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IJrzderivatizd dipeptides have been separated by high-performance liquid 
chromatography on MicroPak AX-IO (a silica based, bonded phase, weak anion- 
exchanger) using mixtures of triethylammonirtm acetate buEer and acetonitrile as 
eluent About Arty dipeptides were esamined. Sequence isomeric and diastereo- 
isomeric dipeptides were also tested. AU pairs of sequence isomers examined were well 
separated. DL,DL-Dipeptides gave two peaks which were completely resolved- It was 
found out that these peaks correspond to mixtures of D,L- and L,D-isomers and of 
L,L- and D,D-iSOmerS, respectively_ Separation of oligomers into classes by chain 
length was also demonstrated. 

The described method is sensitive, fast and gave excellent separations. Sharp 
symmetrical peaks were obtained. In all cases no double peaks were observed. 
Triethylammonium acetate buffer allows detection of free amino acids and peptides 
at FyaveXengtbs in the range 2QOGZO nm. Moreover, it is volatile and facilitates further 
direct i&2stigation of separated compounds. 

INTRODUGIlON 

c)ne of the methods for sequencing of peptides involves their hydrolysis into 
dipeptides with dipeptidyl aminopeptidase I @AI? I)l-+. A tier DAP I digestion of 
ffie peptide following removal of its N-terminal amino acid residue by a single Edman 
degradation3 &ads to a second, overlapping set of dipeptides. The identification of the 
released dipeptides in the two mixtures can be used to reconstruct the sequence of the 
peptide+ This, however, requires efficient methods to separate the digestion mixtures 
into their components. 

Dipeptides have been analyzed by ion-exchange, paper and thin-layer chro- 
matography’-“. Gas chromatography or combined gas chromatography-mass 
spectrometry has also been employed for separation and identikation of dipeptides, 
but only afk derivatizationl-. 

High-performance liquid chromatography (HPLC) has been widely used for 
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separation of peptidest3-36. Grushka and co-workerPnt6 reported the separation of 
some dipeptides cuntzining aromatic amino acids on a ‘tipeptide bonded stationary 
phase. A few pairs of sequence isomeric dipeptides have also been resolved by the 
above technique. Mofn&r and Horvath= obtained excelkmt separations of some 
dipeptides and other small peptides on non-polar stationary phases using either 
phosphate buffer or perchloric acid with acctonitrile as the gradient former. The 
separation of nnderivatized dipeptides on four different reversed phases has been 
described by Lundanes and Greibrokk 32_ The capacity factors of the separated 
compounds were measured, but no chromato,orams were given. Nakamura et al.= 
separated some hi&dine containing dipeptides on a strong cation-exchanger. 

In this paper, we describe the separation of underivatized dipeptides by HPLC 
on a silica based bonded phase weak anion-exchanger using mixtures of triethyE 
ammonium acetate buffer and acetonitrile as the eluent. About fifty dipeptides 
containing all kind of amino acids were examined. Separation of sequence isomeric 
dipeptides, resolution of diastereoisomers and fractionation of oligomers into classes 
by chain length was also undertaken_ 

Triethylammonium acetate buffer has been chosen as the eluent because it 
shows an excellent miscibility with acetonitril@, buffers well at the pH employed and 
is easily prepared from triethylamine and acetic acids38*3g. Its major advantage is that 
it allows detection of eluted amino acids and peptides at wavelengths in the range of 
200-220 nm because of its low absorption in that region. In addition, this buffer is 
readiiy removed from the eluted samples by freeze-dryin~. This property of the 
eluent facilitates further isolation and analysis of the separated compounds. 

EXPEFUMENTAL 

Apparatus 
Separations were performed using a Varian Model 8500 liquid chromatograph 

(Varian, Walnut Creek, CA, U.S.A.) equipped with a high-pressure sampling valve 
(V&o, Houston, TX, USA.). The c&mm effluents were monitored by means of a 
variable wavelength detector (cell volume, 8 pl) (SchoeEel SF 770, Westwood, NJ, 
U.SA.). Filtration of the solvents was carried out usi;ng a pymx f&et holder @her 
pore size, O-22 pm) (Mihipore, Bedford, M4, U.S.A.). Samples were taken up in 
deionized and distilled water and filtered by means of a Swinney filter (Millipore). 
SampIe size varied between about 50 and 100 ng of material injected. A guard column 
packed with a pellicular anion+zxchanger (Whatman, Clifton, NJ, U.&A.) was used 
between the sampling valve and the column. AIt separations were carried out on a 
30 x 0.4 cm MicroPak AX-10 column (Varian) which is a difunctional weak anion- 
exchange bonded phase prepared on LiChrosorb Si-60 silica (10 pm). Prior to chro- 
matography the cohnnn was equilibrated with 4QO ml of 0.5 M triethylammoninm 
acetate (pH 3.4). This cohnrm provides efIicient separations with either aqueous buffer 
or aqueous btier-orgauic solvent mobile phases and has suaxxs~y been U-S for 
separation of nucleosides, nucleotides and bzses -_ The separation and sequencing 
of pyrimidine deoxypentulucleotide‘sequence isomers has also been performed using 
this cc1umr.l~. 

Materials 

Dipeptides were obtained from Sigma (St. Louis, MO, U.S.A.) and Research 
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Plus bbs. (Denville, NJ, U.S.A.). Triethylamine (Eastman Kodak, Rochester, NY, 
U.S.A.) was purified by refluxing for 3 h with 2&diaminopheuol dihydrochloride 
folIowed by distilIation39. A stock solution of 2 M trietbylammonium acetate @M 4.3) 
was prepared by addition of triethyIamiae to an acetic acid solution. Working solu- 
tions were prepared by dilution of the stock solution and titration with glacial acetic 
acid to the desired pH value. Buffer solutions were prepared using deionized, distilled 
and filtered water. Glass-distilled acetonitrile was purchased from Burdick & Jackson 
Labs. (Muskegon, Ml, U.S.A.) and used as supplied_ 

RESUJXS AND DISCUSSION’ 

Dipeptides are generally not retained on MicroPak AX-IO if btier solution is 
used as the eIuent. Addition of the organic soIvent, acetonitrile, to the mobiie phase 
increases retention times of dipeptides and facilitates their separation. Even aliphatic 
dipeptides are retained on MicroPak AX-10 and give reasonabte retention times under 
the conditions described in this paper_ Gradient elution may also be used to elute 
dipeptides with higher retention times by increasing the percentage of the buffer 
solution in the eluent. 

Fig. 1 shows the separation of a mixture of sixteen selected di_peptides on 
MicroPak AX-10 at 40°C by isocratic elution with a mixture of 32 % 0.01 M triethyl- 
ammonium acetate (PH 4.3) and 68 “/, a&o&rile. The absorbance profiIe represents 
a resolution of 12 peaks. Dipeptides containing acidic amino acids Asp and GIu do 
not elute under the conditions described in Fig. I. Such compounds cau be eluted 
from the column by decreasing the pH of the mobile phase_ Separation of a mixture 
of six dipeptides containing acidic amino acids was accomplished using a mixture of 
60% 0.01 M triethylammonium acetate (PH 3.1) and 40% acetonitriile (Fig. 2). 

Separation of sequence isomeric iiipeptides 
The resolution of the sequence isomeric dipeptides is very important for the 

sequencing of peptides. In this paper, twelve pairs of sequence isomeric dipeptides 
were examin ed. Their separation was demonstrated in two mixtures. Fig. 3 shows the 
separation of a mixture of six pairs by isocratic elution with 32% 0.01 Icb triethyl- 
ammonium acetate (pH 4.3) and 68 0A acetonitile at 40°C. Except DL-LeU-DL-Ah the 
dipeptides in this mixture were in L,L-configuration. DL-km-DL-Ala gave hvo peaks 

@eaks 1 and 4). The peak with the longer retention time most probably represents the 
L,L-configuration as discussed below in separation of diastereoisomers. 

AII pairs of sequence isomers were completely separated. The separation of the 
remaining six pairs is given in Fig. 4. Gradient eIution was employed to elute L-Met- 
L-AIa (peak 11) and r_-Ser-L-Ala (peak 12) in reasonabie time. DL-Ala-Dr.-Ser gave two 
peaks (peaks 6 and 9). Peak 9 most probably represents the L,L-configuration (see 
below). With the exception of the pairs GIy-L-Leu, L-Leu-Gly and r.-Ala-GIy, Gly-L- 
AIa, all pairs were compIeteIy separated. An acceptable resolution of these pairs, 
however, could be obtained (peaks 1,2 and 7,8, respectively). 

The elution order of a pair of sequence isomeric dipeptides seems to obey 

l Abbreviati~rxs for amino acids and peptides follow IUPAC-IUB recommen&tions (S B&J- 
c&m. i., 126 (1972) 773). 
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Fi~l_!tkpalation ofxmle sekcted d$eptides_ Cok Iuia-opak AX-IO (iOpKn), 30 x OAcm_ 
Temzrmmi40°c.El~en~~ of32%0.01Mtri~y~ooniumacetate(pH43)and68% 
~~~-Row~~1nljmin.Peaj=r:l=L-ATg-L-P~;2=~-~~-~~;3 =GIy-L-bolesand 
L-Jim-~-Tip; 4 = L-&-L-IS&XX; 5 = L-TrpGIy; 6 = L-Trpr-pk; 7 = L-V~.I-L-V~~ and L-&-L- 
His; 8 =L-Trp-~-Ah;9 =L-Ak-L-Thrand r-Met-~-Met; lO=Gly-GIy and ~-Phcs~-Pk; ll= 
r-Ser-L-P&z;12 =L-Tyr-L-Tyr_ 

FiZScpaariionofso~l-dipeptikmtainiyvidichotids_ CoIum0uinF.i.i l_Tcmper- 
atun.40°C_El~~mixhrre of~*~0_01~~~~y~o~~a~~eOH3_1)aod40%acetoni~ 
Ziow-ra~ l.SmI/mi~~ Peaks: 1 = L-AlaL-GIu; 2 = Gly-~-G!ti; : = cz-LK~Iu-L-Ah; 4 = r--Ah-L- 
Asp;5 =Gly-~-Asp; 6=y+Cilu-r-La. 
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Fii 3.5Gpmtioo orseqme izjomc& cEpc#kks.Coltmm dcsa.iIsasinF~f_Peaks: ~=DL-Ls- 
DL-Ab;2=GIy-L-pfh-;3 =L-Ah-L-~Gly-r_Met& L-AIa-r-Pk; 4=GIy-~-T~and~L-Leu- 
E?L-A~;S=L-A~~ T -L- yr;6 =L-Pke-GIy;7 =L-Ty-r-Gly;S =L-Met-&9 = L-PTw-Alrp; 10 = 
L-Tyr-L-A&. 
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Fig. 4. Separation of sequence isosneric dipeptides. Column as in Fig. 1. Temperature, 50°C. Eluent: 
A, acctaniirilc; B, 0.01 M trietbyIammonium amate @H 4.3, gradient program: step I, isocratic 
with 70% A and 30% B for 2.5 tin; step 2, linear gradient of 0.4% B pex min. Flow-rate, 80 ml/h. 
P: 1 = Gly-t-Lx; 2 = L-Leu-Gly; 3 = L-Ah-L-Met and Gly-L-V& 4 = L-Vzal-L-Phe; 5 = L- 
Val-Giy; 6 =DL-&-DL-!%r; 7 =L-Ala-Gly; 8 =GIy-L-iUa; 9 =DL-Ma-DL-Ser; 10 =L-Phe-L- 
VztI;ll =L-&&t-L-A.la;12=L-ser-L-Ak 

certain rules. In the case of dipeptides containing only alipbatic amino acids, the 
dipeptide having a shor& side chain isa the tirst amino acid elutes tkt: L-Ala-~-Lax 

< L-I.eu-~-Ala (pa& 3,4); GIy-L-Met < L-Met-Gly (peaks 3,s) (Fig. 3); GIy-L-LB 
< L-LX-Gly (peaks 1,2); L-Ala-L-Met -K L-Met-L-Ala (peaks 3,tl); Gly-L-Val 

c ~-Val-G1y (peaks 3,5); ~-Ala-~-&r < L&x-L-Ala (peaks 9,12)(Fig. 4). 
Among seven examined pairs of this type there is one exception: L-Ala-Gly 

dute~ faster than Gly-L-A!a (peaks 7 uld 8 in Fig_ 4). 
In the case of dipeptides containing both alipatbic and aromatic am&o acids, 

the dipeptide having a~ aliphatic side chain in the first amino acid elutes first: GIya.- 
Phe < L-Phe-Gly @e&s 2~5); L-Ala-L-Phe c E-Phe-L-Ala (peaks 3,9); Gly-L-Tyr 
< L-Tyr-Gly (peaks 4,7); ~-Ahz-~-Tyr -=z L-Tyr-m%Ia (peaks 5,IO) (Fig. 3); L-Val- 
L-Phe < L-Phe-t-Val (peaks 4,IO) Fig. 4). 

These ruks given above, of course, cannot be generalized without examining 
alI possible pairs of sequence isomeric dipeptides. 

Sepiutztiorz of diastereoim7ters 
~VenDL,DL-dipeptideswere examined in order to find out wheer the cohmm 

used in this paper shows an abiity to-separate cli~reoisomeric dipeptides, 
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The separation of these compounds were demonstrated in a mixture as sho~~n 
in Fip. 5. !?? D&DL-d@ptides with the eXCq%b of DL-Aki-DL-phe gave two peaks 
which were compIeteIy resoIved from each other. ApparentIy DLAia-DL-phe do not 
contain the ~,~-configuration since L-Ala-L-Phe shows a longer retention time (peak 6) 
than DL-Ala-DL-phe (peak 2). Resides the complete resolution of two peaks from 
D/DL-di_peptides this chromatogram aIso shows a nice separation of these compounds 
from each other. 

0 10 20 
TIME 1HiN) 

0 10 20 
TIME (XIN) 

Fig_ 5. Separation of divtereoisorneric dipeptides. Column as iii Fig. 1. Temperature, 4YC. Uuent, 
tixt~~~ of 35 aA 0.01 M tiethylammonium acetate (PH 4.3) and 65 o/Q ztcetonitie. Row-rate, 1 ml/ 
rr!. Peaks:1 = Dr-ku-rx-Phe;z = DL-A!%DL-Phe;3 = DL-I_~u-DL-&;~ = DL-A&DL-V&S = 
DL-kU-DL-P&e; 6 = r-Ala-r-Phe; 7 = DL-AIz-DL-A~zuI~DL-A~DL-V&S = DL-LOU-DL-Ala; 9 = 
DL-A&IL&r; 10 = DL-A&DL-&ZI; 11 =DL-A&DL-Ab; 12 = DL-&-DL&r; 13 = DL-A&DL- 
Am_ 

Fig. 6.Separationof ~-&nineo~gomes.cOiumn detailsash Fig.5.Peks:I = ~-Ala;2 = L-A& 
L-Aia; 3 = t&r_-Alz;4 = tetn-L-Aia; 5 = hexa-~-Ala. 

Since ah four diastereoisomers (D,L; L,D; L,L and D,D) were not avaiIabIe for 
the dipeptides investigated, the assignment of the peaks from DL,DL-dipeptides was 
based on the elution pattern of diastereoisomers of Ala-Ala, where ah four con&gu- 
rations were availabie. In the Ala-Ala system the D,L- and L,D-isomers (peak 7) couId 
be separated from D,D- and L+-isomers (peak 11) but the two isomers in each group 
couh not be separated from each other. Recently, Lundanes and Greibroke’ tested 
several diastereoisometric dipcptides on reversed-phase columns., and were able to 
separate L,L- and D,D-iSOmerS from D,L- and L,D-isomers, but were also unable to 
separate the isomers within the two groups. They found that L,L- and D,D-isomers 
generally had lower retentions than the L,D- and D,L-isomers on reversed phases. 
under our experimental conditions the elution order of these isomers is the reverse 
of that observed by Lundanes and Greibrokk= on reversed-phase columnn. 

Manning and Moore? who tested L,D- and L,L-isomers of twenty-one dipeptides 



could separate &D-isomers from E&-isomers on a cation-exchanger using a COQ- 

ve~tioplai automatic ammo acid analyzer. IQ ali Cases, L,D-isomers were eluted faster 
thau L&-isomers. This is the same elution order found in this paper, and is apparently 
characteristic of ion-exchange cohmms. Hence, the conclusion can be drawn that&v0 
peaks of each DLpL-dipeptide in Fig. 5 (with the exception of DL-Ala-DL-Phe which 
gave only one peak) correspond to D,L- and LD-isomers (shorter retention time) and 
to L&- and D,n-isomers (longer retention time), respectively. 

Separation of oligomers 
L-Alar&e oligomers have been used in order to find out whether the length of 

the peptide cbtiin ‘tas a contribution to the retention of peptides under the conditions 
described in this paper. Fig. 6 shows the separation of L-ala&e oligomers using a 
mixture of 35 ok 0.01 M triethylammonium acetate (pH 4.3) and 65 % acetonitrile at 
45°C. The monitoring wavelength was 200 nm in order to detect L-alanine. It can be 
seen that L-alanine is well retarded on the column under such conditions and elutes in 
a reasonable hime_ The oligomers are well separated from L-ala&e and from each 
other. Penta-L-Ala was not available to us. It should be noticed that the difference 
between the retention time of r.-alanine and those of its oligomers is much longer than 
that between the retention times of the oligomers. 

The result obtained with Ala-ohgomers suggests that the chain length has a 
con’ilibution to the retention of peptides under the conditions used in this paper. 
However, further studies with other ohgomers are required to support this finding. 

Injiuence of temperature OIL retention and separation 
The increase of the temperature generally causes an increase of the retention 

times under the conditions described above_ In most cases the separation of a mixture 
could be improved by increasing the temperature to a certain limit starting at room 
temperature_ For instance, L-Ala-L-&r and L-Phe-L-Val (peaks 9 and 10, respectively, 
in Fig. 4) were not resolved at the temperatures below 50°C which was found to be the 
optimal temperature for this particular mixture. The other mixture of sequence 
isomcric dipeptides (Fig. 3), however, could be optimally separated at 40°C. This 
clearly shows that the temperature plays an important role in the separation of dipep- 
tides under our experimental conditions, 

coXCLUSEONS 

The results obtained in this paper clearly demonstrate that underivatized 
dipeptides can be well separated by HPLC on a silica based, bonded phase, weak 
anion-exchanger using mixtures of triethylammonium acetate buffer and acetonitrile 
as elucnt. The suggested method is also suitable for the separation of sequence 
isomeric and diastereoisomeric dipeptides. Results obtained with r.-alar&e and its 
oligomers suggest that free ammo acids and small peptides can be also separated by 
this method The excellent transparency of the used buffer for the W light in the 
range 200-220 nm allows high sensitivity detection of both amino acids and peptides. 
The volALity of the btier is another advantage when one wishes to isolate the 
separated compounds for further examinations_ 

Resides the percentages of the buffer and the organic solvent in the eluent the 

temperature aIs has a COQtibUtiOQ to the retention. The optimal conditions of sepa- 

ration for a given mixture can be determined by varying these parameters. 
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