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The amino acid composition of peptides isolated from biological sources pco- 
vides essential information for their chemical characterization. Since such peptides 
are often obtained in only very small amonnts a sensitive and accurate determination 
of the amino acid composition is essential. Recent reports indicate that amino acids 
derivatized with u-phthaldialdehyde (OPT) can be separated by reversed-phase high- 
performance liquid chromatography (HPIC) and detected with high sensitivity’“. 
We found that some of the previously described solvent systems resulted in insuf- 
ficient resolution when applied to a Nudeosil5 C,, column_ In this paper a solvent 
system optimized for the Nncleosil5 Cl8 column is described. This system separates 
OPT derivatives of all amiuo acids common to peptide hydrolysates with good resolu- 
tion_ An evaluation of cbromatographic conditions and quantitative properties is 
presented, resulting in a reproducible and sensitive method for the amino acid anaIy- 
sis of small amounts of biolo_@cally active peptides. 

EXPERIMENTAL 

HPLC was performed with a Waters Assoc. assembly consisting of two Model 
6OOOA pumps, a Model 660 solvent programmer and a U6K injector; a Nucleosil5 
C,, column (250 x 4.6 mm I.D., particle size 5 p, Chrompack, Middelburg, The 
Netherlands) was used_ The column efEluent was monitored with an An&co Fluoro- 
1Monitor equipped wi’ih a Corning 7-51 primary fiber (330 sun cut-off) and a Wratten 
2A secondary filter (420 nm cut-c@. The flow cell volume was 1s pt 

Chronzdograph_v 
In the standard elntion program the mobiIe phase was formed by a gradient of 

sodium citrate buffer (A, or Ai,) and methanol (B) according to the foIlowing 
schemes: 

I: 0% 
linear (5 min) 

. 
3. % isocratic (5 min) 

* 
3. % linear (20 tin) 

3 65%B 
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[solvent A, was 0.1 M sodium citrate (pH 6.5) premixed with methanol (4:1, v/v); 
so&vent B was methanol] or 

IIz zoo, l+ar (5 miu) 
10 l 45% 

isocratic (5 miu) 
l 

45 %liuear (20 min) 
+ 75%B 

[solvent A, was 0.1 M sodium citrate (pH 6.5); solvent B was methanol] 
Chromatography was performed at a flow-rate of LO ml/mm at ambient tem- 

perature. 

o-_Phthaidiaf-mercaptoethmoX (OPT-ME) reagent 
o-Phthaidialdehyde (S&na, St. Louis, MO, U.S.A.) was dissolved in methanol 

to a concentration of 56 mgfml. One volume of this solution was mixed with nine 
voiumes of 0.4 M sodium borate buffer, pH 9.5, and 4 fl of 2-mercaptoethanol per ml 
of reagent mixture were added. Addition of 1 fl of 2-mercaptoethanol per ml reagent 
each week was sufficient to maintain a constant reagent strength during two months. 

Derivfftizution 
The derivatization procedure was standardized in the following way. Samples 

containing 50-200 pmole of individual amino acid residues were made up in 25 4 of 
quartz-d&i&d water, and 50@ of the OPT-ME reagent was added (t = 0 set). After 
thorough mi_xing at ambient temperature, 50 fi of the reaction mixture were taken up 
in the HPLC syringe at t = 60 sec. Tne syringe was placed in the sample loading port 
of the injector unit and at t = 90 see the totai volume was injected into the sample 
loading loop_ At L = 120 see the sample was loaded onto the coIumn_ 

sample preparation 
For HPLC analysis, standard mixtures containing l-50 pmole of each amino 

acid per ~1 wera prepared. Peptides were hydrolysed in 50-100 fi 6 M hydrochloric 
acid containing 0. I % thioglycolic acid in evacuated sealed glass tubes at 110°C for 16 
h’. Performic acid oxidation of cyst(e)ineconraining peptides to the corresponding 
cysteic acid peptides was carried out prior to hydrolysis essentially according to a 
modified procedure of Hirsssg. 

RESULTS AND DISCussxON 

chromatography 
After attempts with severaI solvent systems to separate the OPT-amino acid 

derivatives on a Nucleosii 5 C,, column, optimal conditions were found in the use of 
a gradient of 0.1 M sodium citrate buffer, pH 6.5, and methanol. Fig. 1 shows the 
separation of all amino acid derivatives common to peptide and protein hydrolysates 
and the change of effective.methanol concentration in a typical run. 

During evaluation of the present system the intluence of buffer composition, 
buffer concentration and pH has been examined. Unsatisfactory resolution was ob- 
tained when the sodium citrate concentration wzs lowered from 0.1 to 0.05 M. Re- 
placement of sodium citrate by sodium acetate or the use of sodium citrate mixed with 
sodium a&eta& buffem in various ratios resulted in insufficient separation between 
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Fig. 1. Elution profile of OPT derivatives of amino acid standards (80 pmole each) on a Nucieosil5 C,, 
column. The gradient was formed between 0.1 M sodium citmte, pEZ 6.5, and methanol (system II, see 

Experimental). The calculated actual methanoi concentra~on in the effluent expressed as volume per- 
centage is shown_ Chromatography was performed at ambient temperature (22’C). The flow-rate was 1.0 
ml/min. Componeot X originates from the OPT-ME reagent. Amino acids are indicated by conventional 
abbreviations except cysteic acid (CysA). 

OPT-Thr and OPT-Gly. The effect of pH of the 0.1 M sodium citrate buffer was 
examined over the range pH 5.5-6.5. The overall elution profile and resolution of the 
OPT-amino acids was found optimal at pH 6.5. 

In some HPLC systems OPT-Thr and OPT-Gly are not separated or are 
separated only with low resolution Is6 Although in the present system they were _ 
s4kiently separated for quantitative determinkion we tried to improve the resoh- 
tion by including 1 y0 tetrahydrofuran in the mobile phase, following the suggestions 
of earlier reports 3*5 The addition of 1 o/0 tetrabydrofuran to the sodium citrate solu- . 
tion led to loss of separation between the OPT pairs Ser/His, Thr/Gly, and Tyr,/Ala. 
In our set-up, use of tetrahydrofuran in combination with 0.05 A4 sodium acetate, pH 
5.9, resulted in co-elution of OPT-Thr and OPT-Gly, of OPT-Tyr and OPT-Ala, 
and of OPT-Trp and OPT-Met, while the elution order of OPT-Thr/Gly and OPT- 
Arg was reverse& 

In the present system, OPT-a&o acid derivatives were separated with good 
resolution as single components except for OPT-His. Secondary peaks of OPT-His 
were present: a relatively small, sharp peak eluted with a retention time of approxi- 
mately 17 min and a broad asymmetric component eluted between 20 and 23 min 
(Fig. 1). The first peak was used for quantitation. This phenomenon appeared to be 
dependent on the pH of the aqueous elution buffer. 
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J&e reaction time of the OPT-derivatization reaction and the stability of OPT- 
amino acid derivatives are known to infiuence the flnorescence intensity of the prod- 
ucts after HPLCz*3~S_ Therefore, a striqently standardized procedure of derivatiza- 
tion and chromatography was empioyed. For evaluation of the reproducibility of the 
procedure the retention times and &~orescence responses of consecutive analyses of 
amino acid standard mixtures were measured. These experiments aiIowed us to 
evaIuate the deviation in retention times, the linearity of and deviation in the flu- 
orescence responses, and to calculate the fluorescence factor of each OPT-amino 
acid (Table I)_ The averagz deviation in the retention times was ca_ 0.1 min_ A 
iinear relationship between fluorescen ce response, measured as peak height, and 
amount of amino acid was found in the tested range of 20-200 pmoIe_ The 
cahzulated iinear regression of the standard curves had eXC&enE correIation coef- 
ficients (Table I). From the sIopes of the standard curves the fluorescence factors were 
c&dated and normabzed to CWT-GIu (Table 1). The average deviation in fhxores- 
cene response m easured as peak height was 3.3 %_ 

TABLE I 

CHARACTERISTICS OF AMINO ACID ANALYSIS BY REVERSED-PHASE HPLC OF OFT DE- 
RIVA-TIVESr RETEKfiON TIMES. LINEARlIT OF FLUOREXENCE, FLUORESCENCE 
FACTORS AND PREC!SION 



The s&~&to-noise ratio obtained From ft? pmole of amko acid was Xi, result- 
ing in a detection liznit in the order of 3.pmok 

Three synthetic naturally oczcun%gpeptides, blmEm~-endo6-phin, vasopressin, 
and oxyto+ were subjkcted to acid bydroiysis and their amino acid compositions 
were determiued using the system described in tbk paper. The data obtained from a 
sin&e detexmination are presesxted in Table II. 

TABLEII - 

AMINO ACFD COMPOSITION OF PEPTTDES 

Data were obtained in a single analysis of I87 (at, I64 (b). and 191 pm&e (c), respectiveIy_ Oxytocin and 
argike-vasoprersin were oxidizd by performic acid treatment prior to acid hydrolysis, resulting in some 
loss of tyrosine and the simtdtaneolls generation of a component wit& a retcntiou time simitar to that of 
OPT-Ser. ad. = Not dktectabk 

Amino aciii 
Eii& 

CySA Rd. (0) 
Asp 2&S(2) 
GIu 3.04 (3) 
ser I.62 (2) 
Hi n-d. (0) 
Arg 0.03 (0) 
ThK 2% (3) 
w ZSI (3) 
-m 200 (2: 
Ala 1s (2) 
Met 1.01 (1) 
Val 129 (1) 
Phe 1.98 (2) 
Ile 1.74 (2) 
Leo 1.99 (2) 
J-F 4.87 (5) 

1.99 (2) 
1.00 (I) 
1.09 (I) 
025 (0) 
a-d. (0) 
0-M (0) 
ILd- (0) 
I.llO (1) 
0-H (1) 
0.03 (0) 
n-d (0) 
0.05 (0) 
0.02 (0) 
O-91 (I) 
O.%(I) 
n-d. (0) 

191 (2) 
I.00 (1) 
1.07 (I) 
0.35 (0) 
n-d_ (0) 
0.98 (1) 
nd. (0) 
1.11 (I) 
0.7a (I) 
0.06 (0) 
=d- (0) 
0.06 (0) 
0.93 (1) 
0.w (0) 
O-04 (0) 
ad_(O) 

CONCLUSION 

The HPEC method described here provides a technique which allows quantita- 
tive analysis of amino acids in the low pm01 ran= with gd precision and reproduc- 
ibility_ The method is rapid and easy to perform and does not require specialized 
equipment. Applied to peptide hydrolysates it provides an excellent toof for the 
chemical characterization of peptides obtained in very small amounts. 
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