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Since its ,introduction a few years ago the chromatographic technique of gel 
filtration has become an important fractionation procedureand has been the subject 
of many recent papers. GRANATH AND FLODIN~ showed that fractionation of dextrans 
occurred according to molecular weight and this was extended by ANDREW@ to 
provide a method of molecular weight determination by correlating the elution 
volumes with the logarithms of the molecular weights of the proteins examined. 
A simjl:ar apprqach was used in this laboratory” for the, investigation of. the relative 
molecular ‘sizes of fragments obtained by degradation of epithelial mucopolysaccha- 
rides, the agar columns used being first calibrated with dextrans of known molecular 
weight ranges..‘Although this procedure has proved extremely valuable in degradative 
studies on proteins and mucopolysaccharides, the necessity for prior calibration of the 
columns has tended to make the method time consuming. It appeared feasible that 
the technique of thin-layer chromatography might be used to advantage .in this 
problem, the standards and material under investigation being ‘run at the same time, 
hence eliminating any errors caused by differences in column, performances during 
different runs. 

The application,of Sephadex G-25 and G-75 to thin-layer chromatography has 
already been reported from two laboratories49 G and whilst this paper &as in prepara- 
t ion other, paper@+ appeared describing the thin-layer gel filtration of proteins on 
Sephadex G-100 and G-200, The present paper describes an improved detectio’n pro- 
cedure which can be used to detect proteins, mucopolysaccharides, peptides and 
amino sugars. 

EXPERIMENTAL 

The gel filtration media used were the commercially available Sephadex G-25 
fine and G-50 fine. Samples of Sephadex G-100 and G-200 < 400 mesh size and blue 
dextran 2,000 were generously supplies by Pharmacia, Uppsala, Sweden. The pro- 
teins used were samples kindly supplied by Dr. P. ANDREWS and their source has 
been described by him2. The 
GIBBONS AND ROBERT@. 

Matevials 

mucopolysaccharides and mucoproteins were as used by 

Preflaratio9t aozd develofiment of thin-Ztzyer ch409natog4am 
The Sephadexes used were allowed to soak in an excess of 0.05 M sodium 
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phosphate buffer (pH 7.0) containing 0,~s M potassium chloride and saturated with 
chloroform for at least 72 h before use. Thin-layer chromatograms wiere prepare,d 
by pouring off ‘the excess buffer from the gels and spreading tbe’re@ilting’Iree~flowing 
suspension ‘on degreased plates (20 x LO x 0.4 cm) using a spreader nianufacttired by 
C. Desaga G.m,b.H., Heidelberg, with a slit width of 0.‘25 mm. The’ plates’tiere allowed 
to dry in ‘air for a few minutes until the excess moisture had: drained off leaving a 
moist gel surface. As a development tank a plastic bowl dovered!, tiith a”Sheet of 
polythene was found quite adequate. A glass histological dish (II ‘j;(:‘~, ‘X 4 cm) served 
to hold the’buffer and the thin-layer plate was inclined ,againSt :thiS at an angle of 
approximately loo, contact with th.e buffer being made by means of a titer paper 
strip. The plate was allowed to equilibrate overnight with o,os M sodium phosphate, 
pH 7; containing 0.15 M potassium chloride before use. As a spotting guide a:strip of 
paper marked with an origin line was placed underneath the glass plate at ‘a distance 
of,about 2 cm from the upper end of the plate. Along this origin line’1 O/O (w/v)‘prot%in 
solutipn (I or z ~1) together with a guide spot of india ink weresljotted using cali- 
brated capillary tubes and the plate developed until the india ink Spot ,had reached 
within a few cm of the bottom of the plate. The time required for’,‘development 
varied with’the height of’buffer in the reservoir and with the Sephadex u&d. Wnde’r 
the conditions used it was approximately 2-3 h for G-25 and G-$,0, 4.b for G-ioo and 
about 12 h for G-200. India ink was not entirely’ satisfactory ‘as; a marker, because 
irreversible adsorption occurred occasionally and in later work it was replaced by 
blue dextran 2,000 which, did not sufferfrom this disadvantage.” ,‘, 

Deteciion nvtd rccordisg procedalre ’ 

The procedure used to stain proteins and mucopolysaccharides, was ‘a modifi- 
cation of the chlorination technique first described by RYDON AND SMITND. After 
excess moisture had been removed from the developed plates by allowing them to 
stand at 37” for S--LO min they’were placed ‘in an atmosphere of chlorine for ~0-15 
min then allowed to stand in a stream’of air for 15 min and sprayed with a’solution 
containing 20 o/0 (w/v) ammonium sulphate and 5 o/o (w/v) sodium bicarbonate. This 
treatment, which was the main modification to the original method of RYDON AND 
SMIT@, served to destroy all the excess chlorine leaving the N-chloro derivatives 
intact. After allowing the plate to stand for a further 15 min, the N-chloro derivatives 
were located as blue spots on a white background by spraying with a solution con- 
taining r y. (w/v) starch and I y. (w/v) potassium iodide, 

A permanent record of the plate was obtained by placing it on a sheet of photo- 
graphic contact paper and illuminating it with a photocopying lamp held at a distance 
of ‘4 cm above, the plate for about 5 sec. The correct exposure time depended on the 
intensities of the spots and was found by trial and error. The photographic paper was 
then developed and fixed in the usual manner and in this tiay the proteins were shown 
up as’ a series of white,spots against a black background, The’distarice of’ the centres 
of these spots from the origin could then be measured with some accuracy. 

. 

KRESULTS AND DISCUSSION 

I In the previous papers published on thin-layer gel filtration the ‘detection of 
peptides and proteins was accomplished by Staining ‘with ninhydrin’ or amido :black. 
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These techni,ques were found inconvenient for the detection of large proteins on the 
more open Sephadexes G-,100. and G-z& because. of the large amount of shrinking 
of the gel which occurred on drying. They are also very insensitive ,for carbohydrate- 
rich glycoprbteins. As an alternative .method for detecting proteins, staining in an 
atmosphere of iodine -was first used in, this ‘laboratory lo but. was found to, be too in- 
sensitive. The chlorina’cion staining technique was found to be much superior. and by 
using this method less than I pg.of protein could be detected and a permanent record 
of the.plat,e produced. This staining technique has also, been used satisfactorily .with 
mucopolysaccharides although the sensitivity is slightly less here because of their 
lower nitrogen content. It has also proved extremely useful for detecting oligo- 
saccharides CV-~- s _,,.timing hexosamines and other ‘nitrogenous compounds on, paper 
chromatograms but in this case it was necessary to wash the chromatographic paper 
with 2 N,.acetic acid and water before use. This modified staining;procedure possesses 
the advantages of taking less, time and being more reproducible. than ‘RYDON ‘AND 

SMITJ$S@ original chlorination method but still retains the wide’ specificity of the 
original’method so that it can be applied for the detection of small molecules as well 
as macrdmolec.ules. This wide specificity is a great advantage when carrying out 
degraditive studies since the usual protein stains would not detect I any smaller 
fragments which might be released. 

Other’ worker& 11 have shown that with gel filtration columns, a linear re- 
lations&ip ,e&sts’ between. elution volume of proteins and the .logarithm of their 
molecular weights within certain limits of molecular weights determined by the gel 
filtration media used. When using thin-layer chromatograms, Rt~~yroglo~uz~n defined as : 

. 

distance travelled by protein 
distance travelled by thyroglobulin 

was found to be ,a convenient index of the rate of 
plot of &lcyvog~obul~n ,against log (molecular weight) - _ ‘_ _ __ _ -_ 

travel of a protein. Fig. r shows a 
for a number of proteins separated 

on a Sephadex G-zoo thin-layer chromatogram. This is seen to be linear within certain 
limits of molecular weight but as might be expected it deviates ,from linearity at the 
lower and higher ends of the molecular weight range. This linear relation can only ,be 
expected to exist for molecules which are of similar shape; since,most of the proteins 
examined are compact folded structures this is true but would not hold if the more 
asymmetric polysaccharides and mucopolysaccharide molecules. were examined ! on 
the same scale. A comparison of the behaviour of proteins on the different Sephadexes 
is shown in the, form of XtRyrogzobuzin values in Table I. Thesecannot be taken as 
absolute values since they show slight variation from plate to plate, this possibly 
being:due to small changes in the equilibrium of the gel media with the aqueous phase, 
Approximate molecular weights of unknown proteins can be obtained using thin-layer 
gel filtration provided the standards and unknown proteins are run on the same plate. 
For this purpose, when working with G-zoo it was found convenient to have1 a standard. 
mixture of thyroglobulin, human y-globulin, bovine serum albumin, ovalbumin, and. 
a-lactalbumin. A 1.0 o/o (w/v) mixture of these proteins was completely resolved into, 
discrete spots on Sephadex G-zoo and a typical thin-layer chromatogram is shown 
in ,Fig. 2. Occasionally diglycylglycine was added to this mixture. in order to show the 
complete: inclusion ilimit ,but as shown in Fig. 2, this material. although separated 
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Fig. 1. Plot of. Ii!~~,yroglobu~~n agSinSfz logarithm (molecular’tv 
proteins on Sophaclcx G-200. 

Fig. 2. Thin-lscyer chromatogram on Scphadex G-200. Mixture containing from top to bottom 
respectively, diglycylglycine, a-lactalbumin. ovalbumin, bovine serum albumin, human’?-globulin 
and thyroglobulin. 

TABLE I 

COMPARISON OF &mqmttma VALUJ3S OF PROTEINS ON THIN-LAYER CHROMATOGRAMS USING 

DIFFERENT SEPHADEXES 

Protein Molecular ~l?~~ro~lobuZin 
WCi.gl~rl 

G-50 G-100 G-200 
- 

Diglycylglycine 189 
Cytochrome c 12,400 
cc-Lactalbumin 15,500 
Chymotrypsinogcn 25,000 
Ovalbumin 45,ooo 
Bovine serum albumin 67,000 
Human y-&lobulin 1G0,ooo 
Thyroglobulin 670,000 

o-53 0.45 0.30 
0.82 0.52 0.40 
0.85 0.55 0.41 
0.89 o&3 o-45 
5 o*74 0.gb 

I 0.82 0.65 
I 0.97 0.87 
I I I 
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from c+lactalb,umin,tendcd to give a larger spot due to the greater amount of diffusion 
with the smaller molecule. Although more precise values for molecular weights may 
be obtained bJi’ gel ‘%ltration on columns, IO--20 y0 accuracy is obtainable by thin- 
layer gel liltration.and for many purposes this is suffi.cient. This is especially true of 
degradative~‘&udi& when approximate molecular sizes of the degraded molecule are ., 
required,for comparison with the intact molecule which can be run on the same plate. 
As withthe column method there is always the possibility of interaction of the protein 
with th&gel media by adsorption or ionic interaction thus producing ‘an erroneous 
result. I& the ca.se’,of scrch an anomalous result occurring thin-layer gel filtration 
possesses an advantage over the column method since it is possible to see exactly 
what is happenmg on the thin-layer plate and in this case the wastage of material 
is negligible if, the gel has to be discarded on account of protein adsorption. 

;. 
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SUMMhIZ+ ‘:, !, ,, 
: ., ).‘, , 

4 method of detecting proteins and mucopolysaccharides on thin-layer gel 
filtration’~chromatograms which is sensitive to less than I pg of protein has been 
developed ‘and’s: procedure for making a permanent record of the chromatogram is 
described. A correlation between the rate of travel of proteins on Sephadex G-zoo 
and the logarithm of their molecular weights has been obtained. 
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