
REVERSED-PHASE AND SOAP THIN-LAYER CHRBMA-FOGRAPHY OF 
PELTIDES 

SUMMARY 

The chromatographic behaviour of 38 peptides on layers of s&nixed silica gel 
alone and impregnated with anionic and cationic detergents has been investigated. 
On the basis of ffie comparison with the ammo acid constituents, it has been 
possible to predict the sequence of the affinities of the peptides with the different 
solvents. Many separations have been carried out on layers impregnated with 4% 
dodecylbenzenesulphonic acid sohrtion. 

INTECODUCMON 

With reversed-phase chromatography on thin layers of sila&ed silica gel 
impregnated with detergents (soap TLC), it has been possible to perform many 
separations of amino acids that can be effected only with dig&uIty or not at all on 
ionexchange thin layers’_ The type and concentration of the detergent on the 
s&nixed silica gel determines the separations that can be achieved. The retention 
of ammo acids seems to be controlled by their interactions with both the hydrophobic 
sidechain and the factional group (ion-exchange) of the detergent. 

In this work we investigated whether soap TLC can also be used for the 
separation of peptides. Interesting resuhs have recently been achieved with reversed- 
phase chromatography on C&onded silica coIum& and on pBondapak alkyIpheny1 
cohnnns in the presence of ion-pairing reagents in the eluene. 

EXPERSMENTAL 

The compounds were dissolved in water-methanol (1 :I). The amount of sub- 
stance deposited on the Layer was between 1 and 2 pg. The peptides were detected by 
spraying the wet layers with a solution of 1% ninhydrin in pyridin*glacid acetic 

acid (5:l) and then heating the Layers at RIOY! for 5 min. 
The layers (thickness 300 pm) were prepared with a Chemetron automatic 

apparatus by mixing 20 g of s&mired silica ge! 60 HF (Q (Merck+ Darmstadt, 
G.F.R.) in 50 ml of 95% ethanol with a knonm concentration of detergent. The 
detergent concentratiors reported in the text refer to the alcoholic solution in which 
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the sM silica gel was suspended. The detergents used were triethanolamine dode- 
Cyibex~~~~Iphonate (DBS), sodium dioctyisulphosuccinate (Na-DSS) (Serva, Heidel- 
berg, G.F_R), dodecy&enzensu.lphonic acid (H-DEE) @C-N Pharmaceutical, Plain- 
viexv, NY, CT.S.A.) and N-dodecyipyridinium chloride (N-DPCj (Merck). AU 
measurements were carried out at 25°C The migration distance was 11 cm u&ss 
OtherwisesMed. 

The amino acids used were glycine (Gly), alanine (Ala), serinc (Ser). isoleucine 
me), kucine (Leu), proline (F+ro), tyrosine (TF), phenylalanine (Phe), valine (Val), h&i- 
dine (His), aspartic acid (Asp), arginine (Arg),tryp;ophan (Trp) and methionine (MetI_ 

RESULTS AND DISCUSS113N 

Table I reports the chromatographic characteristics of 38 peptides on layers of 
silankd silica gel aIone and impregnated with DBS, Na-DSS and H-DBS, eluting 
with an aqueo~rganic mixture containing 5.7% acetic acid and 30% methanoI 
(apparent pH = 2.75)_ 

On layers of siknized silica gel alone the peptides with hydrophilic or basic 
amiao acids (glycine, alanine, se&e, arginine, histidine and aspartic acid) are not 
retained by the stationary phase and run with the solvent front. The peptides with 
one or more hydrophobic amino acid residues (valine, leucine, isofeucine, tyrosine 
and phenykkninej are more retained. The strongest retention is observed with the 
pentapeptide, which is mainly formed by hydrophobic amino acids and therefore it 
can be easily separated from all otherss, which is different to the resuks observed on 
impregnated layers. The chromatographic behaviour of the peptides on this layer is 
similar to that obxrved on alkylphenyl and C&onded silica columns ehrting with 
acidic SolUtiOns~~‘. 

On layers impregnated with 4% DBS a general increase in the retention of 
peptides, especially of those containing hydrophobic and basic amino acids, is 
observed. Some peptides (Gly-Pro and Ala-Pro), however, give rise to elongated 
spots and the detection of the peptides that are onty slightly retained (Asp-Gly and 
Asp-Ala) is diEcult owing to the violet colour which appears in the neighbourhood of 
the sokent frontl. 

In the p-A of 4% Na-DSS, although an increase in the retention with 
respect to DBS is observed, a change in the sequence of the & vah~es for the merent 
peptides is not achieved_ On this layer several peptides give rise to non-compact spots 
(Gly-GIy, Gly-Ala, Ala-Gly) and others (Gly-Ser and Ala-&x) give rise to a second 
spot with RF = 0.95 which can probably be ascribed to the amino acid constituents 
that are formed on the layer by hydrolysis of the peptides. This last occurrence is 
probabiy related to the acid-base characteristics of this detergent, which is formed 
from the sodium salt of a weak acid. 

On layers impregnated with 4% H-DBS, all peptides are strongiy retained 
and the spots are very compact. For these reasons the study has been focused on 
layers impregnated with this detergent- 

Table I aI.so shows the i&iuen= of the PI-DBS concentration on the chro- 
matographic behaviour of the peptides. As the percentage of detergent is increased 
a sharp increase in the retention of alI compunds, and in some instances even ih change 
in the aEnity sequence, is observed. The rever& of the sequence of the & values 
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TAaLEI 

& VAFSES OF PEPTlDES ON THIN LAYERS OF S- SlLLCA GEL ALONE AND IhQ- 
PREXHATED WiTEi DETERGENTS 

Etuent:xExter~ l-a&c acid(64_3:30:5.7). 

Pcpti Lcri-a 
SiO, SiOz i- SD2 f SiO, t SiQ, f Si02 f 

4% DRS 4% NeDSS 1% K-DBS 2% H-DES 4% B-DBS 

Gly-Gly 
G!y-Ala 
GlY-= 
Gfy-lie 
Gty-Ltu 
Giy-Pro 
W--M 
GXy-Pk 

zEz$ 

ItEz 
Ala-Ike 
Ala-pro 
Ala_lyr 
Ah-Eiys 

tzgz2 
Phe-Gly 
Pk-Ala 
WiY 
A%?Aw 
IksGly 
r3xbm 
Jkrr-Vd 
La-Tyr 
Gly-Gly43y 
GIy-Gly-Ah 
G&-h-G& 
Gly-Ala-Ala 
Ala-Ala-Ala 
GIy-GIy-Pk 
GlY-LZU-I-F 
LCU-Giy-Ph.2 
GIy-GXy-Gly-GIy 
Ala-Ah-&-Ah 
La-Trp-Met-Arg 
LcwTrp-Met-Arg-phe 

0.96 
O.% 
O_% 
0.83 
0.81 
0.96 
0.90 
0.72 
0.95 
O.% 
O*% 
0.90 
0.77 
O-92 
0.90 
0.96 
O.% 
O-96 
0.76 
0.75 
O.% 
026 
0.90 
0.55 
0.71 
0.72 
O.% 
O.% 
O.% 
O.% 
0.96 
0.76 
0.63 
OA7 
0.96 
O.% 
0.49 
0.11 

0.76 
0.68 
0.81 
0.22 
0.20 
e-s.’ 

0.44 
0.18 

Ei 
O-77 
0.37 
O-21 
0248" 
0.40 
0.16 
n.d."' 
lui_ 
0.19 
0.17 
0.06 
0.11 
0.30 
0.06 
0.13 
0.16 
0.75 
0.64 
0.67 
0.60 
0.61 
0.24 
0.13 
O-05 
0.75 
0.63 
O.tlo 
0.00 

0.60 0.88 0.68 0.44 
0.55 0.85 0.62 * 0.39 
0.71 0.93 0.75 0.53 
0.14 0.38 0.22 0.09 
0.12 0.32 0.20 0.08 
0.51 0.75 0.56 0.28 
0.33 0.59 0.44 0.22 
0.12 0.29 0.18 O-07 
O-48 0.74 0.58 0.36 
0.60 0.87 0.67 0.43 
0.70 0.92 0.71 0.50 
0.25 0.52 0.37 0.20 
O-14 0.33 0.21 0.09 
0.45 0.67 0.9 O-24 
0.30 0.54 0.41 . 0.20 
0.06 0.38 0.12 0.02 
0.92 0.95 078 058 
O-78 0.88 0.68 0.49 
0.13 0.32 0.19 OAS 
OS2 0.26 0.15 0.07 
0.03 0.21 O-05 0.02 
0.05 029 0.09 0.03 
0.24 0.47 0.35 0.14 
O-05 0.09 0.05 0.03 
0.11 0.20 0.12 O-07 
0.14 0.24 0.15 0.08 
0.56 0.83 0.66 0.42 
0.49 0.78 o-59- 0.38 
0.49 0.78 0.59 0.38 
0.46 0.74 0.56 0.36 
0.51 0.74 0.57 0.38 
0.16 0.29 0.17 0.07 
0.12 0.17 0.12 O-06 
0.04 O_W 0.05 O-02 
0.56 0.83 0.64 0.39 
0.55 0.75 0.59 0.41 
OS0 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 

* es. = elongated spot, 
-= aiErlg_ 

l *- ad = not daermined. 

for tetra-GIy and tetra-AIa on changing from 1% to 4% H-DBS on the Iayer should 
be noted. 

Influence of eluent acidby 

AS with tie acids, the chromatographic bchaviour of peptides is consider- 
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ably affected both by. the apparer;t pH of the eluent and by the counter ion (Ha') 
COilCeEbLtiOE. 

On the basis of the acid-base characteristics of these compomds (Table a), 
_qecies with different charges may exist in solution depending on the apparent pH of 

I& VALUES OF PEFZIIXS ON THIN LAYERS OF SILANIZED SILICA GEL IMPREGNATED WITH 
4% H-DES 

Elllents:(1)0.1MK~tlM~~C~Kinj0~~~OK~Kl.~;(2)0.05~tfKCItlM~~~H~ 
30% CK,OH (pK 1.55); (3) 0.1 M N2Cl f 1 M CK,COQK in 30% C&OK (PK 2-75-J; (4) O-1 M N2Cl t 0.1 
M CH,COOH in 30% CH,OH (gH 3.30); (5) 0.1 M CH&GONa + 0.1 M CH,mH in 30% CH,OK (PK 
5.10); (6) 1 M CK,COONa in 30 % CK,OH (pK 8.15). 

PeptlZ? Eh?m P&-mom6 PG-RR +P 
I 2 3 4 5 6 

GIy-Gly 0.68 
Gly-Ala 0.60 
Gly-Ser 0.73 
Gly-Ile 0.17 
Gly-Lea 0.14 
GIy-Pro 0.42 
GIY-TYr 0.31 
GIY-Phe 0.12 
Ak-Ala O-56 

AIa-GlY 0.66 
AIa-ser 0.72 
Ab-Vd 

. 

Ala-Ile E5 
Ala-Pm 0.37 
Ala-TUT 0.31 
Ala-Kis 0.x0 

Asp-GlY 0.74 

As_pAla 0.62 
Phe-Giy 0.13 
Phe-Ak O-12 

Arg-GlY 0.06 

Arg-ASP 0.08 
IkXilY 0.23 

LeU-till 0.08 
I&U-Vd 0.11 
LeU-Tyi 0.12 
Gly-Gly-GIy 0.66 
Gly-Gly-Ala 0.59 
Gly-Ala-Gly 0.62 
GlY-A&_& 0.59 
Akb4bAl2. 0.60 
Gly-Gly-Phe 0.13 
Gly-LasTyr 0.09 
L&wGly-Phe 

Gly-Gly-Gly-Gfy :: 
Ala-bAJa--Ala 0.62 
La-Trp-Met-Arg 0.00 
Lediip-Met-Ar@k -0BO 

0.60 
0.55 
O-70 
0.15 
0.12 
0.36 
0.30 
0.08 
0.52 
0.59 
0.63 
0.27 
0.13 
0.32 
0.30 

z-z 
0:6i 
0.11 
0.10 
0.03 
0.04 
0.21 

0.04 
0.09 
0.11 
0.58 
O-52 
0.54 
OX 
0.54 
0.10 
0.0.3 
0.03 
0.56 
0.57 
0.00 
0.00 

0.70 
0.64 
0.75 
0.19 
O-16 
o-49 
0.40 
0.12 
0.62 
0.69 
0.74 
0.36 
O-19 
0.43 
0.39 
0.15 
0.75 
0.68 
0.13 
0.15 
0.06 
0.09 
0.28 

0.06 
0.13 
0.16 
0.67 
0.63 
0.64 
0.62 
0.63 
0.13 
0.10 
0.03 
0.67 
0.69 
O-00 
0.00 

O-70 
0.64 
0.76 
0.13 
o-11 
0.49 
0.30 
O-11 
0.62 
0.69 
0.74 
0.34 
0.16 
0.43 
0.32 
0.14 
0.77 
0.65 
O-09 
0.08 
0.04 
0.07 
020 
0.03 
0.08 
0.09 
0.6 
0.61 
O-62 
OJ9 
0.61 
0.09 
0.06 
0.02 
0.65 

0.69 0.83 
0.71 0.85 
0.75 0.85 
3.32 0.67 
0.28 0.62 
059 0.79 
0.50 078 
0_24 0.52 
O-70 O-83 
0.73 0.85 
0.73 0.85 
0.52 0.78 
0.30 O-71 
0.55 0.78 
0.46 0.78 
0.15 O-76 
0.77 0.87 
0.67 0.84 
O-15 0.37 
0.18 0.49 
0.05 0.56 
0.11 0.69 
0.31 0.56 

0.07 0.31 
0.21 0.56 
0.21 0.55 
0.62 0.82 
0.64 O-82 
0.61 0.82 
0.63 0.82 
0.69 0.82 
0.22 0.55 
0.14 0.40 
O-04 0.20 
0.59 0.78 
063 0.80 
0.00 0-m 
0.00 0-W 

322 
3.17 
292 

- 

3.18 
281 
293 
3.12 

:$ 
- 

S-17 
8.23 
8.10 

- 

S-29 
8.65 
8.45 
8.17 
S-14 
8.16 

- 

- - 
- - 

3.05 838 
- - 

26.5 6.83.9-51 
2.10*4.53 9.07 

- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

287 836 
328 8.00 

- - 
- - 

338 8.10 
3.39 8.03 

- - 
- - 
- - 
- - 

3.42 796 
- - 
- - 

_ ‘es_ =don@edspot. 



the ehrent. On the other hand, as the peptides are generally hydrolysed with strongly 
alkaline or acidic etuents, giving rise to several spots on the layer or to elongated 
spots, the study was restricted to the pH range 1.25-8.15 (Table II). In this pH 
range the peptides change from the cationic to the zwitteriotic form and, even if not 
completely* to the anionic form. 

fn the pH range in which the cationic form prevails (columns 1 and 2), an 
increase in the RF values as the pH decreases is observed, as H’ acts as a counter ion. 
On plotting the RM values of the peptides as a function of the apparent pH of the 
eluent in the pH range l-25-2.25, straight tines are obtained for most compounds, 
The dR&lpH slopes are between 0.3 and 0.5. These values are much lower than the 
theoretical values and are even lower than those obtakd with ammo acidsl. For 
such peptides, however, the retention seems to be a&c&d by an ion-exchange 
process. 

T%e zwittcrionic form of the peptides, which prevails at pH 5.1 (coIumn 5), 
exhibits a smaller retention than the corresponding cationic form (see cohunns 3 
and 4), as observed with amino acids’. As the apparent pH of the eluent is increased 
(coIumn 6), a further decrease in retention by the layer is observed, in accordance 
with the prevalence of the anionic form of most peptides at such pH v&es. 

As regards the behaviour of the sin&e peptides, it is interesting that for those 
formed by hydrophilic amino acids an increase in pH results in a Ieveliing of the & 
va.Iues, while for the others an increase in the resolving power is observed. 

The affinity sequence of the different peptides can be predicted on the basis of 
the Rr values of the ammo acid residues. ln fact, the sequence of the oligomers Gly- 
Gly, Ala-AIa and ILeu-Leu is identical with that of the corresponding amino acids 
under the same experimenta conditions*, apart from a sharper retention of the 
peptides, As the number of the amino acid residues is increased, such agreement no 
longer applies, as tetra-Ala, for instance, is Iess retained than tetra-Gily even in 
acidic solutions. 

With dipeptides formed by two different ammo acids, referring to the oligomer 
(i.e., Gly-GIy or Ala-Ala) and replacing the final residue with other amino acids, 
the retention of the resulting peptides is correlated with that of the substituent 
ammo acid. For instance, the sequence of RF values Ala-Ser > Ala-Gly > Afa- 
Ala > Ala-Pro > Ala-RI > AIa-Be > A&His, which is observed in acidic solu- 
tions, is identical with that found for the different ammo acids (Ser > Gly > AIa, 
etc.) with the same eluents’. The replacement of the starting residue in the ohgomer 
dipeptides generahy does not affect the above sequence, but it results in a smaller 
change in the RF values. 

InpUence of organic soknr concenfmtiim 
The study of the influence of the organic solvent concentration on the retention 

of the peptides was performed keeping the acetic acid and sodium chloride concen- 
trations constant at I and 0.1 M, respectively. As the percentage of methanol in the 
solution is incmased, a d ecreasc in retention is observed for most compounds, to- 
gether with a reduction in the resoking power of the iayer. Such a trend is similar 
to that observed for amino acidsr. 



Use of water-orgmic solvent mixtures 0s ehents 
We stidied water-metham& water-ethanol and water-acetic acid zn&urcs, 

which with amino acids yielded good results from an analytical standpoint_ With 
peptides, the use of &se eluents, especially water-acetic acid, gave useful resu&s, 
particuIarly for dipeptides with low molecular weights, which are more ckarly 
dilkentiated than with eluents used previously, 

Table III gives the RF vaiues sf peptides on s&n&d silica gel isqxegmted 

TABLE m 

RF VALLES OF P EFTIDES ON THEN Lm4YEECS OF SILANIZED SILKA GEL ALONE AND 
IMPREGNAm WTH ANIONIC OR CATIONIC DZTERGENTS 

Elrznts: (1) water-acetic acid (7-3); (2) w&r-acetic acid (1:l); (3) 0.1 h4 CH,COOH + 0.1 M 
C&COONa in 30% CH,OH; (4) 1 M CH,COQH in 30% CH,OH. 

Pep&% sior t 4X Ii-DBS SiOz. SiO, f 4% N-DPC 

EhenlI EheRf2 
f&m 3 

Ehelzrrt 4 Ehent3 

G&GlY 
Gly-Ah 
GIy-Ser 
GIjLIk 
GIY-Leu 
G&Pip 
GIy-Tyr 
c-&-Pile 
Ah-Ah 
Ah-GIY 
Ah-Ser 
Ah-Vd 
Ah-El? 
Ala-Pro 
Ala-Tyr 
&-His 

i$z 
Phe-GIy 
Ph.+Ah 

Ari??GIY 
Aa-M 
==-GlY 
JLCU-LCU 
Jku-vai 

Jkl-TYr 
GIy-GIyZIy 
GIy-GIy-Ah 
GIy-Ala-GIy 
Giy-Ah-Ma 
Ah-Ala-Ala 
G&-GIy-Pke 
GIY-Leu-TYr 
Lm-GIy-Phe 

GI~--GIY-GIY-G~ 
Ala--&-Ala-~ 
LX-TpMet_Arg 
r_.e&Trp-Met-AiiPhe 

.46 
0.38 
0.54 
0.12 
0.10 
0.27 
o-27 
0.10 
O-35 
0.43 
0.51 
0.19 
0.10 
0.24 
0.26 
0.03 
0.58 
0.46 
0.10 
0.08 
0.02 
0.02 
0.15 
0.03 
0.06 
O-IO 
039 
0.34 
0.35 
0.34 
0.36 

~~ 
0.02 
0.39 
0.36 
0.02 
0.00 

0.65 096 
0.66 0.96 
0.75 0.96 
0.44 0.93 
0.40 0.90 
0.58 0.96 
0.69 0.9-1 
0.41 0.78 
0-a 0.96 
0.70 026 
0.72 O.% 
0.52 036 
0.41 0.93 
0.54 O.% 
0.62 0.96 
0.18 0J.X 
0.79 O.% 
0.71 0.96 
0.42 0.79 
0.41 0.81 
0.13 O.% 
0.18 O.% 
0.48 0.94 
0.26 0.57 
0.35 0.82 

0.49 0.74 
0.67 o-96 
0.67 0.96 
0.67 O.% 
0.67 O_% 
0.68 0.96 
0.43 0.80 
0.48 0.62 
0.25 0.47 
0.68 O.% 
0.73 O.% 
0.05 O-32 
O-03 0.07 

0.97 0.96 
097 O_% 

0.97 O.% 
0.93 0.87 
0.90 0.86 
0.97 0.95 
c.84 0.77 
0.81 0.69 
0.97 0.96 
0.97 0.96 
0.97 O.% 
0.97 0.96 
O-94 0.87 
0.95 095 
0.88 0.81 
0.97 0.96 
0.94 0.38 
0.95 0.89 
0.86 0.74 
OX9 0.81 
0.97 0.96 
0.97 O.% 
O.% 0.95 
0.80 0.71 
0.92 O.S5 
0.79 0.69 
O-97 096 
0.97 0.96 
0.97 036 
0.97 0.96 
0.97 O.% 
0.78 0.66 
0.71 0.45 
o-i0 0.46 
0.97 0.96 
0.97 O.% 
0.79 0.58 
0.51 0.19 
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with 4% H-DES elating with mktures containing 30% and 50% acetic acid; in both 
instzpnces very compact spots are obtained. The former eluent is more suitable for 
the separation of hydrophilic dipeptides such as GIy-Gly, GlySer and Ala-Ala, 
and the latter for the separation of hydrophobic dipeptides such as Leu-Leu, Leu- 
Vai and Em-Tyr. 

,Eayws impregnaid with c&ionic akergents 
Table III gives the RF values of peptides on layers of silanked s&a gel 

impregnated with 4% N-DE eluting with f M acetic acid in 30% methanol 
(apparent pH = 2.75) and wit& 0.1 M acetate btier in 30 % metbanol (apparent 
pH = 5.10), and aIso resutts obtained OIL silanized silica gel with the eluent at 
pH 5. IO. 

On layers impregnated with N-DPC, the retention of the peptides elating with 
the solution at pH = 2.75 is smaller than tbat observed in sikized silica gel alone, 
which is d.iBkrent to the results observed on layers impregnated with anionic deter- 
gents under the same elution conditions. Such bebaviour can be ascribed to the 
repulsive forces between the positive charge of the peptide and that of the quaternary 
nitrogen atom of the cationic detergent From a~ anaiytical standpoint, therefore, 
the use of t&e layers for the separation of peptides with hydrophilic amino acid 
residues and, generally, of those with iow molecular weights does not offer any 
advantage over silankd silica ge! alone, as such compounds are less well diEerentiated_ 
For peptides with higher mokcular weights and formed by hydrophobic amino acids, 
the smaUer retention may 0Eer the best separation conditions. 

With ffie eluent at pH 5.10, an increase in retention is observed for those 
peptides formed by one or more hydrophobic amino acids and by aspartic acid. At 
this pH the peptides are prevalently in the zwitterionic form, which causes a 
dw in the detergent-peptide repulsive forces and gives rise to an anionexchange 
process with the counter ion of N-DPC. 

With respect to the layers of silanized silica gel alone, where the above 
interactions are not possible, the peptides generally exhibit a stronger retention. 
However, the dipeptide Lelr-Leu, the tetrapeptide ku-Trp-Met_Ahg and the 
pentapeptide are less retained under these elution conditions. 

The use of layers impregnated with cationic detergents therefore seems very 
interesting for large peptides with one or more hydrophobic amino acid residues. 
A study of this subject is now being undertaken. 

Akaiyhid applia~i0m.s 
Of the separations that are possible on the basis of the chromatographic data 

OQ layers impregnated with anionic detergents, we carried out some of those which 
are more interesting from a~ analytical standpoint. 

Fig. I shows the separation of six dipeptides containing glycine as stazzrtg 
residue and that of Asp-Gly from Asp-Ala on layers of silanized silica gel im- 
p-ted with 4:/, H-DES, eluting with f M acetic acid in 30% methanol. Under 
such dution conditions GIy-Gly has also been separated from Ala-Ala. The separa- 
tion of t&se two peptides has aLso been performed by eluting with water-acetic 
acid (7:3)_ 

Fig- 2 shows the separation of seven dipeptides containing aianine as starting 
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SaIvent f&M_ 

Fig. 2. ThisIaycr cilromtogranlof~~desms-’ - ddkagdimpl?egnatedwitfi4%H-DBs 
sdE.ion, Migration distance = 135 cm_ Ehent: 0.05 M Hcl + I M cr3$moH in 30% methanoI 
(pH = f.55). S-P_ = starting point; S-F. = soknt front, 
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Fa. 3. Thin-hjzr chrolmtogram of tripeprides and pairs of Lwmaic dipcptides on siladzd sifica 
gel impngnakd witb 4% H-DBS solution. MTgration distamz = 14 an. EIueat: 1 It4sodium acetate 
sohtion in water-En&am 1(7_3)_m, =lz6xtwc oftripeptides;m~=mixtun of GEy-pfie and Pk- 
GIy;m,=mixnire of GIy-II= and EeGly; e = mixtm-e of tk three hxnexk pe@ides_ SJ?_ = 
stming poin;t; s_F_ = SoIvat ha_ 



ti Fig. 3 are shown ffie separations of the fonr above-mentioned tipeptides 
and of pairs of isomeric dioeptides on layers impregnated with 4% H-DBS, eluting 
with I M s~clium acet&z-in 30% methanol. It shotdd be noted that among the 

isomeric pairs of dipeptides the only separation not completely achieved is Gly-Be/ 
GIy-Leo. Similar bf2havi~ur is observed on the same layers in the separation of 
Gly-Ala from Ala-GIy, ekting with 1 M acetic acid in 30% methanol or with 
water-acetic acid (7:3). 
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