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The developm.ent of gel filtration techniques, as described by PORATH AND FLODIN~ 
and by GELOTTE~, offers a convenient method for studying the binding of small 
molecules by proteins. Wr~cox ANI) LISOWSICI~ have used these techniques to investi- 
gate protein--metal complexes, and DEMOOR et al. 4 have carried out studies on the 
binding of corticoids by proteins, using gel filtration to separate the free and protein- 
bound corticoids. 

The association of phenol red with prot,eins has been estensively examined by 
means of equilibrium dialysis and ultra’filtratio,n, GROLLMAN~ has demonstrated that 
the binding of phen,ol red by serum. is due primarily to the albumin ‘fraction. This 
albumin-phenol red association was shown to be pH dependent, with a ‘maximum at 
about pH 4.5. No binding was demonstrable above pH 8 or g, SMITH AND SMITHO found 
that the binding of phenol red by serum was proportional to the concentration. of 
albumin. RODXEY esamined the binding of phenol red,by sera of several species and 
studied the effect of hydrogen ion concentration on the association constants ,for 
phenol red and bovine serum albumin, ‘, 

This communication is concerned with the application of gel filtration to ,meas- 
urements of the binding of phenol red by human serum and by human serum 
albumin, and suggests a method for r,outine serum albumin analysis. We have examin- 
ed some of the factors which influence the association of phenol red with serum and 
serum albumin, 

METHODS 

Gel filtration csperiments were carried out using the cross-linked polysaccharide 
Sephades G-zg* * (medium particle size). The bed material was washed with. distilled 
water. Fine particles were removed by repeated washing and decanting. The Sepha- 
des, suspended in distilled water, was poured into columns 1.1 cm in diameter fitted 
with’s coarse.sintered glass disc. Unless otherwise stated, all columns were poured to 
2i height of 12.5 cm. 

* Supported, in part, by a donation from Mr. and Mrs. WINSTON S, COWGILL, in rncmory of 
C&ARLES A. CHRISTENSON, 

l * Pharniacia, Uppsala, Sweden. 
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. .I 
Human serum a-globulin (fraction IV) and crystalline human serum albumin were 

purchased from Pcntes, Inc., Kanakee, Ill. Human serum y-globulin was obtained 
from Squibb and Co: Serum proteins were dissolved in isotonic saline to a concentration 
of 4 g/r00 ml. Phenol red (phenolsulfonephthalein, sodium salt) ‘was obtained from 
Distillation Products, Rochester, N.Y. and w-” aa used without further purification. It 
was dissolved in distilled water to a concentration of 5 - IO -3 M. Human serum was 
obtained by venipuncture and refrigerated, but not frozen, until needed. 

Unless otherwise noted, all esperiments were carried out in the following manner. 
One ml of serum was mised with 2 ml of phenol red solution. The pH was adjusted 
to the desired point with dilute HCl or NaOH, with rapid agitation. After standing 
for I 11 at room temperature, an ,aliquot, usually IOO 11~1, was applied to the column and 
elution was started with distilled water. The effluent was collected in ro-drop fractions, 
using an automatic fraction collector equipped with a drop counting unit. To each 
fraction was added I drop of N NaOH and 3.0 ml of distilled water. The optical 
density of the solution was measured at 520 mbc, using a Bausch and Lomb Spectronic 
20 Spectrophotometer. 

Total protein ancl albumin were determined according to Ilnw~c, OSER AND 

SUMMERSON~, using the biuret reagent. 
The bound phenol red was calculated ,as percent of total’phenol red’ (IOO x O.D. 

of bound phenol red/total O:D. of phenol red), All co!umn separatibns were carried 
out in duplicate. 

RESULTS 

Fig. I shows the elution pattern of human serum albumin alone and of a mixture of 
human serum albumin and phenol red, pH 4.5. It may be seen that there are two 
phenol red peaks, one of which is superimposed on the protein peak and represents 

‘Fig. I. Elution 
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pattern of human serum albumin albnc and of a mixture of human swum albumin 
and. phenol reel, at pEI 4.5. Details of technique arc given in text. 

protein-bound ‘phenol red. The second,peal: represents free, or tinbound,, phenol red. 
““!Some,interaction between phenol red and the Sephadax is suggested,by the fact, that ki., 

“‘%.he~free phenol-red peak l.ags slightly behind the elution of added ,NaCl. 
I, ’ Sephadex appears to remove: some protein-bound molecules; such as triiodo- 

thyronine, from protein, so that the apparent extent of binding’ is-influenced,by ,the 
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length of the column De Fig. z shows the effect of varying the column length on the 
binding of phenol red by, human serum. It is clear that phenol red binding is not 
influenced by column lengths, between 7.5 and 12.5 cm,and, therefore, the, precise 
height of the bed material is not critical. A column length of 12.5 cm was chosen in 
order to obtain a satisfactory separation between the two phenol red peaks. 

‘, 

Fig. 2 . Eifect of Scphaclex column length on the binding of phenol red by human serum. 

Fig, 3 illustrates the influence of, hydrogen ion concentration on the estent of 
binding of phenol red by ,human serum albumin. It is seen that there is a maximum 
binding at about pH 4.0-4.5 and a plateau between pH 6 and pH 7.5. The,binding falls 
to zero at about pH 85. 

The interaction of human serum y-globulin (4 g/Ioo ml) with phenol red was 
studied over the range of pH 5-g. No binding could be demonstrated at any point. The 
interact& of human serum a-globulin (4 g/100 ml) with phenol red was measured at 
pH 4.5. Under these conditions approsimately 0.5 yO of the phenol red was bound by 
the FLtitein, whereas about 25 y, of the phenol red was protein-bound when a similar 
concentration of albumin was employed at pH 4.5. 
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Fig. 3. Influence of hydrogen ion concentration on the binding of phenol red by human serum 
., 

albumin, 

The above results would indicate that, under the conditions described, virtually 
all~of the ,phenol red bound by human serum is ‘attached to albuminThe relationship 
between albumin concentration and phenol redbinding is shown in eig. 4. It may ‘be, 
seen that a direct proportionality exists between protein concentration. and phenol 
red binding over the range of concentration of albumin of 4 mg/ml to 20 mg/ml.,This is 
true both of: crystalline .human serum albumin and ,pooled human serum. i ; ,‘.: 
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TABLE I 

COMPARISON OF THE RESULTS OF SERUM ALBUMIN 

DETERhlINhTIONS J3Y SODIUM FT_~LPA.TI‘> FRACTIONATION AND BY PHENOL RED BINDING 

AL!w~trirr comm~lmtiort (g/r00 ml) 
SfW1ttt8 

Sodium swlfnfe I~Izcnol red birding 

I 3.7 3.6 
2 3.8 3.8 
3 3.8 3.7 
4 4.7 4.9 
5 4.5 4.7 
G 4.9 4.7 

97 
3.9 4-o 
4.9 3.2 

0 3.7 
IO 4.6 ;:: 

That this method is applicable to the measurement cf albumin in human serum 
is shown by Table I.‘The albumin concentrations of several randomly selected human 
sera were determined by sodium sulfate fractionation and by phenol red binding. In 
most cases the two methods agree to 0.2 g/100 ml or better, a maximum difference of 
about 5 %. I .’ 
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CONCENTRATION OF HUMAN SERUM ALBUMIN (mghl) 

Fig. 4. Fklationship between albumin concentration and the extent of binding of phenol red. 

DISCUSSION 

Application of gel filtration, using such materials as Sephades, would seem to be well 
suited to the study of protein-small molecule binding. It is inherently simpler and less 
time consuming than is equilibrium dialysis, the most common technique usedin the 
past..However, gel filtration cannot be applied to all systems, since the gel binds some 
small molecules sufficiently tightly so that it competes with protein for these com- 
‘pounds. However, where interaction with the bed is weak, the method can be used 
with good results. 

&*,. 
a., .It would appear that the ,albumin-phenol red system offers a good. model for 
%t,udying this application of gel filtration. Over reasonable column lengths the binding 
,:of: phenol red by protein is constant-and the weak interaction of phenol red with the 
bed material is sufficient to produce a good separation of bound and free forms of the dye. 

,’ ,I. Chvornatog., IO (1963) M-72 
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Gel fiitratiox. sIxdies have shown, as have ultrafiltration experiments, that phenol 
red is bound by human sera and that this binding is primarily due to the albumin in 
the serum. It‘would appear that gel filtration would offer a possible method for de- 
termining serum albumin levels and albumin/globulin ratios. 

SW MMARY 

The application of gel filtration to studies of the interaction of phenol red with serum 
proteins has been examined, Phenol red is bound primarily by serum albumin, al- 
though a comparatively minute amount is bound by serum a-globulins. Serum y-glo- 
bulins do not bind phenol red. The combination of phenol red with albumin is pH 
sensitive, with a maximum at pH 4.5. No’ binding was observed above pH 8.5. The 
estent of binding of phenol red by albumin within the concentration range tested, is 
proportional to the concentration of phenol red. The use of this technique for the de- 
termination of human serum albumin concentrations is demonstrated. 
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