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Fluorescent-Labeled Ac-AMPs with Antifungal and Chitin-Binding Properties:
Usefulness of an anthraniloyl group as a fluorescent-labeling group
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Summary

Chitin-binding antifungal peptides Ac-AMPs (a mixture of Ac-AMP 1 and Ac-AMP 2), isolated
from the seeds of Amaranthus caudatus, were easily fluorescent-labeled with an anthraniloyl (Ant) group
using isatoic anhydride. The mass spectrum showed that monoAnt-Ac-AMP 1 and diAnt-Ac-AMP 1
have been synthesized. The fluorescent Ac-AMPs (a mixture of monoAnt- and diAnt-Ac-AMP 1) had an
affinity to chitin and a fungus, Valsa ceratosperma Maire. The binding with the latter gave the clear im-
age of the hyphal structure with a fluorescence microscope. Furthermore, they retained an antifungal ac-
tivity against Valsa ceratosperma Maire. These results show that an Ant group is a good fluorophore
without perturbing the properties which parent Ac-AMPs have. The fluorescent Ac-AMPs prepared in
this study can be a good tool to know the relationship between a chitin-affinity and an antifungal activity.
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Many antifungal peptides, obtained from various plants, have been shown to have an affinity
to chitin (Fig. 1). Chitin, a B-1,4-linked polymer of N -acetyl-D-glucosamine, is a major compo-
nent of exoskeletons of arthropods, and found in the cell walls of diatoms, fungi, and higher
plants. So far, no clear relationship between an antifungal activity and a chitin-binding property
of the peptides has been shown.

The seeds of Amaranthus caudatus contain antifungal chitin-binding peptides Ac-AMPs, a

hevein” EQCGRQAGGKLCPNNLCCSQWGWCGSTDEY CSPDHNCQSNCKDS
WGA® QRCGEQGSNNECPNNLCCSQYGYCGMGGDYCGKGCQDGACWTS
Ac-AMP 1”  VGECVRGRCPSGMCCSQFGYCGKGPKYCG

Ac-AMP 2¥  VGECVRGRCPSGMCCSQFGYCGKGPKYCGR

Fig. 1 Amino acid sequences of antifungal chitin-binding peptides: hevein, the A domain of
wheat germ agglutinin (WGA), Ac-AMP 1, and Ac-AMP 2.

Faculty of Agriculture, Saga University, Saga 840-8502, Japan
* Faculty of Medicine, Saga University, Saga 849-8501, Japan
* % Department of Food Nutrition, Saga Junior College, Saga 840-0806, Japan



https://core.ac.uk/display/59165124?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

-~

56 Bull. Fac. Agr., Saga Univ. No. 80 (2005)

mixture of Ac-AMP | and Ac-AMP 2*, Both peptides have almost the same amino acid se-
quence and the same disulfide bridge pattern. Only the difference is that the latter has an extra
Arg residue at C-terminus.

A fluorescent-labeled peptide is a very good tool to study the interaction between a peptide
and a fungus because it is very sensitive. Fluorescein isothiocyanate (FITC, Fig. 2-a) has been
widely used for fluorescent-labeling of proteins” or peptides”, because this fluorescent dye has
many advantages such as a strong fluorescence intensity and a high quantum yield. However,
FITC is so bulky that it would perturb a biological property of a target peptide. A small biologi-
cal peptide, vasopressin (n=9), was fluorescent-labeled with FITC via an alkyl chain to reduce the
influence of a FITC molecule on a peptide”
not likely that FITC is the best fluorophore.

On the other hand, an anthraniloyl group (Ant, Fig. 2-b), an acyl type of anthranilic acid, has

. Therefore, if a small peptides are to be labeled, it is

been used successfully for fluorescent-labeling of nucleotides” or proteins®. Although a molecu-
lar size of an Ant group is much smaller than that of FITC, an Ant group fluoresces a blue color
enough for observation. And it is easily introduced into an amino group of a target molecule us-
ing isatoic anhydride (Fig. 2-¢), which is an activated derivative of anthranilic acid.

a) FITC b) Anthraniloyl group c) Isatoic anhydride
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Fig. 2 Structures of fluorescent-labeling reagents.

In this paper, we report the preparation of Ac-AMPs labeled with a fluorescent Ant group,
and show their binding property to chitin or a fungus and antifungal activity.

Material and Methods

Solvents and reagents were commercial products of high purity. Isatoic anhydride and N-
methylmorpholine (NMM) were products of Wako Pure Chemical Industries, Ltd. (Japan) and
ALDRICH Chemical Company Inc. (USA), respectively. Seeds of Amaranthas caudatus were
commercially available. Chitin powder was a product of Seikagaku Corporation (Japan).

Isolation of peptides. The phosphate buffer solution (pH 6.0) of crude peptides, which had
been extracted from the seeds of Amaranthus caudatus with 2% aqueous AcOH, was passed
through a chitin-affinity column. Desired Ac-AMPs were adsorbed by the chitin, and subse-
quently eluted with 0.2 mol/l aqueous AcOH. The ion-exchange column chromatography to sepa-
rate Ac-AMP 1 and Ac-AMP 2 was not performed. Identification was done by fast-atom bom-
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bardment (FAB) mass spectrometry on a JMS-HX 110 A (JEOL Ltd., Japan).

Antifangal activity. A suspension of spore of Valsa ceratosperma Maire in 1.5% potato
dextrose agar, was pored into a Petri dish. The aqueous peptide solution (100 ul) was dropped on
a filter paper, which was placed on the agar. The sample was kept at 25°C for 3 days. An appear-
ance of a clear zone around the filter paper was checked.

Introduction of an anthraniloyl group (fluorescent-labeling). Ac-AMPs (2.9 mg, ca. 1
umol) was dissolved in distilled water (1.5 ml), and pH was adjusted to 8.8 with NMM. Isatoic
anhydride (1 wmol) was added to the solution. The solution was stirred at 38°C. After the reac-
tion was completed, the solution was neutralized with 6.0 N aqueous HCI and the volume was re-
duced in vacuo. The sample was identified by matrix-assisted laser desorption/ionization-time of
flight (MALDI-TOF) mass spectrometry on a Voyager RP (PerSeptive Biosystems Inc., USA).

Fluorescence microscopic observation. Chitin powder or Valsa ceratosperma Maire was
incubated with Ant-labeled Ac-AMPs overnight and washed with distilled water. The sample and
a drop of distilled water were placed on a slide glass and covered with a cover-glass. Excitation
was done with an ultraviolet ray (330-380 nm), and the blue fluorescent image of the sample was
observed with a fluorescence microscope BX 51 equipped with BX-RFA (Olympus Corp., Japan).

Result and Discussion

Both Ac-AMP 1 and Ac-AMP 2 were successfully isolated as a mixture. Only two peaks
were seen in the HPLC profile (data not shown). FAB mass spectrum showed peaks at 3025 (Ac-
AMP 1, [M+H]) and 3181 (Ac-AMP 2, [M+H]"). The mixture was used for a fluorescent-
labeling and an antifungal activity test without further separation. Because both peptides are ex-
pected to be similar in antifungal and chitin-binding abilities, judging from the reports that the
antifungal activity of Ac-AMP 1 is almost identical to that of Ac-AMP 2% and that both peptides
were eluted from a chitin column under the same pH condition.

To find out a reaction condition suitable for an introduction of an Ant group with isatoic an-
hydride, a few kinds of bases and solvents were tested. As a result, the reaction using NMM as a
base in distilled water gave a good result.

The MALDI-TOF mass spectrum showed that prepared Ant-labeled Ac-AMPs contained
two main peptides showing the peak at 3146 and 3263, respectively. The simulation about an iso-
topic pattern of the fluorescent Ac-AMPs indicated that the former peak corresponds to monoAnt
-Ac-AMP 1 (3144, [M+H]") and the latter to diAnt-Ac-AMP 1 (3263, [M+H]"). Small peaks cor-
responding to parent Ac-AMPs were detected. But no peaks corresponding to Ant-derivatives of
Ac-AMP 2 were seen, the reason being unclear. The sample of Ant-labeled Ac-AMPs was used
for the further study without separation.

Localization of the Ant groups was not done. Ac-AMP 1 has three amino groups: one -
amino group of Val' and two g-amino groups of Lys™ and Lys™. Values of pKa are generally 7.0
for an a-amino group and 9.5 for an e-amino one. Therefore, at pH 8.8, an o-amino group at N-
terminus is deprotonated and preferentially substituted with an Ant group to yield a monoAnt-
labeled peptide. On the other hand, under this pH condition, the reaction at an €-amino group of
a Lys residue should be slow because the amino group is mainly protonated. However, the find-
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ing of diAnt-Ac-AMP shows that the second Ant group was introduced to the e-amino group of
either Lys™ or Lys™. Bromer et al. reported that, when insulin was treated with FITC at pH 9.1,
the substitution of the e-amino group of Lys™ of B-chain occurred”.

The result of the binding test of Ant-Ac-AMPs to chitin is shown in Fig. 3. Chitin treated
with Ant-Ac-AMPs did show the blue fluorescent image, while neither chitin untreated with the
peplides (Fig. 3) nor chitin treated with anthranilic acid (data not shown) had fluorescence emis-
sion. This suggests that the Ant moiety of Ant-Ac-AMPs does not prevent Ac-AMPs from bind-
ing to chitin.

A fungus, Valsa ceratosperma Maire, was treated with Ant-Ac-AMPs, the result being
shown in Fig. 4. A compartment structure of hyphae was clearly seen. Moreover, a strong fluo-
rescence was observed at a tip, indicating that a chitin wall at a tip is exposed.

These results indicate that fluorescent Ac-AMPs can bind not only chitin but also a fungus
and that they can work as a fluorescent probe.

untreated

Fig. 3 Fluorescence micrograph of chitin treated and untreated with Ant-Ac-AMPs.

W septum

V2

Fig. 4 Fluorescence micrographs of Valsa ceratosperma Maire treated with Ant-Ac-AMPs.

Ciopraga et al. reported that WGA causes the morphological changes of microorganisms
such as a swollen tip or an appearance of vacuole”. In this study, however, no such changes of
Valsa ceratosperma Maire were observed. The reason is not clear at this time.
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Verheyden et al. reported that the residues, Val', Phe®, Tyr”, and Tyr”, are involved in the
chitin-binding site of Ac-AMP 2'°. And, NMR study by Martin ef al. about the structure of Ac-
AMP 2 in water showed that three amino groups of the residues, Val', Lys® and Lys®, are located
at the edge of the chitin-binding pocket'”. The MALDI-TOF mass spectrum showed Ant-labeled
Ac-AMPs prepared in this study contained both monoAnt- and diAnt-Ac-AMP 1. And both pep-
tides should have the Val' residue having the o-amino group modified with an Ant group for the
reason described above. Nevertheless, Ant-labeled Ac-AMPs gave the fluorescent image of chitin.
Clearly, the Ant group is small enough that it does not prevent Ac-AMP 1 from accepting chitin.
There still remains a problem that both Ant-labeled peptides bind to chitin.

The result of an antifungal activity of the peptides is shown in Fig. 5. Ant-Ac-AMPs retains
their antifungal activity Valsa ceratosperma Maire, at 2.9 mg/ml concentration. This suggests
that the introduced Ant group did not perturb the antifungal action of Ac-AMP 1.

a) control b) Ant-Ac-AMP (2.9 mg/ml)

i

Fig.5 Antifungal activity of Ant-Ac-AMPs against Valsa ceratosperma Maire.

An anthraniloyl group was easily introduced to Ac-AMPs using isatoic anhydride as a label-
ing reagent. Importantly, Ant-Ac-AMPs have a chitin-affinity and an antifungal activity even af-
ter modification. Theses results show that an anthraniloyl group is very useful for fluorescent-
labeling of a relatively small peptide. Furthermore, the Ant-labeled peptide with chitin-binding
and antifungal properties can be a good tool to study the relationship between those two proper-
ties.
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MEEREFF U EEE D DEET b & 1172 Ac-AMPs:
Ty NTmuAf VEOEETANVEE LTOERMBICOWT

BHR BAE LB OER M O HEE Al #F - RH OBA
(RS o T L)
1649 B21H 2
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Amaranthus caudatus DFEFHBEOTEEM - ¥ F VEEMERTF F Ac-AMPs {(Ac-AMP 1 &
Ac-AMP2DIREY)) %, 7Y b0 A WETHILET N L7z, HEARY PAD 6, 118
FRE2BOT P T O VESEES LT AAMP IDBERENTWA Z EFbh o, &
FT NNALE NIz Ac-AMPs I3 X F v R L, T ZORTF FEFFUrEEELY ¥
T AFREE DFEAMARL, BELEEMETFORAMEY I &) LB TEL, 3512,
ZDEIHE Ac-AMPs 13 VIS ATRENICH U CHERE 2R L T, Tho ofRy
b, T ;7204 VEIE Ac-AMPs O b DI ELT 2 &%, HHZENR I XVETSDH
BT LD oI, SEOMETER LG Ac-AMPs (X, FF V&MWL MEEEED
BEREHET 200 VWEREERY I B THD I,



