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The antifungal activity of some known unsaturated Mannich ketones and their amino alcohols has been
reported and the mechanism of antifungal action has been studied. The inhibition of the fungal ergos-
terol, chitin, protein synthesis and pseudohypha formation was investigated. According to our results,
Mannich ketones can influence the development of pseudohyphae of Candida albicans strains. In addi-
tion, they are able to induce significant changes in the protein composition of this fungal strain. Some of

our Mannich ketones have shown inhibitory effect on the fungal chitin synthase enzyme. QSAR studies

- were also carried out.
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1. Introduction

The number of both local and systemic fungal infections has
increased. The superficial and deep local mucocutaneous cases are
mostly nonaesthetic and unpleasant, but the systemic invasive
processes (candidiasis, aspergillosis, etc.) are especially important
in medicine because they are life threatening in immunocompro-
mised, hospitalized patients. New effective antifungal drugs (vor-
iconazole, caspofungin, etc.) have been introduced recently.
Nevertheless, there is a demand for less toxic topical and systemic
antifungal drugs with broader spectrum of activities.

Previously, we have reported our studies on cyclic Mannich
ketones (1-23) regarding their antibacterial effect [1]. Some of
them have been reduced to the corresponding amino alcohol
derivatives [2]. The parent Mannich ketones and the amino alcohols
have been screened on pathogenic yeasts (including Candida albi-
cans ATCC 90028, Candida glabrata ATCC 3916, Candida krusei ATCC
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30068, Candida parapsilosis ATCC 22019 international standard
strains; Saccharomyces cerevisiae and Aspergillus sp. were isolated
from clinical samples in our laboratory). The present work
addresses the mechanism of antifungal action for 1-23.

There are several known mechanism of actions for commercial
antifungal agents such as inhibition of squalene epoxide, ergosterol,
folic acid and protein biosyntheses, inhibition of DNA replication,
chitin and B-(1,3)-glucan synthase inhibition, etc. Our aim has been
to find a class of compounds having a new target specific only for
fungi, and started the investigations with our Mannich ketones.
First, we wished to study their possible inhibition of the ergosterol
biosynthesis, pseudohypha formation, and effect on the protein
composition. We also explored the influence of our Mannich
ketones on the chitin synthase enzyme. In addition, we compared
the antifungal activity of the parent Mannich ketones with that of
the amino alcohols in order to get more insight into structure-
activity relationships. To survey the relationship between the
chemical structure of antifungal agents and their biological activity,
a QSAR study has been carried out.

Dimmock et al. have demonstrated that some Mannich bases of
conjugated ketones react with low-molecular weight and protein-
associated thiols [3] to show, thereby, activity against pathogenic
fungi [4]. Compound NC1175 examined by this group, inhibited
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H*-ATP-ase mediated proton pumping in Candida spp. [5]. Our
unsaturated Mannich ketones examined contain two potential thiol
alkylating groups. On one hand, the C=C bond is a site for alkyl-
ation. On the other hand, Mannich ketones are also considered
latent thiol alkylators. Under biological conditions for 1,2-elimi-
nation, they can yield reactive vinylketones, if there is a possibility
for such elimination. They can also undergo addition reaction with
thiols [6]. However, according to our previous examinations on
thiol depletion, these compounds have other biological targets
besides alkylation [1]. In our previous report [1], quantitative
structure-activity relationship (QSAR) study has demonstrated that
maximum positive charge of the molecule (Max Q") was one of the
most significant parameters to describe the efficacy of Mannich
ketones against inhibiting growth of Escherichia coli. First order
valence-connectivity index was correlated with the compound
minimum inhibitory concentrations (MIC), albeit to a lesser extent
than Max Q. In this present study, we sought QSAR models that
would be valid to various fungal strains (C. albicans, Candida krusei,
Candida parapsilosis and S. cerevisae).

(CHy),

(6] R

No. n R Ar

1 1 Pip phenyl

2 1 Mor phenyl

3 1 Pyr phenyl

4 1 Thik phenyl

5 1 Mor 4-CH;-CH,

6 1 Pip 4’-OCH;-CH,

7 1 Mor 4’-OCH;-C¢H,

8 1 Pip 3’-OCH;-C¢H,

9 1 Mor 3’-OCH;-C¢H,
10 1 Mor 2’-OCH;-C¢H,
11 1 Pip 2’-OCH;-C¢H,
12 1 Pip 3’,4’,5’-(OCH;);-CH,4
13 1 Mor 3’,4-OCH,0-C4H,
14 2 Mor phenyl

15 2 Pyr phenyl

16 2 4-Pip phenyl

17 2 Mor 4-CH,-CH,

18 2 Mor 4’-OCH;-CH,
19 2 Mor 3’,4-(OCHj;),-C¢H,
20 3 Mor phenyl

21 3 Pip phenyl

22 4 Mor phenyl

23 4 Pip phenyl

Pip: 1-Piperidinyl; Mor: 4-Morpholinyl; Pyr: 1-Pyrrolidinyl; Thik: 1,2,3,4-
Tetrahydroisoquinolinyl; 4-Pip: 4-methyl-1-piperidinyl

Fig. 1. Structure of the o,B-unsaturated Mannich ketones.

2. Chemistry
2.1. Synthesis

The synthesis of unsaturated Mannich ketones (1-23, Fig. 1)
involved two steps: a base catalyzed aldol condensation and
a classical three-component Mannich reaction. Structure verifi-
cation was based on FT-IR, 'H NMR and >C NMR methods [1].
The preparation of the amino alcohols (24-32, Fig. 2) was per-
formed mostly with sodium borohydride, and these reductions
proved to be rather stereoselective yielding mainly one stereo-
isomer [2].

3. Results and discussion
3.1. Antifungal activity

The test compounds generally showed high activity against the
different Candida and the Saccharomyces strains (Table 1). However,
they exhibited much lower activity toward the Aspergillus spp.
Compound 5 exerted the highest effect here (MIC =25 pg/mL).
Among the Candida strains studied, Candida glabrata proved to be
a little less sensitive than the others. Considering Mannich ketones
with five-membered rings, the aromatic substitution patterns did
not influence the antifungal effect considerably; these ketones
produced the maximal antifungal activity that decreased gradually
for Mannich ketones with six-, seven-, and eight-membered rings.

Regarding the amino alcohols, the reduction of the keto group
dramatically decreased their antifungal activity compared to the
parent Mannich ketones (Table 2). Apparently, the conjugated keto
function is required for the antifungal activity. Nevertheless, some
amino alcohols retained certain antifungal activity (24tr, 30cis and
31tr). Moreover, 33cis showed the maximal antifungal activity —
much higher than that of the parent compound. These compounds
were among the most hydrophobic ones in our study with seven-
or eight-membered rings.

None of the test compounds exceeded the antifungal effect of
amphotericin B used as reference agent with MIC of 0.2 ng/mL

against C. albicans.
(CHy),

OH R

Comp. n R Ar Configuration
24 tr 1 Pip Ph tr
25tr 1 Pip 4-OCH;-CH, tr
26 cis 2 Mor Ph cis
27 tr 2 Mor Ph tr
28 tr 2 4-Pip Ph tr
29 cis 3 Mor Ph cis
30 cis 3 Pip Ph cis
31tr 3 Pip Ph tr
32 cis 4 Mor Ph cis
33 cis 4 Pip Ph cis

Pip: 1-Piperidyl; Mor: 4-Morpholinyl; 4-Pip: 4-methyl-1-piperidyl

Fig. 2. Structure of the o,B-unsaturated amino alcohols.
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Table 1

In vitro antifungal data of Mannich ketones, expressed as minimum inhibitory concentration values (MIC, ug/mL).

Compound  Candida albicans ATCC 90028  C. glabrata ATCC 3916  C. krusei ATCC 30068  C. parapsilosis ATCC 22019  Saccharomyces cerevisiae  Aspergillus spp.
1 6.25 125 12.5 6.25 1.56 100
2 3.125 6.25 3.125 3.125 0.8 50

3 6.25 125 6.25 6.25 3.125 50

4 125 6.25 12.5 12,5 1.56 200
5 6.25 3.125 12.5 6.25 1.56 25

6 125 6.25 12.5 6.25 3.125 100
7 3.125 6.25 12.5 6.25 1.56 200
8 12.5 125 12.5 6.25 6.25 100
9 3.125 3.125 3.125 3.125 1.56 50
10 3.125 125 3.125 125 6.25 >200
1 6.25 125 12.5 125 6.25 100
12 125 100 12.5 50 25 100
13 1.56 3.125 6.25 6.25 3.125 >200
14 25 >200 25 125 3.125 >200
15 25 25 25 125 12,5 100
16 125 100 100 25 125 100
17 100 >200 200 25 3.125 >200
18 25 >200 25 125 12.5 >200
19 25 100 50 50 25 >200
20 25 >200 100 100 50 200
21 50 100 100 200 100 100
22 >200 >200 >200 >200 200 >200
23 100 >200 200 200 100 100
Table 2

In vitro antifungal data of amino alcohols, expressed as minimum inhibitory concentration values (MIC, pg/mL).

Compound C. albicans ATCC 90028 C. glabrata ATCC 3916 C. krusei ATCC 30068 C. parapsilosis ATCC 22019 Saccharomyces cerevisiae Aspergillus spp.
24tr 100 >200 50 >200 50 >200
25tr 100 >200 100 >200 100 200
26c¢is >200 >200 >200 >200 >200 >200
27tr 200 >200 200 >200 200 >200
28tr >200 >200 >200 >200 100 >200
29cis >200 >200 >200 >200 >200 >200
30cis >200 200 200 >200 50 200
3itr 50 100 100 100 25 >200
32cis 200 200 200 200 100 >200
33cis 100 50 6.25 50 6.25 50

3.2. Study of the inhibition of fungal ergosterol synthesis

The mechanism of action of azoles as antifungal agents is based
on the disruption of sterol biosynthesis yielding the reduction of
the ergosterol production [7]. This blocks the functions of ergos-
terol in fungal membranes and disturbs both the structure and the
functions of the membrane. Because ergosterol also plays
a hormone-like (“sparking”) role in fungal cells, which stimulates
growth [8], the net effect of azoles is the inhibition of the fungal
growth [9].

The method described by Arthington-Skaggs et al. [10] uses the
characteristic absorption spectrum of the fungal sterols between
240 and 300 nm. These sterols are composed of ergosterol and
24(28)-dehydroergosterol, a late sterol pathway intermediate. Both
have an absorption maximum at 281.5 nm and the latter have
another separate maximum at 230 nm; thus, the ergosterol content
can be determined. The spectrum has a four-peaked profile (Fig. 3).
We applied this method as a qualitative procedure to demonstrate
the change in ergosterol content of the fungal membrane.

Some Mannich ketones, specifically as 9, 10, 13, 20 and 21, were
selected for this study, and the effect of 9 (potent antifungal agent)
and that of 21 (poor antifungal agent) was displayed in Fig. 3. The
UV spectrophotometric sterol profiles of C. albicans isolates
were practically identical in the control samples, with compound
9 having good antifungal activity and with compound 21 having
poor antifungal efficacy. According to this observation, ergosterol

synthesis was not inhibited by the Mannich ketones studied.
However, the sterol profile of the isolate treated with fluconazole
provided a flat line indicating the absence of the spectrophoto-
metrically detectable ergosterol (Fig. 3). Of course, it has not been
a direct proof that the biosynthesis was inhibited. Another aspect of
this experimental result is that ergosterol is biosynthesized in the
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Fig. 3. Spectrophotometric sterol profile of a fluconazole-susceptible C. albicans
isolate. (A) Control experiment (untreated). (B) Isolates were grown for 16 h in broth
containing 1.56 pg/mL of 9. (C) Isolates were grown for 16 h in broth containing 25 pg/
mL of 21. (D) Isolates were grown for 16 h in broth containing 1.56 pg fluconazole/mL
(positive control). Test compounds were used in 0.5 x MIC concentrations.
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Table 3

Formation of pseudohyphae in different Candida strains treated with 0.5 x MIC of some selected Mannich ketones.

C. albicans ATCC 90028
(positive control)

C. albicans ATCC 90028
treated with 21

C. glabrata ATCC 3916
(negative control)

C. albicans ATCC 90028
treated with 10

C. albicans treated ATCC
90028 with amphotericin
B

I il I I Il I 1 Il 1

I i I

P 11 I

a
to
At1top+6h a

0/100 0/100  0/100  1/99  0/100  3/97 0/100  0/100  0/100
58/42  52/48  63/37  3/97  7/93 5/95  53/47  61/39  47/53

0/100  0/100  0/100
9/81 13/87  11/89

0/100  0/100  0/100
18/82  20/80  23/77

2 Fungal cells with pseudohyphae out of 100 cells/fungal cells without pseudohyphae out of 100 cells.
b |, 11 and I1I are three independent experiments.
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Fig. 4. Protein profile of Candida albicans ATCC 90028 by microchip electrophoresis without treatment and after treatment with compound 6. Protein patterns obtained in untreated
case were displayed with black curve. Effect of sub-inhibitory concentrations of Mannich ketones is shown in red, while that of supra-inhibitory concentrations are distinguished by
green color. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 5. Protein profile of Candida albicans ATCC 90028 by microchip electrophoresis without treatment and after treatment with compound 25tr. Protein patterns obtained in
untreated case were displayed with black curve. Effect of sub-inhibitory concentrations of Mannich ketones is shown in red, while that of supra-inhibitory concentrations is
distinguished by green color. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 6. Relative inhibition of chitin synthase of C. albicans (%). Compound (used in
1.5 x MIC concentrations) compared to total inhibition (10 M NaOH).

presence of fluconazole by the fungi, but it cannot remain inside the
fungal cell.

3.3. Investigation of pseudohypha formation of C. albicans and C.
glabrata by light microscopy

Mannich ketones 3, 7, 10, 13 and 21 were chosen for these
experiments. According to our experiments, compound 10 - (a
potent antifungal agent) inhibited the development of pseudohy-
phae of C. albicans (see Table 3), similarly to amphotericin B. It
means that this molecule could influence cell wall biosynthesis and
stop the development of germ tube in C. albicans, while compound
21 (a poor antifungal agent) could not act on the test fungus.

3.4. Effect of the Mannich ketones on protein composition

Effect of compounds on protein composition was tested in the
international standard C. albicans ATCC9028 strain. Protein
composition of the untreated and Mannich ketone treated fungal
cells was analysed by microchip technology as it is described in
Section 5. Treatment of the Candida cells was made at supra-
inhibitory (2 x MIC) and sub-inhibitory (0.5 x MIC) concentrations
of the Mannich ketones.

Most of the Mannich ketones examined in this study including 1,
3, 7,11 and 21 were not able to induce any changes in the expres-
sion of fungal proteins. Two compounds, specifically 4 and 6,
induced significant changes in the profile of C. albicans. Protein
pattern of C. albicans ATCC 90028 strain after chip based separation
is shown in Fig. 4. Electrophoretic separation of proteins was
completed within 45 s. Profile without treatment was given in
black line in Fig. 4. This profile could be characterised by the
presence of several protein peaks, and the dominating peaks were
in the 40-50 kDa molecular weight region. Compounds 4 and 6
induced remarkable changes in the high molecular weight region.
Quantities of at least four fungal proteins with molecular weight of
104,117,124 and 147 kDa, respectively, were increased significantly
after the administration of these Mannich ketones. These protein
peaks were indicated by arrowheads in Fig. 4. Both sub-inhibitory
and supra-inhibitory concentrations of these compounds (4 and 6)
were able to induce these changes.

Compound 25tr is an amino alcohol, the reduction product of 6.
This agent was able to induce similar changes in the protein profile
of C. albicans as compound 6, which is demonstrated in Fig. 5.
Quantity of the 104,117 and 124 kDa proteins increased remarkably
after the administration of this compound. In the meantime,
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Fig. 7. Enzyme activity of LDH (U/mL). Compound (used in 1.5 x MIC concentrations).
CTRL = control.
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expression of the 147 kDa protein was not modified by 25tr treat-
ment. As it can be observed in Fig. 5, this compound was able to
induce these changes only at sub-inhibitory concentrations.
Administration of supra-inhibitory concentration of compound
25tr induced only mild increase in the expression of the 117 and
124 kDa proteins, while the quantity of the 104 and 147 kDa
proteins remained unchanged.

3.5. Chitin synthase assay

The following test compounds were selected for these experi-
ments: 1, 9, 20-23, 32cis and 33cis. The chitin synthase assay
published by Lefebvre et al. was applied [12]. Chitin synthase
inhibitory effect of compounds 9, 20, 21 and 23 was demonstrated
here in detail for the pathogenic fungus C. albicans ATCC9028. C.
albicans has four genes, CHS1, CHS2, CHS3 and CHS8, which encode
chitin synthase isoenzymes with different biochemical properties
and physiological functions [11]. We calibrated the assay for nik-
komycin as positive control, because C. albicans expressed four
kinds of chitin synthase. Nikkomycin showed significant inhibitory
effect at 1.5 times of the MIC compared to a total inhibition of assay
with 10 M NaOH. We measured the relative inhibitory effect of the
Mannich ketones relative to nikkomycin; therefore, we used all
antifungal chemicals in 1.5 times of their respective MIC. The
negative control was amphotericin B. The relative inhibitory
percentage of Mannich ketones was examined at 1 mM of UDP-
GIcNAc (substrate), and the results are displayed in Fig. 6. The data
indicated that increased lipophilicity correlated with the inhibitory
effect. Mannich ketone 9 had no inhibitory effect on chitin syn-
thases, while compounds 20 and 21 antagonized chitin synthase by
approximately 24%. The best inhibitor was 23 (50% of inhibition)
having the most non-polar feature. Regarding the other compounds
investigated, 1 did not show any inhibitory effect, while 22 proved
to be an effective inhibitor. From the amino alcohols, 32cis exerted
a significant inhibition, while the 33cis was inactive.

The compounds discussed above in this section were investi-
gated in an independent enzyme assay for lactate dehydrogenase
(LDH) [13]. However, Mannich ketones 20 and 21 proved to be
inhibitors of chitin synthase did not inhibit LDH related to
the control (Fig. 7). While compound 23 revealed as a general
inhibitor of the cell showing 30% inhibition in the LDH assay,
compound 9 inhibited neither chitin synthase nor LDH. This latter
substance had, therefore, specific inhibition due to a yet unknown
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Table 4
Best QSAR models for antifungal potency of Mannich ketones.?

Fungal strain Best 3-descriptor equation®

Best 2-descriptor equation®

C.krusei pMIC —0.65 elect —0.08 sol + 1.4 valence + 1.4, R*>=0.68

C. albicans PMIC —0.36 polar + 0.24 atom -+ 1.42 arom + 0.20, R? = 0.81

C. parapsilosis ~ pMIC 0.45 log P —0.49 polar + 1.02 conn (order 2, standard) + 2.68, R? = 0.81

C. glabrata PMIC —0.24 polar —0.57 solvent + 1.73 valence + 6.22, R? = 0.64

S. cerevisiae PMIC —0.50 polar + 0.78 conn (order 0, standard)+ 0.73 valence (order 2, standard) + 1.12, R> = 0.73

pMIC —0.09 sol + 1.69 valence + 9.03, R? = 0.64
PMIC —0.42 polar +0.16 MR + 2.82, R> = 0.75
PMIC —0.1 sol + 1.9 valence + 10.38, R> = 0.73
PMIC —0.40 polar + 1.06 valence + 2.61, R> = 0.58
PMIC —0.44 polar + 1.11 valence + 2.67, R = 0.68

2 Includes data for 33 additional compounds reported earlier [17].
b R?> 0.5 was considered acceptable fit.

biochemical pathway, which could also be implicated based on its
low MIC value.

3.6. QSAR

In the QSAR study, we sought to correlate potency to inhibit
growth of various fungus strains (C. krusei, C. albicans and C. para-
psilosis, C. glabrata, Aspergillus sp. and Saccharomyces cerevisiae)
with molecular properties to include Mannich ketones previously
synthesized [1], and reported above (1-33). Our analysis also
increased the number of descriptors compared to the previous
effort focusing on antibacterial activity of these compounds [17],
and meaningful three- and two-parameter QSAR equations were
obtained for all fungal strains except Aspergillus sp. Descriptors
found to correlate with pMIC for C. krusei involved electron affinity
(elect, in eV), solvent accessible surface area (sol, A%) and valence-
connectivity index (valence, order 0, standard) [14], as shown in
Table 4. Polarizability (polar, A%), atom count (atom), aromatic ring
count (arom) and molar refractivity (MR) influenced pMIC of
Mannich ketones against C. albicans (Fig. 8).

Polarizability (polar), valence-connectivity index (valence, order
0, standard) and solvent accessible surface area (sol) of these
compounds were important regarding inhibiting the growth of C.
glabrata. Descriptors found to give the best QSAR model for pMIC of
C. parapsilosis involved log P (logarithm of octanol-water partition
coefficient, the measure of lipophilicity), polarizability (polar),
solvent accessible surface area, valence-connectivity index and
connectivity index (connect, order 0, standard). Descriptors corre-
lating with antifungal potency against S. cerevisiae included polar-
izability (polar), valence-connectivity index and connectivity index
(connect, order 0, standard). Except for C. krusei, polarizability was

3.5 4

pMIC calculated

0 T T T 1
0 1 2 3 4

pMIC experimental

Fig. 8. Experimental versus calculated pMIC values for C. albicans based on the
equation. pMIC = 0.42 polar + 0.16 MR + 2.82 (R? = 0.75).

a descriptor universally correlating with the antifungal activity of
Mannich ketones.

4. Conclusion

Based on our studies, the antifungal activity of the Mannich
ketones investigated is not connected to the inhibition of the
ergosterol synthesis; however, these compounds can influence the
development of pseudohyphae of C. albicans strains. In addition,
they are able to induce significant changes in the protein compo-
sition of C. albicans. Up-regulation of the discussed proteins after
antifungal treatment indicates their involvement in stress functions
of the cells. Fluconazole and amphotericin B (the most frequently
used antimycotic drugs) can induce similar alterations in the
protein pattern of C. albicans as our experiments demonstrated. In
addition, the title compounds show a weak or medium inhibition of
the chitin synthase enzyme.

5. Experimental
5.1. Microbiological methods

5.1.1. Determination of MIC values by macro-tube dilution method
[15]

The test materials were diluted twofold in RPMI-1640 medium
(Sigma-Aldrich, Hungary) buffered to pH 7.0 with 0.165 M MOPS,
the inoculum concentration was 10% cells/mL, and we read the
lowest concentration of test compounds which could stop the
growth of fungi (MIC) after incubation at 30 °C for 48 h.

5.1.2. Study of the inhibition of fungal ergosterol synthesis by UV
spectrophotometry

C. albicans ATCC 90028 was cultivated in the presence of
0.5 x MIC of fluconazol (Diflucan, Pfizer Pharmaceuticals, USA) or
Mannich ketones 9 or 21 for 16 h at 30 °C, cells were harvested by
centrifugation. Alcoholic KOH (25% w/v, 3 mL) was added to suspend
the pelleted cells, and the suspension was incubated in an 85 °C
water bath for 1 h. After cooling down to room temperature, sterols
were extracted by addition of a mixture of 1 mL distilled water and
3 mL n-heptane. Then, the mixture was vigorously vortexed for
3 min. The heptane layer was collected and diluted with ethanol to
scan spectrophotometrically between 240 and 300 nm [10].

5.1.3. Investigation of pseudohypha formation of C. albicans ATCC
90028 by light microscopy

A small portion of an isolate colony of C. albicans ATCC 90028
and C. glabrata ATCC 3916 strains was suspended in 0.5 mL of
human plasma. The control tubes without antimycotics and the test
tubes with 0.5 x MIC final concentration of amphotericin B (Fun-
gizone, Bristol-Myers Squibb, Epernon, France), or Mannich ketones
10 and 21 were kept at 30 °C. After 0, 3 and 6 h of incubation, one
drop of the tube contents was Gram-stained and checked for
pseudohypha by light microscope (1400x). We determined the
fungal cell numbers with and without pseudohyphae out of 100
cells [7]. All experiments were carried out in triplicate (see Table 3).
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5.14. Effect of the Mannich ketones on protein composition

5.14.1. Sample preparation for protein analysis. The extraction of
fungal proteins was done according to a procedure reported
previously [16]. Briefly, C. albicans ATCC 90028 strain was cultivated
in Mueller-Hinton broth containing 5% glucose for 24 h at 30 °C
with 200 rpm shaking. 0.5 x MIC or 2 x MIC of drugs were
administered and incubated for one more hour. An untreated
culture was used as a control. The fungal cells were collected by
centrifugation, washed, frozen and kept at —20 °C.

Two grams of fungal cells were treated with liquid nitrogen,
incubated with 2 mL of extraction buffer (45 min at 4 °C) and lysed.
The extraction buffer consisted of 0.37 M Tris-HCl, pH 7.5, 1 mM
EDTA, 5mM B-mercapthoethanol, 1 mM PMSF (phenylmethyl-
sulfonyl-fluoride) and 1% Triton X-100. After centrifugation (4 °C),
100 pL of the supernatant was mixed with 100 pL of buffer (0.175 M
Tris-HCl, pH 6.8; 4% SDS, 10% p-mercapthoethanol) and the resul-
tant sample was analysed electrophoretically for protein content.

5.14.2. Chip technology. Analysis of fungal cell protein composi-
tions were performed by the Protein 230 Plus LabChip Kits (cata-
logue number: 5067-1517) of a model 2100 Bioanalyzer System
(Agilent Technologies, PaloAlto, CA, USA). The microcapillary
system of the protein chips was filled with a gel supplied with the
kit prior to electrophoretic analysis. This gel contained a linear
polymer as sieving agent that ensured separation of proteins based
on their molecular weight. A fluorescent dye was mixed into this
gel before injection to label the fungal proteins on the chip after
entering into the separation channel.

Preparation of fungal samples included the addition of 2 pL
denaturing solution containing B-mercaptoethanol to 4 uL of each
sample, boiling for 5 min and diluting with 14 pL of distilled water.
Six microlitres of the samples were loaded on the proper sample
well of the chip. Laser induced fluorescence was used for detection.

Interpretation and evaluation of data were performed by the
Protein 230 assay software. Molecular weight of the fungal proteins
was determined by application of molecular weight markers
(ladder) supplied by the kit. Concentration of the proteins could
also be determined by a one-point calibration. All measurements
were repeated at least 3 times.

5.1.5. Chitin synthase assay

5.1.5.1. Permeabilization procedure. To each gram (wet weight) of C.
albicans ATCC 90028 cells were added 1.4 mL of 0.1 M EDTA, 24 pL
of 2-mercaptoethanol, and water to a final volume of 3.5 mL. The
suspension was incubated with shaking at 30 °C for 30 min, fol-
lowed by centrifugation at 1200g for 10 min. The cells were
washed by centrifugation with 5 mL of 0.8 M sorbitol and sus-
pended in the following medium: 0.57 mL of citrate phosphate
buffer, pH 6.3, 67 mL of 0.1 M EDTA, 0.64 mL of 1.6 M sorbitol, and
0.8 M sorbitol to a final volume of 6.7 mL. The suspension was
incubated for 30 min at 30 °C with shaking and centrifugation as
above. The cells were suspended in 30 mL of cold 0.05M Tris
chloride, pH 7.5 (osmotic shock), kept on ice for 5 min, and
centrifuged again. The cell concentration was adjusted to 1.5 g wet
weight/mL with 0.05 M Tris chloride pH 7.5.

5.1.5.2. Chitin synthase activation. Thus, an aliquot of per-
meabilized cell suspension was incubated for 15 min in 30 mM
Tris-HCl (pH 6.5) containing 55 mM GIcNAc, digitonin (5.2 mg/mL)
and trypsin (1.0 mg/mL). Activation was stopped by adding soybean
trypsin inhibitor (1.5 mg/mL). The resulting preparation was kept at
0 °C for assay.

5.1.5.3. Chitin synthase assay. Digitonin, trypsin, soybean trypsin
inhibitor, UDP-GIcNAc were obtained from Sigma. UDP trisodium

salt hydrate was from Aldrich and N-acetyl-p-glucosamine from
Acros. [UDP'C]-GIcNAc (289 mCi/mmol) came from Perkin-Elmer
Life Sciences. Assays were carried out at 30 °C in a volume of 60 pL
which contained, in addition to the activated permeabilized cell
preparations (40 pL), the following final concentrations of compo-
nents: 30 mM Tris-HCI (pH 6.5), 35 mM GIcNAc, 3 mM Mg(Ac),,
digitonin (3.5 mg/mL), cell suspension (52 mg/mL) and 1 mM UDP-
[*C]-GIcNAc (20,000 cpm). Reaction was initiated by addition of
the cell suspension. After 30 min incubation the reaction was
stopped by adding 1 mL of 10% trichloroacetic acid and 950 uL of
the resulting suspension were filtered through a glass-fiber filter
(Whatman GF-C). The filter was washed 3 times with 1 mL 60%
aqueous ethanol and dried. The C-chitin formed was quantitated
by liquid scintillation analyzer (Packard).

5.1.6. QSAR

QSAR analysis was done using the BioMedCAChe® 6.1 program
for Windows (Fujitsu, Beaverton, OR). Structures were preoptimized
using augmented MM3 parameters followed by semiempirical PM/3
optimization. A total of 32 descriptors were calculated for each
compound. The empirical MICs were expressed in molality and
converted to pMIC (negative logarithm of MIC) values. Only
compounds with an MIC < 200 mg/L were used in the QSAR analysis.
The best QSAR equations with three and two descriptors were
selected by multiple linear regressions via the Project Leader module
of BioMedCAChe. Model validations were done by randomization of
pMIC and leaving out 10% of the compounds.
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