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Comparative electrophoretic analysis of polypeptide gene products in cells from patients 
and normal individuals in a promising approach to the study of changes in the function of the 
genetic apparatus of the cells in various diseases and, in particular, in those due to aneu- 
ploidy, one of the consequences of which is realized in Down's syndrome. When using this 
approach, as a rule investigators have turned to methods of two-dimensional electrophoresis 
in order to resolve the maximal possible quantity of cell proteins [5, 9, i0]. Unfortunately, 
previous investigations on cultures of different types of ce!Is from human adults and embryos 
either revealed no changes in the protein composition of cells receiving an extra 21st chromo- 
some [9, i0] or revealed an increased presence of only one or two proteins [5], i.e, far fewer 
than might be expected from the dose~effect of genes expressed on the 21st chromosome [9, 10]. 

Using uncultured human peripheral blood cells, the writers succeeded for the first time, 
by one-dimensional electrophoresis, in finding a protein in leukocytes of patients with Down's 
syndrome that cannot be detected in normal human leukocytes [2]. In the investigation de- 
scribed below this feature of the leukocytes of these patients is analyzed and the causes of 
disagreement between the theQ=etically expected diff&rences in the protein composition of nor- 
mal and trisomic cells and those actually found by two-dimeniosnal electrophoresis [5, 9, I0], 
are discussed. 

EXPERIMENTAL METHOD 

Venous bload (5-15 ml) fromhealthy donors aged 20-40 years and from patients with Down~s 
syndrome (8-18 years) was mixed with heparine(Richter, Hungary, i000 IU/ml) in the ratio of 
33 IU heparin to 1 ml blood, and transferred into tubes and incubated at 370C for 2 h to sedi- 
ment the erythrocytes. The leukocytes were washed off with 0.15 M NaCi and the residual erythro- 
cytes hemolyzed in 0.035 M NaCI to produce a h0mogenate of leukocytes which, after freezing in 
water with I~aLM PMSF (phenylmethylsulfonyl fluoride), was either used immediately for electro- 
phoresis [6], or acid extracts were prepared from it beforehand in 0.4 N HCI (~ 30 min), and 
these were precipitated in 25% TCA (O~ 12 h). These residues and residues of proteins of 
leukocyte homogenates not extracted with acid, were dissolved in Laemmli's protein buffer [6]. 
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Fig. i. Densitograms of gels after electrophoresis of proteins of acid extracts 
of leukocytes from:patients with Down's syndrome and healthy subjects, i) Pro- 
tein of healthy hood donor, 2) patient's proteins, 3) marker proteins (kilodal- 
tons): bovine serum albumin 67, catalase 60, ovalbumin 43, aldolase 40, chymotryp- 
sinogenA 25. 

Fig. 2. Densitograms of gels after electrophoresis of proteins of acid extracts 
and acid-unextractable proteins from leukocytes, 2-4) proteins of extracts of 
patient's leukocytes, 5) acid-insoluble proteins of patient's leukocytes. 

Fig. 3. Densitograms of gels after electrophoresis of proteins of leukocyte homog- 
enanes from patients with Down's syndrome (i) and with chronic myeloblastic 
leukemia (2). 

The gels after electrophoresis were subjected i to densitometry on a Gilford (England) spectro- 
photometer at 570 nm after staining with Coomassie blue R-250. 

EXPERIMENTAL RESULTS 

Densitograms of the gels obtained hy electrophoresis of proteins of acid extracts of 
healthy human leukocytes~ leukocytes from a patient with Down's syndrome, and of marker pro- 
teins are illustrated in Fig. 1 (~rom top to bottom). On the basis of these data the molec- 
ular weight of a polypeptide (marked by an arrow on the trace) obtained from the patient's 
leukocytes but not detectable in those of the normal subject, was determined (53 • 1 kilodal- 
tons). Densitograms of gels of proteins in acid extracts of leukocytes from a single healthy 
subject and from three patients with Down's syndrome and a densitogram of the gel after 
electrophoresis of proteins remaining in the residue after acid extraction of the patient's 
leukocytes are given in Fig. 2. The polypeptide of imterest to us is acid-soluble and is 
evidently completely extracted from patients' leukocytes with 0.4 N HCI, for it is not found 
in the residue. This indicates that it is evidently a neutral or basic protein. 

The occurrence of this polypeptide differed in leukocytes from different patients (Fig. 
2). In normal human leukocytes (12 subjects) it either could not be.detected at all or it 
was present only in traces. We were able to identify a polypeptide with a molecular weight 
of 53 kilodaltons in the leukocytes of all 20 patients with Down's syndrome studied. This 
protein can thus serve as a biochemical marker of Down's syndrome. 

However, the use of data on the presence of this protein in leukocytes is possible only 
as an additional test for the diagnosis of Down's syndrome or as a biochemical feature of 
the pathogenesis of this disease, for a protein with a molecular weight of 53 kilodaltons is 
detectable in an appreciable amount on electrop~resis of homogenates of leukocytes from 
persons who, although not clincSaLly healthy, do not suffer from Down's Syndrome. One such 
example is given in Fig. 3, in which this particular protein was present on the densitogram 
of proteins from leukocytes of a patient with chronic myeloblastic leukemia. 

These findings necessitated a detailed study of the prevalence of the protein with a 
molecular weight of 53 kilodaTtons in the leukocytes of persons classed as normal during the 
diagnosis of Down's syndrome. Such an investigation should shed light on the mechanisms re- 
sponsible for the presence of this protein in leukocytes of patients with Down's syndrome. 
Discovery of the protein in leukocytes of patients with leukemia (two cases) presupposes a 
definite similarity between thebiochemical changes in this disease and in trisomy for the 21st 
chromosome. In this connection reports of the increased prevalence of leukemias and of neo- 
plas$1r in general [i, 7] or of transient leukemoid reactions [8] in patients with 
Down's syndrome must be mentioned. 
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Having set out to discover all possible changes in the character of protein synthesis 
in aneuploid cells, Weil and Epstein [9, I0] used the method of two-dimensional electrophore- 
sis to analyze the proteins of cultured fibroblasts obtained from five healthy subjects and 
five patients with trisomy for chromosome 21. Labeling of the proteins with [35S]methionine 
and visual comparison of autoradiographs obtained after different exposures of the gels after 
electrophoresis of cell lysate proteins, were used. These workers concluded that among the 
850 proteins discovered, they could not find one which, in all the cell lines studied, dif- 
fered appreciably in its presence in diploid and aneuploid fibroblasts~ To explain the fact 
that two-dimensional electroph~resis~di d not reveal proteins that are represented 1.5 times 
more strongly in trisomic cells than would correspomd to the dose of genes located on the 
21st chromosome, these workers postulated that their method is capable of testing only two- 
fold or more differences in protein content [i0]. By subjecting the gels to densitometry, 
we were able to find a protein in leukocytes of patients with Down's syndrome by one-dimen- 
sional electrophoresis that could not be detected in normal subjects [2]. However, this 
protein could not be synthesized in trisomic fibroblasts. 

Klose et al. [5], to analyze protein differences between human cells in culture (diploid 
and with trisomy for chromosome 21), later used two-dimensional electrophoresis with staining 
of the proteins with Coomassie blue; in this way they were able to detect differences of 1.5 
times in protein content. However, having detected about 800 polypeptides by electrophoresis, 
they were able to find only one protein that was represented more strongly in all seven lines 
of trisomic fibroblasts, and two proteins represented more strongly in all four lines of 
trisomic amniotic fluid celis. Having estimated that 1.7% of the active genes of the genome 
are present on chromosome 21 [I0], it was suggested that changes would be found in the repre- 
sentation of 14 proteins in trisomy under conditions of resolution of about 800 proteins [5, 
i0]. Disagreement between the experimental results and those expected theoretically could 
arise from the fact that the quantity of protein products of most genes expressed on chromo- 
some 21 is so low that they were not revealed by the methods used. This possibility has not 
previously been analyzed. A second possible cause of disagreement could be a change in ex- 
pression of the genes during cell culture, rn this connection it is interesting to note that 
interlinear variability of protein composition was found to be higher during culture of 
aneuploid cells than of diploid cells [5], which the authors cited associate with greater 
weakening of the stability of regulation of protein metabolism in aneuploidy under ~n u~t~o 
conditions. Analysis of proteins of fibroblasts from dizygotic twins (a normal individual 
and a patient with trisomy for chromosome 21) revealed the greatest differences: Four pro- 
teins in cells with trisomy were not detected in normal fibroblasts [I0]. Consequently, to 
analyze the role of aneuploidy in changes in the protein composition of the cells it is more 
promising, in our view, to use uncultured cells. 

The human Peripheral blood leukocytes which we used likewise could facilitate the dis- 
covery of protein differences~between normal and trisomic cells even with only a small number 
of resolvable proteins by one-dimensional electrophoresis. Unfortunately the protein which 
we found in the leukocytes of patients with Down's syndrome cannot be identified with proteins 
more strongly represented in cutaneous fibroblasts and amniotic fluid cells trisomic for chromo- 
some 21 [5] and also in fibroblasts of fetal lung of a twin with trisomy [9, i0], because 
the authors cited do not give the mo!ecular weight of these proteins. All that can be stated 
is that the protein which we found in the leukocytes of patients with Down's syndrome and of 
two patients with leukemia is identical in molecular weight to a protein discovered by electro- 
phoresis and with the aid of monoclonal antibodies is spontaneous teratocarcinomas and in 
tumor cell lines belonging to different species and induced by chemical agents, by radiation, 
and by viruses [3, 4, ii]. 
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Studies of skeletal muscle fibers deprived of their membranes have shown that contraction 
of these fibers can be induced by a reduced Mg++ concentration in the medium. This is con- 
nected with the release of Ca++ ions from the sarcoplasmic reticulum (SR), which takes place 
under these circumstances [7]. Contraction of such fibers and Ca++ release can also be in- 
duced by caffeine [4]. Caffeine releases Ca++ ions from the isolated fraction of terminal 
cisternae of SR [8]. It has been shown in experiments on terminal cisternae that caffeine 
has an uncoupling action on active Ca ++ transport. Caffeine does~not act on active Ca++ 
transport in the longitudinal tubules of SR [3~. Hence the importance of a study of the 
effect of Mg ++ ions on active tmansport of Ca'' by different fractions of SR. 

EXPERIMENTAL METHOD 

The caffeine-sensitive fraction of SR membranes was isolated from white muscles of 
rabbit hind limbs. The issue was homogenized as described previously [2]. To increase the 
yield of membranes I0 mM caffeine was added to the homogenization medium. The total membrane 
sedimented by centrifugation from lO~O00g to 36,000g was extracted in the cold in medium con- 
taining 0.6 M KCI, 0.i mM EDTA, 0~2 mM CaCI2, human serum albumin (0.6 mg/ml), and 5 mM his- 
tidine (pH 7.2). The membrane suspension was centrifuged at ll,000g (20 min) to sediment 
the caffeine-sensitive fraction, and then again to 40,O00g (60 min) to sediment caffeine- 
resistant membranes (light fraction). The residues thus obtained were suspended in medium 
containing 25% of glycerin (vols. 5), 0.i mM EDTA, 0.2 mM CaCI2, and i0 mM histidine (pH 
7.2 at 40C). For further purification the fractions were layered in a centrifuge tube above 
4 ml of the same medium and centrifuged at 36,000g (60 min). The caffeine-sensitive fraction 
was obtained as the residue, and the light fraction as a thick, suspension in the lower part of 
the tube. ATPase activity and the mean efficiency of Ca ++ transport By SR membranes were 
determined by pH-metry [i]. The incubation medium contained i00 mM NaCI, 4 mM MgCI2, 20 mM 
sodium oxalate, 25 ~M CaCI2, 2 mM ATP, 20-30 ~g/ml of SR protein, and 2.5 mM imidazole (pH 
7.05 at 37~ Theprotein concentration was measured by the biuret reaction. 

EXPERIMENTAL RESULTS 

Previously, using an apparatus whereby ATP hydrolysis and Ca ++ transport by SR fragments 
could be recorded simultaneously by means of Ca-selective and pH-electrodes, introduced into 
the same cell, the writers showed that caffeine inhibits uptake of Ca ++ ions without affect- 
ing ATP hydrolysis, i.e., it has an uncoupling action on active Ca++ transport [3]. In that 
way the effect of caffeine can be estimated quantitatively by its effect on the mean effi- 
ciency of active Ca++ transport (Ca/ATP), which can easily be determined by pH-metry. A pH- 
metric record of ATP hydrolysis during active Ca ++ transport by the fraction of terminal cis- 
ternae and longitudinal tubules of SR is shown in Fig. i. Clearly, if the oxalate concentra- 
tion in the incubation in mediumwas 20 mM, caffeine reduced the efficiency of active Ca++ 
transport by the fraction of terminal cisternae by about two-thirds but had relatively little 
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