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chromatogram with the butanol-pyridine-water solvent and creates no problem in 
this technique. The paper background of Whatman No. I offers very little interference 
in this analysis. This is of immediate interest in view of the findings of WEST~, who 
has reported high concentration s of selenium in various types of paper, particularly 
cigarette paper. 

Recovery studies have shown that IOO y0 of selenomethionine were recovered 
from liver and muscle homogenates but only 60 Y0 of the selenium added as seleno- 
methionine to serum was recovered from the serum methionine area. The remainder 
of the selenium associates itself with the third ninhydrin-positive spot on the chroma- 
togram and suggests a metabolic pathway for selenomethionine at the level of the 
‘serum. 

The lower limit of detectability of this method is 0.1 pmoles of selenomethionine 
per g of tissue or per ml of serum. Levels of natural, free selenometliionine in rat liver, 
muscle and serum and in human serum apparently exist at a level lower than this 
because none could be detected in these sources. Consequently, this procedure is 
useful only for studies involving the metabolism of selenomethionine where this 
amino acid is added to the organism or biochemical system. A reactor with a neutron 
flux ten-fold or one hundred-fold greater than that used in this laboratory may increase 
the sensitivity of the procedure. 
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Rapid automatic methods for the determination of llanthionine and 
lysinoalanine using an amino-acid analyser 

When wool is treated by a variety of setting processes, as, for example, in hot 
water, steam or alkalis, particular interest attaches+to the fate of the cystine residues. 
Some of these are transformed .into either ,lanthionine or lysinoalanine residues, there- 
by creating newi stable cross-linkages. in the proteins of wool. The rapid and accurate 
assay of these two amino acids is thus of considerable benefit in the study of mecha- 
nismsof set in ~0011-4. Of wider interest are the amounts of lysinoalanine formed 
during the alkali4reatment~ of a number of well-characterised protein&0. 

The work described here concerns the rapid, automatic determinations of 
lanthionine and lysinoalanine in protein hydrolysates, using the analytical train of the 
Technicon ,Automatic Amino-Acid. Analyser’: ’ ., .; 
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Fig. I. Part of the absorption spcctrn of the colourcd compounds fornvxl when 0.245 ~~molcs of 
lanthioninc and of: prolinc rcnct with 2.00 ml of CHINARD ninhyclrin reagent for 15 min at 100~. 
The solutions were coolecl, made up to 5.00 ml with acetic acid, and mcasurcd in I-cm cells against 
reagent blanks, 

To determine lanthionine, the protein hydrolysate, between 0.5 and z mg, 
according to its lanthionine content, is applied to a cation-exchange resin column 
(0-G x 50 cm, using Zeocarb 225 resin, S yO cross-linked, of nominal diameter 17,~). 
The column is eluted with a citrate buffer (0.05 M; 0.2 M in sodium ion ; pl3 3.50) at a 
rate of 32 ml/h. The eflluent stream is mixed with a ninhydrin reagent, similar to that 
of CWINAIU~, prepared by mixing ninhydrin (25 g), orthophosphoric acid (400 ml) and 
acetic acid (I zoo ml), “Acidflex” tubing must be used to pass this reagent through the 
proportioning pump. 

After colour development in the oil bath at 93” in the usual way, the optical 
density of the emergent solution is measured at 450 m,u, which is close to the absorp- 
tion maximum of the lanthionine derivative (Fig. I). As shown in Fig. 2, lanthionine 
and proline emerge in close sequence after about 30 min of elution. The column is 
immediately cleansed by passing sodium hydroxide solution (0.2 M) for 5 min, re- 
equilibrated by passing citrate buffer (PI-I 3.So) for 30 min, and is then ready for re- 
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use. For calibration purposes, 0.10 pmole samples of lanthionine are eluted through 
the column both before and after chromatographing a succession of protein hyclroly- 
sates (Fig. 2). 

A flow diagram (Fig. 3) shows the Technicon Auto Analyser set up for the 
the simultaneous determination of lanthionine as described and for the complete 
amino-acid analysis of protein hydrolysates in the conventional way. To accomodate 
both systems, eight tubes are employed in the manifold of the proportioning pump, 
together with two mixing coils, two heating coils and two cooling coils. The effluent 
for lanthionine assay passes through one calorimeter measuring its optical density at 
450 rnp, while the eflluent for complete amino-acid analysis passes through the other 
two calorimeters measuring at 440 nip and 570 mp respectively. Since lanthionine 
determinations are recorded only during a working clay, there is little interference with 
the recording of the final stages of the conventional analysis, which has run tlrrough- 
out the previous night. 

In a similar way, the resin column (o.G x 50 cm) may be used to determine 
lysinoalanine. For this the column is equilibrated and eluted with a citrate buffer 
(0.05 M; 0.6 M in sodium ion) at pE-1 5.00. The remaining conditions for chromato- 
graphy, colour development and recording are those recommended for the ~1-11 proce- 
dure used for complete amino-acid analyses’, Under these conditions lysinoalanine 
emerges just before lysine (Fig. 4; see BOHAK~). Norleucine, which is commonly used 
as an internal standard for calibration purposes, emerges with the other neutral amino 

0.7 

0.; 

0.1 

LAN STD. I 
.I 
.’ 
. 

. 

l 1 

. PRO 

l . 
L+N” :- 

. 

. . 
:: .( 
: * 

l . ‘1 * 
l . 

l . , ’ . ’ 
. . . 

. * 
. ’ 

l : ‘* 
. * . . : . . ’ 

. : 
; 

l ., : ; 

. ‘. 
. :, : 

\. 

‘, _’ : 

*-e. . ..-..........I....“.’ . ..-...I....,....“_.,,.-~ “~..-_*-.. 

i i 

I I I 1" I I I I I -_I 
IO 20 30 40 50 60 70 80 90 too 

ELUTION TIME (MIN) -b 

Pig. 2. Typical chromatogram obtainecl by applying a sample of Innthionine and a. wool hyclrolvsatc 
in turn to a column (o,G x 50 cm) of Zcocarb 225 ( x 8, 17 ,u bcacl) resin and eluting with c~tratc 
buffer, p1-I 3.80, at 32 ml/h, 0.10 /Amoles of lanthionine appliecl at time X, ancl 1500 116 of wool 
hyclrolysatc, containing 0.062 pmolcs of lantliionine ancl 0.90 j4molcs of prolinc, appliccl at time Y, 
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Fig. 3. Flow diagram of I’cchnicon Auto Analyser arranged for both complctc amino-acicl analysis, 
ancl lanthionine determination. The eight tubes in the proportioning pump (E) are rcspcctively : 
(I) CWINARD ninhyclrin (aciclflex, o.05G in. diameter); (2) nitrogen (tygon. 0.045 in.); (3) column 
elYluent (tygon, 0.035 in,) ; (4) ninhyclrin-hyclrindantin solution (solvaflex, 0.056 in.) ; (5) nitrogen 
(tygon, 0.045 in.) ; (6) effluent from long column (tyjion, 0.035 in.) ; (7) r&urn lint (aciclflex, 0.05G 
in.); (8) return line (solvaflcx, 0.05G in.). The path followecl by the mixccl solutions from (I) and (3) 
is for lanthionine cletermination, ancl from (4) ancl (0) for complctc amino-acid analysis. (A) are 
tlic two mixing coils, (R) two heating coils, (C) two cooling coils and (ID) the three colorimcters. 

acids at the beginning of the run. Until a suitable substitute, therefore, can be found, 
a known amount of norleucine is passed through the analytical train under the same 
conditions as obtain during chromatography of the protein hydrolysates. If the colour 
yield of norleucine is taken as 1.00, that of lysinoalanine is 1.49. 

When the Technicon Analyser is set up for complete amino-acid analysis, using 
a resin column, 0.6 x 130 cm, and a buffer gradient from pH 2.87 to pH 5.00, lanthio- 
nine is resolved into the nzeso- and &forms, which usually emerge between alanine 
andvaline (cf. BLACKBURN AND LI@). The exact elution volumes, however, are criti- 
cally dependent on the precise composition of the buffers and on the flow rate, and 
satisfactory resolution is not always achieved. The use of citrate buffer, pH 3.80, whilst 
it does not resolve the diastereoisomers of lanthionine, easily separates the latter 
from proline; and the use of the shorter column permits faster analysis, 

Including the time required for calibration, Cand for the necessary cleansing of 
the resin column between samples, five lanthionine analyses may be carried out during 
a working day of eight hours. In the same time, four determinations of lysinoalanine 
may be made. For both amino acids, over the range 0.02 to 0.20 ,.umoles, the accuracy 
is & 3%. 
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.:?ig. 4. Elution pttcrn obtainccl by applying a snnlplc of a wool hyclrolysate containing lysino- 
alanine to a column (0.0 X 50 cm) of Zcocarb 225 resin, L mcl elating with a citrate buffer (PI-I 5.00, 
0.G iI1 in sodium ion) at 32 nil/h. 
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