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Thialysine is a well known analogue of lysine, synthesized in 1955 by Caval- 
lini cf al.‘. who also lirst reported some data on its metabolism iu vid. Thinlysine 
has been shown to be an antimetabolite of lysine3e4 and various chemicals*” and en- 
zymatic reactions - ‘I *l that it may undergo have been studied. 

Recently, we have synthesized selenalysine’2. a lysine analogue that has the 
y-methylene group substituted by a selenium atom, with the aim of studying its bio- 
logical properties in comparison with those of the sulpliur analogue. 

HzN*‘CH2.CH2.CH2.CH2.CH(NH2)+COOH Lysine 
H~N*CH2*CH2.S~CH2*CH(NH2)*C00H Thialysine 
I-12N~CH2~CH2~Se~CH,~CH(NH2)~COOH Selenalysine 

In this paper, we report the results obtained with paper and ion-exchange cllro- 
matographic methods for the separation of the two lysine analogues from each other 
and from lysine its,elf, and for their identification. In particular, it has been shown that 
thialysine and selenalysine can be easily differentiated, and this result may be of some 
interest if one considers the possibility of exploiting the aminoethylation of proteins 
for the detection of selenocysteine. 

MATERIALS AND METHODS 

Thialysine was synthesized according to the method of Rothfus and Crow”, 
and selenalysine as recently described12. All other compounds and reagents were 
analytical-reagent grade products from E. Merck (Darmstadt, G.F.R.). 

Paper chromatography was performecl on Whatman No. I paper sheets. A 
standard amount of 30 141: of the compouncls under study was used in all of the chro- 
matographic tests. 

Paper electroplloresis was performed on Whatman No. 3MM paper at 25 
V/cm. 

Ion-exchange chromatography was performed on a Bio-Cal 200 amino acid 
analyzer. The short column, (I2 x 0.9 cm) was filled with Aminex A-5 resin (Bio- 
Rad Labs.. Richmond, Calif., U.S.A.) of particle size 13.5 f 2 ,um; the long column 
(54 x 0.9 cm) was filled with Aminex A-G resin of the same particle size. 
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RESULTS 

On paper chromatography, lysinc, thialysine and selenalysine showed. in the 
various solvent systems tested and reported in Table I, the same R,: values. All three 
compounds showed only one well-defined spot that was reactive to ninhydrin. 
Nevertheless, they can be diflerentiated from each other by specific colour reactions. 
Thialysine and selenalysine gave a positive reaction to iodoplatinate14, while lysine 
did not. 

TABLE 1 

RF VALUES 
Lysinc, thialysine and sclcnalysinc show the smw RF values and, cvcn when co-chrotnatographcd, 
they did not show distinguishable spots. 

_~ . . -_.-- ~._. _._.. 
SoIverrt system RF 
_.- _.__.__...__.. . . . . . -_.-._. ._._.. .._.. 
Phenol (water-saturated; ammonia vapour) 0.85 
Collidinc-lutidinc (1 : 1, water-saturated) 0.22 
rt-Butanol-ethanol-water (4: 1 : 5, upper phase) 0.05 
rr-Butanol-acetic acid-water (4:l :5, upper phase) 0.15 
rt-Butanol saturated with 3 ‘% ammonia 0.00 
rr-Butanol-pyridine-water (I : I : 1) 0.20 
+Butanol-isopropanol-pyridine-watcr (4:s :3 :G) 0.26 
n-Butnnol-formic acid (95:s. water-saturated) 0.03 
Methanol-pyridine-water (1: 1 : 1) 0.50 
rr-Propanol (water-saturated) O.GG 
____ _.__. . . ___ ____-.__ .,...... . _.. 

Both thialysine and selenalysine gave a positive reaction to the test suggested 
by Rotllfus’s for the identification of thialysine: when the chromatograms were spray- 
ed with a 0.2 “/” solution of dimetl~ylaminobenzaldel~yde in SO”/, din~etl~ylformamide 
and then dried in an oven at I IO” for 30 min. lysine appeared as a yellow spot, while 
thialysine and selenalysine gave an orange colour. 

Selenalysine can be differentiated from thialysine by the test suggested by Scala 
and Williamsl” for the identification of the selenoamino acids. The reaction takes 
advantage of the easier oxidizability of the seleno-compounds compared with the 
sulpho-compounds, and makes it possible to identify the former by means of re- 
actions that are characteristic of selenoxides. The reaction was exploited as follows. 
After chromatography, the paper sheet was allowed to stand for 2 min over a large 
petri dish at about I cm from a IS % solution of hydrogen peroxide and then sprayed 

TABLE 11 

SPECIFIC REACTIONS 
_ _ . 
Rcngetrt LJs;,*c Thinlwrrte Sder&si~rr * .-. 
II_ . .._ . . _. _ ..-_ 
Ninhydrin -I- -l- -l- 
Iodoplatinatc - -t- -_ I 
Dimcthylaminobcnzaldchyde - -t- __ t 

(orange colour) 
H20JCI in HCl - -l- 
- _.._.._.._. --..--... .._. -. . - .._... 

. . . 
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with a 0.5 “/0 solution of potassium iodide in 2 N hydrochloric acid”. Lysine and thia- 
lysine were not affected by standing over hydrogen peroxide and did not give any re- 
action; selenalysinc was oxidized and then liberated iodine from the acidic potassium 
iodide, giving a brown spot of iodine after ;I few seconds. 

On paper electrophoresis performed in I M formic acid. in 0.2 M pyridine- 
acetate bulTer. pH 3.5 (ref. 8). or in formic acid-acetic acid-water (I :3:lG) at pH I.9 
(ref. 18). lysine. thialysine and selenalysine showed the same cathodic mobility. They 
can be differentiated by the above specific reactions. 

On the short column of the amino acid analyzer. lysine, thialysine and selena- 
lysine may be well separated from each other and also from histidine and ammonia. 
Fig. I shows the elution profile obtained when the compounds were loaded on the 
short column equilibrated with 0.35 M sodium citrate buffer. pH 5.28. and then eluted 
with the same buffer at a flow-rate of 80 ml/h at 50”. By decreasing the now-rate of 
the buffer to 50 ml/h 
lysine from histidine 
histidine overlapped 

and the temperature to 30”. an even better separation of selenn- 
is obtained, as reported in Fig. 2. In this instance, however, 
with the ammonia peak. 
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Fig. I. Elation profile from the short column at 50” C and ;I flow-rate of buffer of 80 ml/h, Elation 
buffer: 0.35 M sodium citrate. pH 5.28. a. 0.5 ,umolc of lysiw (Lys). thialysinc (T). sclcnalysinc (S) 
and ammonia (NH.,): b, same -t- 0.5 /cmolc of hystidinc (Hys). 

On the long column of the amino acid analyzer, lysine. thialysine and selcna- 
lysine can be also separated by means of dne of the elution schedules followed for the 
separation of the acidic, neutral and basic amino acids in the single-column methods. 
Fig. 3 shows the elution profile obtained by using the two-buffer elution scheme. i.e., 
0.2 M sodium citrate, pH 3.25. for the first 100 min. followed by 0.2 M sodium citrate, 
pH 4.25, that was 0.G M in sodium chloride. In Table III are reported the elution 
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Fig. 2. Elution profile from the short column at 30” and n flow-rate of buffer of 50 ml/h. Elution buffer : 

0.35 M sodium citrate, pH 5.28. Peaks as in Fig. 1. 
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Fig. 3. Elution profile from the long column at 55” and a flow-rate of buffer of 80 ml/h. Elution buf- 
fcrs: 0.2 Msodium citrate, pH 3.25, for the first 100 min, then 0.2 M sodium citrate, pH 4.25, 0.6 M 
in sodium chloride. Peaks as in Fig. I. 
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TABLE 111 

ELUTION TIMES, COLOUR YIELDS (Cl,,(.) AND /fJ40:/l.,, RATIOS 
-... -- ..~ ..- - .--_-_. ___. -_. .._. .__. -_ 
Cr~JrlporrtrrJ Elrrlion lines (n~h) c /IIY n44o:nsw’ 

Slrorr colitrrrrr. Shorr colrmrri, Lorry colrrrtrtr. 
pH 5.28, 50”. pH 5.28, 3U”, pH 3.254.25, 
80 rtdf Ir 50 mlflr 55”, 80 ?Illlll 

-........ 

Lysinc 43 
.-_-_ . _. ..- _. -.. . _ 

71 191 26 0.45 
Thialysinc 4G 77 198 20 0.30 
Sclcnalysinc 5 1 90 194 22 0.33 
Wistidinc 53 98 217 23.4 0.40 
Ammonia 60 98 186 - - 
_..__.__...^ - .._ _--.-.-_-. _.. 

l Calculated from the data’.for thc”S&rt cd&n at SO” and (1 flow-r&! of buffer of 80 ml/h. 

times, the colour yields and the A 440:A5b0 absorbance ratios for the compounds 
studied. 

Finally, the stability of selenalysine under the conditions usually used for the 
acid hydrolysis of proteins was tested. A 5-mg amount of selenalysine was dissolved 
in 10 ml of 6 N hydrochloric acid and refluxed for 24 h. On the amino acid analyzer, 
93 % of the initial selenalysine was recovered and no other compounds were identified. 
In another experiment, 2 mg of selenalysine were dissolved in 1 ml of 6 IV hydrochloric 
acid, sealed in a test-tube under nitrogen and left at I IO” for 24,h; in this instance the 
recovery was complete. 

DISCUSSION 

The results show tllat lysine, thialysine and selenalysine can be differentiated 
on paper cbromatograms by specific reactions, and can be separated from each other 
by ion-exchange chromatography. 

It may be envisaged that, as already exploited for the determination of cysteine 
as thialysine13*19. the aminoethylation of proteins may be a useful tool for tile detec- 
tion of selenocysteine in proteins as selenalysine. The fact that selenalysinecan beeasily 
identified and may be well differentiated from tlrialysinc on the amino acid analyzer. 
and the fact that, contrary to selenocystine 20, it is stable to acid hydrolysis. are essen- 
tial factors. 

ACKNOWLEDGEMENT 

This work was supported in part by a grant from the Consiglio Nazionalc delle 
R icerche, Rome. 

REFERENCES 

1 D. Cavallini, C. DC Marco. B. Monclovi and F. Azzonc. Espwicvrtia, 11 (1955) 61. 
2 D. Cnvallini, R. Mondovl and C. DC Marco, Bioclrinr. Biophyss. Acfn, 18 (1955) 122. 
3 T. Shiota, J. E. Folk and F. Tictzc, Arch. Biochw. Biophyss., 77 (1958) 372. 
4 T. Shiota, J. Mauraon and J. E. Folk, Biorhirrr. Biophys. AC/~, 53 (1961) 360. 
5 C. De Marco, Bioclrinr. Bio&ss. ACVCJ, KS (19G4) 162. 



296 NOTES 

6 P. Hcrtnann and I. Willhardt, Noppc&~_vkw’s Z. Physiol. Chcm., 349 (1968) 395. 
7 E. Work, Biocfrirn. Biophys. Actor, 62 (1962) 173. 
8 K. Sodn. H. Misono and T. Yamamoto. Biochim. Biophys. Acra. 177 (1969) 364. 
9 D. B. Hope, Ciha Found. Srruly Group. 19 (1965) 88. 

10 K. Soda. H. Tanaka and T. Yamamoto. Arch. Bioclretr~. Bioplrys., 130 (1969) 610. 
11 K. Soda, H. Tanaka and T. Yamamoto, FEBS Let?., 8 (1970) 301. 
12 C, De Marco, A. Rinaldi. S, Dcrnini and D, Cevallini. Garz. Chiru. Ital., in press. 
13 J. A. Rothfus and M. J. A. Crow. Bioclritrr. L3iophy.v. Actor. I60 (1968) 404. 
14 G. Tocnnics and J. J, Kolb. Ard. C/WI., 23 (1951) 823. 
I5 J. A. Rothfus. Awl. Biochemr., 30 (19G9) 279. 
16 J. Scala and H. H. Williams. .I. Chrontnrcqr.. I5 (1964) 546. 
17 D. Cavallini. C. DC Marco and B. Mondovi. J. Bid. C%W., 234 (1959) 854. 
18 A. E. Braunstcin. E. V. Goriachcnkova and Nguydcn Din Lat. Bioclthr. Biopl1y.s. Acfn. 17 I (1969) 

366. 
19 M. A. Raftcry and R. D. Colt. J. Bid. Cl~cwr., 241 (1966) 3457. 
20 R. E. Hubcr and R. S. Criddle. Arch, /3ioc/retrt. I3iophy.s.. 122 (1967) 164. 


