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» Individual methods are described
for the specific identification of serine
and threonine on paper chromato-
grams. The test for serine is based
on the condensation of the formalde-
hyde, liberated - by periodic acid
oxidation, with acetylacetone, in- the
presence of ammonium salts to form
the yellow, highly fluorescent, 3,5-
diacetyl-1, 4-dihydrolutidine.  Hy-
droxylysine, found only in a few pro-
teins, also gives a positive response.
Threonine is specifically detected in
the presence of all amino acids by a
test based on the reaction of acetal-
dehyde with sodium nitroprusside and
piperidine, following oxidation of the
amino acid with periodic acid.

SEVERAL METHODS have been de-
seribed for detecting and confirming
the identity of hydroxyamino acids on
papergrams. The procedure suggested
by Synge (2) involves the detection,
with Nessler’s reagent, of ammonia
liberated by periodate oxidation. This
method will not differentiate between
serine and threonine, and also requires
that the paper be free from any am-
monia that may have been employed
in the solvent. The methods suggested
by Buchanan, Dekker, and Long (1),

_and by Metzenberg and Mitchell (6)
wre also utilizable, but these too will
not distinguish between serine and thre-
onine. In the procedure described,

serine is specifically detected in the
presence of all commonly o¢curring
amino acids including threonine.

IDENTIFICATION OF SERINE

The test is based on the fact that
serine liberates formaldehyde when
oxidized with periodic acid (8). The
formaldehyde set free in the reaction is
then condensed with acetylacetone in
the presence of ammonium salts to
form the yellow, highly fluorescent,
3,5-diacetyl-1,4-dihydrolutidine (7).

The finished chromatogram, dried
at 50° C. or below, is sprayed carefully
with a 0.035M solution of periodic acid
in methanol containing 2 vol. % re-
distilled y-collidine. When the sheet
is visibly dry, it is sprayed with a

‘solution containing 15 grams of am-

monium acetate, 0.3 ml. of acetic acid,
and 1 ml. of acetylacetone per 100 ml.
of methanol. The latter solution is a
modification of the reagent described
by Nash (7) for the quantitative esti-
mation of formaldehyde. The paper
is allowed to develop at room tempera-
ture until the yellow spot indicating the
position of serine is visible. This
usually requires from 1 to 4 hours,
depending on the concentration of
serine. Under ultraviolet light, how-
ever, the spot is usually visible within
30 minutes after the application of the
second spray. The approximate lower
limit of detection for serine is 2 v per

sq. cm. in daylight, and 1 v per sq.
cm. under ultraviolet light, after chro-
matography on Whatman No. 1 paper
in the solvent system, methanol-
water-pyridine (80 to 20 to 4) (9).
The only other amino acid which gives
a positive test- under these conditions is
6-hydroxylysine. The limits of detec-
tion for this amino acid in white, and
ultraviolet light, respectively, following
chromatography under these conditions, -
are 1.5, and 1.0 v per sq. cm.

Under similar conditions, L- or DL-
threonine gives no spot in white light
even in high (85 v per sq. cm.) con-
centration. If the paper is examined
under ultraviolet light after 24 hours,
threonine is visible as a dark zone which
cannot be confused with the yellow
fluorescent serinespot. The dark threo-
nine zone is- due presumably to the
formation of diacetyldihydrocollidine
from the condensation of acetaldehyde
with the reagent (7). However, ap-
proximately 15 to 20 v of theonine are
needed for detection under ultraviolet
light, which renders its detection im-
practical with paper chromatography.
A much more sensitive reaction for
threonine is described.

The following compounds were ex-
amined, both in white and ultraviolet
light, in concentrations ranging from
35 to 50 y per sq. cm. All of the
common amino acids, o-phosphoserine,
o-phosphothreonine, o-phosphoethanol-
amine, methionine sulfone and sulfox-



ide, citrulline, cystathione, B-amino-
isobutyric acid, B-alanine, taurine, -
amino-n-butyric acid, methylhistidine,
thiolhistidine, sarcosine, cysteic acid,
asparagine, glutamine, lanthionine, or-
nithine, and o-amino-n-butyric acid
were negative under these conditions.

Compounds other than serine and
hydroxylysine which responded to the
test, and the approximate lower limit
of detection (micrograms per square
centimeter) in white, and ultraviolet
light, respectively, were ethanolamine,
1.0 and 0.8; glycerol, 0.5 and 0.2;
and L-a-phosphoglyceroethanolamine,
2.7 and 1.8.

SPECIFIC IDENTIFICATION OF THREONINE

The test depends on the fact that
threonine liberates acetaldehyde when
oxidized with periodate (6). The acet-
aldehyde is detected by applying a
slight modification of the sensitive rea-
gent described by Feigl and Stark (3).

The dry, finished chromatogram is
sprayed with the periodic acid—collidine

reagent described for serine. When
visibly dry, the sheet is sprayed care-
fully with a solution made by mixing,
just before use, 1 volume of 59, meth-
anolic solution of sodium nitroprusside
with 1 volume of 20 vol. %, piperidine
in methanol. The threonine spot is
indicated by a blue zone within 15
minutes. The sensitivity of the test
under these conditions, which may not
be optimal, is 1.5 v of L- or pL-threonine
per sq. .cm., after chromatography
under the conditions used for serine.
All compounds except threonine which
have been mentioned are negative in
concentrations ranging from 35 to 50
v per sq. cm. Higher concentrations
were not tested.

The reactions described are not neces-
sarily limited to the compounds re-
ported which give a positive response.
A review of the periodate reaction by

Jackson (4) should reveal a number of

compounds which would be expected
to give a positive reaction on chro-
matograms containing biological ma-
terials other than protein hydrolyzates.
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