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THIN-LAYER CHROMATOGRAPHY 'OF AMINO ACID DERIVATIVES
WITH KIESELGEL G. N=(2,4=-DINITROPHENYL)-AMINO
ACIDS AND 3-PHENYL~2~-THIOHYDANTOINE®

[Following is the translation of an article by M. Brenner,
A, Niederwieser, and G. Pataki*¥, in the German-language

periodical Experientia, Vol. XVII, No. 4, 15 April 1961,
pages 145-153.7

)

Dinitrophenyl-amino acids (DNP-amino acids) and phenylthiohydantoines
(PTH-amino acids) are formed when proteins or peptides are treated with
dinitrofluorobenzene or phenyl-mustard-oil and the condensation product is
decomposed in an appropriatc manner (l, 2). Their separation from the
reaction mixture and, particularly, their identification are of consider-
able practical significance because, systematically applied, the reaction
sequences named permit sequential analysis of peptide structures. Numerous
authors have dealt with this problem.

The following processes were recommended for separation and charac-
terization of DNP-amino acids: chromatography with neutral silica gel (1),
buffered silica gel (3), silicic acid celite (4), kieselguhr (5), buffered
Hyflo-Super-Cel (6), paper (7), acetylated paper (8), chlorinated rubber
(9)» Amberlite IRC-50 and Duolite C=-25 (10), polyamide (1l), ionophoresis
with silica gel (12) and, finally, inverse current distribution (13). All

the above methods require either a substantial amount of apparatus or a
considerable amount of time.

% For assistance in the performance of this work we are indebted to the
Federation's Fund for the support of research (M.B.), to Professor Dr. M.
Geiger-Huber, as well as to the Group for Aid to Hungarian doctoral candi-
dates of the Botanical Institute of Basel University, the Commission for
Refugee Hungarian Students at Basel University, a private grant from the

Mo Bernasconi-Heisserer family in Muenchenstein (G. P.), and the student

aid contribution made by the Ministry of Culture, Baden-Wuerttemberg (A.N.).

** Organic Chemistry Institute of Basel University.
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Detection of the individual PTHe-amino acids presents additional
effort. The original proposal for an alkaline (2) or acid (14) hydrolysis
for the purpose of subsequent identification of the liberated amino acids ]
was unsatisfactory, because this process destroys Arg, CySH, (Cys),» Ser, ;
Thry Try, Asp(NHz), and Glu{(Ni,). In 1953, Landmann et ale. (15) as well as
Sjoequist (16) reported the unidimensional paper-chromatographic separation
: . of PTH-amino acids proper. However, the distinguishgbility failed, on the

one hand (15), with respect to Met, Val, and Phe, as well as for Leu and
, Pro, and Lys and Tyr, and, on the other (16), for Thr and Val, Ileu and
: . Valy, as well as for Asp(NH,) and Glu(NH,). Recently, Sjoequist (17) has
? : reported a new procedure which permits the separation and quantitative
‘ determination of the most important PTH-amino acids in four concurrent unie
dimensional paper chromatograms, using four different solvent systems, Asp,
Lys» Pro, and Hypro can be determined only indirectly, while only the sum
. of Leu and Ileu can be determined. The detection limit is near 0.5-1 ug
] PTH-amino acid [ptote reagent (15, 18), iodine azide (16, 19), fluorescence
) test (2027. Sjoequist, continuing an investigation by Rovery, Fabre, and
. Desnuelle (21), also developed a columnar-chromatic separation and detere
, mination procedure for PTH~-amino acids (22).

. Both in the analysis of amino acid solutions (23, 24) and in the

1 identification of DNP- and PTH-amino acids, the thin-layer chromatography
t ; method is by far the most advantageous. Primary advantages are the saving
' in time and sensitivity that is increased by a factor of 10 (25). Par- ?

; ticularly in the case of DNP-derivatives, better separation is achieved in
4 which, for example, DNP-Leu and DNP-Ileu can be easily distinguished.

DNP-Amino Acids

(Prepared by A. Niederwieser)

A. Acid~ and Water-Soluble DNP-Amino Acids, Extractable with Ether

v DNP-Arg, DNP-CySO3H» Mono-DNP(Cys),» alpha-DNP-~His (26), Di-DNP-His,
; a-DNP-Lys, and O-DNP-Tyr can be identitiea through chromatography in the
(. system n-propanol/NH434% (733 v/v) either individually or, to the extent
\ that this is practically feasible, side by side. Duration of the process
is approximately 2 hours. Table I gives Rf-values and spot identification.

In spite of the fact that DNP-Arg and §-DNP-Lys cannot be fully separated,
it is possible to detect both side-by-side on the basis of their differences
in the ninhydrin reaction. DNP=-CySO3H and Mono=DNP(Cys); in actuality
would never occur side-by~side. The sample (1 4ug pro DNP-amino acid) is |
; applied to 1 wl glacial acetic acid or 0.5 n HCl. It is important to : ’

remove excess acid before the chromatographic process is started. After !

the solution is applied, the plate should be heated to 60° for a period
of 10 minutes.
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Be Acid=Insoluble DNP-Amino Acids, Extractable with Ether

The certain identification of a DNP-derivative which belongs to

this relatively large group usually requires a two~dimensional chromatogram.
Here we use, in the first dimension, the "Toluene” System of Biserte and ‘ 1
Osteux (27) and, in the second dimension, either: chloroform/benzene .
alcohol/glacial acetic acid, or: chloroform/t-amyl alcohol/glacial acetic
acid, or: benzene/pyridine/glacial acetic acid, ors chloroform/methanol/
glacial acetic acid in the composition given below. Use of the two-phase
“Toluene"”-System involves pre-treatment of the plates and results in spots
with so-called "beards", (28) but, in view of its excellent separation

properties, this process, for the present, is considered indispensable.

To characterize the above-names systems, we shall first describe
their separation effect in uni-dimensional chromatograms. It should be
noted, however, that in the case of uni-dimensional chromatograms of DNP-
amino acid mixtures, a not insignificant influence of the quantity ratio
on the Rf-values can be determined (29). In the second dimension of two-
dimensional chromatograms this is fortunately not the case. Here Rf values
are influenced less by the quantitative ratio of the components than by
the ¥prior history" of the layer (chromatography in the first dimension,
intermediate drying). The effect mentioned proceeds to the point that one
must differentiate between the Rf values which result directly or indirectly
from systems #2 to 5 (this means after the action of the "Toluene" system

(:) in two-dimensional chromatograms) (see Table II). Since the "prior history®
may be extensively standardized, the Rf values of the second dimension
are easily reproducible. Consequently twoedimensional chromatography mix=
tures yield characteristic spot patterns which can hardly be falsified by
Rf value fluctuations. An unknown sample is therefore not chromatographed
alones but together with a standard mixture which contains a sufficient
quantity of each DNP-amiho acid in question (0.2 ug) so that individual
components are just visible after two-dimensional separation (Figure l).
The composition of the sample solution may then be detected immediately

and satisfactorily in most cases, by the intensity of the corresponding
spots.

Solvent Systems and Rf Values

Solvent Quality. Toluenes Shake twice with 1/10 part by volume
conc. sulfuric acid, with water, with 2N soda solution and water, dry over
calcium chloride, and distill through a short column. Pyridines Boil
over barium oxide for 24 hours and distill thSOugh a short column. Ethylene
chlorhydrins 2-chlorethanol purified "Fluka”>l, Ammonias 25% "Merck®
ammonium hydroxide diluted with distilled water. Benzyl alcohols Shake
with saturated bisulfite solution, wash with 2N soda, dry over sodium
sulfate and vacuum distill under N, through a short column. Benzaldehyde
mixed in alters Rf values rather strongly. Methanol and glacial acetic
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acid: distill through a short column. Chloroforms distill twiceochrough
a short column. teamyl alcohols distill the fraction 100.5-102.0% from
#pFluka" practical t-amyl alcohol. Benzenes -similar to toluene.

The specifications with regard to mixture ratios of systems #l to
5, listed below, refer to velumes at ca. 20° C.

Solvent Systems: #ls Toluene-pyridine-ethylene chlorhydrin - 0.8N
ammonia (100:30:60:60). ("Toluene* system)<’. The upper phase serves for
chromatography, the lower for pretreatment of the thin-layer (compare
experimental method). Spots with large #pbeards®”28 result from this system.
A certain loss in matter is involved.

#23 Chloroform-benzyl alcohol-glacial acetic acid (70:3053){ Sym=
metrical spots result from this system. 2,4=dinitrophenol32 and 2,4~
dinitroaniline migrate to the top.

#3: Chloroform-t-amyl alcohol-glacial acetic acid (70:30:3). This
system separates similarly to system #2. 2,4-dinitrophenol and DNP-Val
migrate more closely to DNP-Leu. Instead t-amyl alcohol is more stable
and more wolatile than benzyl alcohol.

#¢ Benzene-pyridine-glacial acetic acid (80:20:2). 1In filter
chromatography33 this system is very suitable for separation of the less
polar DNP-amino acids. 2,4-dinitroaniline32 migrates to the top:

RDNP-Leu = 1+23.

#58 Chloroform-methanol-glacial acetic acid (95:5t1). Di-DNP-Tyr
and Di-DNP-Lys, which have not been separated in any of the previously

described systems, may be clearly distinguished by this system by filter
chromatography. .

Table II gives the Rf values in the solvent systems described.
Table I1I summarizes the reaction time and several peculiarities which
merit particular mention.

Separation effects in two-dimensional methods. Figure 1 shows
separation of a standard mixture of 0.2 g DNP-amino acids each in a com=
bination of systems #1 and #2. Separation does not occur for the leucine
groups the valine group and for Di-DNP«Lys/Di=DNP-Tyr.

For separation of the latter a combination of #1 with 45 (Figure 2)
or even #3 alone may be 1sed. A combination of #1 and #4 (Figure 3) permits
distinguishing isomeric leucine derivatives and isomeric valine derivatives.
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C. Experimental Method

General Remarks

We have already described the general experimental methodza. The

instructions therein should be followed exactly. In addition the following
should be noteds

1. Layer thickness applied with the same coating instrument and
with equal ratio of Kiesel gel G to water depends on the coating speed.

2. Relatively hard layers are obtained if the coated plates can o
be air dried overnight at 20° C. At temperatures only slightly over 100° C
the gypsum contained in Kiesel gel G can no longer accomplish its function
as binder. The layer becomes soft, almost powdery. Plates "activated" at
higher temperatures (for example 2 hrs at 140° according to Cherbuliez,
et al25) become sensitive to atmospheric moisture34, and it is not sure
prising if Rf value fluctuations occur with their use.

3. Irregular layers may be obtained with small plates (200 X 50 mm)

despite the use of coating instruments. They serve excellently for orienta=-
tion but less so for exact experiments.

4., Drawing of a dividing line for limiting the migration distance
and time was recently discontinued without damage to the experiment. The
advantage of a less rigid time schedule is gained hereby.

Some special hints are required by the use of the "toiuene" system.

The "toluene' System.

Pretreatment of the thin layer. A filter paper lined separation
chamber (DESAGA Co.) is prepared with the lower phase of the "toluene*
systems On the bottom of the chamber a thick bent glass rod is placed as
a grid. Two plates prepared with Kiesel gel G are placed in the middle
of the grid with layer coated sides to the outside and each upper edge
leaning against s chamber wall. To prevent the solvent on the filter paper
from reaching the layer, these are separated by a thick pencil stroke
Parallel to the upper edge. This should stand overnights The Kiesel gel
accepts much moisture which is not noticeable by its appearance but by the

fact that substances put on the plate during this treatment may diffuse
considerably.

Chromatography on a plate pretreated in this manner prodably depends
on diffusjon between two liquid phases. In any case the effect of pretreate
ment to the plates which remain in air, is practically lost after 45 minutes.
This effect must be taken into consideration during use of the plates.




Applying the substances. If a plate is left unprotected in air for
various periods between pretreatment and chromatography, and the logarithms
of Rf values are plotted agginst the logarithm of corresponding times,
after even 2 minutes, linear loss sets in. Therefore, the pretreated layer
is immediately covered with a glass plate after its removal from the chamber
leaving a strip of only l.5 cm width free at the lower edge. The substance
can now be applied calmly. If no more than about 5 minutes are required,
the disturbance is of no importance. Application may be speeded up by the
use of relatively concentrated solutions. Volume should not exceed 1.

possible, because evaporation speed of solutions applied to pre-
treated moist layers is smaller than on dry ones, When the application is

finished the protective plate is carefully removed and the chromatogram
fmmediately initiated.

Intermediate drying with two-dimensional chromatograms. It should
remain in an air current (a well ventilated cupola) for 10 minutes, warmed
in an oven for 10 minutes at 60° and cooled in air for 10 to 15 minutes.

The second dimension can then immediately be chromatographed. Llonger

drying is not advisable because partial destruction of DNP-amino acids takes
place with air contacts oxidation of DNP-Met may simulate the presence of
Di-DNP-His with the chromatography that follows. If longer storage is

necessary after intermediate drying, the layer must be covered with a
glass plate and stored in the dark.

Visibility of spots, Application of UV light, Documentation. With
the exception of O-DNP-Tyr all DNP-derivatives are yellow. 0.1 g smounts
(one-dimensional chromatograms) or 0.5 ug (two-dimensional chromatograms)
give spots well visible when the plate is studied in daylight. The chromate
ogram must be copied within several hours since spots will fade with time.

The chromatogram i{s usually copied in counterlight with ink (soft
point) on glassine, which has been fastened tightly to the layer by means
of two paper clips. With practice even the weakest yellow spots can be
recognized on the white Kiesel gel layer. Nevertheless in many cases it
is easier to observe the plate by transmitted UV light (light source ~= layer
-« glass plate =~ glasses -~ esye). Here the DNP-amino acids can be observed
as very dark spots. Substances in small concentrations which absord weakly
are hard to see, since the Kiesel 3.1-§ypmn layer, itself absorbent,
appears dark. 1f 0.5ug sinc silicate3” is added to 25 Mg Kiesel gel G

the layer is lightened by fluorescence and O-DNP-Tyr even in small amounts
(“c 0006/“) is visible.

Preparation of a UV photoprint 36 is particularly recommended. Gevaert
GEVACOPY paper is placed with its sensitive side directly on the layer and

secured to it with a glass plate. For several seconds UV light is applied
through the layer onto the photo paper which is developed in the normal '
fashion to a positive. PFigures 1 to 3 were prepared in this manner. Greate
est sensitivity is obtained with an exposure time in which the background
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of the negative does not appear completely black, but grey. With longer
exposure the background of the negative becomes progressively darker;
simultaneously the diareter of the lighter substance spots is reduced, to
disappear completely with overexposure, Use may be made of this for

separation of large spots “shich partiaslly overlap, by dissolving them into
smaller ones.

PTH-Amino Acids

(Prepared by G. Pataki)

Solvent systems used in paper chromatographic separation of PTHe
amino acids 15-17, 20, are not usable with Kiesel gel G. Satisfactory
separations were odtsined however, with the mixtures shown in table 1IV;
in proper combination systems #6 to 9 permit direct identification of 14
of 19 quoted PTH-derivatives in table V.

PTHi~Val, PTH-Phe, PTH-Met on one hand, ss well as PTH-leu and PTH-
Ileu on the other, migrate together without exception. Generally they have
to be identified after hydrolysis in free smino acid form; if PTH-Met is
present alone, it is identifiadble directly after treatment with R,0, with=
out hydrolysis. Often determining gross composition of a peptide (total
hydrolysis) furnishes sufficient information to shorten the identification
process of Val and Phe or Leu and Ileu.

Solvent Systems, Color Reactions of PTH-Amino Acids and Rf Values

Solvent quality. Chloroform: Stabilized with 1.5% ethanol ("Fluka®
31); rormic Acids anhydrous ("Fluka®31); Glacial acetic acids methanol,
methyl ethyl ketone: commercial qualities, distilled through a short

colum; Pyridine: boil 24 hours over barium oxide and distill through a
short coluan.

The specifications with regard to mixture ratios of systems #6 to
10 zefer to volumbs at ca. 20° C. . N 3
‘Solvent systems. #63 chloroform. #7: chloroformemethanol (9sl).
#8: chloroform-formic acid (10015). ¢#9: chloroformemethanol-foraje acid
(2017212).  #102 methyl ethyl ketone-pyridine-water-g: :cial acetic ecid

- (7031531532).

Coloe resctigns. lodine aside used by Rdmmn sod Sjosquiss®® end
nevly by Cherbulies” for visibility is not the ideal reagent for PDM-
smino acids, according to.our experience. With Kiesel gel G vhite spots
are obtained on & light blue background, which are hard to see and dissppesr
quickly. Grote's resgent would be an jmprovement, but is impractical ia
use snd too time consumiag. The chlortolidine test works well. After
chlorination, protection from air currents, it rests for 3 to $ minutes.

«? -
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Very careful spraying results almost instantaneously in almost perfect
dots; further spraying increases the size of the spots and under certain
conditions they will overlap with neighboring spots (compare dots 10 and

11 in Figure 4). PTH-Gly is the only PTH-amino acid which has a character-
istic spot shape which immediately identifies it (Figure 4).

Spot size and Rf values. The dependence of spot size on substance
amount was tested for PTH-Pro in system #7. If the compound is applied
each time in 0.5 ul methanol, the spot surface with loads of 0.55 to 72 g
is about proportional to the log of the substance quantity. Rf value
remains practically constant.

Table IV gives the Rf values which are observed when the substances
are individually applied (0.5 g in 0.5 41 methanol) and chromstographed.
In the presence of mixtures, applied also in a total volume of 0.5 ul,
deviations in Rf values occur. Identification as in the case of DNP-gmino
acids should depend therefore on comparison with control substances or on
spot patterns of a two-dimensional chromatogram (loaded as a single-
dimensional chromatogram).

Identificstion of P‘Ig-:ulno Acids

4) 1Individual PTH-smino acids or siaple mixtures. In view of the
above mentioned uncertainty with regard to Rf values it is advisable to
chromatograph unknown PTH-amino acids two-dimersionally in systeds #7 and
8, and to meke a temporary assignment on basis of spot patterns in Pigure 4.
This is confirmed by a second test in which swcnl:goighboﬁng PIH amino

acids in the spot patterns are also chromatographed 11 substances may
be directly identified.

Special casest Asp, Glus appearance of a spot in area 2 (PFigure 4)

‘may be due to PTHeAsp or PTH-Glu or both. Differentiation is obtained by

a ong-dimensional chromatogram in system #9; the correlation is not difficule
1t doth subotnga sre run as controls (compare Pigure 5).

Pros If the unknown lies in the upper right ares of large spot 1),
a ois~dimensional chromatogram in system #6 using as coantrol substences
the PTH-derivatives of Wal, Met, Phe, lleu, leu and Pro (compare Pigure 6)
is indicsted. The test permits within one half hour a decision between

. PTH=Pro and (PTH-Ileu and PTH-Leu) and (PTH-Val and PTi-Net end FDi-Phe).

Mets 1If it is a matter of the last of these three possibilities, the
presence of PIH-det may be determined by a further one-dimensional chroma-
togram in the same system, if the sample s first treated with H,0, to Pri
snino acid. A ngw plate is therefore charged 4 times (A, 8, C, D) vith
oqusl quantities of the unknowm, it is dried for 60 seconds (solvent ;
methanol), and 0.5 41 Hz0; added each times to A 30/4, B 30/8, C 30/16s
D 30/32 per cent Ry02. It may be chromstographed after 2 minutes. PFigure ?
shows the resulting substance discritution in comperison to oxidation.

pomeras v
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Evaluation indicates where oxidation caused the fewest by-products (e.ge,

C in PFigure 7). If a spot appears only at the starting point and perhaps
just a faint spot further up, the presence of PTH-Met is proven. If clear
spots appear above the starting point, then PTH-Val or PTH-Phe or a mixture
of both is also present. No spot at the starting point indicates the
absence of PTH~Met; as in the case of sll negative proofs, care should be
taken.

Leu, Ileus, Phe, Val (and Met)s If on the basis of figures 4 and 6
one or more of these amino acids are present, 1 ug of the sample is
hydrolyzed for 12 hours with 6N HCl at 120° in a tube, evaporated to dry-
ness, dissolved in water and chromatographed one-dimensionally in n<BuOH-
AcOH-H,0 (60320320) or phenol-H,0 (75325)s Phe» Val and Met may be differ-
entiated from each other as welf as from the leucines?®. To differentiate
the leuci~ . in the asbsence of Phe, Val and gct. a transmission chromatogram
accord. ., to Pigure 8 in system {#10 is used33, This method for leucine
separation can be utilized also if the PTH-leucine mixture must first be
separated from other PIH-amino acids by a one-dimensional chromatogram
according to Figure 6 (compare complex mixtures). In this case the leucine
spot is extracted from the one-dimensional chromatogram vith methanol 26,
hydrolyzed, and chromatographed by the transmission method33, For positive
identification the sample used for the one-dimensional chromatogram must
contain a minimum of 1 Mg PTH-Leu or PTH-Ileu.

Remsrks. If hydrolysis is unnecessary the above described experi-
nents need a maximum of 1 g material per PTH-smino acid. It is therefore
often desirable to save time at the cost of some substance and to perform
these chromatograms simultaneocusly rather than subsequently. Time require-
ments for the various operations are: application S min., operating time
10 to 30 min.» drying 5 min., chlorination 25 min., tolidine 2 min.,
ﬂmu ain,

A) Complex mixtures. If the two-dimensional chromatogram (Pigure 4)
shows many spots, extraction msy eventually be necessary. A new chromatos
gran is prepared, chlor-tolidine treatment is omitted, and the area of spots
1l and 2 is stripped in one dircction and 1) in the other from the plate.

For extraction Kiesel gel G is suspended in about 1 ml methanol. Tempera-
ture is held at 40 to 30° for 2 minutes, then filtration, followed by )
washes with hot methanol and evaporation to dryness.

The combined material from spots 1 M_ 2 sre chromatographed one-

dimensionally in system #9 sccording to Pigure 5 with PTH-Arge PTH-Asp and
PIi=Glu as controls. .

The extract from spot 1) is treated according to paragraph A for
o, Met, Lau, lleus Phey Vol (and Met).

i
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Conclusion

DNP-Amino acids. Except for DNP-Hypro which was not examined, the
DNP-derivatives of all protein-amino acids (Fable I -and Table II) may be
simply separated by three simultaneous chromatograms in different systems ¢ .
(Table I, Figures 2 and-3)r The time involved is only one to three hours.
For positive proof of the presence of a DNP-amino acid by means of a UV~
photocopy only 2 X 10°3 M. even 104 M 1s necessary for one-dimensional
chromatogramss for example 0.02 ug DNP-Ser is sufficient. For large

loading (approximately 100 ug) it is often possible to identify a 0.05%
(1) of an unknown DNP-amino acid.)

PTH-Amino acids. “One two-dimensional chromatogram (Figure-4) and
two one~-dimensional chromatograms (Figures-5 and-6) without protracted
balancing, and operating simultaneously, can separate 14 of the 19 PTH-
amino acids,ofTab. Aided by a simple oxidation technique (Figure-7).
and by acid hydrolysis with subsequent thin layer chromatographic identifie-
cation of the freed amino acid, which is stable with hydrolysis in any

case, the missing five substances may,be identified without further efforts ..

(Figures 8 and 24). A modified chlor-tolidine test is suitable for maki

ng \
the PTH-amino acids visible; the detection limit lies at ca. 3 X 104 N, {\

for example 0.05 sLg PTH-Pro(l).

-10-
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im=DNP-His basically belongs to the group of acid soluble DNP-derivatives.
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We know from our work with paper chromatography that particularly
dinitrophenol (31) has this kind of disturbing effect (27).
A solution of 1 mg DNP-amino acid, each, in 5 ml acetone can be kept

in the refrigerator for at least 4 weeks. For one test we need ljul.
Buchs, 3G, Switzerland.

2;4-dinitrophenol and 2,4-dinitroaniline are byproducts of synthesis

- and of acid hydrolysis of DNP-peptides.

Brenner, M. and Niederwieser, A., Durchlaufende Duennschicht Chromatoe-
graphie /Continuous Thin-layer Chromatographx?. Exper., in print, 1961,
Kirk, R. E. and Othmer, D. F., Encyclopedia of Chemical Technology,
Interscience Publishers, Inc., New York, 1948, Vol. 2, page 773.

Zinc silicate luminous substance P 1, type 118-2-7, General Electric,
Cleveland, Ohio.

Cf. also Gruenewald, H., Photographie und Wissenschaft lﬁhotOgraphy
and Science/, 8, 18, 1959. '

Reindel, F. and Hoppe, W., Chem. Ber., 87, 1103, 1954. For modifica-

tion, see Brenner, M. et al., Helv. chim. Acta, 40, 1497, 1957. Chlorine

treatment should here be extended to 25 minutes.
A direct comparison with a standard mixture (cf. DNP-amino acids) is

expensive because of the limited stability (72 hours) of methanolic
PTH-amino acid solutions. :
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TABLE APPENDIX

TABLE 1

IDENTIFICATION OF ACID AND WATER SOLUBLE DNP-AMINO ACIDS
BY THIN-LAYER CHROMATOGRAP{Y IN THE SYSTEM
n-PROPANOL/AMMONIA 34% (7 : 3 v/v)

e e

RE « 100 Color Absorption Color With
o in UV Ninhydrin
{Mono=DNP- (Cys) 29 yellow - brown
DNP-CySO3H 29 yellow + yellow
ol-DNP-Arg 43 yellow + yellow
€ ~-DNP-Lys 44 yellow + brown
O=DNP=-Tyr 49 colorless +8 violet
¢%=DNP-His 57 yellow + yellow
Di-DNP-lis 65 yellow + yellow

-

(a) See Visibility of Spots, Application of UV Light, Documentation.

-13.




Rf VALUES

TABLE II

(a) of ETHER SOLUSLE DNP-AMINO ACIDS IN SOLVENT
SYSTEMS 1 to 5 WITH ONE-DIMENSIONAL, RISING OR HORIZONTAL

CHROMATOGRAPHY
» 3 3.’
(1) (1)

w| Vel e wl e

DNP-AABS, -7
DNP-AACE "

DNP-Ala
DNP-8-Ala
: DNP-;\SP
DNP-Glu .
DNP-Gly ..
DNP-llew ~
DNP-Leu
+ DNP-Nicu
DNP-Mct

DNP-Pro
DNP-Sar
. DNP-Ser
DNP.The
DNP-Try
DNP-Val
DNP-Nval

Di-DNP-(Cys)y * .

Di-DNP-His
Di-DNP-Lys
Di-DNP-Or
Di-DNP-Tyr

l 2.4-DNP-QHM

2,4-DNP-NH,»

P {02 13 08 | 09

U s 0| 39| 69
DNP-Mct.O$ " - ‘

. DNP-Phe ] 61 15| 46| e

)l 9] 92 6 | 83

ss |-1| oo o8
| 6| 35| 6
0] % | 23| 4
6 | s8] 3| 6
a1 |00 | 76| 88
‘ %0 | 0| | 2

(a) Rf » 100 shown here.
values related to DNP=Leu.

12 14 20 09 n{..1

18 .| 128 | 129 | 131 | 100 | 113

(b) Cf. text on experimental method. (c) Rf
(d) Aftear "pretreatment® of layer with

chromatography in "toluene®.system (No. 1) and intermediate drying (see
text). (e) AAB = & -gmino butyric acid.
acide (g) Met. O, = methionine sulfon.

Legend

(1) rising
(2) indirect

-16.

(2) AAC = ol-amino caprylic
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(a)
(bv)
(c)
(d)
(e)
(£)

TABLE III

NOTEWORTHY SEPARATION EFFECTS AND OPERATING TIMES FOR
ONE-DIMENSIONAL CHROMATOGRAPHY IN SOLVENT SYSTEMS 1 - 5

d.o@e @ 16 -
Z < ' .

el - - ' 4 - o)

%, | Dinitro-| Diniteo-| Leu, | Vah | .7 ®

¥ | anilin® [phenol® lleu, | Nval | Tyr, Lys

! . Nleu

S O T - 4 hﬁgm
: 3 I - - 1§h/10 cm
3 AU S - - 1 hj/iSem
i I el 3 N - 2-3h

5t = - - + + 2-3h

2,4=dinitrophenol lies between DNP-Val and DNP=Ala.
2,4=dinitrophenol lies near DNP-leu. :

2,4=dinitrophenol lies between DNP-Ala and DNP-Gly.
2,4-dinit-ophenol and 2,4-dinitroaniline lie slightly above DNP-Leu.
2,4~dinitroaniline lies between DNP-Phe and DNP«Met.

Horizontal chromstography (cf. note 33). ONP-Leu moves about 10 cm
in 2<k hours.

Legend:s (1) separation of DNP-amino scids from
(2) separation of DNP~derivatives from
(3) separation of Di-DNP-derivatives from
(4) running time
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TABLE 1V ‘ -
| Rf VALUES OF PTH-AMINO ACIDS IN SOLVENT SYSTEMS 6-9
i . WITH ONE-DIMENSIONAL RISING CHROMATOGRAFHY.
| FOR EXPERIMENTAL METHOD SEE (24)
' . Nr.6 | Nr.7 | N8 N
pri. .| CHC | CHCh= | CHCl~ |CRCL-CH,OH- i
. CH,0H.| HCOOH | KHCOOH . i
. t (9:1 viv) |{100:8v)v)] (70:80:3 v)v) : ;
Ma | ot6 | o8 | 03 [ et
of . Arg ~10 | oot | 0 024
My |3 | 48|40
‘ o Y Loon | oos |io1r | oms
. GluNH,) - . | 001 | 028 {/008. | | m~1 -
\ Gy . low|.o5 [.033° | " 0%,
His loor|.02| ¢ . el ..
Iiow . 040 | 047 057 | w1
Lew .. [ 040 | 0°7:]| 060 | 7. ~1
Lys ¢ .| 012 | 070 .| 03¢ | ~1':,
Mok e 33| .| 03 T
. ot WS, .« Uy N h v~
Phe, 028 | 07 0,50 el
Pro ., ..]| o060 | 082 065. ]| . ~1
The - 004 | 045 | 018 | . mi
CTey | 013 | 062 0,39 ~l1
Tyr . 003 | 047 0,21. " el
Val© |03 | 0% | 038 | w1
i
0 | !
; =16 _ 1
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FIGURE APPENDIX

Figure l. Two=dimensional chromato-
gram of a standard mixture of 0.2.ug
DNP-amino acids, each, in systems 1
and 2. Symbols: OH = 2,4-dinirro-
phenol (32), NH, = 2,4~dinitroaniline
(32), Di = Di-DﬁP-derivatives » of.
also Table II. UV photocopy, original
12X 10 eme -

Figure 2. Two-dimensional chromatoe
gram of 1 ,Lg DNP-amino acid each,
in systems 1 and 5. Symbols as in
Figure 1. Original 13 X 13 cm.

Legends (1) continuous
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i
. Figure 3. Two-dimensional chromato-
DiTye . O M

Di-m@ . Niew gram of a mixture of 1 g DNP-amino

Phe @ TR acid, each, in systems 1 and 4.
6°i-°m Try 9] . O Symbolss cf. Figure 1; Di-His and
e 0 Qval | Met.0, were not run in the chromato-
0 i am"_‘"‘ gram shown.
i-ig C Bas om . | Legend: (1) continuous
. by , _
' :)rm.o, The Osr -‘Hhﬁ
38n Benzel-Pyric y
. enzol-Pyridin-AcO(80:20:2)
CRED) e
. | Sysiem N2, Cﬁ .
i T ) im
y o GO <
' ¥ VW N Figure 4. Two-dimensional chromato-
vJ G L. X J gram of a mixture of 0.5 4Lg PTH-amino
v O ' acid in systems 7 and 8. (Met. 0 =
. methionine sulfoxide) original 10 X 10
cme

B e R e e

Figure 5. One-dimensional chromato-

gram in system 9 for proof of presence 03, RO IO
of PTH-Asp and PTH-Glu. Controlss SN N
0+5 pg PTH-Arg in the sample only in - Q 8" !
the special case of complex mixtures ° R

(see text). Migrating distance 1l cm.

Legends (1) sample

18 =




Pigure 6. One-dimensional chromatogram
R in system 6 for proof of presence of
TR ' PTH-Pro, PTHeleu and PTH-Ileu, and
A T PTH-Met, PTH-Phe and PTH-Val. Controls
o, ., 0.5 wg each. Migrating distance
:: o ° o.o : ..,‘ . 10 Ce
E Q'OOO- L Legend: (1) all other PTH-amino acids
('1.)*0 . .' L (2) sample
(o) i |
! o |
Pli-feg .0 o % Syt
Figure 7. Oxidation of PTH-amino Mu-hg o Lo
acids (1 ug each) of the "methicaine P, .. S
O group,® by increasing amounts of H @) ° ()
by itaclf of in mixtures (cf. test). Ming: . cO S
B = comparison without Hy0p Migrating Mewi . o o
distance 10 cm, 'llai)' e P
Lagends (1) all three. Me-me - —o
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Figure 8.

Transmission chromatogram in system 10 for separation of
Leu and Ileu (5 hrs, 1 ug Leu and lieu, each). Migrating

distance of Leu 10 cm.
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