
Journal of Chromatography A, 661 (1994) 105-112 
Elsevier Science B.V.. Amsterdam 

CHROMSYMP. 2936 

Sensitive determination of N-terminal prolyl peptides by 
high-performance liquid chromatography with laser- 
induced fluorescence detection 

Toshimasa Toyo’oka* , Mumio Ishibashi and Tadao Terao 
Division of Drugs, National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158 (Japan) 

ABSTRACT 

Short-chain peptides with an N-terminal proline (Pro-Gly, Pro-Be, Pro-Gly-Gly, Pro-Leu-Gly-NH,, and Pro-Thr-Pro- 
Ser-NH,, etc.) were determined by HPLC with laser-induced fluorescence (LIF) detection. The peptides were quantitatively 
labelled with 4-(N,N-dimethylaminosulphonyl)-7-fluoro-2,1,3-benzoxadiazole (DBD-F) at 50°C after 1 h in a 0.1 M borax (pH 
9.3)-acetonitrile mixture. The rate of reaction decreases inversely with the molecular weight of the peptides. The mean value of 
fluorescent emission of the resulting DBD-peptides and DBD-peptide amides was 573 nm (excitation, 453 nm). The proline 
peptides, including bioactive peptides such as Pro-Leu-Gly-NH, (release inhibitor of melanocyte-stimulating hormone), 
Pro-Thr-Pro-Ser-NH, (IgA, proteinase inhibitor) and Pro-Asp-Val-Asp-His-Val-Phe-Leu-Arg-Phe-NH2 [FMRF amide- 
like (Phe-Met-Arg-Phe-NH,) neuropeptide], were well separated by reversed-phase HPLC with water-acetonitrile containing 
0.1% trifluoroacetic acid (TFA). The acetonitrile concentration in the mobile phase had a profound effect upon the retention 
times, and the capacity factors (k’) were dependent on the hydrophobicity of the peptides. The structure of DBD-Pro-Leu-GIy- 
NH, was identified by LC-atmospheric pressure chemical ionization MS. The chromatographic detection limits (S/N = 2) of the 
peptides with a 15mW argon-ion laser at 488 nm were in the 6-28 fmol range. The detection limits were improved to 2-5 fmol 
with a microbore column. The detectability was two orders of magnitude higher than with a conventional fluorescence detector 
using xenon arc lamp. 

INTRODUCTION 

A number of fluorogenic labelling reagents, 
e.g. 5-N,N-dimethylaminonaphthalenesulphonyl 
chloride (Dns-Cl), 4-nitro-7-fluoro-2,1,3-benzox- 
adiazole (NBD-F), fluorescamine, o-phthalal- 
dehyde (OPA) and 2,3_naphthalenedicarboxy- 
aldehyde (NDA), have been developed for the 
amino functional group [1,2]. Many of these 
reagents are currently used for the determination 
of various amines, such as biogenic amines, and 
amino acids. The following characteristics of the 
labelling reagent are required: (1) the reagent 
and its hydrolysate exhibit no or negligible 
fluorescence, (2) the reagent reacts with target 
compound selectively and rapidly, (3) the re- 
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sulting derivative is sufficiently stable and 
fluoresces strongly and (4) the derivative prefer- 
ably has fluorescence characteristics at long 
wavelengths (excitation, more than 400 nm; 
emission, more than 500 nm). 

The fluorescence properties are important for 
the analysis of real samples, because other inter- 
fering substances in the samples that fluoresce at 
300-400 nm will prevent accurate and reproduc- 
ible determinations. 

In previous papers, we described the synthesis 
of fluorescence labelling reagent, 4-(N,N-di- 
methylaminosulphonyl)-7-fluoro-2, 1, 3-benzoxa- 
diazole (DBD-F) [3], and evaluated the reactivi- 
ty of the reagent toward thiols and amines [4]. 
Secondary amines such as proline react more 
rapidly with the reagent than a primary amine 
such as alanine, whereas the reaction with thiol 
compound proceeds quantitatively under the 
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selected conditions. A reaction product with 
alcohols was not found. Therefore, the reactivity 
of DBD-F with functional groups seems to be in 
this order: -SH > -NH > -NH, >> -OH. Re- 
agents (fluorescamine, OPA and NDA, etc.) [5- 
71 reported have been used as the labelling 
reagents for primary amines. Primary and sec- 
ondary amino groups have been derivatized with 
fluorescein isothiocyanate, Dns-Cl and NBD-F, 
etc. [g-lo]. Only a few reagents, such as 4-nitro- 
7-chloro-2,1,3-benzoxadiazole (NBD-Cl), react 
predominantly with secondary amines [ 111. Since 
the derivatization conditions with NBD-Cl are 
quite rigorous, the derivatives decompose in the 
course of the reaction. In contrast, the DBD 
derivatives obtained from secondary amine are 
stable in the reaction medium [12,13]. The 
sensitivity of detection of the derivatives with 
conventional fluorescence detection using a 
xenon arc lamp is limited to sub-pmol level [4]. 
To achieve better sensitivity, excitation by a 
laser source has recently been developed. Laser- 
induced fluorescence (LIF) detection offers some 
definite potential advantages over conventional 
light sources [14,15], i.e. production of a very 
high photon flux (high excitation energy), im- 
provement of the signal-to-noise ratios and the 
possibility of an accurate positioning and focus- 
ing of the beam. The purpose of present paper is 
highly sensitive determination of N-terminal 
prolyl peptides including bioactive amides by 
HPLC with LIF detection. 

EXPERIMENTAL 

Materials and reagents 
DBD-F was obtained from Tokyo Kasei 

(Tokyo, Japan). L-Proline (Pro), hydroxy-r-pro- 
line (OH-Pro), r_-prolyl-glycine (Pro-Gly), L- 

prolyl-glycyl-glycine (Pro-Gly-Gly), L-prolyl-L- 
leucine (Pro-Leu) , L-prolyl-L-isoleucine (Pro- 
Ile), L-prolyl-r_-leucyl-glycine (Pro-Leu-Gly), 
L-prolyl-L-leucyl-glycinamide (Pro-Leu-Gly- 
NH,) (release inhibitor of melanocyte-stimulat- 
ing hormone) [ 161, L-prolyl-r_-threonyl-L-prolyl-r_- 
serinamide (Pro-Thr-Pro-Ser-NH,) (IgA, pro- 
teinase inhibitor) [ 171 and L-prolyl-r_-asparaginic 
acidyl-r_-valyl-L-asparaginic acidyl-L-histidyl-r- 
valyl- L-phenylalanyl - L-leucyl-L-arginyl- L-phenyl- 

alaninamide (Pro-Asp-Val-Asp-His-Val-Phe- 
Leu-Arg-Phe-NH,) [FMRF amide-like (Phe- 
Met-Arg-Phe-NH,) neuropeptide] [18] were 
purchased from Sigma (St. Louis, MO, USA). 
Ethylenediaminetetraacetic acid disodium salt 
(Na,EDTA) was also used as received (Dojindo, 
Kumamoto, Japan). Trifluoroacetic acid (TFA), 
acetonitrile and water were of HPLC grade 
(Wako, Tokyo, Japan). All other chemicals were 
of analytical-reagent grade and were used with- 
out further purification. 

HPLC 
The high-performance liquid chromatograph 

consisted of two LC-9A pumps (Shimadzu) and 
an SCLdB system controller (Shimadzu). Sam- 
ple solutions were injected by an SIL-6B auto- 
injector (Shimadzu). The analytical column was 
an Inertsil ODS-2 (150 x 4.6 mm I.D., 5 pm) 
(GL Sciences, Tokyo, Japan) and a TSK-gel 
PTH-Pak (250X 2.0 mm I.D., 5 pm) (Tosoh, 
Tokyo, Japan). The column was maintained at 
40°C with a 655A-52 column oven (Hitachi, 
Tokyo, Japan). A Shimadzu RF-550 fluorescence 
monitor equipped with a 12-~1 flow cell was 
employed for the detection. The wavelengths of 
excitation and emission were fixed at 450 and 560 
nm, respectively. A Tosoh LF-8010 monitor, 
equipped with a 5-~1 flow cell and an interfer- 
ence filter at 540 + 20 nm, was employed for the 
LIF detection. The peak areas obtained from the 
fluorescence and LIF monitors were determined 
with a C-R4A Chromatopac (Shimadzu). All 
mobile phases were degassed with an on-line 
degasser (DGU-3A, Shimadzu). The flow-rate of 
the eluent for the conventional column and 
microbore column was 1.0 ml/min and 0.2 ml/ 
min, respectively. 

LC-MS 
The apparatus used was a Hitachi L-6200 

HPLC instrument equipped with an Inertsil 
ODS-2 (150 x 4.6 mm I.D., 5 pm) column and 
connected to a Hitachi M-1000 mass spectrome- 
ter [atmospheric pressure chemical ionization 
(APCI) system] [19,20]. The vaporizer tempera- 
ture was 28o”C, and the drift voltage was 160 V. 
The separation of DBD-Pro-Leu-Gly-NH,, 
DBD-OH and DBD-F was carried out with a 
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mobile phase of water-acetonitrile (7:3) con- 
taining 0.1% TFA at a flow-rate of 1.0 mUmin. 

Time course of the reaction of peptide or 
peptide-amide with DBD-F 

A O.l-ml aliquot of DBD-F (10 mM) in 
acetonitrile [or dimethyl formamide (DMF)] and 
0.2 ml of peptide or peptide-amide (2.5 PM) in 
0.1 M borax (pH 9.3) containing (or without) 1 
mM Na,EDTA were mixed in a 1.5ml mini-vial 
(GL Science). The vials were tightly capped and 
heated at 50°C for 4 h. At fixed time intervals, 
one vial was taken out from dry heat block, and 
cooled in ice-water (0-5°C). Then a 627 ~1 of 
water were added to 40 ~1 of the reaction 
mixture. An aliquot (10 ~1, corresponding to 1 
pmol) of the diluted solution was automatically 
injected into the Inertsil ODS-2 column, and the 
LIF peak area of the resulting diastereomer was 
determined with an integrator. The reagent 
blanks without peptide or peptide-amide were 
treated in the same manner. 

For the fluorescent spectra measurements, 50 
~1 of the reaction solution before dilution were 
injected onto the column, monitored with a 
conventional fluorescence detector, and the peak 
corresponding to the derivative was collected 
from outlet of the detector (cu. 2-ml portion). 

Separation of peptide and peptide-amide 
derivatives 

To 0.5 ml (low nmol to pmol) of a test 
solution in 0.1 M borax containing 1 mM 
Na,EDTA placed into a 1.5-ml mini-vial were 
added 0.25 ml of 10 mM DBD-F in acetonitrile. 
The vials were tightly capped and heated at 50°C 
for 1 h in the dark. After cooling in ice-water 
(0-5”(Z), a suitable volume of water was added 

to the reaction mixture, an aliquot of the diluted 
solution was chromatographed and the fluores- 
cence peak area of the derivative obtained from 
the LIF detector was determined with an inte- 
grator. The reagent blanks without peptide or 
peptide-amide were treated in the same manner. 

RESULTS AND DISCUSSION 

Fluorescence characteristics of the derivatives 
Fig. 1 shows the labelling reaction of proline 

with DBD-F. DBD-F is not itself fluorescent; 
however, the derivatives with amines fluoresce at 
relatively long wavelengths. Initially, the fluores- 
cence excitation and emission maxima of DBD 
derivatives were determined in acetonitrile- 
water containing 0.1% TFA, which has been 
widely used as an eluent for peptide separations 
by reversed-phase HPLC. As shown in Table I, 
the maximal wavelengths of excitation and emis- 
sion were cu. 453 nm and cu. 573 nm, respective- 
ly. The results suggest that the fluorescence is 
independent of the peptides or amides. Although 
the excitation maximum (453 nm) is not well 
suited to the light emission of argon ion at 488 
nm, it is possible to achieve sensitive detection of 
the peptides and their amides with the laser 
source. 

Derivatization 
The reactivity to N-terminal prolyl peptides 

was compared with N-terminal prolyl peptide- 
amides in aqueous acetonitrile (pH 9.3) con- 
taining 1 mM Na,EDTA at 50°C. Figs. 2 and 3 
show the time course of the reaction of the 
peptides and the peptide-amides, respectively. 
Judging from the curves in Fig. 2, the reaction 
rate seems to be dependent on the molecular 

COOH 

+ COOH 

H 

SOINCH,), 

DUD-F 

SO,N(CH,), 

DBD-Pro 

Fig. 1. ‘Ike reaction of DBD-F and proline. 
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TABLE I 

FLUORESCENCE PROPERTIES OF DBD-PEPTIDES 
IN WATER-ACETONITRILE (7:3) CONTAINING 0.1% 
TFA 

Derivative AmaX (nm) 

Excitation Emission 

Pro 
Pro-Gly 
Pro-Gly-Gly 
Pro-Leu-Gly 
Pro-Leu 
Pro-Be 
Pro-Leu-Gly-NH, 
Pro-Thr-Pro-Ser-NH, 
Pro-Asp-Val-Asp-His-Val- 

Phe-Leu-Arg-Phe-NH, 

453 574 
452 574 
453 576 
452 572 
454 572 
454 573 
453 573 
453 573 
452 568 

mass, Pro > Pro-Gly > Pro-Gly-Gly. A similar 
phenomenon was also observed in the compari- 
son of peptide-amides (Pro-Thr-Pro-Ser-NH, 
verSuS Pro-Asp-Val-Asp-His-Val-Phe-Leu- 
Arg-Phe-NH,) (Fig. 3). However, the rates to 
Pro-Leu-Gly-NH, and Pro-Thr-Pro-Ser-NH, 
are essentially the same. Therefore, the rate 
seems to be a function not only of molecular 
weight, but also of hydrophilicity. Differences in 
the reactivities of peptides and peptide-amides 
were not observed. Even though a 2000-fold 

oh . , . , . , . , I 
0 60 120 160 240 

min 

Fig. 2. Time course of the derivatization reaction of N- 
terminal prolyl peptides with DBD-F. n = Pro; 0 = Pro- 
Gly; 0 = Pro-Gly-Gly. Eluent, water-acetonitrile (7:3) 
containing 0.1% TFA; fluorescence (FL) detection, 560 nm 
(excitation at 450 nm). Other HPLC conditions are given in 
the Experimental section. 

0 

0 60 120 160 240 

min 

Fig. 3. Time course of the derivatization reaction of N- 
terminal prolyl peptide-amides with DBD-F. 0 = Pro-Thr- 
Pro-Ser-NH,; n = Pro-Leu-Gly-NH,; 0 = Pro-Asp-Val- 
Asp-His-Val-Phe-Leu-Arg-Phe-NH,. HPLC conditions 
as in Fig. 2. 

excess of the reagent relative to the peptides and 
peptide-amides was added to the reaction solu- 
tion, a peak due to DBD-OH was not apparent 
on the chromatograms obtained with the LIF 
detector. The negligible fluorescence of DBD- 
OH is a predominant consideration for the 
determination of peptides and peptide-amides 
because a large amount of the labeling reagent 
must be added to the sample solution to drive 
the reaction to completion. As described in a 
previous paper [21], when the derivatization 
reaction of amino acids with NBD-F, which has a 
similar structure to DBD-F, is carried out with- 
out EDTA in the medium, the yield of some 
derivatives is reduced compared with the reac- 
tion in the presence of EDTA. EDTA probably 
inhibits intramolecular and/or intermolecular 
chirate formation between amino acids, such as 
Asp and His, and metals such as CL?+ and Ni*+. 
Therefore, a small amount of EDTA was added 
to the reaction medium to scavenge the metal 
ions. Fig. 4 shows that the reaction rates without 
EDTA are slightly slower than the rates in the 
presence of EDTA. The results suggest that the 
contribution of metal ions to the reaction of 
peptides and/or peptide-amides is not signifi- 
cant. To improve the solubility of peptides and/ 
or peptide-amides in biological specimens, the 
reaction in DMF-water was substituted for the 
acetonitrile-water mixture. As depicted in Fig. 
5, the required heating time is slightly reduced; 
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0 60 120 160 240 

min 

Fig. 4. Time course for the derivatization reaction of N- 
terminal prolyl peptides and the amides with DBD-F in 
acetonitrile-water without Na,EDTA. 0 = Pro-Gly; n = 
Pro-Leu-Gly; 0 = Pro-Leu-Gly-NH,. HPLC conditions as 
in Fig. 2. 

however, the curves obtained from the reaction 
in aqueous DMF are almost superimposable on 
the curves obtained from the reaction in aqueous 
acetonitrile. Therefore, both solvents can be 
used as reaction medium by combination with 
alkaline solution. Thus, 50°C for 1 h in aqueous 
acetonitrile (pH 9.3) containing 1 mM 
Na,EDTA is recommended for the derivatiza- 
tion of peptides and the corresponding amides. 

Structural elucidation of the derivatives with 
LC-MS 

The structure of DBD-Pro-Leu-Gly-NH, 
was identified by LC-APCI-MS. Figs. 6 and 7 

06 . , . , . , . 1 I 
0 60 120 160 240 

min 

Fig. 5. Time course for the derivatization reaction of N- 
terminal prolyl peptides and the amides with DBD-F in 
DMF-water. W = Pro; 0 = Pro-Gly; 0 = Pro-Leu-Gly; 
0 = Pro-Leu-Gly-NH,. HPLC conditions as in Fig. 2. 

lIHEllllN I 

5.0 10.0 15.0 20.0 25.0 
I I I I I I,,,, I,,,,,, ( 

h _ 

109 

-TIC 

-510 

-246 

-244 

I 

Fig. 6. Mass chromatograms of DBD derivatives. 1= DBD- 
OH; 2 = DBD-Pro-Leu-Gly-NH,; 3 = DBD-F. TIC = Total 
ion current. 

show the mass chromatogram and mass spectra 
of the derivative, the hydrolysate (DBD-OH) 
and the reagent (DBD-F). From the analysis 
with a UV detection at 220 nm, the derivative, 
DBD-OH and DBD-F elute at 8.5, 6.0 and 15.5 
min, respectively. In the APCI-MS system, 
quasimolecular ions [M + H]+ of the compounds 
were observed as base peaks: m/z = 510 for 
DBD-Pro-Leu-Gly-NH,, m/z = 244 for DBD- 
OH and m/z = 246 for DBD-F. 

HPLC separation of the derivatives 
The separation of the DBD derivatives ob- 

tained from peptides and peptide-amides with an 
N-terminal proline was studied with reversed- 
phase chromatography with aqueous acetonitrile 
containing 0.1% TFA. Figs. 8 and 9 show the 
correlation between acetonitrile concentration in 
the mobile phase and capacity factor (k’). The 
acetonitrile concentration in the eluent influ- 
ences the retention times of the derivatives and 
larger k’ values are obtained with a lower con- 
centration of acetonitrile. In the case of the 
peptides, C-terminal glycyl peptides elute faster 
than leucine or isoleucine. Therefore, the elution 
order is dependent on the kind of C-terminal 
amino acid, but independent of molecular mass. 
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Fig. 7. Mass spectra scanned at the peak tops of the mass chromatograms (see Fig. 6). 

In other words, the order might be defined by Figs. 10 and 11 show typical chromatograms of 
the hydrophobicity of the peptides. Similar re- DBD derivatives obtained from peptides and 
sults were obtained with the separation of pep- peptide-amides. Six DBD-peptides and three 
tide-amides (Fig. 9). A high degree of dependen- DBD-peptide amides were completely separated 
cy on acetonitrile concentration was observed by isocratic elution with a water-acetonitrile 
with decapeptide-amide (Pro-Asp-Val-Asp- mixture in the presence of 0.1% TFA. The 
His-Val-Phe-Leu-Arg-Phe-NH,). The pep- detection limits (signal-to-noise ratio of 2) of 
tide-amide with high hydrophobicity such as DBD-peptides, calculated from the chromato- 
Pro-Leu-Gly-NH, is strongly influenced by the gram, were from 7 fmol (Pro-Gly-Gly) to 28 
concentration of acetonitrile in the mobile phase; fmol (Pro-Leu), while those of DBD-peptide- 
however, a hydrophilic peptide-amide, such Pro- amides were between 6 fmol (Pro-Thr-Pro- 
Thr-Pro-Ser-NH,, is not significantly changed Ser-NH,) and 83 fmol (Pro-Asp-Val-Asp-His- 
over a relatively wide concentration range. Con- -Val-Phe-Leu-Arg-Phe-NH,). The detection 
sequently, the acetonitrile concentration should limits were about two orders of magnitude lower 
be carefully controlled to obtain precise and than those with conventional fluorescence detec- 
accurate results. tion. The detectability improved with the use of 

40 -I t 

20 2; 3b 3.5 

ncetonitrile (46) 
4’0 4’5 20 

-I 
25 30 35 40 45 

acetonitrile (%) 

Fig. 8. The effect of acetonitrile concentration in the mobile Fig. 9. The effect of acetonitrile concentration in the mobile 
phase on the retention time of DBD-peptides. n = Pro; phase on the retention time of DBD-peptide amides. 0 = 
0 = Pro-Gly; 0 = Pro-Gly-Gly; + = Pro-Leu; x = Pro- Pro-Leu-Gly-NH,; 0 = Pro-Thr-Pro-Ser-NH,; 0 = Pro- 
Ile; 0 = Pro-Leu-Gly; A = OH-Pro. HPLC conditions as in Asp-Val-Asp-His-Val-Phe-Leu-Arg-Phe-NH,. HPLC 
Fig. 2, except for the eluent composition. conditions as in Fig. 2, except for the eluent composition. 
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B 

i 

Fig. 10. Chromatograms of DBD-peptides using a reversed-phase column with LIF detection. (A) Inertsil ODS-2, each peak 
corresponding to 100 fmol. (B) TSK-gel PTH-Pak, each peak corresponding to 50 fmol. Peaks: 1 = Pro-Gly-Gly; 2 = Pro-Gly; 
3 = Pro-Leu-Gly; 4 = Pro, 5 = Pro-Ile; 6 = Pro-Leu. Eluents: A = water-acetonitrile (74:26) containing 0.1% TFA; B = water- 
acetonitrile (70:30) containing 0.1% TFA. Flow-rate: A = 1.0 ml/min; B = 0.2 ml/min. Detection: A = 15 mW, B = 10 mW. 
Other HPLC conditions are given in the Experimental section. 

a microbore column of 2.0 mm diameter relative 
to a conventional column with a 4.6 mm diam- 
eter. The chromatograms obtained with the 

2 

A 

2 

IL I 

3 

I 

0 0 :: 
I 

0 0 
I I 1 

R :: 
I I I I 

min min 

Fig. 11. Chromatograms of DBD-peptide amides using a 
reversed-phase column with LIF detection. (A) Inertsil ODS- 
2, each peak corresponding to 100 fmol. (B) TSK-gel PTH- 
Pak, each peak corresponding to 50 fmol. Peaks: 1 = Pro- 
Thr-Gly-Ser-NH,; 2 = Pro-Leu-Gly-NH,; 3 = Pro-Asp- 
Val-Asp-His-Val-Phe-Leu-Arg-Phe-NH,. Eluents: A = 
water-acetonitrile (70:30) containing 0.1% TFA; B = water- 
acetonitrile (65:35) containing 0.1% TFA. Flow-rate: A = 
1.0 mllmin; B =0.2 ml/min. Detection: 15 mW. Other 
HPLC conditions are given in the Experimental section. 

microbore column are shown in Figs. 10B and 
11B. The detection limits of DBD-peptides were 
2.7 fmol (Pro-Gly-Gly), 3.4 fmol (Pro-Gly), 
4.3 fmol (Pro-Leu-Gly), 3.6 fmol (Pro), 5.1 
fmol (Pro-Ile) and 5.1 fmol (Pro-Leu), whereas 
those of DBD-peptide amides were 2.6 fmol 
(Pro-Thr-Pro-Ser-NH,), 2.3 fmol (Pro-Leu- 
Gly-NH,) and 14 fmol (Pro-Asp-Val-Asp- 
His-Val-Phe-Leu-Arg-Phe-NH,). The low 
sensitivity for the decapeptideamide might be 
due to the quantum yield of the derivative. 

In conclusion, ultra trace analysis at the low 
fmol level is possible with DBD-F using the 
recommended procedure, even though the exci- 
tation and emission wavelengths do not match 
the light emission of the laser source and the 
interference filter wavelengths. The sensitivity 
may be improved with a suitable interference 
filter (570 nm) and an increase in the output 
laser power. Hence, the proposed procedure 
using DBD-F may be applicable to sensitive 
determination of peptides and/or peptide amides 
in biological specimens. Further study is under 
way. 
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