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Peptides derived from the sequence of a single-chain, recombinant, antiidiotypic antibody (IdAb; KT-scFv)
acting as a functional internal image of a microbicidal, wide-spectrum yeast killer toxin (KT) were synthesized
and studied for their antimicrobial activity by using the KT-susceptible Candida albicans as model organism.
A decapeptide containing the first three amino acids (SAS) of the light chain CDR1 was selected and optimized
by alanine replacement of a single residue. This peptide exerted a strong candidacidal activity in vitro, with a
50% inhibitory concentration of 0.056 nM, and was therefore designated killer peptide (KP). Its activity was
neutralized by laminarin, a f1-3 glucan molecule, but not by pustulan, a 31-6 glucan molecule. KP also
competed with the binding of a KT-like monoclonal IdAb to germinating cells of the fungus. In a rat model of
vaginal candidiasis, local, postchallenge administration of KP was efficacious in rapidly abating infections
caused by fluconazole-susceptible or -resistant C. albicans strains. In systemic infection of BALB/c or SCID
mice preinfected intravenously with a lethal fungal load, KP caused a highly significant prolongation of the
median survival time, with >80% of the animals still surviving after >60 days, whereas >90% of control mice
died within 3 to 5 days. KP is therefore the first engineered peptide derived from a recombinant IdAb retaining KT
microbicidal activity, probably through the interaction with the 3-glucan KT receptor on target microbial cells.

A killer toxin (KT) produced by the yeast Pichia anomala is
a glycoprotein able to kill other microorganisms presenting
specific cell wall receptors (KTR) and competing in natural
habitats for the same ecological niche (19, 31). Although a
therapeutically attractive tool for its wide spectrum of micro-
bicidal activity in vitro, inclusive of such diverse pathogens as
Candida albicans, Pneumocystis carinii, and Mycobacterium tu-
berculosis, KT is by itself of no practical use because of its
instability in the physiological milieu of mammals as well as its
antigenicity and toxicity (2, 8, 22, 25). We postulated the pos-
sibility of exploiting KT antimicrobial activity without KT’s
undesired effects by mimicry through the Id network (4,
14). Thus, a KT-neutralizing monoclonal antibody (MAD)
(mAbKT4) was used to raise antiidiotypic antibodies (IdAb)
representing the internal image of the KT active domain (KT-
IdAb) and endowed with effective binding to KTR, KT-like
microbicidal activity in vitro, and pronounced protective effects
in vivo (23, 26-28). The KTR has recently been identified as a
B-glucan (12, 13), thus indirectly supporting the concept that
KT-IdAb’s could indeed recognize this cell wall polysaccharide
and then exert their cytocidal action on a large variety of
glucan-possessing pathogens (4).

To obtain standardizable reagents in sufficient amounts for
therapeutic assays, KT-IdAb were produced in the monoclonal
(KT-MADb) and recombinant single chain fragment variable
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(KT-scFv) format by hybridoma and phage display molecular
technologies from animals vaccinated with mAbKT4 (18, 24).
All these novel KT-mimicking antibodies displayed in vitro and
in vivo microbicidal activity against KTR-possessing microbial
pathogens (6, 18, 30).

In an attempt to identify biologically active fragments for
possible therapeutic use, we have sequenced KT-scFv and syn-
thesized a number of peptides, with special focus on those
pertaining to CDR domains which are expected to express
antigen specificity (15). Here we report on the synthesis and
optimization, through alanine scanning, of a decapeptide de-
rived from the sequence of the variable region and containing
part of the CDR1 segment of the KT-scFv light chain. By the
use of C. albicans as a model of a variety of KT- and KT-IdAb-
susceptible microorganisms, we demonstrate the potent in
vitro and in vivo activities of this novel microbicidal peptide.
We also provide some circumstantial evidence that killer pep-
tide (KP), like KT and KT-IdAb, interacts with B-glucan con-
stituents of the cell wall. Overall, this is to our knowledge the
first engineered peptide fragment derived from a microbicidal
recombinant IdAb capable of exerting a remarkable antimi-
crobial activity in vitro and in vivo.

MATERIALS AND METHODS

Sequencing of KT-scFv. The sequencing of KT-scFv was carried out according
to the conventional Sanger method (29) of dideoxy-mediated chain termination
using a Sequenase kit (U.S. Biochemicals, Cleveland, Ohio) with primers 5'-C
AACGTGAAAAAATTATTATTCGC-FOR and 5'-GTAAATGAATTTTCTG
TATGAGG-BACK.

Synthesis of decapeptides from the KT-scFv sequence. Studies have been
carried out on the correlation between amino acid sequences and functions by
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synthesizing a series of decapeptides belonging to the KT-scFv sequence, with
special regard to CDR regions and CDR peptides as well. A synthetic decapep-
tide (P6) containing the first three amino acids of the CDR-L1 region (SAS;
sequence positions 24 to 26) and exerting remarkable candidacidal activity in
vitro on a molar basis (see below) was selected for large-scale synthesis as soluble
product. Solid-phase synthesis was carried out in a MultiSynTech Syro automatic
peptide synthesizer (Witten, Germany) employing Fmoc chemistry with HOBt
activation and Rink amide MBHA resin as solid support. Peptides were cleaved
from the resins and deprotected by treatment with trifluoroacetic acid containing
ethanedithiol, water, triisobutylsilane, and anisole (93:2.5:2:1.5:1). After precip-
itation by ethylic ether, the crude peptides were purified by using a Vydac C,g
column (25 cm by 1 cm) and characterized by amino acid analysis and mass
spectrometry.

Optimization of a killer decapeptide. The decapeptide P6 was analyzed by
alanine scanning in order to identify the functional contribution of each residue.
The derivative showing the highest candidacidal activity in vitro (hereafter des-
ignated KP) was reduced by COOH-terminal deletions of up to three residues
(KP derivatives) to establish the ability to retain the candidacidal activity.

In vitro evaluation of Kkiller activity of synthetic peptides. The candidacidal
activity in vitro was determined essentially as previously reported (18, 24). In
brief, approximately 150 viable KT-susceptible germinating C. albicans UP10
cells, suspended in 10 pl of H,O, were added to 90 pl of H,O containing
synthetic decapeptides or peptides representing CDRs to obtain a final concen-
tration of 100 wg/ml. The same concentration of an irrelevant peptide (TSTT
SLELD) was used as a control. P6 and the products obtained by alanine scanning
were further tested at the concentrations of 100, 25, and 6.25 pg/ml in compar-
ison with a scramble decapeptide properly synthesized as P6 altered sequence as
a control. After incubation for 6 h at 37°C with the respective reagents, the fungal
cells were dispensed and streaked on the surface of Sabouraud dextrose agar
plates which were then incubated at 30°C, and CFU were enumerated after 48 h.
Each experiment was performed in triplicate. KP was also tested in vitro in
comparison with its own scramble decapeptide (SP) at scalar dilutions (100 to 0.8
pg/ml) in order to establish the minimal fungicidal concentration corresponding
to 100% killing of C. albicans cells. The above-mentioned CFU assay was also
carried out in the presence of scalar concentrations (800 to 12.5 pg/ml) of
pustulan (B1,6-glucan; Calbiochem, La Jolla, Calif.; approximate molecular
weight [MW] of 20,000) and laminarin (B1,3-glucan; Sigma Chemical Co., St.
Louis, Mo; approximate MW of 5,800; see also reference 21). Both polysaccha-
rides were coincubated with KP or SP (both 25 pg/ml) for 6 h at 37°C. KP and
equivalent molar concentrations of its derivatives were also tested at scalar
dilutions to establish the peptide concentration (in moles per liter) correspond-
ing to the 50% inhibitory concentration (ICs,). Assays were performed in trip-
licate, and the ICs, of each peptide was calculated by nonlinear regression
analysis of curves obtained by plotting the number of CFU versus log peptide
concentration using GraphPad Prism 3.02 software.

In vivo evaluation of KP therapeutic activity. (i) Vaginal infection model. A
previously established experimental model of vaginal infection by C. albicans in
oophorectomized, estrogen-treated rats was used (9). Estrogen-conditioned rats
(five animals/group) were inoculated intravaginally with 107 cells of fluconazole-
sensitive (SA-40) or fluconazole-resistant (AIDS 68) C. albicans strains and
intravaginally administered different doses of KP at 1, 24, and 48 h postchallenge.
Both yeast strains were originally isolated from a human vaginal infection and
maintained in stock collections in the Department of Bacteriology and Medical
Mycology of the Istituto Superiore di Sanita, Rome, Italy. The vaginal C. albicans
burden was quantitated by CFU enumeration from the vaginal fluid taken each
day by using a special calibrated loop. Vaginal smears were also stained by the
periodic acid-Schiff-van Gieson method. The outcome of treatment was assessed
in terms of microscopic reduction of the hyphal growth in the vagina as well as
by acceleration of fungal CFU clearance over a period of 28 days. Negative
controls (untreated rats and rats treated with SP) were included. As a positive
control, rats received 50 or 100 pg of fluconazole (Pfizer)/ml in phosphate-
buffered saline (0.1 ml) at 1, 24, and 48 h after the yeast challenge. The person
dealing with animal treatments and vaginal smears was blinded with regard to the
nature of the material being injected.

(ii) Systemic infection model. Groups of eight BALB/c or severe combined
immunodeficient (SCID) female mice, both obtained from Charles River (Calco,
Italy), weighing 18 to 21 g, were challenged with five 50% lethal doses (LDs,’s;
corresponding to 107 cells of C. albicans strain SA-40) by the intravenous route.
Fifty micrograms of KP was therefore administered intraperitoneally for 3 days
starting on day 0, i.e., 1 h after the fungal challenge, and at 24 and 48 h thereafter.
Untreated animals or animals treated with SP (same dosage and treatment sched-
ule as those treated with KP) were the controls. The person who injected the
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animals was blinded with regard to the nature of the material being injected. The
animals were then followed for mortality and internal organ invasion for 60 days.

RESULTS

Sequence of KT-scFv and peptide selection for candidacidal
activity in vitro. The nucleotide and the deduced amino acid
sequence of KT-scFv, representing the functional internal im-
age of KT (18), were determined (Fig. 1). The CDRs of both
light and heavy chains were synthesized and tested for candi-
dacidal activity in vitro. In addition, the whole protein was
dissected into decapeptides, each displaced by two amino ac-
ids, and all decapeptides containing parts of CDRs (15) were
also synthesized and tested.

At the end of this preliminary screening, the decapeptide P6
(sequence EKVTMTCSAS; residues 17 to 26, with amino acids
24 t0 26, SAS, being the first three residues of the CDR1 of the
VL chain) was selected for further studies because of its higher
candidacidal activity in vitro (ICs, = 1.07 X 10~ mol/liter)
than that of the other peptides, in particular the heavy and
light chain CDRs, which had an ICs, always higher than 10~*
mol/liter. After P6 sequence optimization through alanine
scanning, a killer decapeptide (KP), with A replacing E in the
above sequence, was generated which showed the highest en-
hancement of candidacidal activity (ICs, = 5.6 X 10~% mol/
liter) in the in vitro assay among all alanine-substituted deca-
peptides (whose ICs, values ranged between 1.1 X 107> and
7.9 X 10~° mol/liter). On the basis of KP sequence, a scramble
peptide named SP (MSTAVSKCAT), was also synthesized
which showed no candidacidal activity at all and was thereafter
used as negative control.

The ICs, values of KP derivatives shortened by progressive
COOH-terminal amino acid deletion were also calculated.
There was a decay of candidacidal activity of almost 3 orders of
magnitude with the deletion of the COOH-terminus serine and
of >4 orders of magnitude with the deletion of the last four
COOH-terminal residues. This shows that the amino acids
belonging to CDR1 were indeed critical for KP activity.

Inhibition of KP activity by glucan. Since (i) KT and its
mimicking KT-IdAb interact with cell surface B-glucan (4, 12,
13), (ii) KP contained part of the sequence of a CDR domain
potentially involved in the binding, and (iii) as suggested
above, this sequence was critical for KP activity, we examined
whether KP activity was affected by soluble glucan molecules.
In addition, we tested for any competition by KP on an IdAb
(KT-MADb) binding to C. albicans germ tubes, the growth forms
of the fungus mostly expressing KT- and KT-IdAb receptor
components.

We observed that the candidacidal activity of KP was
strongly and dose dependently inhibited by laminarin, a soluble
B1-3 glucan, but not by pustulan, a soluble B1-6 glucan (Table
1). In addition KP, but not SP, completely inhibited the bind-
ing of the KT-MAb to germinating cells of C. albicans, as seen
by immunofluorescence assay (data not shown; see also refer-
ence 24). Altogether, these data suggest that the candidacidal
decapeptide did effectively compete for the site of binding of
KT-IdAb on the fungal cell wall, presumably constituted by, or
containing, B1-3 glucan as receptor component.

In vivo therapeutic activity of KP. The results of the above
experiments established that (i) KP has a strong candidacidal
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scFv Ho6 gene nucleotide sequence
ATGGCCCAGGTGAAGCTGCAGGAGTCTGGACCTGGCCTGGTGGCGCCCTCACAGAGCC
TGTCCATCACATGCACCGTCTCAGGGTTCTCATTAACCGGCTATGGTGTAAACTGGGTT
CGCCAGCCTCCAGGAAAGGGTCTGGAGTGGCTGGGAATGATATGGGGTGATGGAAGC
ACAGACTATAATTCAGCTCTCAAATCCAGACTGAGCATCAGCAAGGACAACTCCAAGA
GCCAAGTTTTCTTAAAAATGAACAGTCTGCAAACTGATGACACAGCCAGGTACTACTG
TCTCTATGCTATGGACTACTGGGGCCAAGGGACCACGGTCACCTTCTCCTCAGGTGG
AGGCGGTTCAGGCGGAGGTGGCTCTGGCGGTGGCGGATCGGACATCGAGCTCAC
TCAGTCTCCAGCACTCATGTCTGCATCTCCAGGGGAGAAGGTCACCATGACCTGCAGT
GCCAGCTCAAGTGTAAGTTACATGTACTGGTACCAGCAGAAGCCAAGATCCTCCCCCA
AACCCTGGATTTATCTCACATCCAACCTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGC
AGTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTG
CCACTTATTACTGCCAGCAGTGGAGTAGTAACCCATACACGTTCGGAGGGGGCACCAA
GCTGGAAATCAAACGTGCGGCCGCAGGTGCGCCGGTGCCGTATCCGGATCCGCTGGAA
CCGCGT

ScFv H6 aminoacid sequence
MAQVKLQESGPGLVAPSQSLSITCTVSGFSLTGYGVNWVRQPPGKGLEWLGMIWGDGSTD
YNSALKSRLSISKDNSKSQVFLKMNSLQTDDTARYYCLYAMDYWGQGTTVTCSSGGGGS
GGGGSGGGGSDIELTQSPALMSASPGEKVTMTCSASSSVSYMYWYQQKPRSSPKPWIYLT
SNLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQWSSNPYTFGGGTKLEIKRAAAG
APVPYPDPLEPR

FIG. 1. The ScFv H6 gene nucleotide and translated amino acid sequences. P6 amino acids are shown in italics. For other details, see the text.

activity in vitro and (ii) this activity, as that previously shown
with KT-MAb and KT-scFv, is probably mediated through an
interaction with a B-glucan KT receptor. Since killer activity of
KT-IdAb in vitro was reflected in an effective in vivo activity
(18, 23, 24), we performed a series of experiments aimed at
detecting any potential KP activity against experimental can-
didiasis. For this purpose, well-established mucosal and sys-
temic infection models in rodents were used.

(i) Vaginal infection in oophorectomized, estrogen-treated
rats. In a preliminary, dose-finding experiment, rats were
treated intravaginally with 10, 25, 50, and 100 pg of KP, 1, 24,
and 48 h after the fungus challenge, and monitored for C.
albicans clearance from the vagina as described in Materials
and Methods. A dose-response therapeutic effect, but with 50
and 100 pg of the compound being similarly efficacious, was
observed. Thus, in all subsequent experiments, 50 pg of KP was
used in the established three-dose administration schedule.

Figure 2 shows the results of a typical experiment (out of
three performed with comparable results) where the animals
were intravaginally infected with C. albicans cells and then
each treated with 50 wg of KP. SP and fluconazole (an effica-
cious, widely used anticandidal drug) served as negative and
positive controls, respectively. KP was seen to accelerate the
early rate of clearance (1 to 5 days) of the fungus from rat
vagina as significantly as fluconazole. KP also provided a sub-
stantial resolution of the infection (less than 10> CFU/ml of
vaginal fluid) within 3 weeks of challenge, when the untreated

controls still had from 2 X 10* to 4 X 10* Candida CFU/ml of
vaginal fluid. No acceleration of the fungal clearance and no
effect on resolution of infection was provided by SP adminis-
tration. Overall, the therapeutic benefit of KP was substantially

TABLE 1. Neutralization of KP candidacidal activity
in vitro by laminarin

Addition and concn CFU“ in the presence of:

(pg/ml) KP Sp
None 0 2,800 = 120
Laminarin®

12.5 0 2,500 = 90

25 1+1 2,800 = 260

50 110 £ 10 2,700 = 100

100 2,800 = 60 2,700 = 280
Pustulan”

12.5 0 2,300 = 150

25 0 2,500 = 50

50 0 2,700 = 300

100 0 2,700 = 120

200 0 3,700 = 60

400 10+6 3,800 = 220

800 20+ 6 4,000 = 140

“ CFU are the means * standard deviations of triplicate counts. KP and SP
were used at a single concentration of 25 pg/ml.

® Laminarin and pustulan are commercial preparations of $1-3 and p1-6 glu-
cans, respectively, with approximate molecular weights of 20,000 and 5,800,
respectively, as per information obtained from the manufacturers (see also ref-
erences 16 and 21).
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FIG. 2. Clearance of vaginal candidiasis in rats intravaginally administered KP, SP, or fluconazole or untreated. All rats (five per group) were
challenged intravaginally with 107 C. albicans cells (strain SA-40) in 0.1 ml of physiological saline on day 0 and then sampled for initial intravaginal
CFU. The therapeutics (KP, SP, and fluconazole; 50 wg each) were administered 1, 24, and 48 h after the challenge. Starting on day 1, there was
always a statistically significant difference (P < 0.05) in the vaginal CFU counts between untreated or SP-treated and KP- or fluconazole-treated
rats. No statistically significant difference was at any time point found between SP-treated and untreated animals (except at the last day of
measurement), and no statistically significant difference was similarly found at any time point between KP- and fluconazole-treated rats. Statistical

significance was assessed by using Student’s ¢ test (two-tailed).

comparable with that of fluconazole (Fig. 2). Noteworthy, KP
proved to have a therapeutic effect also in rat vaginal infection
caused by a C. albicans strain (AIDS 68) which was resistant to
treatment with up to 100 g of fluconazole (Table 2).

(ii) Lethal systemic infection in normal and SCID mice.
Three independent experiments were also performed to assess
the capacity of KP to exert therapeutic activity in a rapidly
lethal model of systemic infection by C. albicans. In one of the
three experiments, mice with SCID were used instead of their
immunocompetent BALB/c counterparts to verify whether the
curative effect of the peptide required the participation of host
adaptive immunity. In all experiments, untreated or SP-treated
mice were used as negative controls, while fluconazole was
used (in one experiment) as a positive control. In all experi-
ments, KP exerted a similar beneficial therapeutic effect in
terms of mortality delay and animal cure (60 days). As a typical
example, Fig. 3 shows the Kaplan-Meier survival curve of nor-
mal BALB/c and SCID mice robustly challenged with five
LDs’s of C. albicans cells and treated with 50 ng of KP, SP, or
fluconazole, or untreated. In both BALB/c and SCID mice, KP
was seen to increase the median survival time from 1 day in the

TABLE 2. Protection conferred by KP upon rats intravaginally
infected with fluconazole-susceptible strain SA-40 and
fluconazole-resistant strain AIDS 68 of C. albicans”

C. albicans vaginal CFU (10%)

Exptl group (= SD) on day”

0 7 14 28
albicans only, strain SA-40 >100 98+12 42+7 38=*6
albicans only, strain AIDS 68 >100 7010 55*x8 18*3

C.

C.

C. albicans SA-40 + fluconazole >100 13 x4 2+1 <1
C.

C.

C.

albicans SA-40 + KP >100 12 +7 1+1 <1
albicans AIDS 68 + fluconazole >100 64 =6 483 12=*4
albicans AIDS 68 + KP >100 405 18 +2 <1

@ All rats (five per group) were given 107 cells in 0.1 ml of physiological
solution on day 0 and were sampled for initial intravaginal CFU. The therapeu-
tics (KP, 50 pg, and fluconazole, 50 g in group 3 and 100 pg in group 5) were
administered 1, 24, and 48 h after the infectious challenge.

> On days 7, 14, and 28, all the differences in the CFU vaginal counts between
group 1 and groups 3 and 4 and between group 2 and group 6 (but not group 5)
were statistically significant (P < 0.05). The differences in vaginal CFU counts
between groups 5 and 6 were statistically significant (P < 0.05) on the same days.
There were no statistically significant differences in the vaginal CFU counts, at
any day, between groups 3 and 4. The statistical significance was assessed by
two-tailed Student’s ¢ test. Data are from one of two experiments performed with
similar results. C. albicans SA-40 and C. albicans AIDS 68 are in vitro flucon-
azole susceptible and fluconazole resistant, respectively.
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FIG. 3. BALB/c (A) or SCID (B) mice (eight per group) were infected intravenously on day 0 with 107 C. albicans cells (strain SA-40;
predetermined to correspond to five LDs,’s) and then intraperitoneally injected with 50 pg of KP, SP, or fluconazole in saline at 1, 24, and 48 h
after the infectious challenge. Untreated mice received saline only. Mortality was evaluated for 60 days, and dead mice were subjected to necropsy
to assess the presence of the fungus in one target organ (kidney). The differences in the median survival time (in days) or in the ratio of dead versus
total animals on day 60 were assessed by using the Mann-Whitney U test or by using Fisher’s exact test, respectively. For both endpoint parameters,
there was a highly significant (P < 0.01) statistical difference between untreated (or SP-treated) and KP-treated (or fluconazole-treated) mice. No
statistical difference was found between KP- and fluconazole-treated SCID mice or between untreated and SP-treated mice.
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untreated control to >60 days. In addition, only two and one of
the eight KP-treated BALB/c and SCID animals, respectively,
died compared to the eight out of eight dead mice treated with
SP (in both normal and SCID) or seven out of eight dead
BALB/c and SCID untreated mice. The KP curative effect was
comparable to that of fluconazole (Fig. 3B). In all cases, the
death of the animals was attributable to the C. albicans chal-
lenge as shown by the fungus burden in the kidneys.

DISCUSSION

Infections by microbial pathogens remain a major threat to
public health, a threat that is now more widely appreciated
because of the increasing antimicrobial drug resistance, the
paucity of novel antibiotics, and the widening of the spectrum
of opportunistic infections in immunocompromised subjects
and the elderly. Thus, the need of adding novel, in particular
immunotherapeutic, weapons to our antimicrobial armamen-
tarium is largely shared.

In this line, we have originally exploited the KT phenome-
non and the Id network to produce KT-IdAb, in the polyclonal,
monoclonal, and recombinant format, capable of mimicking in
vitro and in vivo the potent wide-spectrum, microbicidal activ-
ity of the KT from P. anomala (19). These antibodies were
effective in vitro against a panel of relevant opportunistic and
frank pathogens such as C. albicans, P. carinii, and M. tuber-
culosis, including multidrug-resistant strains and, more re-
cently, penicillin-, methicillin-, and vancomycin-resistant cocci
(7). They were also effective in several experimental models of
infection (5, 18, 23). In particular, KT-scFv exerted a thera-
peutic effect against C. albicans rat vaginal infection when
intravaginally administered as such or vectored by the human
commensal Streptococcus gordonii colonizing the vaginal mu-
cosa (3, 18).

Nonetheless, the intrinsic limitations of the reported ap-
proach in terms of potential for treatment of human infections
are easily recognized. A practical problem related to therapeu-
tic treatment with KT-scFv is the requirement for continuous
administration of a potentially expensive and labile product.
The mucosal delivery of the candidacidal antibody fragment
permanently expressed by a colonizing human commensal bac-
terium would appear to be safe and cost-effective, but the
means for large-scale production and standardization and the
regulatory pathway for the acceptance of new transgenic com-
mensals would need to be defined. In addition, this last ap-
proach could not be considered for the treatment of systemic
infections.

In recognition of these constraints, and because of our in-
terest in dissecting the biological activity of KT-scFv, we ad-
dressed the biological activity of peptides synthesized and op-
timized from the KT-scFv sequence, with special regard to the
CDR domains which express the antibody-specific binding to
the susceptible cells. For this, we were also encouraged by the
recent identification of KTR as a B-glucan component of the
cell wall (12). Importantly, glucan and glucan-like molecules
are largely present in the microbial world, where they exert
critical structural and/or virulence properties. Thus, targeting
these components with antibodies or antibody derivatives
could provide novel and general therapeutic approaches.

To prove the above concept, we have selected as a model

INFECT. IMMUN.

organism C. albicans, a KT-, KT-MAD-, and KT-scFv-suscep-
tible opportunistic pathogen of ever-increasing medical impor-
tance. This fungus is one of the most frequently involved mi-
crobial pathogens in the etiology of mucosal infections, being
the principal agent of vulvo-vaginal (acute, chronic, and recur-
rent) infection and oral pathology in human immunodeficiency
virus-infected subjects (17). In addition, it causes serious,
highly lethal systemic infections in immunocompromised or
otherwise debilitated hosts against which the current therapeu-
tic choices are limited, also due to increasing antimycotic re-
sistance problems (1, 10). Nonetheless, other KT-sensitive mi-
crobial pathogens are, in principle, to be considered in this
approach since they have also been demonstrated to be sus-
ceptible to KT-MADb and KT-scFv (5-7).

Through KT-scFv sequence determination, a synthetic deca-
peptide (P6) inclusive of three CDR1 residues of the VL chain
was selected for large-scale synthesis as soluble product be-
cause of its strong candidacidal activity in vitro in comparison
with other decapeptides pertaining to CDRs as well as CDR-
constituting peptides.

P6 was analyzed by alanine scanning in an attempt to po-
tentiate its activity, thus obtaining a potent in vitro killer deca-
peptide denominated KP. Importantly, the candidacidal activ-
ity of KP required the presence of the three CDR1 amino acids
SAS and was clearly inhibited, in a dose-dependent fashion, by
laminarin, a B1-3 glucan preparation. This latter effect was
highly specific, since it was not reproduced by pustulan, a 31-6
glucan preparation, thus suggesting that the peptide preferen-
tially interacts with a receptorial component containing $1-3
glucan. This would also suggest that germinating C. albicans
cells, which in contrast to nongerminating yeast cells are highly
susceptible to KP, express B1-3 glucan on their surface. In-
deed, B1-6 glucan is rather expressed by nongerminating yeast
cells (32). Germination of yeast cells is mandatory for tissue
invasion by C. albicans, and B-glucan synthesis is absolutely
required for this event to occur. In fact inhibitors of p1-3
glucan synthase are candidacidal (11). Whichever the precise
B-glucan configuration recognized by KP, our data suggest
that, similarly to KT and KT-IdAb, the decapeptide also inter-
acts with B-glucans of KTR, as strengthened by the observation
that KP, like KT, was able to inhibit the binding of a KT-MAb
to KTR of C. albicans cells in a direct immunofluorescence
assay (data not shown; see also references 24 and 26). Taken
together, our findings constitute circumstantial evidence that
the candidacidal activity of KP is, by still-unknown mecha-
nisms, mediated in part or as a whole by KP interaction with
B-glucan.

The true reason why P6 and consequently KP, rather than
the whole light chain CDR1 or other CDRs, proved to be a
particularly strong KP is not known. The expectation that the
anticandidal activity, if present, would have been expressed at
the highest level by one or more CDRs was not supported by
the experimental data. For instance, the V;; CDR3 (which was
the most active, on a molar basis, among all CDRs) was slightly
less active than P6, and its activity was substantially unaffected
by alanine replacement which, in contrast, increased P6 activity
by more than 2 logs. Even though KP cannot be considered a
structural mimotope of KT, it acted as a functional mimotope
and was adopted for therapeutic purposes with reference to its
enhanced activity in vitro. The functional mimicry, based on a
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critical interaction of KP with B-glucan, i.e., the KTR, deserves
further investigations aimed at unravelling the mechanism of
action of KP on sensitive microbial cells. Central to these
ongoing investigations are those studies concerning the nature
of the molecular interaction between KP and its glucan recep-
tor, which is expected to be a rather widespread molecule in
consideration of the fact that KP, exactly as its source antibody
molecules KT-MAb and Sc-Fv (5, 7) are, is active in vitro
against several fungi and some bacteria, for instance, M. tuber-
culosis (unpublished data).

The consolidated experimental model of rat vaginal candi-
diasis (9) as well as a routinely adopted and well-established
systemic mouse model of Candida infection (20) were used to
test the therapeutic activity of KP in vivo. The results proved
that KP was capable of significantly accelerating the clearance
from the vagina a high fungus burden, similarly to a therapeu-
tic course of fluconazole, a highly active, universally used an-
ticandidal drug. KP greatly accelerated the fungus elimination
from rat vagina in the first 2 to 3 days of infection, a critical
period when the infecting yeast-form cells of the fungus un-
dergo massive germination to hyphal elements and secrete
critical virulence enzymes, such as the aspartyl proteinases (9).
Importantly, KP did also prove to eradicate the infection
caused by a fluconazole-resistant strain of C. albicans, a finding
of special interest in view of the increased clinical concern
about fluconazole resistance in this and allied fungi (1, 10).

A potent therapeutic effect of KP in the mouse model of
systemic candidiasis was also observed. Although various nat-
ural or artificial peptides have been used to this aim, we are not
aware of any of them being capable of curing a systemic ex-
perimental infection resulting in death in 2 to 3 days. Note-
worthy, this curative effect was similarly exerted in normal
immunocompetent mice as well as in SCID mice, demonstrat-
ing that the therapeutic benefit did not require the participa-
tion of host adaptive immunity. By its presumptive killing ac-
tivity in vivo, the peptide could reduce the burden of the fungus
to levels affordable by the host phagocytes, being the profes-
sional phagocytes normally active, if not more active, against
the fungus in SCID mice. Neutrophils could be particularly
involved, since they have a recognized critical role in the fight
against systemic Candida infection (10). However, it is also
possible that the KP activity does not require any help by the
host because of its rapid and direct cytocidal effects, as also
suggested by the results of treatment with KT-MAD in an
aspergillosis model in neutropenic mice (5).

Finally, a major interest of our approach is the potential
antimicrobial spectrum of KP, which may include most micro-
organisms possessing B-glucan in their cell wall, inclusive of
yeasts, most filamentous fungi, and some bacteria (5, 7, 16, 21).
The observation that an engineered antibody fragment exerts
an antimicrobial activity in vitro and in vivo comparable to that
displayed by the original KT-scFv could open a new scenario in
the biochemistry of antimicrobial peptides for the prevention
and therapy of the numerous superficial and systemic diseases
caused by the numerous KT-susceptible microorganisms.
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