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CHROM. 3859 

DETERMINATION 017 DINITROl?IIENYLAMINO ACIDS IN STRUCTURAL 

PROTEINS BY CHROMATOGRAPHY ON NYLON POWDER COLUMNS 

I I. THE ETHER-SOLUBLE DINITROPI-IENYLAMINO ACIDS 

SUMhIARY 

A procedure is described for the quantitative determination of the ether-soluble 
dinitropbenyl (DNP)-amino acids in structural protein by column chromatography 
using nylon powder as adsorbent. The DNP-derivatives of the amino acids: aspartic 
acid, glutamic acid, serine, tbreonine, glycine, alanine and valine were estimated 
quantitatively on suck columns by eluting with phosphate buffer, pH S.o, at 60” and at 
a flow rate of 30 ml per hour. In addition, DNP-cysteic acid, the oxidation product of 
N,N’-bis-DNP-cystine, was estimated with citrate buffer, p1-I 3.0, at 30” at a flow rate 
of 30 nil per hour, . 

INTRODUCTION 

The classical reagent for estimating N-terminal and side-chain amino acids in 
proteins is SANGEIC’S I-fluoro-z,+dinitrobenzene, FDNBl. Studies using other reagents 
have been reported 2-‘1. However, most of the work concerning the estimation of 
N-terminal amino acids in structural proteins has been done with PDNB. 

Seven N-terminal DNP-amino acids, DNP-aspartic acid, DNP-glutamic acid, 
DNP-serine, DNP-threonine, DNP-glycine, DNP-alanine and DNP-valine have been 
detected in a hydrolysate of dinitrophenylated wool 5--10. The corresponcling amino 
acids are present in the lceratin with a free a-amino group ancl were therefore desig- 
nated as the N-terminal amino acids in wool. In a more recent investigation byTHo>rr- 
SONY it has been shown that in addition to these seven amino acids, cystine was also, 
present as an N-terminal amino acid in a-heratins. DNP-cysteic acid, the oxidation 
product of N,N’-bis-DNP-cystine, belongs to the water-soluble DNP-amino acids, but 
as it was found as an additional N-terminal amino acid it should be mentioned here. 

A method is now described for the quantitative determination of ether-soluble 
DNP-amino acids in structural proteins using nylon powder as adsorbent, ancl the 
corrected values for the amounts of the eight N-terminal amino acids present in the 
series of wools and silk fibroin tested are reported. The accuracy of the method was 
also investigated. 
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EXPERIMENTAL 

Structural proteins similar to those described in part I of this series were used 
for these investigations. The conditions and apparatus used are also as described in 
Part I. Only changes in the details given in Part I will be mentioned here. 

The filling of the column was done at Go” and the column was then eluded twice 
with phosphate buffer, pH 8.0. The buffer *was prepared from 2.7 g I<H,P04 and 
55 g Na,HPO,*z H,O. This was made up to a volume of 5 1 with distilled water. 

Control L)NI-‘-amino acids for equilibrating tlia coZamans 

The synthesis of the seven DNP-amino acids was carried out according to Rno 
AND SO13ER12. DNP-cysteic acid was synthesised as reported by BETTELUEIM~~. 

Skandarcl solutions of these DNP-amino acids were prepared by dissolving in phos- 
phate bufkr, pH So. DNP-cysteic acid was dissolved in citrate buffer, pH 3.0. 

I)i?aitro~laenyZatiolz of the saq51e 
Dinitropllenylation was performed as described previously. 500 mg of the 

dinitrophenylateclsample, dried for 2 h at LOSO, were hyclrolysed with IOO ml 6 N 
hydrochloric acid in a sealed tube for 16 11 at 95 O. The hydrolysate was diluted with IOO 
ml water and extracted four times with IOO ~1 ether. The combined ether extracts 
were washed with IOO ml 0.01 N hydrochloric acid and evaporated to dryness. After 
this, dinitrophenol was removed by vacuum sublimationl” because dinitrophenol 
,complicates the estimation of DNP-valine. The residue was dissolved in I ml acetone 
and diluted with 50. ml ether. This solution was extracted six times with 5 ml O,I A4 
sodium bicarbonate solution. This was then neutralised with 0.75 ml of a 3 M phos- 
phoric acid,solution and evaporated to dryness. The resulting residue was dissolved 
in buffer, pH 8.0, and made up to a volume df’Yo ml with this buffer. In the case of 
silk fibroin I g DNP-silk fibroin was hydrolysed, and after working up the hydrolysate 
as described above, the residue was made up to a volume of 5 ml with buffer, pH 8.0. 

For quantitative estimations it was necessary to determine the losses of each 
DNP-amino acid during hydrolysis. This was done as described previously and the 
factors for correction were found to be : 

A&no acid DNP- 
Asp 

Covvcction 
factor I.09 

DNP- DNP- 
GIL1 Ser 

1.10 I.12 

DNP- 
Thr 

1.02‘ 

DNP- 
Gly 

1.26 

DNl?- 
Ala 

I.05 

DNP- DNP- 
Vi31 cyso,w 

1.30 I.@ 

Cltromatog~afilay qf the etlaer-solzcble DNP-a+wino acids 
The chromatographic analysis of 2 ml of the hydrolysates of the DNP-keratins 

was performed at 366 nm, pH S.o and a flow rate, of 30 ml per h. For the estimation 
of the ether-soluble DNP-amino acids in silk fibroin z ml pqrtions which corresponded 
to 4.00 mg DNP-silk fibroin were applied on the column. It was found’necessary to 
regenerate the nylon powder after each run, 

:Cliromatogra$hy of DNP-cysteic acid 
The DNP-wool had to be oxidised with performic acid11 for the estimation of 

,‘;/e Uwomciog., 39 (Ig6g),4su-dg5 ’ ., 
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DNP-cyst&c acid. The per-formic acid solution was prepared by .mixing of 27 ml 
gS-roe yO formic .acid and ,s ml 35 o/0 hydrogen peroxide. This solution was allowed to 
stand for I h at room tenrpcrature. After cooling to o” I g DNP-wool was added. The 
oxidation process was carried out at o” for I h giving a go oh conversion of cystine to 
cysteic acid. The reaction mixture was dialysed, concentrated by means of a rotary 
evaporator (zoo) and lyophilsied. Then I g oxidised DNP-wool was hydrolysed with 
200 ml 6 N hydrochloric acid, extracted with ether and the water-soluble part evap- 
orated to dryness. The residue was dissolved in citrate buffer, pH 3.0, and made up to 
a volume of 10 ml. I ml of this solution was chromatographed on a column (20 x I 
CIII) .The total length of the filled column was 13 cm. The chromatographic analvsis was 

; 1.0 - 

w - ONP.Glu DUP-Thr 

ONP.ALa 

Fig. I. Nylon powder chromatogrnm of the ether-soluble DNP-amino acids in tllc hydrolysate of 
DNP-wool. 

performed at 366 nm, 30” and at a flow rate of 30 ml per h. After 300 rnin DNP- 
cysteic acid was eluted from the .oolumn. 

The etlzer-soluble DNP-amioto acids of a-kerntilts 
Fig. I shows the chromatogram of the ether-soluble part of a hydrolysate of 

DNP-wool containing seven peaks. The positions of the peaks were identified by 
STEUERLE AND HILLE~O. The position of the water-soluble DNP-cysteic acid, deter- 
mined at 366 nm with citrate buffer, pH 3.0, on a short column corresponded to its 
position on a long column mentioned in part I. The values given in Table I are the 
average of four estimations together with their standard deviations. They have been 
corrected for losses during hydrolysis. 

The ether-soluble DNP-amho acids of sills fibroin 
Silk fibroin was prepared according to DRUCICER at aZ.1~. The same N-terminal 

amino acids as in wool were found in this sample and the corresponding results are 
summarised in Table II. The values are the average of four estimations together with 
their standard deviations, and have been corrected for losses during hydrolysis. 
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These investigations were performed in order to estimate the known end groups 
in structural proteins; N-terminal cystine was also included in these investigations. 
The instability of N,N’-bis-DNP-cystine to acid hydrolysis has been shownl’, there- 
fore, DNP-wool was oxidised and the resulting DNP-cysteic acid estimatedll. The 
qualitative results obtained here on a-keratins agreed with those of previous workers, 
but it is not possible to compare the quantitative results obtained in this paper with 
those published earlier. This is because some results published earlier were not cor- 
rected for losses during hydrolysis ; others have been corrected, but discrepancies 
occurred because these factors for losses during hydrolysis varied. Another factor, as 
shown in this paper, was that the amount of the N-terminal residues differed from 
one type of wool to another. In view of the known variations in crystallinity, the 
difference in origin and growth, and other factors, these differences are not surprising. 
A more detailed description of the reaction of FDNB with wool will be published later. 
The existence of N-terminal amino acids in silk fibroin was not surprising*8. 

The authors thank Prof. H. %AWK for his help and advice. The authors also wish 
to thank the Forschungskuratorium Gesamttextil and the Landesamt fur Forschung 
of Land Nordrhein-Westfalen for supporting this work. This programma was sponsored 
by AIP (Project 14.05). 
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