (pH 2.6), alkaline (pH 8.3), low 
ionic strength (10 mmol/1 phosphate), and high ionic strength (0.5 mol/1 NaCl) 
media. Fuither complexation was favored by higher pH values and temperature. 
Differential scanning calorimetry revealed a decrease in enthalpy of the thermode-
naturat ion temperature (Tm) of cyt c at 84.5°C due to the AP addition. Increments 
of AP in the mixtures resulted in the appearance of Tm peaks at 68 °C and 61 °C. 
Electrophoretic analysis of the commercial samples of intestinal APs showed main 
fractions from 63.2 kDa to 72.9 kDa and from 172.9 up to 179.0 kDa. Changes in 
positions and intensities of the bands were detected upon longer incubation (24 
h) with cyt c. The electrophoretic pat tern of the bacterial AP was homogeneous 
with one fraction of 43.7 kDa showing no alteration due to the cyt c presence. 
Gel permeation chromatography of incubated mixtures of intestinal APs and cyt c 
confirmed the creation of new heme containing complexes. 
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Introduction 

The enzyme termed alkaline phosphatase (AP) [orthophosphoric-monoester-phos-
phohydrolase, E.C. 3.1.3.1] hydrolyzes a variety of monophosphate esters at high 
pH optima. Its natural substrate and exact function in metabolism have not yet 
been elucidated. APs are widely distributed in organisms ranging from bacteria 
to man (cf. McComb et al. 1979; Coleman and Gettins 1983; Harris 1989 for a 
review). The bacterial APs are water soluble metalloproteins without glycosylation 
and fatty acid attachment and are consequently characterized the best (Sowadski 
et al. 1985; Sone et al. 1997; Sun et al. 1999). Homodimer of E. coh AP with 
a molecular mass of 94 kDa and 449 residues per monomer is mainly considered 
a model for APs since the amino acid sequences of the catalytic part are highly 
conserved in evolution and the kinetic properties are similar to all variants of 
the enzyme (Kim and Wyckoff 1989, 1991). In mammals four structural genes 
encoding placental, intestinal, germ-cell and tissue non-specific (liver, bone, kidney) 
isoenzymes have been detected, sequenced and mapped to chromosomes (see Millán 
1986; Henthorn et al. 1987; Martin et al. 1989; Moss 1992; Weissig et al. 1993). They 
are expressed as highly glycosylated homodimers with subunit molecular masses 
ranging from 60 to 80 kDa. The dimeric APs contain two to four ions of zinc and 
one to two ions of magnesium (Sowadski et al. 1985). The mammalian isoenzymes 
retain the core of the three-dimensional structure established for AP of E. coh with 
modification (mainly insertions) on the surface loop regions of the enzyme which 
considerably expand the molecule. The enzyme may serve as a phosphate/calcium-
binding protein (Hui et al. 1997). In addition, it is known that it also possesses a 
collagen binding domain on its surface (Harris 1989). The variability in the surface 
region among isoenzymes, homologies between APs and proteins known to mediate 
binding and the presence of regions promoting cell adhesion indicate an important 
role of the AP in the physiology of the cell life and aging (Deng et al. 1992; Bublitz 
et al 1993; Armesto et al. 1996; Hui et al. 1997; Souvannavong et al. 1997). In fact, 
it was found that chondrocyte-derived apoptotic bodies contain AP activities that 
most probably contribute to cartilage calcification (Hashimoto et al. 1998). 

Cyt c is a soluble redox active hemoprotein localized in the intermembrane 
space of mitochondria. Release of cyt c into the cytosol and its complexation with 
cellular proteins seems to be an essential step in initiating the programmed cell 
death (see Mignotte and Vayssiere 1998 for a review). We found previously (Dadák 
et al. 1996) that AP from rabbit intestine induced profound changes in the cir­
cular dichroism spectra of cyt c(Felll). The observed conformational change was 
dependent on the cyt c : AP ratio and on the length of the incubation period. An 
increase in 550 nm absorption indicated subsequent generation of cyt c(Fell). In the 
present study we focused on the assumed generation of complex(es) between the 
two enzymes. The results of spectral measurements, differential scanning calorime-
try and chromatographic techniques showed evidence of complexation between the 
proteins. The resulting complexes were characterized by chromatographic and elec­
trophoretic analysis. 
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Materials and Methods 

Alkaline phosphatases were commercial lyophilized products from Sigma: Type 
VIII from rabbit intestine, No. P2265 designated as Lot 102F8190 (APi) and Lot 
31H8125 ( A P I I ) , and Type III-L No. P5931 from E. coh ( A P E c ) - Cytochrome 
c (horse heart), C 7752 was of the same provenance. The optical analysis of the 
solutions demonstrating a slow autoreduction was described previously (Dadák et 
al. 1992). Solutions of AP were prepared as stated in Dadák et al. (1996) except 
that n-dodecyl /3-D-maltoside was omitted. The incubation of samples for chro­
matographic and electrophoretic analysis was carried out in 10 mmol/1 phosphate 
buffer, pH 7.2, supplemented with 1 mmol/1 MgCl2 and 20 /xmol/1 ZnCl2; 60 /xl of 
the mixture contained 100 fig of AP and 75 fig of cyt c, the incubating temperature 
varied as given in the legends. 

Absorption spectra were obtained using Ultrospec 2000 Pharmacia and Shi-
madzu UV 3000 spectrophotometers. The absorption changes in the mixtures after 
long incubation due to autoreduction of cyt c(Felll) and AP self-aggregation were 
eliminated by measuring samples in a difference mode. 

The differential scanning calorimetric measurements of cyt c(Felll) and its 
mixtures with AP were made with a highly sensitive DASM-4 microcalorimeter 
according to Antalik and Bágeľová (1995). Control samples of alkaline phosphatase 
(0.6-7.5 mg) showed no thermal transitions in the conditions used (up to more 
than 90 °C) either free in solution or in a mixture containing 1.5 mg of protamine. 
Cytochrome c in the samples (110 fimol/l) was converted into the fully oxidized 
form (Bágeľová et al. 1994). The heating curves were corrected using an instrument 
baseline obtained by heating the buffer. 

FPLC was performed on a LCC-500 model (Pharmacia) with an Mono S col­
umn (10 x 150 mm), equilibrated with 50 mmol/1 NaK-phosphate buffer pH 7.0 
(Solvent A). Solvent B was 1 mol/1 NaCl in Solvent A, the flow rate was 1 ml/min 
using the scale of 0.2 cm/ml. The elution profile of components was followed by 
measuring absorption wavelengths at 280 nm and 405 nm. 

Gel permeation chromatography was carried out using an Ultropac TSK G3000 
SW column of the same provenance (600 mm length, 7 mm i.d.), 50 mmol/1 
Tris/HCl buffer, pH 7.2 was used as the mobile phase. The calibration curve of 
the column was obtained with globular protein standards in the range of molecular 
weights from 13.7 to 150 kDa. 

Polyacrylamide gel electrophoresis (PAGE) was performed using 0.75 mm slab 
gels with Mini Protean, (Bio Rad). SDS PAGE was carried out acording to Laemmli 
(1970), stacking gel (T 4.9%, C 0.1%) was in 0.240 mol/l Tris/HCl, pH 6.8, separat­
ing gel (T 7.5%, C 0.4%) contained 0.37 mol/l Tris/HCl, pH 8.6, the electrophoresis 
buffer was 38 mmol/1 Tris and 160 mmol/1 glycin at pH 8.3. The samples of AP 
and mixtures of AP with cyt c were diluted with sample buffer containing 1% SDS, 
20% glycerol, without mercaptoethanol, and treated at 100°C for 5 min before 
analysis. Non-denaturing PAGE was carried out either with the continuous or with 
the discontinuous buffer systems, the stacking gel (T 5.4%, C 0.15%) contained 
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0 12 mol/l Tris/HCl, pH 6 8, the separating gel (T 7 5%, C O 24 %) and the elec­
trophoresis buffer were 12 5 mmol/1 and 50 mmol/1 glycine, pH 10 0, respectively 
Protein staining was performed with Coomassie Brilliant Blue R-250 and evaluated 
in a VD 620 videodensitometer The calibration curve was constructed using the 
high molecular weight standards (kit I Bio Rad) 

Results 

Cytochrome c binding to alkaline phosphatase 

In Fig 1 4, B the long wavelength absorption spectra of cyt c(Felll) incubated in a 
slightly buffered solution of neutral pH supplemented with incremental additions of 
AP are presented About 10% of cyt c in control samples was found in the reduced 
state after 24 hours incubation (cf Fig \A, b) and its complete (> 95%) reduction 
was obtained on addition of ascorbate (Fig lB,b) It may be seen that the 24 h 
standing of the 1 1, 1 2 and 1 4 (cyt c/AP, w/w) mixtures (curves IB c,d,e,) 
decreased the reducibihty of cyt c(Felll) (41%, 34%, 26% respectively) and caused 
an apparent diminution of the cyt c(Felll) absorption (Fig 1.4) The shape of the 
\A c,d,e, curves indicates an increase in unspecific absorption accompanied by a 
decrease in cyt c(Felll) absorption The change in absorption might be ascribed 
to an increased turbidity of the mixtures At pH lower than 8 0 the enzyme might 
adopt a novel less stable conformation owing to the loss of some metal (Sowadski 
et al 1985) On the other hand the rise in turbidity may be due to partial self 
aggregation of the native enzyme (Bubhtz et al 1993) To prove the alternative of 
coaggregation we carried out experiments at alkaline pH and examined the effect 
of temperature In Fig 2A, B, C the ultraviolet absorption spectra of mixtures 
incubated at three different temperatures are compared The spectra were measured 
at pH 8 8 using a difference mode i e versus a solution of cyt c either incubated in 
parallel (a) or prepaied freshly (b) It is seen (Fig 2B,C) that the cur\es obtained 
at the two lower temperatuies (8°C and 16°C) exhibit a distinct maximum at 
280 nm of the tryptophan absorption In contrast to this, the shape of the curves 
obtained at 25 °C is cleaily different showing a steep slope partly concealing the 
maximum at 280 nm The finding supports our assumption of the coaggregation 
of the proteins The difference in the trough between 360-320 nm seen on the 
curves can be explained by various amounts of cyt c(Felll) and cyt c(Fell) due to 
autoreduction (the ô absorption maxima) m the samples 

FPLC analysis was introduced to explore changes occurring in cyt c duiing 
incubation with AP With the aid of the Mono Q column and by measuring the 
heme and the protein absorption of eluted fractions, we distinguished the presence 
of the free AP protein from the oxidized and reduced species of cyt c besides their 
polymeric form and the assumed aggregate with the AP protein Control samples of 
c\t c weic incubated under the conditions of the expenments (pH 2 6, 7 0 and 8 3) 
Their elution profiles were characterized by a sharp peak of cyt c(Felll) preceded 
by a tin> shoulder belonging to small amounts of cyt c(Fell) present in the sample 
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Figure 1. Long wavelength absorption 
spectra of cytochrome c after 24 hours in­
cubation with alkaline phosphatase (A) 
Solutions of 0 1 mg of AP (a) and 0 1 mg 
of cyt c (b) m 1 ml of 10 mmol/1 phos 
phate buffer, pH 7 2, were incubated at 
25 °C separately and m mixtures with in­
creasing w/w ratios of AP, 1 1 (c), 1 2 (d), 
1 4 (e) (B) Sample of cyt c (b) and the 
mixtures with AP (c, d, e,) were treated 
as m 1A and measured after addition of 
ascorbate 

Figure 2. The ultraviolet absorption of 
cytochrome c incubated with alkaline phos­
phatase at different temperatures Samples 
of 0 075 mg cyt c were mixed with 0 1 mg 
AP m 10 mmol/1 pyrophosphate buffer, pH 
8 8 and incubated for 24 hours at 25°C (A), 
16°C (B), and 8°C (C) The spectra were 
measured as difference versus solutions of 
cyt c incubated at the same conditions (a), 
or prepared freshly (b) 

AP alone was not retained on the column It was eluted as a sharp peak at the 
beginning, as detected by absorption at 280 nm (not shown) The AP presence m 
the samples of cyt c(Felll) caused a change m the elution profile (Fig 3A) The 
changes proceeded gradually for hours (Fig 3B) From the elution profiles of the 
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Figure 3A,B. Elution profiles of cytochrome c in mixture with alkaline phosphatase. 
Absorbance at 405 nm was plotted versus the elution volume. The conditions of separation 
were as follows 0-5 min solvent A, 5-25 min 0-100% solvent B. The linear gradient of 
solvent B is overlaid. (A) The analyzed samples (0 2 ml) contained 0.15 mg cyt c (a), with 
the addition of 0 1 mg AP (b, c, d), either m diluted hydrochloric acid, pH 2.6 (b), or in 8 
mmol/1 phosphate buffer, pH 7.0 (c), or m 8 mmol/1 pyrophosphate/HCl buffer, pH 8.3. 
The separation started after 30 min incubation at 22°C. (B) Samples of cyt c (a), and 
the mixtures with alkaline phosphatase (b, c, d, e) were kept 20 h either at 22 °C (a, b, 
c), or at 7°C (d, e) in solutions with pH 7.0 (b, d) or pH 8.3 (a, c, e) composed as given 
m A. 

AP plus cyt c mixtures in Fig. 3.4, B we conclude i) an increase in the proportion 
of cyt c(Fell) as the pH of the mixture increases, (small at pH 2.6 and mostly 
pronounced at pH 8.3), ii) the appearance of a new peak indicating the heme 
presence in the high molecular protein fraction, iii) the increased inhomogeneity 
of the elution profile of cyt c which was apparent mainly at the alkaline pH. The 
results show tha t the addition of AP to the solution of cyt affects the structure 
of the hemoprotein. The presence of potassium ferricyanide in control experiments 
prevented the cyt c(Fell) formation but did not influence its complexation with AP. 
Finally, the reaction was followed in the presence of 0.5 mol/1 natr ium chloride. The 
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Figure 4. Differential-scanmng-calorimetry (DSC) of cyt cFe(III) in the presence of al­
kaline phosphatase DSC scans were performed in 5 mmol/1 phosphate buffer, pH 7 0, 
containing 1 3 mg (110 /wnol/1) cyt c and 110 fimo\/\ potassium ferncyamde (1) The cyt 
c/AP ratios were 2 1 (2), 1 1 (3), 1 2 (4), 1 5 (5) 

high ionic strength of the medium slowed down the reaction, nevertheless, it did 
not prevent the complexation of the proteins (not shown). 

Next, differential scanning calorimetry was used to support the assumption of 
complexation between cyt c and AP. It has already been shown that a complex 
formation of cyt cFe(III) either with its physiological or artificial reaction partners 
destabilizes the molecule in terms of thermodenaturation (Yu et al. 1985; Bágeľová 
et al 1994; Murphy et al 1995; Sedlák et al. 1997). The thermal denaturation 
profile of cyt cFe(III) in our reaction media was found to be similar (84-85.4X1) to 
that reported in the literature (Yu et al. 1985; Bágeľová et al. 1994). The alkaline 
phosphatase (sample of APi) showed no thermal transition up to ~ 95 °C. In Fig. 4 
we show thermograms of cyt cFe(III) in the presence of increasing concentrations 
of AP measured at low ionic strength and neutral pH. The addition of AP gave 
rise to a new thermodenaturation peak at T m = 68°C while the original peak was 
decreased and its maximum shifted to 82 °C. An increase in AP in the mixture up to 
a ratio of 1:1 enlarged the peak at 68 °C and caused a new peak to appear at 61 °C 
whilst the peak of transition of the free cyt c disappeared. Thermograms of mixtures 
containing a surplus of AP (see Legend to Fig. 4) were characterized by increasing 
and sharpening of the maxima concomitantly with their slight shifting. In Fig. 5 
we show thermograms of the cyt c and AP (1:1) mixture measured in the presence 
of increasing amounts of natrium chloride. The increase in NaCl concentration 
gradually shifted both peaks to higher T m values. It can be seen that between 0.2 
mol/1 and 0.5 mol/1 NaCl the peak of the lower T m was lost and only one peak at 
76 3°C was present. The results suggest the existence of new substance(s) in the 
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Figure 5. Denaturation of cyt c - alkaline phosphatase complex as a function of NaCl 
concentration DSC scans were performed with a 1 1 mixture of cyt c/AP ratio (1) The 
additions of NaCl to samples were 50 mmol/1 (2), 100 mmol/1 (3), 200 mmol/1 (4), 500 
mmol/1 (5), 500 mmol/1 in the absence AP (6) For other conditions, see legend to Fig 2 

Figure 6. SDS PAGE of intestinal and bacterial alkaline phosphatases Lanes A and B, 
10 fig APi, lanes C and D, 10 fig APn, lanes E and F, 10 fig A P E C , lanes st, 10 fig marker 
proteins 
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Figure 7. Non-denaturing PAGE of alkaline phosphatases and mixtures with cytochrome 
c after incubation Discontinuous buffer system Lane A, 10 fig Api, freshly dissolved, lane 
B, 10 fig APi, incubated, lanes C and D, 10 fig APi, incubated with 10 fig cyt c, lane E, 
10 fig APn, freshly dissolved, lane F, 10 fig APn, incubated, lanes G and H, 10 fig APn, 
incubated with 10 fig cyt c, lane I, 10 fig of A P E c , incubated, lane J, 10 fig A P E c , 
incubated with 10 fig cyt c The incubation was carried out in 10 mmol/1 phosphate 
buffer, pH 7 2, for 24 hours at 16°C 

mixtures These are most probably complexes of the two proteins which differ m 
their sensitivity to ionic strength 

Characteristic of the AP - cyt c complexes 

Electrophoretic analysis was used to characterize the protein pat tern of the two 
samples of the intestinal enzyme (APi and APn) and the soluble bacterial A P E C • 
SDS PAGE of the A P samples is shown in Fig. 6. It can be seen that the two 
samples of intestinal A P (see Materials and Methods section) differed somewhat m 
their composition. Besides similar fractions (63.2 kDa to 72.9 kDa and 172.9 kDa 
to 179.0 kDa ), proteins of lower as well as higher molecular weights were detected 
m both samples. Fractions of higher molecular weight were more specified in APn 
showing the presence of proteins with molecular weights from 112 6 kDa to 127.0 
kDa (see lanes C,D) The sample of the bacterial AP was homogeneous with a single 
band of 43.7 kDa proving the presence of the AP monomer. The incubation of the 
AP samples in a mixture with cyt c did not markedly change the electrophoretic 
distribution of the SDS PAGE fractions. Somewhat increased intensities of some 
bands were observed after 24 hours and longer incubation periods. The change was 
within the range of reproducibility on densitometric evaluation. 

Non-denaturing PAGE (see Fig. 7) confirmed the presence of at least three 
distinct bands The bands neai the origin found in all samples of the intestinal 
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Figure 8. Densitograms of non-dena-
turing PAGE of alkaline phosphatases 
and their mixtures incubated with cy­
tochrome c Continuous buffer system 
APi (A), APn (B), (a) alkaline phos 
phatase, (b) mixture with cyt c For 
conditions of incubation and the com­
position of the samples, see legend to 
Fig 7 For experimental details see Ma 
terials and Methods section 
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APs were obviously aggregates of the enzyme Incubation of the APs with cyt c for 
1 hour, 3 hours, and 6-12 hours had no detectable influence on the electrophoretic 
pat tern However, marked differences m the intensities of the bands as well as in 
their positions could be detected after 24 hours and longer periods of incubation 
The bands of intestinal APs incubated alone showed, in most cases, slightly faster 
anodal mobilities and a difference in the overall intensity Typical pat terns selected 
from many reproductions are shown in Fig 8A,B No similar alterations were 
detected after the incubation of cyt c with A P E C (not shown) 

The distribution of the molecular weights of the native enzyme and products 
originating from its incubation with cyt c were examined by means of gel perme­
ation chromatography (see Fig 9) The retention profiles of the two enzyme samples 
are given in Fig 9,4, C The species with low elution volumes seen in both prepara 
tions can be assigned to the presence of enzyme aggregates The proteins eluted at 
higher retention volumes may be at t r ibuted to enzyme dimer and fractions around 
120 kDa In general, the A P n sample showed a better differentiation of proteins of 
high as well as low molecular weights The analysis of the mixtures after incuba­
tion indicated the formation of some new species These could be detected at the 
high as well as at the low molecular weight fractions Further examination of the 
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Figure 9. Gel chromatography of intestinal alkaline phosphatases and mixtures with cyt 
c On Ultropac TSK G3000 SW column were applied. 20 fig APi (A), 20 fig APi incubated 
with 20 fig cyt c (B), 20 fig APn (C), 20 fig APn incubated with 20 fig cyt c (D, E) The 
detection of A, B, C, D was at 280 nm, that of E at 405 nm For the procedure of the 
incubation of the mixtures, see legend to Fig 7 

APn and cyt c mixtures (Fig. 9D, E) revealed new heme containing complexes. 
The heme absorption at 405 nm of free cyt c expected at high elution volumes was 
almost invisible (Fig 9E). 

Discuss ion 

It was reported (Dadák et al. 1996) that the addition of AP to the solution of cyt 
c(Felll) brought about a profound change in its optical characteristics which could 
be partly explained by the generation of cyt c(Fell). At A P x y t c ratios higher 
than 1:1 and at longer incubation intervals the process seemed to have at least 
two phases, with a slower one leading to a gradual decrease in the total cyt c. 
In the present study we showed long wavelength spectra of mixtures with higher 
amounts of AP after longer periods (20-24 hours) of incubation (Fig. 1A, B). From 
the curves in 1A it can be seen that the presence of AP virtually resulted in an 
apparent decrease in cyt c(Felll). The finding was confirmed by the samples mea­
sured after ascorbate addition (Fig. IB). The shape of the curves agreed with the 
suggestion tha t a portion of cyt c coaggregated or electrostatically reacted with 
negatively charged AP molecules. From the experiments an apparent loss between 
53% and 74% of the cyt c content was calculated. The rationale of experiments con­
ducted at alkaline pH was to protect the native conformation of the AP molecule. 
Alkaline pH, however, favors a change in cyt c conformation especially at longer 
incubation periods. Spectroscopic measurements performed in the UV region at dif-
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ferent temperatures (Fig 2A, B, C ) strengthened the view that the two proteins 
coaggregated The idea was validated with the aid of FPLC analysis by measuring 
the elution profiles of the incubated mixtures of AP plus cyt c (see Fig 3A, B) 
The presence of heme was proven in the high molecular fraction thus witnessing the 
generation of a heme containing high molecular species The new substance could 
be detected either at lower or higher (2 6 8 3) pH and at high ionic strength (0 5 
mol/1 NaCl) of the media 

Differential scanning calonmetry has recently been mtioduced for proving the 
existence of complexes between cyt c and its physiological (Yu et al 1985, Murplry 
et al 1995) as well as artificial reactants (Bagelova et al 1994, Sedlak et al 1997) 
The binding of cyt c to reaction partners causes its destabihzation as indicated bj 
a large decrease in the denaturation temperature (Tm) The intestinal AP alone 
did not show thermal transition at the temperature used From the thermograms 
of mixtures of increasing AP concentrations (Fig 4) it seemed obvious that a com­
plexation between the two proteins took place The shape of the thermograms indi­
cated the creation of new complexes The n reversibility of the thermodenaturation 
process in our case did not allow us to make a quantitative description of the in 
teraction Nevertheless, it was of interest that the Tm values of the new peaks were 
positioned in the region between 61 68 °C, which resembled those found upon elec­
trostatic interaction with cytochrome c peroxidase and cytochrome c oxidase (Yu 
et al 1985) The close value of thermodenaturation (59 8°C) estimated for cyt c in 
the presence of the natural polyamon heparin (Bagelova et al 1994) supported the 
view of electrostatic binding Profiles of thermograms obtained in the presence of 
increasing concentrations of natrium chloride gave further evidence for this (Fig 5) 
In these media the screening of electric charges on proteins abolished the splitting 
of Tm values (68 °C and 61 °C) and caused their values to be shifted to almost 80 °C 
However, even with the highest NaCl concentration used (0 6 mol/1) the Tm value 
of free cyt c was not obtained The results confirmed the view that besides electric 
attraction other type(s) of binding forces participate in the interaction between 
AP and ej t c 

In an attempt to characterize the change in protein composition after long 
period of incubation the usual methods such as SDS PAGE, non denaturing PAGE 
and gel permeation chromatography were used On SDS PAGE analysis the two 
samples of intestinal AP (Type VIII designated as APi and APn) somewhat dif­
fered in their composition Besides bands of similar mobilities which could most 
probably be attributed to the AP monomer and the AP dimer, the two AP samples 
showed differences in the intensities of additional diffuse zones (Fig 6) It is known 
that intestinal AP exists as a mixture of at least three isoforms (Deng et al 1992) 
and may form higher molecular aggregates (Bubhtz et al 1993) It is likely that 
the heterogeneity of intestinal APs explains the \anance between the two samples 
With the aid of non denaturing PAGE (see Fig 7) modifications of electrophoietic 
profiles aftei long lasting incubation were detected They were evident either in the 
distribution and/or in the intensities of the bands From the electropherograms, it 
may be anticipated that cyt c virtually binds to the mam components of the sain-

file:///anance
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pie (AP dimer, monomer) and, to some extent, also coaggregates with the enzyme. 
This was confirmed by means of gel permeation chromatography (Fig. 9). Incu­
bation of both intestinal AP samples with cyt c resulted in the appearance of 
new species found within high and low molecular fractions. The marked change 
m the elution pat tern showed the generation of modified AP monomer and dimer 
(Fig 9C). In Fig. 9D it is shown that these modified proteins contain the heme 
proving the complexation of AP with cyt c. The cyt c , however, was almost un­
detectable as free protein. The results lead to the conclusion t h a t cyt c i) binds 
to non-aggregated molecules of intestinal AP; ii) partly coaggregates with AP in 
forming larger aggregates; and iii) may also bind to low molecular fractions present 
in both samples of the mammalian enzyme. On the contrary, no significant dif­
ferences were observed on analyzing mixtures of cyt c with the soluble enzyme of 
A P E C Our results show t h a t the molecule of cyt c has the ability to bind t o cell 
surface glycoproteins such as intestinal AP. According to our knowledge, this is the 
first report providing evidence of complex formation between pro-apoptotic cyt c 
and the membrane-bound hydrolytic enzyme. 
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