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a b s t r a c t

Derivatization of the unprotected amino acids L-phenylalanine and L-tryptophan can be achieved by
laccase-catalyzed cross linking to para-dihydroxylated compounds. The use of amino acids in laccase-
catalyzed aminations may provide the basis of new adhesives modeled on mussel adhesive proteins.
We have used laccases from Pycnoporus cinnabarinus and Myceliophthora thermophila for the enzy-
matic derivatization and compared its effectiveness to chemical catalysis by sodium iodate. Both types
of catalysis resulted in the formation of mono- or diaminated products, depending on the degree of
substitution of the dihydroxylated substances. However there were considerable differences in the
courses of the chemically and enzymatically catalyzed reactions. Thus, the laccase-catalyzed reaction of
2,5-dihydroxyacetophenone with L-phenylalanine and L-tryptophan resulted in mono- and diaminated
Quinone

Amino acids
Cross-coupling

coupling products (yields 40–60%) while no transformation products were recovered from the reaction
catalyzed by 6 mM sodium iodate. In this case the laccase-catalyzed derivatization is clearly more efficient
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Laccases [E.C. 1.10.3.2] are enzymes which currently excite great
nterest for their use in organic synthesis. As polyphenoloxidases
accases are able to oxidize dihydroxylated aromatic substances to
eactive radicals, which can undergo non-enzymatic coupling reac-
ions [1–6]. The enzymatic catalyzed reaction of dihydroxylated
ompounds and amines results in the formation of aminobenzo-
uinones connected via stable C N bonds [7–11]. Laccases have
een used for the synthesis of novel antibiotics [8,12–14], for com-
ounds with antineoplastic activity [15] and for the derivatization
f unprotected amino acids [7,16]. The use of amino acids as cou-
ling partner for laccase-catalyzed aminations might serve as the
asis for the synthesis of new adhesives modeled on mussel adhe-
ive proteins [17,18] and such potentially biocompatible adhesives

ould be of interest for many medical applications. To broaden

he spectrum of laccase substrates which might be used in this
ay and to determine the enzyme’s reactivity towards different
otential substrates we have used 2,5-dihydroxyacetophenone,
,4-hydroquinone and 2,3-dimethyl-1,4-hydroquinone as
ubstrates.

∗ Corresponding author. Tel.: +49 3834 864225; fax: +49 3834 864202.
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For this study we exploited laccases of Pycnoporus cinnabar-
inus and Myceliophthora thermophila to catalyze the reaction of
these substrates with L-phenylalanine and L-tryptophan to produce
mono- or diaminated products. To compare enzymatic and chemi-
cal methods we attempted in parallel to catalyze the same reactions
with sodium iodate.

2. Experimental

2.1. Chemicals

L-phenylalanine and L-tryptophan were purchased from
Serva Feinbiochemica GmbH & Co. (Heidelberg, Germany).
1,4-Hydroquinone and 2,5-dihydroxyacetophenone were from
Sigma–Aldrich Chemie GmbH (Steinheim, Germany) and
2,3-dimethyl-1,4-hydroquinone was obtained from Arcos Organics
(NJ, USA).

2.2. Enzymes
Fungal strain. Pycnoporus cinnabarinus SBUG-M 1044 was iso-
lated from an oak tree in northern Germany. This white rot fungus
is deposited in the strain collection of the Department of Biology of
the University Greifswald (SBUG).

http://www.sciencedirect.com/science/journal/13811177
http://www.elsevier.com/locate/molcatb
mailto:veronikahahn@gmx.at
dx.doi.org/10.1016/j.molcatb.2009.04.002
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Cultivation of Pycnoporus cinnabarinus SBUG-M 1044.: P.
innabarinus was initially cultivated on malt agar plates that were
ncubated for 7 days at 30 ◦C and then kept at 4 ◦C. The liquid culture
as prepared by inoculating a nitrogen-rich medium containing
g glucose, 1 g KH2PO4, 0.52 g L-asparagine, 0.5 g yeast extract,
.5 g KCl, 0.5 g MgSO4·7H2O, 50 mL mineral salt solution and 50 mL
eSO4 solution (0.2 g L−1) with three 1 cm2 agar culture fragments.
he mineral salt solution contained 1 g Ca(NO3)2·4H2O, 0.06 g
uSO4·5H2O, and 0.04 g ZnSO4·7H2O per liter modified according
o Braun-Lüllemann et al. [19]. Incubation was performed without
haking at 30 ◦C for 7 days. A uniform inoculum was obtained by
omogenization of this culture with an Ultra-Turrax homogenizer
25 (IKA Labortechnik, Staufen, Germany) at 8000 rpm. For the
roduction of the ligninolytic enzyme laccase, 40 mL medium inoc-
lated with 2 mL of the homogenized pre-culture was incubated

n 100 mL Erlenmeyer flasks for 7 days with 3,4-dimethoxybenzyl
lcohol (10 mM), a known inducer of laccase. Cultures were shaken
n a water bath (GFL model 1092, Burgwedel, Germany) at 30 ◦C and
58 rpm.

Preparation of laccase from Pycnoporus cinnabarinus SBUG-M
044.: Under these culture conditions P. cinnabarinus produced
accase as a single extracellular enzyme with an activity of
00 nmol mL−1 min−1. The culture medium was filtered through a
lass fiber filter in a Büchner funnel to separate the medium from
hole cells. The cell-free culture medium was stirred with DEAE-

ephacel (Sigma, Steinheim, Germany) for 1 h and the adsorbed
nzymes were eluted from the DEAE-Sephacel with 20 mM sodium
cetate buffer (pH 5). The enzyme extract was desalted using a
ephadex G-25 Superfine column (Pharmacia, Freiburg, Germany).
his enzyme preparation contains only isoenzymes of laccase, but
o other enzymes and was used in 20 mM sodium acetate buffer
SAB) pH 5.0 which is close to its pH optimum [20–22].

Laccase from Myceliophthora thermophila (expressed in genet-
cally modified Aspergillus sp.) was obtained from Novozymes
Bagsvaerd, Denmark). It was used as received (activity 1000 U g−1;
ubstrate: syringaldazine) in citrate phosphate buffer (CPB, 18 mM
itrate, 165 mM phosphate) at its pH optimum of pH 7.0 [21,23].

.3. Measurement of laccase activity

The activity of laccases was determined spectrophotometrically
t 420 nm with ABTS (2,2′-azino-bis(3-ethylbenzothiazoline-6-
ulfonic acid) diammonium salt) as substrate [24] using the method
escribed by Jonas et al. [22]. 1 U is defined as 1 �mol mL−1 min−1.

.4. Experimental procedures

For analytical experiments the educts L-phenylalanine or
-tryptophan (1 mM, 10 mM or 100 mM) and the respective dihy-
roxylated compound (1 mM) were incubated with laccase (activity
.5 U). In controls the respective compounds were incubated in SAB
r CPB without laccase. For the chemical catalysis we used a final
oncentration of sodium iodate of 6 mM or 320 mM in distilled
ater [11,25–27].

2 mL reaction mixtures were incubated with agitation at
00 rpm in 5-mL-brown-glass-bottles at room temperature.

.5. Analytical HPLC

For routine analysis, the reaction mixtures were analyzed using
n HPLC system LC-10AT VP (Shimadzu, Germany) consisting of a

CV-10AL VP pump, SPD-M10A VP diode array detector, and a SCL-
0A VP control unit controlled by Class-VP version 6.12 SP5. The
eparation of the substances was achieved on an endcapped, 5 �m,
iChroCART® 125-4 RP18 column (Merck, Darmstadt, Germany) at
flow rate of 1 mL min−1. A solvent system consisting of methanol
ysis B: Enzymatic 60 (2009) 76–81 77

(eluent A) and 0.1% phosphoric acid (eluent B), starting from an
initial ratio of 10% A and 90% B and reaching 100% methanol within
14 min, was used.

2.6. Isolation of transformation products

For the isolation of 4a, a RP18 silicagel column (60 mL, 10 g adsor-
bent material, phenomenex, Strata, Germany) was charged with
8 mL of reaction mixture. Excess L-phenylalanine was eluted with
50 mL citrate phosphate buffer, 20 mL 30% methanol in water and
7 mL 100% methanol. The cross-coupling product was eluted with
additional 7 mL 100% methanol. The isolated product was dried by
lyophilization prior to mass spectrometry (MS) and nuclear mag-
netic resonance (NMR) spectroscopy.

The isolation of 3c, 4c and 3d was as described by Hahn et al.
[16].

2.7. Characterization of the products

The products were characterized by liquid chromatogra-
phy/mass spectrometry (LC/MS). The standard atmospheric
pressure ionization (API) mass spectrometry experiments were per-
formed using an Agilent Series 1100 HPLC system and an Agilent
1946C quadrupole mass spectrometer (Waldbronn, Germany). The
MS was used with both, atmospheric pressure chemical ionization
(APCI) and electrospray ionization (API-ES) sources. HPLC separa-
tion was performed on a LiChroCART® 125-4, LiChrosphere® 100
RP-18e column (Merck, Darmstadt, Germany) at 25 ◦C at a flow rate
of 1 mL min−1 within a 14-min gradient from 10% to 100% methanol
in 0.1% aqueous formic acid. APCI/API-ES MS conditions (positive
and negative ion mode) were as follows: nebulizer and drying gas,
nitrogen; nebulizer pressure, 30 psig; drying gas flow, 10 L min−1;
vaporizer temperature (for APCI), 350 ◦C; drying gas temperature,
250 ◦C; capillary voltage, 4 kV; corona current (for APCI), 4 �A.

LC high-resolution mass spectrometry experiments were per-
formed on an Agilent Series 1200 HPLC system and an Agilent 1969A
time-of-flight mass spectrometer (Waldbronn, Germany). The TOF-
MS conditions (negative and positive ion mode) with a dual sprayer
API-ES source were as follows: nebulizer and drying gas, nitrogen;
nebulizer pressure, 40 psig; drying gas flow, 10 L min−1; drying gas
temperature, 350 ◦C; capillary voltage, 4 kV; fragmentor voltage,
175 V; skimmer voltage, 60 V; octopole voltage, 250 V; mass ref-
erence (m/z), 121.05087 and 922.00979 in positive ion mode, and
112.98558 and 1033.98810 in negative ion mode. HPLC separation
was performed on a Zorbax Eclipse XDB-C8, 4.6 mm × 50 mm, 3.5 �,
column (Agilent, Germany) at 25 ◦C at a flow rate of 0.5 mL min−1

within a 14-min gradient from 10% to 100% methanol in 0.1% aque-
ous formic acid.

The nuclear magnetic resonance (NMR) spectra for product
4a (1H, 13C NMR, HMBC) was recorded on a Bruker Avance 600
instrument (Karlsruhe, Germany) at 600 MHz in MeOH-d4. Tetram-
ethylsilane was used as internal standard.

2.7.1. 2-(2-Acetyl-3,6-dioxocyclohexa-1,4-dienylamino)-3-
phenylpropionic acid (3a)

Yield 29.67%. Rf (HPLC) 11.84 min, UV–vis (MeOH) �max 204, 277,

445 nm.

MS (LC/MS): m/z (relative intensity): API-ES, positive ion mode
314 ([M+H]+, 92), 336 ([M+Na]+, 85), 268 ([M CO2H H]+, 100).

HRMS for 3a: [M+Na]+ (C17H15NO5Na): calculated: 336.08424;
found: 336.08425 (+0.1 ppm).
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Table 1
Coupling of aromatic substrates (1a c) and educts (2a, 2b) and formation of prod-
ucts (3a 4c).

Aromatic substrates
8 V. Hahn et al. / Journal of Molecular

.7.2. 2-(2-Acetyl-3,6-dioxocyclohexa-1,4-dienylamino)-3-(1H-
ndol-3-yl)-propionic acid (3b)

Yield 38.20%. Rf (HPLC) 11.31 min, UV–vis (MeOH) �max 216, 279,
47 nm.

MS (LC/MS): m/z (relative intensity): API-ES, positive ion mode
91 ([M+K]+, 15), 375 ([M+Na]+, 70), 353 ([M+H]+, 8).

HRMS for 3b: [M+H]+ (C19H17N2O5): calculated: 353.11319;
ound: 353.11335 (+0.4 ppm). [M+Na]+ (C19H16N2O5Na): calcu-
ated: 375.09514; found: 375.09538 (+0.6 ppm).

.7.3. 2-(3,6-Dioxocyclohexa-1,4-dienylamino)-3-
henylpropionic acid (3c)

3c was only present in a mixture with 4c, due to the fast reaction
f 3c to 4c. Yield for 3c and 4c 66.80%. Rf (HPLC) 10.52 min, UV–vis
MeOH) �max 211, 260, and 477 nm. Structural characterization was
reviously published by Hahn et al. [16]

.7.4. 2-(4,5-Dimethyl-3,6-dioxocyclohexa-1,4-dienylamino)-3-
henylpropionic acid (3d)

Dark red to purple solid. Yield 60.50%. Rf (HPLC) 12.95 min,
V–vis (MeOH) �max 204, 289, and 477 nm. Structural character-

zation was previously published by Hahn et al. [16].

.7.5. 2-[2-Acetyl-4-(1-carboxy-2-phenylethylamino)-3,6-
ioxocyclohexa-1,4-dienylamino]-3-phenylpropionic acid (4a)

Synthesis and isolation as described above. Brown solid. Yield
9.52%. Rf (HPLC) 12.85 min, UV–vis (MeOH) �max 209, 338, and
79 nm.

MS (LC/MS): m/z (relative intensity): API-ES, positive ion mode
75.3 ([2M+Na]+, 35), 499.2 ([M+Na]+, 23), 477 ([M+H]+, 100), 431
[M CO2H H]+, 20).

HRMS for 4a: [M+H]+ (C26H25N2O7): calculated: 477.16562;
ound: 477.16556 (−0.1 ppm). [M+Na]+ (C26H24N2O7Na): calcu-
ated: 499.14756; found: 499.14727 (−0.6 ppm).

1H NMR (methanol-d4) � 7.23 (m, 2H, H-5, H-9), 7.17 (m, 2H, H-
”, H-9”), 7.21 (m, 2H, H-6”, H-8”), 7.19 (m, 2H, H-6, H-8), 7.15 (dd,
= 6.5, 6.6 Hz, 2H, H-7, H-7”), 5.6 (s, 1H, H-5′), 5.55 (dd, J = 4.4, 8.3 Hz,
H, H-2), 4.02 (dd, J = 5.0, 6.4 Hz, 1H, H-2”), 3.35 (dd, J = −13.8, 4.3 Hz,
H, H-3), 3.02 (dd, J = −13.8, 8.6 Hz, 1H, H-3), 3.23 (dd, J = −13.7,
.6 Hz, 1H, H-3”), 3.07 (dd, J = −13.7, 6.9 Hz, 1H, H-3”), 2.47 (s, 3H,
-8′).

13C NMR (methanol-d4) � 130.7 (C-5, C-9); 130.7 (C-5”, C-9”);
29.4 (C-6”, C-8”); 129.4 (C-6, C-8); 127.7 (C-7, C-7”), 98.2 (C-5′),
4.6 (C-2), 60.2 (C-2”), 41.6 (C-3), 39.0 (C-3”), 32.9 (C-8”), 201.4 (C-
′), 180.2 (C-6′), 177.9 (C-3′), 176.9 (C-1), 176.3 (C-1”), 158.4 (C-1′),
51.3 (C-4′), 138.4 (C-4”), 138.9 (C-4), 107.4 (C-2′).

HMBC 1H–13C correlations H-5, H-9 (C-3, C-7, C-5, C-9); H-5”,
-9” (C-3”, C-7”, C-5”, C-9”); H-6”, H-8” (C-4”, C-6”, C-8”); H-6, H-8

C-4, C-6, C-8); H-7, H-7” (C-5, C-9, C-5”, C-9′); H-5′ (C-4′, C-1′, C-
′); H-2 (C-3, C-4, C-1′, C-1); H-2” (C-3”, C-4”, C-4′, C-1”); H-3 (C-2,
-5, C-9, C-4, C-1); H-3” (C-2”, C-5”, C-9”, C-4”, C-1”).

.7.6. 2-{2-Acetyl-4-[1-carboxy-2-(1H-indol-3-yl)-ethylamino]-
,6-dioxo-cyclohexa-1,4-dienylamino}-3-(1H-indol-3-yl)-
ropionic acid (4b)

Yield 37.60%. Rf (HPLC) 12.18 min, UV–vis (MeOH) �max 218, 282,
nd 337 nm.
MS (LC/MS): m/z (relative intensity): API-ES, positive ion mode
77.1 ([M+Na]+, 100), 555.1 ([M+H]+, 51).

HRMS for 4b: [M+H]+ (C30H27N4O7): calculated: 555.18742;
ound: 555.18689 (−0.9 ppm). [M+Na]+ (C30H26N4O7Na): cal-
ulated: 577.16946; found: 577.16827 (−2.1 ppm). [2M+Na]+
L-phenylalanine (2a) 3a, 4a 3c, 4c 3d
L-tryptophan (2b) 3b, 4b –a –a

a No reaction performed.

(C60H52N8O14Na): calculated: 1131.34950; found: 1131.34687
(−2.3 ppm).

2.7.7. 2-[4-(1-Carboxy-2-phenylethylamino)-3,6-
dioxocyclohexa-1,4-dienylamino]-3-phenylpropionic acid
(4c)

Red brown solid. Yield 71.30%. Rf (HPLC) 12.95 min, UV–vis
(MeOH) �max 205, 342, and 460 nm. Structural characterization was
previously published by Hahn et al. [16].

3. Results and discussion

The unprotected amino acids L-phenylalanine 2a and
L-tryptophan 2b were subjected to laccase-catalyzed trans-
formation with p-hydroquinone and two different substituted
p-hydroquinones 1a–c (Table 1).

Using 1 mM 2,5-dihydroxyacetophenone (1a) and 10 mM con-
centration of the amino acids (2a, 2b) one monoaminated product
per reaction (3a, 3b) was detected after 20 min by HPLC (Fig. 1: A1,
A2 and B1, B2). Extending the reaction time up to 24 h yielded one
diaminated product (4a) in reactions using either of the laccases.
Product 4b, in contrast, was only detected in reactions in which the
laccase from Myceliophthora thermophila was used. The C–N cou-
pling products, consisting of p-quinone and amino acid moieties,
were structurally characterized by HPLC using a diode array detec-
tor, by MS and NMR resulting in the structures 3a, 3b and 4a, 4b
illustrated in Fig. 2.

The laccase substrate 2,5-dihydroxyacetophenone will be oxi-
dized by laccase. The one-electron oxidation of the dihydroxylated
aromatic substrate is accompanied by reduction of molecular oxy-
gen to water by transfer of four electrons. The oxidation of a
reducing substrate by laccase typically involves the loss of a single
electron and the generation of a free radical [3,5]. The free rad-
icals of the laccase substrate have been described to create new
heteromolecular hybrid molecules (Fig. 2). Two molecules of the
radical disproportionate to the laccase substrate and a quinone
structure, which reacts with the amino acids forming aminated
quinone derivatives 3a and 3b.

The coupling of 1a with 2a and 2b respectively occurs in ortho-
position of the COCH3-group of 1a, as described by Manda et al. [9]
and Niedermeyer et al. [10] for the reactions of para-dihydroxylated
benzoic acid derivatives with 4-aminobenzoic acid. Prolonged incu-
bation and variation of the incubation conditions can lead to
oligomerization reactions. After the formation of the monoami-
nated products 3a and 3b a second molecule of the amino partner

may react para to the first amine group resulting in diaminated
products (4a, 4b) as described for other diaminations [10,28,29].

To determine the influence of the amount of amino partner on
the product yields, we varied the concentration of L-phenylalanine
(2a) (Fig. 3). The highest product concentration 0.33 mg mL−1 was
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Fig. 1. HPLC chromatograms of the reaction of 2,5-dihydroxyacetophenone (1a) with (A) L-phenylalanine (2a) (injection volume: 20 �L) and (B) L-tryptophan (2b) (injection
volume: 10 �L) respectively (1:10 mM) catalyzed by (1) Pycnoporus cinnabarinus laccase after 20 min reaction time; (2) Myceliophthora thermophila laccase after 20 min
reaction time; (3) 6 mM sodium iodate after 120 min reaction time.

Fig. 2. 2,5-Dihydroxyacetophenone (substrate 1a) with L-phenylalanine (2a) and L-tryptophan (2b) and the products (3a, 3b), (4a, 4b).
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Fig. 4. Comparison of the formation of 4c and 3d formed in the 1:100 mM
reactions of 1,4-hydroquinone (1b) and 2,3-dimethyl-1,4-hydroquinone (1c) with
L-phenylalanine (2a) respectively without a catalyst, catalyzed by laccases or sodium
iodate after 24 h.
SAB reactions without a catalyst in sodium acetate buffer; CPB reactions without
,5-dihydroxyacetophenone (1a) and L-phenylalanine (2a) with different educt con-
entrations (1:1 mM; 1:10 mM; 1:100 mM) and catalysts. Pcl SAB reactions catalyzed
y Pycnoporus cinnabarinus laccase in sodium acetate buffer; Mtl CPB reactions
atalyzed by Myceliophthora thermophila laccase in citrate phosphate buffer.

chieved with the laccase from M. thermophila and a ratio of reac-
ants of 1 mM 1a to 100 mM 2a. Whereas an educt concentration of
:10 mM yielded only 0.16 mg mL−1. Product yields are dependent
n the amount of amino partner as described before [10,16]. In the
ase of L-tryptophan (2b) a ratio of 1:10 mM was the maximum that
ould be achieved because of its poor solubility.

In contrast to the enzymatic reaction, chemical catalysis using
odium iodate yielded only the untransformed reactants 1a and 2a
r 2b (Fig. 1: A3, B3). Extending the reaction time to 24 h did not
ead to any detectable product formation, though increasing the
atalyst concentration up to saturating levels (320 mM) did result
n the detection of small amounts of the products 3a, 3b and 4a
Fig. 3).

The laccase-catalyzed reaction of unprotected L-phenylalanine
ith 1,4-hydroquinone (1b) and 2,3-dimethyl-1,4-hydroquinone

1c) (Table 1) proceeds as described for 2,5-
ihydroxyacetophenone (1a).

Whereas only one monoaminated product 3d was formed dur-
ng the reaction with 1c, in the reaction mixture with 1b two
roducts (3c monoaminated product, 4c diaminated product) were
etected. A second amination of 3d is hindered because of the two
ethyl groups on 1c.
Aminated products were also detected using sodium iodate

6 mM) as catalyst (Fig. 4). However, the yield of 4c was 73% higher
hen Pycnoporus cinnabarinus laccase was used and 92% higher
ith laccase from Myceliophthora thermophila than in the reaction

atalyzed by sodium iodate. Whereas the yield of 3d was similar for
he P. cinnabarinus laccase and sodium iodate catalyzed reactions,
he concentration achieved with M. thermophila laccase was 76%
igher than in the reaction with sodium iodate.

In summary we demonstrate that the reaction of
,5-dihydroxyacetophenone (1a) with L-phenylalanie (2a) or
-tryptophan (2b) was more efficiently catalyzed by laccase
han by sodium iodate whereas with the compounds 1b or 1c
he advantage of laccase as a catalyst was less pronounced. In
ontrast to our results Niedermeyer and Lalk [11] reported that

accase-catalyzed amination of simple p-hydroquinones with
imple primary aromatic amines can be accomplished more
onveniently using the well-known chemical oxidant sodium
odate. This underscores the important point that for each reaction
a catalyst in citrate phosphate buffer; Pcl SAB reactions catalyzed by Pycnoporus
cinnabarinus laccase in sodium acetate buffer; Mtl CPB reactions catalyzed by Myce-
liophthora thermophila laccase in citrate phosphate buffer.

undertaken the optimal catalyst and reaction conditions must be
sought.

The laccase-catalyzed reaction can be optimized by variation of
the concentration of the amino reaction partner, by variation of the
pH value of the used buffer and the amount of the enzyme. Higher
enzymatic activity of the laccase results in a faster reaction and
thereby higher product yields can be obtained. Furthermore both
the amount of enzyme and the type of laccase are variable. More
than 60 laccases isolated from plants, insects, bacteria and fungi
are conceivable [3] so that different types of laccase can be used to
perform reactions, resulting in different product pattern.

In respect for the advantage of laccase it is worth noting that
the laccase process is a catalytic cycle [30] (Fig. 2), whereas sodium
iodate is needed in stoichometric amounts that means the chem-
ical catalyst is consumed during reaction time. The interest in the
use of laccases for derivatization of amino acids is mainly stim-
ulated by the simple one-step coupling reaction and the gentle
transformation of sensitive starting materials using environmen-
tal friendly conditions. The high stability of laccases in solution,
the mild reaction conditions used in laccase-catalyzed reactions
and the avoidance of toxic solvents, additives or catalysts make lac-
cases attractive for derivatization of natural compounds e.g. amino
acids.

4. Conclusions

In the presence of laccases it is possible to derivatize unpro-
tected amino acids like 2a and 2b. Whereas with sodium iodate
the product formation was very slow and resulted in little amount
of products, the product formation with laccase mostly pro-
ceeded in 20 min and especially the reactions with the laccase
of M. thermophila showed comparatively high product yields.
There are many ways for the derivatization of compounds and

stoichiometric chemical methods are in general not favorable.
We could show that the enzymatic catalysis is more efficient
than the chemical one for derivatization of amino acids with
2,5–dihydroxyacetophenone.
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