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Paper chromatographic studies on the 
amino acid metabolism of animal tissues cul- 
tivated in vitro( l ) have shown that marked 
changes in the amino acid content of synthetic 
medium ?uI lSO(2.3) occur during the culti- 
vation period. Medium M 150 contains 60 
ingredients, including 21 amino acids, in a 
modified Tyrode's solution (4). Its complex- 
ity made it difficult to detect changes in cer- 
tain amino acids. such as proline. that were 
present in low concentration or that reacted 
weakly with ninhydrin. Application of the 
isatin method for proline( 5 ) .  or various modi- 
fications of this method( 6-10), proved unsat- 
isfactory since many other amino acids pro- 
duced colors similar to that of proline. In 
earlier studies from this Laboratory( 11-13). it 
was shown that the conventional ninhydrin 
procedure could be made specific for certain 
ambo acids by treatment of the chromata- 
grams with dilute acid or alksli subsequent t3 
the ninhydrin development. Accordingly. simi- 
lar procedures were tried with the isatin 
method and from these experiments, a specific 
and quantitative method for proline has been 
developed. 

Samples of media for analysis 
(5.0 ml) were concentrated to dryness in 
VQCUO over H2S04 reconstituted in 0.2 ml of 
deionized water, and 10 h portions used, with- 
out desalting. One-dimensional descending 
paper chromatograms were developed for 18 
hours in either n-butanol-acetic acid-water or 
n- bu tanol -ethanol - wa te r solvent sy s tems . The 
chromatograms were then dried at  110°C for 
2 to 3 minutes, dipped in isatin reagent (0.4% 
isatin dissolved in n-butanol containing 4% 
acetic acid), and reheated at 1 10°C for 10 to 
15 minutes. Subsequent treatment of the 
chromatagrams, with acid, to produce a selec- 
tive color for proline is discussed in the suc- 
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ceeding paragraph. Full details of the gen- 
eral chromatographic procedures have been 
reprted( 1,ll-13).  S-ynthetic medium M 150 
was prepared as described mrlier(2,3). All 
chemicals and reagents were of the highest 
purity obtainable. Spectrophotometric mea- 
surements were made by cutting appropriate 
areas from the chromatograms and fixing 
them to the inner walls of 1 cm Corex cells 
filled with water. Optical densities were then 
determined in a Beckmann, Model DU. Di- 
rect measurements of the color intensity on 
the chromatograms were made with a densi- 
tometer (Welch Densichron). 

Results. Selective development of color 
with proline and isatin. Paper chlromato- 
grams of medium M 150 were prepared, de- 
veloped as described, and dipped in the i s t i n  
reagent. These chromatagrams were ahen 
treated with various combinations of the acid 
and alkali procedures previously found suit- 
able for specific color development with other 
amino acids( 11-13). These experiments 
showed that washing the isatin-treated chro- 
matograms with I N HCI, and suspending 
them at  room temperature far 10 to 15 min- 
utes intensified the blue proline chromogen. 
and at  the same time caused almost complete 
fading of all other colored spots. Further 
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FIG. 1. Absorptioii curve of proline chromogen. 
Measurements made in Reckmann, Model D1'. 
using 1 cm Corex cells cont:iining area cut from 

developed chromatogram. 8 p g  prolint.. 
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FIG. 2. Duplicate chromatograms, both clevelapecl by isatill, but chromatograal on right s l r l ~ ~ -  
quently clipped into 1 N HCl and waslied with water. 1 ,  :ind l,, spntht~tic nietliuni M 150, ~‘011- 

taiiiiiig 20 pg of proline; 2, a i d  2,, M 150 containing 25 p g  of proline; 3, :ind 3,, 5 p g  of 1”.olilic 
in water; 4, ant1 A,, 10 p g  of proline in witer; 5, n i i c l  5,, 2.5 pg of prolilic i i i  watcr. 
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experiments established that this acid treat- 
ment bound the proline color so firmly to the 
paper chromatograms that the excess isatin 
reagent could be removed without eluting the 
proline chromogen. This was accomplished 
by washing with distilled water while the 
chromatograms were still damp. In  this way, 
clear and distinct blue proline spots were ob- 
tained on a perfectly white background. free 
from any contamination with other amino 
acids. The absorption curve of this proline 
color is presented in Fig, 1 and shows a masi- 
mum at 600 mp. with a broad plateau be- 
tween 580 and 620 mp. The absorption curve 
of the proline and isatin chromogen does not 
appear to have been reported previously. 

..I pplicatiori of sprcijic proliric itrcthod t o  
corizplcs synthctic- rircdia. The application of 
this method to synthetic medium 31 150 con- 
taining different levels of proline and hy- 
drosyproline is illustrated in Fig. 2 .  showing 
2 identical chromatograms. both developed 
by the conventional isatin prxedure(5.6).  
but the second subsequently dipped into 1 S 
HC'1 and washed with water until the orange- 
yellow background color of the isatin reagent 
has been removed. By the conventional pro- 
cedure (Fig. 2 .  1 , and 2 , ) .  the presence of 
20 and 2 5  pg of proline can be seen (1, re- 
gion). but interpretation of the chromatogram 
is made difficult by the large number of other 
amino acids also showing color development 
with isatin. and by overlapping of the proline 
spot with alanine ( K )  and tyrosine (31). 
Application of the new procedure (Fig. 2 .  In 
and 2,) removes the interfering amino acids 
and proline is left as the only spot. The com- 
parative behaviour of proline (L region) and 
hydroxyproline (H region) is also shown on 
these chromatograms. By the conventional 
isatin procedure (Fig. 2.  3, to 5 ,  ) , 5.  10. and 
25 pg of proline show distinct color develop- 
ment, while the same quantities of hydroxy- 
proline show only slight color formation. Ap- 
plication of the new procedure (Fig. 2? 33 to 
53) clarifies the proline color development 
and, at the same time. completely removes the 
hydroxyproline color. 

Quantitative measurement of proline by  the 
new procedure. The gradation in color in- 
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].'I (;. 3 .  Stniii1;ird curves for graded concentrations 
41f 1 i i x ) l i i i e  i i i  11 150. Curve A, mensurements iiiade 
i ! i  I h v k i i i : i i i i i  at (i00 nip. Curre R, measureiiieiits 
I I I : I ~ ~ I ,  011 cliroiiiiitograins with a densitometer. ,411 
Iloi tits ixq)nwwt :irg values from 10 separate chro- 
I I I : I  togriiiiis coiit:iiiiiiig total amounts of proline 

specified. 

tensity with graded concentrations of proline 
( Fig. 2 .  3:: to 5 : : )  suggested that this procedure 
might be made quantitative. Attempts to 
elute the proline color with water, dilute HCl, 
tlilute SaOH.  methanol, ethanol, butanol, 
1)rol)anol. acetone, carbon tetrachloride, or 
I)enzene were unavailing, even though the ex- 
tractions were performed with mechanical 
>haking until the filter paper was reduced to 
;t pulp. Attempts were then made to deter- 
mine proline directly on the chromatograms, 
employing a densitometer to measure peak 
density of graded levels of this amino acid. 
I-ollowing these measurements, the proline 
areas were cut from the chromatograms, 
placed on the inner walls of 1 cm absorption 
cells containing water, and the color intensity 
measured in a spectrophotometer a t  600 mp, 
employing as a blank a cuvette containing un- 
treated filter paper. By careful placement of 
the proline spot to cover the center of the cu- 
vette face, accurate measurements of peak 
density were obtained. The standard curves 
obtained by these two methods, based on the 
average results from 10 separate chromato- 
prams containing graded amounts of proline, 
are presented in Fig. 3. By the spectropho- 
tometer method (Fig. 3, Curve A), a linear 
response is exhibited over the concentration 
range of 1 to 16 pg. With the densitometer 
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method (Fig. 3, Curve B),  linearity is main- 
tained from 1 to 6 pg, then falls off. Attempts 
to maintain linearity by measuring both area 
and peak density were unsuccessful, and, for 
this reason, the spectrophotometer method is 
recommended for use. 

Discicssion. The isatin method has been 
used for determination of proline in known 
amino acid mixtures( 5-10) but application of 
this method to complex biological media is 
difficult, since many other amino acids form 
colored complexes resembling that of proline. 
The present experiments have shown that the 
isatin method can be made specific for pro- 
line by subsequent treatment of the chromato- 
grams with dilute acid. The chief advantages 
of this new procedure are simplicity and de- 
gree of specificity achieved. Moreover, use 
of this method with synthetic medium M 150 
precludes interference by approximately 60 
substances of biological importance, including 
amino acids, purines, pyrimidines, vitamins, 
and accessory growth factors. In  addition, 
this method does not require desalting, even 
though the concentration of inorganic ions 
in the synthetic medium is high. Binding of 
the proline chromogen to the paper and fading 
of the isatin colors of the other amino acids 
resulting from the acid treatment makes it 
possible to apply this method under condi- 
tions of poor separation and resolution on the 
chromatograms. Quantitative studies have 
established that the intensity of the color is 
linear over a concentration range of 1 to 16 
pg of proline. This range is sufficient to 
measure the levels of proline normally en- 
countered in natural substances. The appli- 
cation of this method for proline, in conjunc- 

tion with the specific method for hydroxypro- 
line previously reported( 13), makes it pos- 
sible to determine selectively each of these 
amino acids in biological materials. 

Summary. A specific method for detemin- 
ing proline is reported, based on treatment of 
isatin-developed paper chromatograms with 
dilute acid. None of the 20 other amino acids 
of synthetic medium M 150, including hy- 
droxyproline, reacted by this procedure. The 
proline chromogen exhibits an absorption 
maximum a t  600 mp. The color is remark- 
ably stable and can be used for the quanti- 
tative determination of proline over the range 
of 1 to 16 pg. 
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