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SUMMARY 

Human and animal serum proteins have been separated 
Sephadex G-zoo. The percentage contents of these fractions 
estimated after densitometric evaluation. 

Glycoproteins of horse and human serum have been 

into three fractions on 
in human serum were 

separated on Bio-Gel 
P-300 thin layers and detected by periodic acid-Schiff staining. 

Soluble proteins from mammalian cells grown in vi&o (normal human fibroblasts 
and HeLa cancer cells) have been separated on Sephadex G-200 into six fractions. The 
quantitative contents and the molecular weights of these fractions have been de- 
t ermined. 

Five fractions have been detected in soluble leaf proteins from spinach, the 
molecular weights ranging .from 16 600 to more than 700 ooo. 

The molecular weight of o-diphenol oxidase from mushrooms was 50 ooo for a 
mixture of polyphenols and tyrosine used as a substrate. In addition to this enzyme, 
in mushrooms with an open cap another enzyme appeared with a molecular weight of 
115 ooo. The molecular weight of a commercial tyrosinase preparation was 135 ooo. 

In the previous paper several aspects of thin-layer gel filtration of proteins were 
examined and an improved method was described 1. Linear relationships between 
migration, referred to a standard protein (myoglobin), and molecular weight or Stokes 
radius of a number of well defined globular proteins were established, thus providing 
a basis for. estimation of these size parameters. Application of the sample as a streak 
and subsequent densitometric evaluation of the pattern has made possible a quanti- 
tative approach which was considered to be of value in analyzing h&erogenous protein 
systems. In the present paper some applications of this modified method are described, 
including separation of protein systems of both animal and plant origin. In addition to 
separation of serum proteins on Sephadex G-200, separation of serum glycoproteins in 
thin layers of the polyacrylamide Bio-Gel P-300 is also described. The usefulness of 
thin-layer gel filtration for the rapid determination of the molecular weight of enzymes 
is illustrated by the results obtained with mushroom o-diphenol oxidase (EC 1.10.3.1). 
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EXPERIMENTAL 

Materials 
Sephades gel G-zoo “superfine” was obtained front Pharmacia, Uppsala, Sweden. 

The polyacrylamide gel Bio-Gel P-300 came from Bio-Rad-Laboratories, Richmond, 
Calif., U.S.A. Myoglobin was supplied by Koch and Light, Colnbrook, England and 
tyrosinase was obtained from Sigma, St. Louis, U.S.A. Human and,animal sera were 
used without added preservatives within a few days after preparation. 

METHODS 

Preparation of the plates, application of the sample, separation, staining and 
densitometric evaluation were carried out as described in the previous paper-l. 

Protein-bound carbohydrates 
Protein-bound carbohydrates were detected by the periodic acid-Schiff reaction 

(PAS reaction). The Schiff reagent” was diluted before use to I : I, v/v, with 95% 
ethanol3. The stained strips were washed in a NaHSO, solution acidified with HCl and 
subsequently with acetone to which I O/O trichloroacetic acid had been added”. For 
densitometry a 550 filter was used. 

Sol&e firoteins from mammalian cells grown irt vitro 
HeLa cells ancl human fibroblasts after IO--20 passages (Institute of Histology, 

University of Vienna) were cultivated as monolayers either in a lactalbumin hydroly- 
sate medium (HeLa) or in Parker’s medium Igg (fibroblasts) supplement by 5,% 
chicken embryonic extract and 1o-2o~/~ human umbilical cord serum with the addition 
of antibiotic9. The cells were detached from the glass by EDTA treat.ment, washed 
four times with 0.9% NaCl solution containing 0.02% KC1 and CaCl,. Before.use the 
\tklled cells were kept as a sediment at -30”. The cells (50-200 x 10~) were homo- 
genized in a Potter-Elvehjem homogenizer, in 1-3 ml 0.02 lW phosphate buffer (pH 
7.2-7,4), supplemented by three freeze-thawing cycles at -30”. The homogenate was 
centrifuged at 34 ooo g for 15 min and the supernatant concentrated by evaporation 
in vacua to about 2-3% protein concentration. 

Leaf jvoteins 
Leaf proteins were isolated from spinach. Step r: Ten grams of fresh spinach 

leaves were homogenized with 50 ml of a 4 M (NH4)$04 solution in 0.05 M phosphate 
buffer (pH 7.2-7.4) in a MSE homogenizer operated at full’speed for 3 min, the vessel 
being cooled in an ice bath. The resulting suspension of protein precipitate, and cell 
debris was filtered through a Biichner funnel and the precipitate washed on’ the ,filter 
with 4 AJ (NH,),SO, solution. St@ 2: After washing, ‘the precipitate was extracted 
with 0.1 M phosphate buffed (pH 7.2-7.4) and centrifuged at 34 ooo g for 15 min. The 
sediment was once again extracted with 0.1 M phosphate buffer and centrifuged as 
above. Ste$ 3: The supernatants from both centrifugations were combined and the 
soluble proteins salted out with ammonium sulphate (70 g/roe ml). The protein 
precipitate was separated by high-speed centrifugation and the sediment obtained 
was dissolved in 0.1 IM phosphate buffer (pH 7.2-7.4). The protein solutions were used 
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in 2-40/O concentration. Sometimes the solutions were found to have an exceptionally 
high viscosity, but this could be reduced by repeating Step 3. 

o-Di$&enol oxidase 
Common cultivated mushrooms, either fresh or frozen at -zoo, were employed 

as a starting material for the preparation of o-diphenol oxidase. In most experiments 
a single mushroom was used, It was homogenized at 2~4~ in a porcelain mortar for 
3-5 min with an equal volume of pre-chilled, deaerated 0.1 M phosphate buffer, pH 
7.2-7,+ In some preparations ascorbic acid was added to the phosphate buffer to 
obtain a Anal concentration of 50 mM in the homogenate. The homogenates were 
centrifuged immediately in the cold at 34 ooo g for rg min. After centrifugation, 10-20 

,ul of the clear, yellow supernatant were placed without delay on a Sephadex G-200 
plate with myoglobin as a standard in the middle. After a run of 5-7 11, a print was 
taken with Whatman No. 3 paper impregnated with a mixture of polyphenols and 
tyrosine (mixed substrate) or with tyrosine alone. The mixed substrate, prepared in 
deaerated 0.02 M buffer phosphate pH 7.2-7.4, contained caffeic acid (0.0015 IM), 
DOPA (3,4-dihydrosyphenylalanine, O.OOIS M), pyrocatechol (0.01 M), pyrogallol 
(0.01 M) and tyrosine (0.0015 M) ; the latter was also used alone at the same concen- 
tration. The paper was dipped into the substrate and was subsequently dried at room 
temperature. To detect enzyme activity, the paper was left in contact with the gel for 
about 5-10 min, then removed from the plate and dried at room temperature. Maximum 
colour usually developed after 20 min. A decrease in colour was observed during the 
next few hours; the remaining colour was stable. 

RESULTS 

A separation on Sephadex G-200 of normal serum proteins from pooled human 
and animal sera is shown in Fig. I. Three fractions can be clearly distinguished in both 
the human and the animal sera, corresponding to the three principal classes of proteins 
with sedimentation constants of 4s, 7s and xgs. Densitometric tracings of two of the 
sera are shown in Fig. 2. 

Fig: I. Thin-layer, gel -filtration of serum proteins on Sephacles G-200. Sample: IO ,ul of un- ,;I 

,diluted,scrum proteins. Plate 20 x 20 cm. Separation time : G 11. Staining with Amiclo l31aclc IOB. 
From left to right : human, horse, pig and bovine serum. From top to bottom : 4s, 7s and 19s com- 
ponents of serum. ‘. 

J. Chomatog., 38 (x968) 78-90 
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a 

Fig. a. Densitograms of (A.)-human and (B)-horse serum proteins scparatccl on Scphacles G-zoo 
From left to right: ~gs, 7s and 4s serum components. 

While all the sera were qualitatively similar, distinct quantitative differences 
in the pattern of human and horse serum can easily be seen in the content of the 7s 
fraction. 

The R&f values for the three fractions were determined in esperiments using the 
method of internal standard. The sera were diluted with 0.5 M NaCl containing b.02 M’ 

phosphate buffer (pII 7.2-7.4)) myoglobin being added to a final concentration of I o/o* 

Ten microliters of the mixture were applied to the plate. In Table I the R&I values 
measured on the densitometric tracings for the maxima of the peaks are shown. In- 
cluded also are the percentage contents obtained on planimetry of the area in the 
densitogram for several dilutions, after staining with Coomassie Blue and Arnido 
Black. The latter values were corrected for incomplete removal of albumin by the 
printl. 

The periodic acid-Schiff staining method (PAS reaction) cannot be applied to 
prints of Sephadex thin layers because of heavy background staining. As an alternative, 
thin-layer gel filtration on the polyacrylamide Bio-Gel was tried and found to be 
suitable. Two preparations of Bio-Gel P-60 and P-300 having different optimal 
fractionation ranges were employed. With the latter, serum glycoproteins were sepa- 
rated into three to four zones (Figs. 3 and 4). In order to compare the glycoprotein 

TABLE I 

Rkrv~~uas AND PERCENTAGBCONT~N'~SOF HUMAN sE:RunI PROTEINSSEPARATED BY THIN-LAYER 

GEL FILTRATION ON SEPI-IADEX G-200 

Counpo- Jh Serum dilactiosa~ 
nent VUlUE 

Coomassie Blue A mid0 Black ro B 

r-l-4 r-d-6 r-l-8 r-I-2 1-d-3 1-l-4 

4s I.49 77.9 70.8 8+6 70.5 75.9 78.X 
7s I.99 20.? 21.3 x3.8 ‘2 21.0 19.7 

IW 2.35 I.9 I.9 I.5 ( 3.1 z.2 

0. Dilution with 0.5 n/r NaCl + 0.02 M phosphate buffer, pH 7.2-7.6 
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Fig. 3. Thin-layer gel filtration of glycoproteins on Bio-Gel P-300. Sample: I 0 pl per cm of un- 
diluted horse serum. Pcrioclic acid-Schiff staining. From left to right: 19s. 7s ancl 4s components. 

Fig. 4. Densitogram of horse serum glycoproteins separated on Bio-Gel P-300. 

pattern with that of the proteins, 70 ,ul of undiluted serum were applied by means of a 
microscopic slide (length 7.5 cm) to a 20 x 20 cm plate, two samples being run onto 
one plate. After a run of 25-30 11, a print was taken with filter paper Whatman No. 3 
and dried as usual at 1110~. Afterwards the, print was cut lengthwise along each scpa- 
rated sample and one half was stained with Arnido Black for protein detection; the 
other half was stained by the PAS reaction. The protein pattern was very similar to 
that obtained on Sephadex G-200. Three zones corresponding to the 4s, 7s and 19s 

components were detected. The zone of the 7s fraction, however, was broader. It was 
composed of a weakly stained leading fraction and a strongly stained fraction migrating 
more slowly. PAS staining also revealed three t’o four zones in human and animal sera. 
Quite a considerable fraction of the PAS-stained material resides in the Igs, fraction. 
The PAS-stained material parallels that stained with Amide Black for protein de- 
tection; the relative distribution, obtained .with both methods, however, is quite 
different. 

Sohdde fi’roteins of w2awwnaZiarz ceh?s grown in vitrb 
Soluble proteins were isolated from normal human fibroblasts and HeLa cancer 

cells, the 34 000 6” supernatant being used for the gel filtration experiments. Since 
rather limited amounts of cells grown irz vitro are available, Coomassie I3lue was tried 
as a stain and found to be much superior to Amide Black due to its increased sensitivity. 
When fibroblast and HeLa soluble proteins were separated on Sephadex G-200 on 
the same plates; a complex pattern of six fractions was observed (Figs. 5 and 6). There 

Fig. 3. Thin-layer gel filtration on kephaclex G -200 of soluble proteins from (A) normal human 
fibroblasts and (B) I-IcLa can&i cells. Staining with Coomassie Blue. 

J: Chromatog., 38 (r#S) 78-90 



THIN-LAYER GEL FILTRATION OF PROTEINS. II. 83 

Fig. G. Dcnsitograms of soluble proteins from (A) normal human fibroblasts and (13) HeLa cancer 
cells (see Fig. 5). 

was a basic similarity in both patterns, but quantitative differences in the contents 
of different fractions can easily be noted in the densitometric tracings. The R&f values 
for the particular fractions were determined from the densitograms by extrapolating 
the peaks to Gaussian curves and drawing a perpendicular from the top of the peak to 
the base line. The distance of this perpendicular from the starting line was measured 
and divided by the distance for myoglobin similarly obtained, In this way, XM values 
for the weak fractions can be estimated with greater accuracy than by direct measure- 
ment on the plate. For the weakest fractions, measurements directly on the plate 
become impossible. The RM values, the corresponding molecular weights1 and the 
quantitative percentage contents of these fractions obtained in eight runs of each 
material are shown in Table II. The percentage contents of fractions III to VI were 
corrected for incomplete removal by the print technique as described previouslyl. 

TABLE I1 

PERCENTAGE CONTENTS, fZa[ VALUES AND MOLECULAR WEIGHTS OF SOLUBLE PROTEINS FROM 

MhlVMALIAN CELLS GROWN %W Vit/W AFTER THIN-LAYER GEL FILTRATION ON SEPMADl%X G-zoo 

F,vactio,m Fibroblasts NeLa cells 

% R,\*f M0leculnr y. R&f .VIolecular 
content vulue wes&Jt t content valrte we&lit 

I 17.6 2.30 ‘B 600,000 II.5 2.3.5 > 600,000 
II 8 *s 2.0? zs+o,ooo 9.6 2.10 300,000 

111 28.8 1.72 107,000 32.1 1.76 120,000 

IV 31.4 1.48 jG,ooo 30.4 1.50 59,000 
9.4 I .2G 31,000 11.6 1.26 31,000 
4.3 1.09 19,600 4.8 I.09 1g.600 

Sohble #ant proteins 
Soluble leaf proteins from spinach leaves could be separated into five fractions 

(Fig. 7). The RM values of these fractions after staining with Coomassie Blue were 
determined from the densitometric tracings after extrapolation to Gaussian curves 
as described above for the soluble proteins derived from mammalian cells. The mole- 

W cular weights of these fractions are shown in Table III together with their percentage 
contents corrected for incomplete removal by the first print, as described previouslyl. 
A few experiments were performed with soluble proteins isolated from potato tubers. 
Again a complex pattern of three to four fractions was observed. 

J. Chropatofi., 38, (1968) @-go 
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Fig. 7, Soluble leaf proteins from spinach separated by thin-layer gel Altration on Scphaclcs G-zoo. 
Dcnsitogram after staining with Coomassie Blue. 

TABLE III 

PERCENTAGE CONTENTS, X&l VALUES AND MOLECULAR WEIGHTS 

SEPARATED l3Y THIN-LAYER GEL FILTRATION ON SBPHADEX G-ZOO 

Fraction “/” Ii! M 
cadent va.tue 

I 38.1 2.42 > 700,000 
II X4.0 I.95 200,000 

III 11.3 I.62 82,000 

IV IO.8 1.36 40,000 

V 25.8 I.07 18,Goo 

OB SOLUBLE LEAF I’ROTEINS 

Enzymes 
Thin-layer gel filtration has been used to determine the molecular weight of 

o-diphenol oxidase (EC 1.10.3.1) from mushrooms. A homogenate prepared from 
mushrooms frozen at --zoo, as described under Methods, contained enough enzyme 
activity to be easily detected on the gel. The homogenate was applied to Sephades 
G-200 plates immediately after its preparation to avoid any storage effect. After a run 
of 4-7 h, a print was taken with a dry filter paper Whatman No. 3 impregnated previously 
with a mixture of polyphenols containing caffeic acid, DOPA, pyrocatechol, pyrogallol 
and tyrosine. Alternatively a paper treated with tyrosine only was used. 

The substrate-impregnated paper was left in contact with the gel for about 
5-10 min. An intensive reaction could be qbserved within well defined symmetric 
zones comparable in size to those of standard proteins after staining’with Amido Black 
(Fig. 8). The distances of the enzyme zones from the starting line were measured 
directly on the plates, as well as the distance of myoglobin, which was sufficiently 
distinct to be evaluated without staining. The X&f values obtained for a number of 
different preparations were 1.42, corresponding to a molecular weight of -50 ooo. 
There’ was no difference in the RM values obtained with mixed substrate or with ty- 
rosine. 

‘Homogenates pr-ared in the presence of ascorbio acid sometimes gave qualita- 
tively different. pictu&s from those prepared in its absence. The ascorbic acid homo- 
genates contained,in a’ddition to the R&I 1.42 component, a second component visible 
a’s a more intensive,narrow zone (3~4 mni broad) in’ the trailing part of the main zone. 
This zone could be detected both with the’ mixed substrate and with tyrosine. The 
R&f value obtained was 1.30, ‘corresponding to a molecular weight of 35 ooo. 

J. Cirroknatog., 38 (1968) 78-90 
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Fig. 8. o-Diphenol oxidasc sepnratecl by Sephaclex G-zoo thin-layer gel filtration. Dcnsitogram’ of 
a print talccn with paper imprcgnatccl with a misecl substmtc containing caffeic acid, DOPA, 
pyrocatcchol, pyrogallol and tyrosine. A - Homogenate of a mushroom with an open cap ; 13- 
~i~l;n~crcial “tyrosinasc”. Molecular weight (I) ~50 000; (II) HIIS 000. Peaks on right: starting 

Hon~ogenates prepared without or with the addition of ascorbic acid and stored 
overnight at 4” in a closed vessel without access of air, showed an appreciable loss of 
activity, but the R&r values remained unchanged. Salting out of the proteins from 
the freshly prepared homogenate with ammonium sulphate at 4” at a saturation of 
0.66, or precipitation with acetone at -30~ and subsequent redissolving of the preci- 
pitate to the original volume of the homogenate, had no influence on the Rag value. 
However, heating the homogenate at 60-65” for a-few minutes yielded preparations 
which could be resolved by thin-layer gel filtration into two ‘zones of activity. In 
addition to the zone present in the untreated homogenate a component with a higher 
Z?M value was also observed. 

With a commercial preparation of “tyrosinase” (Sigma Chemical. Company, 
St. Louis, U.S,A.) only one zone of activity was observed with an RM value of 120, 

both for the mixed substrate and tyrosine, corresponding to a molecular weight of 
135 ooo, which is much higher than that obtained with the freshly prepared homo- 
genates. 

Using mushrooms of differing maturity, however, a striking difference was 
observed. Mushrooms with a closed cap showed only one zone of enzyme activity with 
an RAT value corresponding to the 50 ooo molecule, whereas homogenates of mush- 
rooms with a cap already open yielded two zones of activity, one corresponding to the 
50 ooo molecule, the other with an RM value of 1.75, corresponding to a molecular 
weight of 1x5 ooo (Fig. 8A). 

DISCUSSION 

Some of the applications of thin-layer gel filtration described inthis paper serve 
to emphasize the versatility of the method. Separation of serum proteins using gel 
columns has become an established procedure, and it was also ,the object of early 
applications of thin-layer gel filtration O-10. A simple and reproducible -method of 
separating serum proteins should be. of considerable clinical importance. Three 
fractions could be distinguished in both human and animal sera corresponding to the 
three principal classes of proteins having the sedimentation constants 4s, 7s and 19s. 
The assignment of the components to ultracentrifugal’classes has been demonstrated 
in, column gel filtration experiment.+. 

J. Clwomalog., 38 (1968) 78-90 
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The Z\‘nf value determined for the 4s fraction on thin-layer gel filtration differs 
from that of isolated albumin l, the discrepancy probably being due to the hetero- 
geneity of this peak. Albumin is the main component of the 4s peak, but it is accom- 
panied by other components differing in molecular weighP. For the 19s fraction an 
X&I value of 2.35 would correspond to a molecular weight of about 600 ooo, assuming 
that the Z?na value-molecular weight relationship in this range is still linear. It has 
been pointed out, however, that there is insufficient evidence for linearity of the 
X&r value-molecular weight relationship in the range of molecular weights above 
24.0 000 (see ref. I). 

The percentage contents of the three classes of serum proteins, after planimetric 
evaluation, clearly depend on dilution of the serum (Table I). With increasing protein 
concentration, the values for the 4s fraction decrease. For some of the dilutions, the 
percentage contents are fairly constant with both of the dyes tested. Depending on the 
aim of the analysis two dilutions will probably yield more accurate values for the 
4s/7s and 7s/Igs ratios than can be obtained with only one dilution. The values for the 
percentage contents of the three classes of serum proteins obtained on thin-layer gel 
filtration with subsequent densitometric evaluation are very similar to those obtained 
by elution of proteins stained with Amide Black from a paper prinP, the main difference 
being in the values for the 19s fraction. 

The data on the quantitative distribution of the three classes of serum proteins 
in thin-layer gel filtration (Table I) may be compared with those obtained on ultra- 
centrifugation. For the 4s, 7s and Igs, peak percentages of 83-86, 11-13 and 3-4, 
respectively, are accepted la+; however, values which are lower for the 4s and higher 
for the 7s components were obtained in recent ultracentrifugal estimationsl”~16. 

The densitogram of the stained serum proteins separated by thin-layer gel 
filtration is distinct from the pattern obtained by column gel filtration. The observed 
difference is due to the different detection methods. In column gel filtration, proteins 
are detected either by ultraviolet absorption at 2So m,u or shorter wavelengths with 
some of the flow analyzers, or by the Folin reaction, With all these metl?ods, the results 
depend strongly on the amino acid content of the proteins. Great differences in the 
specific extinction coefficients for the three classes of serum proteins have been demon- 
stratedl”. 

Gel filtration has already been successfully applied to the analysis of para- 
proteinsl”J0-1s. R ecently characteristic column gel filtration patterns for a number 
of pathological conditions have been described and their value.for differential diagnosis 
stressedl*. The usefulness of thin-layer gel filtration for the separation of pathologic 
sera has already been demonstrated O,~DD,~O. The method described here should provide 
a basis for a simplified quantitative approach to the analysis of abnormal serum pro- 
teins .differing in molecular size. D_ue to tile small amount of material needed for 
analysis, some of the protein-poor body fluids, in addition to serum proteins, could be 
easily analyzed by this method. 

’ While lipoprotein. detection has been successfully performed after thin-layer 
gel filtration of serum proteinso, there are no reports on the separation of glycoproteins. 
This is probably due to technical .‘difficulties with Sephadex. gels. Thin-layer gel fil- 
tration on Bio-Gel P-300 proved to be a useful approach. The results obtained by this 
method are in agreement with the physicochemical characteristics of some of the 
major serum glycoproteinsP. In view of the importance of glycoprotein analysis for 
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THIN-LAYER GEL FILTRATION OF PROTEINS. II. 87 

clinical diagnosis, it would be interesting to study the glycoprotein distribution of 
pathological sera. 

Thin-layer gel iiltration of soluble plant proteins on Bio-Gel P-60 with subse- 
quent PAS and Amido Black staining, has made it possible to separate proteins from 
polysaccharidesP. The presence of polysaccharides in protein preparations of plant 
origin presents a problem in the separation of both macromolecules by different 
fractionation procedures. Thin-layer gel filtration could in such cases offer a rapid 
answer about the efficiency of these procedures. 

Due to the microgram quantities of material necessary for analysis, thin-layer 
gel filtration may be anticipated to.be particularly useful in cases where only small 
amounts of material are available. With mammalian cells grown in vitro, the amount of 
material appears to be a limiting factor and an attempt was made, therefore, to separate 
by thin-layer gel filtration the soluble proteins derived from normal human fibroblasts 
and HeLa cancer cells. It has been previously, shown that HeLa proteins can be 
separated on Sephadex,G-200 columns 6. A much improved separation can be achieved. 
by thin-layer gel filtration on Sephadex G-, -00, by which also a comparison with soluble 
proteins from human fibroblast run simultaneously on the same plate has been made 
possible (Fig. 5). 

The molecular weights determined for the fibroblast and HeLa soluble proteins 
(Table II) bear a striking similarity to the values obtained on the analysis of soluble 
rat liver proteinsz2. The molecular weight of the soluble liver proteins has been inter- 
preted,in terms of a hypothetical size regularity. The ‘unit of size was assumed to be 
about 10,000 (ti) and 30,000 (32~). More than 80% of the soluble liver proteins .was 
demonstrated to belong to size classes whose approximate molecular weights are 
multiples of these units. The same regularity can be seen in the distribution of the 
molecular weights of mammalian cells grown in vitro (Table II). About 75 o/o of HeLa 
and fibroblast soluble proteins can be accounted for in terms of the hypothetical,size 
regularity postulated for the soluble liver proteins. 

There is an increasing number of papers dealing with the electrophoretic pro- 
perties of soluble leaf protein+-28, but there is only very limited information on their 
size parameters. This is due partially to technical difficulties in the isolation of soluble 
leaf proteins which become easily precipitated by some of the components present in 
plant cells, thus necessitating the use of protective agentszDp30. Among the better 
characterized soluble leaf proteins is the so-called “Fraction I protein’l which is a major 
component found in leaf extracts of various plantP~ai+, and with,which a number 
of enzyme activities are associated 32+Jo. Column gel filtration has already. been 
successfully applied for ‘the isolation and. purification of “Fraction I protein”. The 
molecular weight of “Fraction I protein” is about Goo,ooo (see ref. 36). Both the high 
R&I value and the high percentage content of our Fraction I (Fig. 7)) amounting to 40 y. 
(Table III), found on thin-layer.gel filtration of soluble leaf,proteins suggest that this 
fraction ‘is probably identical with the “Fraction I protein” studied by other war- 
kers. 

The molecular weight for Fraction I on thin-layer gel filtration is about 700,000, 
*:. a value close tothose accepted for “Fraction I protein”,: In view of the uncertainty in 
: the molecular weight estimations in the range above 240,000 (see ref. I), this value is 

to be considered only an approximation. Calculation of the Stokes radius for Fraction I 
according to eqn. 6 (see ref. I) gives a value of ~180 A for the diameter, which is much 

J. Chromatog., 38 (1968)_78-90 
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higher than that of 120 A found in electron nlicroscopy36. Molecular shrinkage, due 
to water loss during preparation for electron microscopy, or aggregation of the “Frac- 
tion I protein”, which has been well established during purification and storage32, or 
reversible association-dissociation phenomena could be the explanation for this 
discrepancy. 

In addition to the high molecular weight Fraction I, four other fractions of lower 
molecular weight in the range from 20 ooo to 200 ooo could be detected on thin-layer 
gel filtration of soluble leaf proteins (Fig. 7, Table III). Similar to soluble proteins from 
mammalian cells grown i9z V&O, three of the fractions show size regularity with a unit 
size. of about 20 ooo. It is uncertain whether the size classes of 40 ooo and 80 ooo 
represent molecules already present in the cell or whether they arise during their 
isolation as a result of interaction with other cell components. Comparative studies 
with different isolation procedures, especially those employing various protective 
agents”‘, could help to clarify this question. Thin-layer gel filtration of soluble leaf 
proteins could prove of value in studies on protein changes associated with leaf aging, 
as well as with pliytopatl~ological processes, since only small amounts of material are 
needed and single leaves will yield sufhcient material for analysis. 

One of the potential advantages of thin-layer gel filtration is the possibility of 
detecting enzymes, by using a paper .impregnated with the appropriate substrate to 
give a,coloured reaction, or by spraying the paper with the substrate. Enzymes can be 
specifically located by this means. If no colour reaction is available for detection, an 
alternative approach is to elute the substance from the paper print with an appropriate 
buffer, enzyme determinations being then performed with the eluates38. As with the 
column gel technique, the thin-layer method may also be applied to studies of labile 
enzymes which could be damaged on purification. Besides the small amounts of ma- 
terial required, an additional advantage of the thin-layer method is its greater speed, 
when compared with the column. Within a few hours after the preparation of the crude 
enzyme extract, the run can easily .be completed. In addition to speed, separation 
of interfering substances ‘may prove to be another useful property of the method. 
Preparative thin-layer gel filtration1 of enzymes can easily provide sufficient material 
for detecting enzyme activity and also for application of other microanalytical methods, 
e.g. disc electrophoresis orimmunodiffusion tests. 

The experiments’ with o-diphenol osidase from mushrooms described in this 
paper were intended to illustrate some of the potentialities of thin-layer gel filtration 
of -enzymes. There are conflicting data on the molecular weight of this enzyme in a 
number of papers; most of them agree on a molecular weight of IOO 000-130 ooo for 
the purified enzyme 38-*l. The results of thin-layer gel filtration give an estimated 
molecular weight of 50 ooo for the enzyme in the, homogenate and of 135 ooo for a 
commercial preparation. of “tyrosiriase”, thus strongly suggesting the presence of 
enzymatically active subunits that combine under certain conditions to yield a pro- 
duct of higher molecular weight, It is not clear whether this association of smaller 
units to a component of higher molecular weight is a physiological phenomenon ,or. 
whether it represents a preparative artifact, 

There was a striking difference when homogenates of mushrooms of. differing 
maturity were ,analyzed. An additional component of higher molecular weight was 
consistently observed in older, mushroonx+in which the cap was already open. This 
need not necessarily reflect the state of the enzyme in the cell, but could. also’be an 

J. Chromatog., 38 (1968) 78-90 



THIN-LAYER GEL FIL'IXATION OF PROTEINS. If. $9 

isolation artifact due to interaction of the enzyme with other components appearing 
in n~usl~roon~s of greater maturity. 

There was no change in the molecular weight of the 50 ooo enzymes, either by ’ 

precipitation from the homogenate with acetone or by salting out with armnonium 
sulphate, both of which are treatments routinely employed in the purification of this 
euzyme. The even greater complexity of the situation is stressed by the presence of 
two components (35 ooo and 50 ooo) which sometimes could be detected when the 
homogenate was prepared with the addition of ascorbic acid. Recombination of these 
subunits would give enzymes with a molecular weight in the range between IOO ooo- 

130 ooo, which would compare well with the molecular weight of purified enzyme 
preparations. Recombination of subunits could also provide an explanation for the 
electrophoretic and chromatographic heterogeneity of polyphenol oxidase prepa- 
rations42-44. 
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