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Abstract: Glyoxylyl-peptides are useful peptide derivatives in the context of hydrazone, oxime or thiazolidine ligations. We
describe a method for the determination of glyoxylyl-peptide concentration based on the reaction of the «-oxo aldehyde group with
an excess of O-benzylhydroxylamine. The amount of O-benzylhydroxylamine necessary to convert the «-oxo aldehyde group into
the corresponding O-benzyloxime was determined by RP-HPLC analysis and corresponded to the quantity of glyoxylyl-peptide
used in the experiment. The method is rapid, sensitive, accurate and allows the automated analysis of several samples. Copyright

© 2006 European Peptide Society and John Wiley & Sons, Ltd.
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INTRODUCTION

Peptide chemists have developed site-specific liga-
tion methods that allow the assembly of unpro-
tected peptide fragments into larger structures in
an aqueous solution. The «-oxo aldehyde group
plays a key role in this field due to its stability,
its ease of incorporation using solution or solid-
phase methods [1-9] and its usefulness for oxime
[10-12], hydrazone [13] or thiazolidine [14] bond for-
mation. «-Oxo aldehyde chemistry also has interest-
ing applications in the preparation of hybrid bioor-
ganic—inorganic materials or of peptide microarrays
[15,16].

For all these applications, it is important to know
the exact concentration of glyoxylyl-peptide used in
the ligation experiment. The reference method for the
quantification of glyoxylyl groups in peptides or pro-
teins is based on the reaction of the carbonyl com-
pound with an excess of 2,4-dinitrophenylhydrazine
(DNPH) in aqueous HCI followed by detection of the
resulting hydrazone by UV spectroscopy [17,18]. How-
ever, the accurate determination of aldehyde con-
centration requires a standard curve for each alde-
hyde and the UV-monitoring of the reaction for
1h.

We present here an alternative method for the
determination of glyoxylyl-peptide concentration based
on oxime chemistry and RP-HPLC analysis. A
standard curve is not required and the analy-
sis of several samples can be automated using
an HPLC machine equipped with an automatic
injector.
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MATERIAL AND METHODS
Peptide Synthesis

Peptide 2a. Peptide 2a (0.1 mmole scale) was synthesised
on a 4,7,10-trioxa-1,13-tridecanediamine functionalised iso-
propylidene tartrate NovaSyn® TG resin (loading 0.17 mmol/g)
using the Fmoc/tert-butyl strategy [19] on a PerSeptive Pio-
neer peptide synthesiser. The preparation of the solid support
is described in detail in Ref. 6. Fmoc-protected alanine (sin-
gle couplings, 10 eq) was purchased from Novabiochem. The
amino acids were activated using TBTU/HOBt (0.5 M) and
DIEA (1 M) in DMF. The peptidyl-resin was capped with
Ac2O/DIEA/DMF : 3/0.3/96.7 by vol. following each coupling.
After peptide elongation, the resin was washed with CHyCly
and dried in vacuo. On-resin deprotection was performed with
TFA/TIS/H20 : 9.5 ml/0.25 ml/0.25 ml during 2 h at r.t. The
resin was washed with TFA (2 x 2 min), CH2Cly (2 x 2 min),
MeOH (2 x 2 min) and water/AcOH : 2/1 by vol. (2 x 5 min).
Cleavage from the solid support was performed by adding
128.3 mg (0.600 mmol) of NalO4 to the resin suspended in
7 ml of water/AcOH : 2/1 by vol. The resin was agitated for
2 min 30 s and then the excess of periodate was quenched with
145 pl (2.40 mmol) of ethanolamine. The resin was filtered,
washed twice with 6 ml of water and the combined filtrates
were injected on a C3 Zorbax column. Eluent A: deionised
water containing 0.05% TFA, eluent B: acetonitrile/deionised
water: 4/1 by vol. containing 0.05% TFA, 0-40% B in 30 min,
3 ml/min. 750 mg of mannitol were added to the pure fractions
before lyophilization. COCHO : 19.6 nmol/mg, yield 38%,
MALDI-ToF [M + H]* m/z caled 588.9, found 589.3.

Peptide 2b. The seryl precursor of peptide 2b H-SILKEPVHGV-
NH;, was synthesised on a 0.2 mmol scale on a NovaSyn® TGR
resin (0.29 mmol/g, Novabiochem) using standard Fmoc/tert-
butyl strategy [19] on a PerSeptive Pioneer peptide synthesiser.
Purification was performed on a C18 Hyperprep column
(15 x 300 mm) using the above eluents (0-100% B in 90 min,
flow rate 3 ml/min, detection at 230 nm) to give 118 mg (41%
yield) of peptide H-SILKEPVHGV-NHj.
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100 mg (0.07 mmol) of seryl precursor was reacted for
10 min with 30.0 mg (0.14 mmol) of sodium periodate in 20 ml
of 0.1 m pH 7.0 sodium phosphate buffer. The reaction was
stopped by adding 34 pl (0.56 mmol) of ethanolamine. The
crude reaction mixture was purified immediately by RP-HPLC
on a C18 Hyperprep column (15 x 300 mm) as described for
the seryl precursor to give 82 mg of peptide 2b (91% yield,
overall yield 37%). MALDI-TOF: [M + H]*™ m/z caled 1046.59,
found 1046.56.

Typical Experimental Procedure for the Determination
of Glyoxylyl-Peptide Concentiration. The validation of the
titration method was performed according to published
guidelines [20]. Samples were injected on a C4 Modulo-cart
QS Uptisphere 5 Interchrom (4.6 x 250 mm) column using
the above eluents (0-100% B in 30 min, 1 ml/min, 50°C,
detection at 215 nm).

20 ul of O-benzylhydroxylamine dissolved in 0.1 m pH 4.75
sodium acetate buffer at various concentrations were analysed
as described above. The relationship between the area of the
O-benzylhydroxylamine peak and its concentration was found
to be linear up to 1.5 mmM, thus permitting the direct analysis
of the reaction mixture without the risk of saturating the HPLC
system used in this study.

23.9 mg (0.150 mmol) of O-benzylhydroxylamine hydrochlo-
ride (99%, Acros Chemicals) were dissolved in 100 ml of 0.1 m
pH 4.75 sodium acetate buffer (final concentration 1.50 mm,
Cop). 20 pl of this solution was analysed by RP-HPLC and the
peak area for O-benzylhydroxylamine was determined (Ao).

100 ul (150 nmol) of the O-benzylhydroxylamine solution
was added to the glyoxylyl derivative (concentration Cgyyg).
The mixture was heated for 4 h at 37°C, analysed by RP-
HPLC and the peak area for O-benzylhydroxylamine was
determined (A). The concentration of glyoxylyl-peptide is given
by (1 — A/Ap) x Co.

Application to peptide 2b. 3.87 mg of peptide 2b was
dissolved in 1 ml of water. 30 ul of this solution was transferred
into polypropylene vials and dried at r.t. in vacuo. The
peptide was analysed as described above. The glyoxylyl-peptide
concentration found was 0.58 mm. The peptide concentration
determined by quantitative amino acid analysis after acid
hydrolysis was 0.56 mm.

RESULTS AND DISCUSSION

Principle of the Method

The principle of the method is described in Figure 1.
An excess of O-benzylhydroxylamine (concentration
Co) is reacted with the glyoxylyl-peptide (concentra-
tion C,q4), which is converted quantitatively into the
corresponding O-benzyloxime using appropriate experi-
mental conditions (Scheme 1). The reaction mixture and
the blank without glyoxylyl-peptide are analysed by RP-
HPLC and the peak area for O-benzylhydroxylamine is
determined (A and Ag for the reaction and the blank
respectively). The concentration of glyoxylyl-peptide
Caa, Which can be deduced from the quantity of O-
benzylhydroxylamine consumed in the reaction, is given
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Scheme 1 Synthesis of O-benzyloxime 3 by reaction of
glyoxylyl-peptide 2 with O-benzylhydroxylamine 1.
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Figure 1 Determination of glyoxylyl-peptide concentration
(Calg) by reaction with O-benzylhydroxylamine (Cp) and
RP-HPLC analysis. Ap and A correspond to the peak
areas of O-benzylhydroxylamine without (blank) and with
glyoxylyl-peptide respectively.

by (1 — A/Ay)Cy. Using this method, the analysis of n
samples requires n + 1 RP-HPLC analyses.

Optimisation of O-Benzyloxime Formation

Model peptlde AC—AAAG-NH(CHQ)s(OCHQCHQ)QO(CHz)g
NHCOCHO 2a (Figure 2), synthesised as described in
detail elsewhere [6] using an isopropylidenetartrate-
based linker and the Fmoc/tert-butyl chemistry,
was used to optimise O-benzyloxime formation. Two
equivalents of O-benzylhydroxylamine were reacted
with peptide 2a in a 0.1 M pH 4.7 sodium acetate
buffer. Figure 3(A) shows the ratio between the peak
area of O-benzylhydroxylamine with and without
glyoxylyl-peptide 2a. Heating the reaction mixture from
23°C to 37°C or increasing the concentration of O-
benzylhydroxylamine accelerated the formation of O-
benzyloxime. At 0.15 mMm, the equilibrium was not
attained after 4 h at 37°C. Alternately, the equilibrium
was reached in less than 3 h at 1.5 mM and about one
half of the O-benzylhydroxylamine 1 was consumed
in the reaction as expected (molar ratio 1/2a : 2).
All the starting glyoxylyl-peptide 2a was converted
into the corresponding O-benzyloxime 3a as shown
in Figures 3(B) and 4.
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Figure 2 Compounds used in this study.

14000000
12000000 -
3a
10000000 -
8000000
6000000
1
4000000
2000000
2a
0 T T S O T O
0 50 100 150 200 250
Time (min)

Figure 3 Effect of temperature and concentration of O-benzylhydroxylamine 1 on O-benzyloxime 3a formation (molar ratio
1/2a : 2). (A) Ratio between the peak areas of O-benzylhydroxylamine (1.5 or 0.15 mm) with and without glyoxylyl-peptide
2a. (B) Reaction of 1 (1.5 mm) with peptide 2a at 37°C. Peak areas of O-benzylhydroxylamine 1, glyoxylyl-peptide 2a and

O-benzyloxime 3a are in arbitrary units.
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Figure 4 RP-HPLC traces of (A) peptide 2a, (B) O-benzylhydroxylamine 1.5 mM in acetate buffer, determination of peak area
Ap, (C) Crude reaction mixture at 37°C after 4 h, determination of peak area A. Detection at 215 nm, 50°C, C4 Modulo-cart
QS Uptisphere 5 Interchrom (4.6 x 250 mm) column, 1 ml/min, eluent A: deionised water containing 0.05% TFA, eluent B:
acetonitrile/deionised water: 4/1 by vol. containing 0.05% TFA, 0-100% B in 30 min.
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Validation of the Method

In a first approach, glyoxylic acid monohydrate 4
and p-hydroxybenzaldehyde 5 (Figure 2) were used
to show that (i) the decrease of the peak area of
O-benzylhydroxylamine corresponded to the amount
of aldehyde engaged in the reaction, and (ii) the
method was independent of the aldehyde. Different
amounts of aldehyde 4 or 5 (Cyq) were reacted with
1 at 1.5 mM (Cp) and the reaction mixtures were
analysed by RP-HPLC. In Figure 5, the peak area of
O-benzylhydroxylamine 1 was plotted as a function
of Cp—Cquq, i.e. the expected O-benzylhydroxylamine
concentration in the reaction mixture assuming the
total conversion of the aldehydes 4 or 5 into their
corresponding O-benzyloximes. For comparison, the
peak area of known concentrations of 1 were also
included in Figure 5. The relationship between peak
area and Cy—C,q or the known concentration of 1 was
linear and the regression lines were not significantly
different (p < 0.05), demonstrating that the quantity
of 1 consumed in the reaction amounts to the
quantity of aldehyde in the sample. The regression
line obtained using glyoxylic acid 4, which requires
21 experiments and RP-HPLC analyses, can be used for
the determination of glyoxylyl-peptide concentration.
The standard line is valid whatever the structure of the
glyoxylyl-peptide. The accuracy (proximity to the true
value), the precision (random error) and reproducibility
(between-run precision) at 0.75 mM were 0.7, 1.3 and
2.2% respectively, highlighting the usefulness of the
method [21]. One experiment requires about 40 nmoles
of aldehyde only.
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Figure 5 O-Benzylhydroxylamine 1 (Cp=15mmMm) was
reacted with different amounts of aldehyde 4 (x) or 5 (+)
(concentration Cyyq). The reaction mixture was analysed by
RP-HPLC and the peak area of 1 was plotted as a function
of Cp—Caq. The data obtained for known concentrations of 1
(°) and the corresponding regression line were also presented
for comparison. The regression lines for 4 and 5 were omitted
for clarity. Three independent experiments were performed for
each concentration.
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The data in Figure 4 can be presented differently
by plotting (1 — A/Ap)Co as a function of the known
aldehyde concentration (Figure 6). The relationship
between (1 — A/Ao) x Cp and aldehyde concentration is
very close to the bisecting line y = x. Now, only two
HPLC analyses are necessary to determine aldehyde
concentration and the accuracy of the method is
of course lower than when using the standard line
described above, especially for concentrations below
0.5 mM. In this case, the quantity of aldehyde used in
a second analysis can be adjusted so as to be above
0.5 mmM.

Application to Peptide 2b

Peptide 2b (Figure 2) was synthesised by treating the
corresponding seryl precursor with sodium periodate
[8]. A solution of peptide 2b was analysed as described
above. (1—-A/Ay)Co was equal to 0.58 mm, which
is close to the peptide concentration determined by
quantitative amino acid analysis after acid hydrolysis
(0.56 mm).

CONCLUSION

We have described a simple method that allows
the determination of glyoxylyl-peptide concentration.
The method, based on oxime formation with O-
benzylhydroxylamine and RP-HPLC analysis, was val-
idated using 4-hydroxybenzaldehyde or glyoxylic acid.
The analysis of n compounds requires n+ 1 RP-HPLC
analyses and about 40 nmoles of each aldehyde com-
pound. The duration of one HPLC run is only a
few minutes due to the low retention time of O-
benzylhydroxylamine.

1.5 Vs Y=
=
E 14
o
o
X
sc
< 4 Glyoxylic acid 4 y =0.9431x + 0.0619
z 0.5 / R2 = 0.9952
m4-hydroxybenzaldehyde 5 y = 0.935x + 0.0678
R2 = 0.9958
n
0 T r .
0 0.5 1 1.5
Concentration of aldehyde (mM)
Figure 6 (1 - A/Ap) x Co as a function of glyoxylic acid 4

(triangles) or 4-hydroxybenzaldehyde 5 (squares) concentra-
tion. A is the area of O-benzylhydroxylamine 1 after reaction
with aldehyde 4 or 5, A is the area of 1 at Cp = 1.5 mm. The
regression lines are indicated in the figure. The bisecting line
is included for comparison.

J. Pept. Sci. 2006; 12: 734-738
DOI: 10.1002/psc



738 GARCIA ET AL.

Acknowledgements

We would like to thank CNRS, ANRS and le Ministére de
I'Economie, des Finances et de I'Industrie (GenHomme,
Coquepuce Project) for financial support. We used the
peptide chemistry platform from the Institute of Biology
(Lille, France) that was partly financed by FEDER, le
Ministére de la Recherche and la Région Nord Pas de
Calais.

REFERENCES

1. Dixon HBF, Weitkamp LR. Conversion of the N-terminal serine
residue of corticotrophin into glycine. Biochem. J. 1962; 84:
462-468.

2. Geoghegan KF, Stroh JG. Site-directed conjugation of nonpeptide
groups to peptides and proteins via periodate oxidation of a 2-
amino alcohol. Application to modification at N-terminal serine.
Bioconjugate Chem. 1992; 3: 138-146.

3. Shao J, Tam JP. Unprotected peptides as building blocks for
the synthesis of peptide dendrimers with oxime, hydrazone, and
thiazolidine linkages. J. Am. Chem. Soc. 1995; 117: 3893-3899.

4. Fruchart JS, Gras-Masse H, Melnyk O. A new linker for the
synthesis of peptide «-oxo aldehydes. Tetrahedron Lett. 1999; 40:
6225-6228.

5. Melnyk O, Fruchart JS, Grandjean C, Gras-Masse H. A tartric acid-
based linker for the solid phase synthesis of C-terminal peptide
a-oxo aldehydes. J. Org. Chem. 2001; 66: 4153-4160.

6. Urbés F, FruchartJS, Gras-Masse H, Melnyk O. C-terminal
glyoxylyl peptides for sensitive enzyme-linked immunosorbent
assays. Lett. Pept. Sci. 2002; 8: 253-258.

7. Far S, Melnyk O. A novel «,o'-diaminoacetic acid derivative for
the introduction of the «-oxo aldehyde functionality into peptides.
Tetrahedron Lett. 2004; 45: 1271-1273.

8. Far S, Melnyk O. Synthesis of glyoxylyl peptides using a phosphine
labile «,o’-diaminoacetic acid derivative. Tetrahedron Lett. 2004;
45: 7163-7165.

9. Far S, Melnyk O. Synthesis of glyoxylyl peptides using an Fmoc-
protected «,o’-diaminoacetic acid derivative. J. Pept. Sci. 2004; 11:
424-430.

Copyright © 2006 European Peptide Society and John Wiley & Sons, Ltd.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Canne LE, Ferré-D’Amaré AR, Burley SK, Kent SBH. Total
chemical synthesis of a unique transcription factor-related protein:
cMyc-Mac. J. Am. Chem. Soc. 1995; 117: 2998-3007.

Rose K. Facile synthesis of homogeneous artificial proteins. J. Am.
Chem. Soc. 1994; 116: 30-33.

. Chen J, Zeng W, Offord R, Rose S. A novel method for the rational

construction of well-defined immunogens: the use of oximation to
conjugate cholera toxin B subunit to a peptide-polyoxime complex.
Bioconjugate Chem. 2003; 14: 614-618.

King TP, Zhao SW, Lam T. Preparation of protein conjugates
via intermolecular hydrazone linkage. Biochemistry 1986; 25:
5774-5779.

Spetzler JC, Tam JP. Unprotected peptides as building blocks for
branched peptides and peptide dendrimers. Int. J. Pept. Protein Res.
1995; 45: 78-85.

Melnyk O, Duburcq X, Olivier C, Urbés F, Auriault C, Gras-
Masse H. Peptide arrays for highly sensitive and specific antibody-
binding fluorescence assays. Bioconjugate Chem. 2002; 13:
713-720.

Olivier C, Hot D, Huot L, Ollivier N, El-Mahdi O, Gouyette C,
Huynh-Dinh T, Gras-Masse H, LemoineY, Melnyk O. «-oxo
semicarbazone peptide or oligodeoxynucleotide microarrays.
Bioconjugate Chem. 2003; 14: 430-439.

Fields R, Dixon HBF. Micro method for determination of
reactive carbonyl groups in proteins and peptides using 2,4-
dinitrophenylhydrazine. Biochem. J. 1971; 121: 587-589.

Dixon HBF, Fields R. Specific modification of NHz-terminal
residues by transamination. Methods Enzymol. 1972; 25: 409-419.
Fields GB, Noble RL. Solid phase peptide synthesis utilizing 9-
fluorenylmethoxy carbonyl amino acids. Int. J. Pept. Protein Res.
1990; 35: 161-214.

Caporal-Gautier J, Nivet JM, Algranti P, Guilloteau M, Histe M,
Lallier M, N'Guyen-Huu JJ, Russotto R. Guide de validation
analytique, rapport d'une commission SFSTP. I. Méthodologie.
S.T.P. Pharma Pratiques 1995; 2: 205-239.

Miller JC, Miller JN. In Statistics _for Analytical Chemistry (3rd edn),
Masson M, Tyson J, Stockwell P (eds). Ellis Horwood and Prentice
Hall: New York, 1993.

J. Pept. Sci. 2006; 12: 734-738
DOI: 10.1002/psc



