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SUMMARY

A procedure is described for the quantitative determination of the ether-soluble
dinitrophenyl (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, threonine, glycine, alanine and valine were estimated
quantitatively on such columns by eluting with phosphate buffer, pH 8.0, 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, pH 3.0, at 30° at a flow rate
of 30 ml per hour,

-

INTRODUCTION

The classical reagent for estimating N-terminal and side-chain amino acids in
proteins is SANGER’s 1-fluoro-2,4-dinitrobenzene, FDNB?, Studies using other reagents
have been reported?-t, However, most of the work concerning the estimation of
N-terminal amino acids in structural proteins has been done with FDNB.

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 wool5-1%, The corresponding amino
acids are present in the keratin with a free a-amino group and were therefore desig-
nated as the N-terminal amino acids in wool. In a more recent investigation by THoMP-
soN™ it has been shown that in addition to these seven amino acids, cystine was also
present as an N-terminal amino acid in «-keratins. 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, and 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.

Preparation of the nylon powder columns

The filling of the column was done at 60° and the column was then eluted twice
with phosphate buffer, pH 8.0. The buffer was prepared from 2.7 g KH,PO, and
55 g Na,HPO,-2 H,0. This was made up to a volume of 5 | with distilled water.

Control DN P-amzno acids for equilibvating the colummns

The synthesis of the seven DNP-amino acids was carried out according to Rao
AND SOBER!2, DNP-cysteic acid was synthesised as reported by BETTELHEIMIS,
Standard solutions of these DNP-amino acids were prepared by dissolving in phos-
phate buffer, pH 8.0. DNP-cysteic acid was dissolved in citrate buffer, pH 3.0.

Dinitrophenylation of the sample
< Dinitrophenylation was. performed as described previously. 500 mg of the
dinitrophenylated sample, dried for 2z h at 105°, were hydrolysed with 100 ml1 6 N
- hydrochloric acid in asealed tube for 16 hat 95°. The hydrolysate was diluted with 100
ml water and extracted four times with roo 1l ether. The combined ether extracts
were washed with roo ml 0.0r N hydrochloric acid and evaporated to dryness. After
this, dinitrophenol was removed by vacuum sublimation!* because dinitrophenol
.complicates the estimation of DNP-valine. The residue was dissolved in ¥ ml acetone
and diluted with 50 ml ether. This solution was extracted six times with 5 ml o.x M
sodium bicarbonate solution. This was then neutralised with 0.75 ml of a 3 M phos-
phor1c acid solution and evaporated to dryness The resulting residue was dissolved
in buffer, pH 8.0, and made up to a volume of*ro ml with this buffer. In the case of
silk fibroin 1 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.o.
For quantrtatlve estimations it was necessary to determine the losses of each
DNP-amino acid during hydrolysis. This was done as descnbed previously and the
factors for correctlon were found to be:

Awmino acid DNP- . DNP- DNP- DNP- DNP- DNP- DNP- DNP-
. Asp Glu Ser Thr Gly Ala Val CySO,H
- Corvection :
factor 1.09 I.I0 1.I2 I.02° 1,206 1.05 1.30 1.48

Chromatography of the ethev-soluble DN P-amino acids

The chromatographic analysis of 2 ml of the hydrolysates of the DNP-keratins
was performed at 366 nm, pH 8.0 and a flow rate of 30 ml per h. For the estimation
of the ether-soluble DNP-amino acids in silk fibroin 2 ml portions which corresponded
to 400 mg DNP-silk fibroin were applied on the column. It was found necessary to
regenera.te the nylon powder after each run..

:C hromatogm]bky of DNP-cystew aczd : :
The DNP-wool had to be oxidised with perfoxmlc acid! for the estimation of
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DNP-cysteic acid. The performic acid solution was prepared by.mixing of 27 ml
98-100 % formic acid and 3 ml 35 % hydrogen peroxide. This solution was allowed to
stand for 1 h at room temperature. After cooling to 0° T g DNP-wool was added. The
oxidation process was carried out at 0° for 1 h giving a 9o % conversion of cystine to
cysteic acid. The reaction mixture was dialysed, concentrated by means of a rotary
evaporator (20°) and lyophilsied. Then 1 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 ro ml. * ml of this solution was chromatographed on a column (20 X 1
cm).The total length of the filled column was 13 cm. The chromatographic analvsis was

o]
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Tig. 1. Nylon powder chromatogram of the ether-soluble DNP-amino acids in the hydrolysate of
DNP-wool.

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

RESULTS

T he ether-soluble DN P-amino acids of a-kevatins

Fig. 1 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!?, 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.

T he ether-soluble DN P-awmino acids of silk fibroin

Silk fibroin was prepared according to DRUCKER e¢ aZ.15, 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.

J. Chromatog., 30 (1069) 491~405



H. BEYER, U. SCHENK

494

€100 F Lfo 100 F 201 zoo F Llo foo F 110 200 F fe'1 tooo F S600 foo F o1 ulo1qy IS

PA-dNA ny-dNd f15-dNa HI-dNd 43S-dNd nH-dNA dsy-dNa aduivg

‘u101qy yyis pajeaxrjun Sfojowr ur usaiS are sanfep

NIO¥dId MTIS NI SAIDV ONINV-JN(J TVNDXddl-N IHL 40 NOILYKILISH

11 41dVL

go0o F 61’1 €10 F tgt foo Fofo Czoo F €90 +too F Lgr coo F S0 fooo F 1€0 oo F Leo Iy uewmy

C6oo T €Fc goo F ¥g1 CCo F tgo foo Folo €£1oF S6c €S0 Fogo <cooF €90 €100 F €0 eIy Ynog ‘ueyoly
SlooF tgz too Ftto S1ooFoto oroF S1'1 oro F ¥e Coo F it1 Czoo F geo oo T 610 €6 S

: J[epalIIod ‘(00

oo F €1'€ €oo F 160 C100F 1L0o Voo Ferx Choo F toz oo F gbo foo F oo €100 F 9f'0 gof A\S ujodul] 1204\

900 F L1'€ 900 T €60 €foo F Lgo Stoc F 291  zoo T orf fzoo Fogx 100 F €90 tooo F zfo €6z \\G ourrour ‘joopy
goo F €€ tooF 11 SooFelo 610 F zL1 Soo Fobz SroF L&1 Czoo T Lgo fooo T Eho oulIow

pue| uelLIdY) JOOA

loo F 61€ 600 F 6.1 *ooFogo S100oF 161 goo F L&z Coo F tzx  loo T Lo1  goo F 6f0 pue[eaz MON ‘JOOA\

600 F oLt LioFogz <ooTF Co1 oo I zz€ Cfoo F goz CooF zlx 600 F z9r C€oo T tgo ujodouij ‘jooA\

900 F Lo€ oro F €c'1 Sfoo F Lgo Sfoo F €111 €goo F oz€ Cfoo F ezl €100 F ggo oo F ¥Eo oUW ‘JooA\

H'0S4>-dNa@  PAdN@ VNG 419dNd MI-dNd 4S-dNd WD dNd  SFdNd a|gmng

-ojdwes pajeonjyun Sfojownr! ui uoard a1e sanjey
SNILVHAN-X INHYA4A1a0 40 SA1DV ONINV-AN(J TVNINII1-N FHL 40 NOILVNIISH

1919VL

J. Chromatog., 39 (x969) 491-495



CC or DNP-AMINO ACIDS IN STRUCTURAL PROTEINS. II. , 495

DISCUSSION

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 estimated!!, 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?s,

ACKNOWLEDGEMENTS

The authors thank Prof. H. ZanN for his help and advice. The authors also wish
to thank the Forschungskuratorium Gesamttextil and the Landesamt fiir Forschung

of Land Nordrhein-Westfalen for supporting this work. This programma was sponsored
by AIF (Project 1405).

REFERENCES

I F. SANGER, Biochem. J., 39 (1945) 507.

2 S, UpENFRIEND AND S, I'. VELICK, J. Biol. Chem., 190 (1951) 733.

3 B. S, HARTLEY AND V, Massty, Biochim. Biophys. Acta, 21 (1956) 58.

4 A.SIGNOR, A. PREVIERO AND M, TERBOJEVICH, Nature, 205 (1965) 596.

5 W. R. MIDDLEBROORXK, Biochim. Biophys. Acta, 7 (1951) 547.

6 S, BLACKBURN, Riochem. J., 47 (1950) 443.

7 P. ALEXANDER AND L. ¥, SMITH, Proc, Intern, Wool Text. Res. Conf., Australia 1955, B 56.
S R. W, BurLEY AND W.T."DE KKocK, Arch. Biochemn. Biophys., 68 (1957) 21.
o E. O, P. TuompsoN, Australian J. Biol. Sci., 10 (1957) 225.

10 H. STEUERLE AND ]: HiLLe, Bivchem.Z., 331 (1059) 220.

11 E, O, P. Tuomrson, dustralian J. Biol, Scz‘., 12 (1959) 303.

12 IX. R. Rao AND H. A. SOBER, J. Am, Clhem. Soc., 76 (1954) 1328.

13 IF. R, BeETTELHEIM, J. Biol. Chemn., 212 (1955) 235.

14 G. L. MiLvs, Biochem. J., 50 (1952) 707.

15 B. DRUcKE®R, R, IIAmswonTH AND S, G. Smrrn, Shiviey I'nst. Mewm., 26 (1953) 196.
16 H, ZAHN AND D. WEGERLE, Kolloid-Z., 172 (1960) 29.
17 R, R, PORTER AND T7. SANGER, Rioclem. J., 42 (1948) 287.

18 I, Lucas, J. T. B, SHAW AND S, G. SyitH, Addvances in Protein Chemistry, Vol, 13, Academic
Press, New York, 1958,

J. Clhyvomatog., 30 (1969) 491-495



