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Three cysteine-rich cationic peptides, designated RatNP-1, RatNP-3, and RatNP-4, were purified from an

acid extract of rat polymorphonuclear neutrophils, sequenced, and tested for antimicrobial activity. The
peptides ranged from 29 to 32 amino acids in length (Mrs 3,252 to 3,825), and each contained all eight
invariantly conserved "framework" residues that are characteristic of defensins. Each of the peptides killed
Escherichia coli ML-35, Acinetobacter calcoaceticus HON-1, Staphylococcus aureus 502A, and Candida albicans
820 in vitro. RatNP-1, the most cationic rat defensin, was also the most potent. With this report, a total of 13
distinct defensins have been characterized in the polymorphonuclear leukocytes of four mammalian species.
The existence of the defensin system in rats should facilitate investigations of the in vivo role of defensins in
experimental infections.

Polymorphonuclear leukocytes (PMN) are major effectors
in host defenses against bacteria and fungi. Their ability to
kill ingested microorganisms depends on both the generation
of toxic microbicidal oxidants (2, 9, 20) and the delivery of
preformed antimicrobial proteins or peptides (12, 34, 36)
from their cytoplasmic granules to phagosomes. A recently
characterized family of small, cysteine-rich peptides (defen-
sins) are prominent among the antimicrobial molecules con-
tained within human, guinea pig, or rabbit PMN (13, 37-40,
42). Their relative abundance, widespread distribution, and
broad antimicrobial spectrum-which includes bacteria (13,
39, 42), fungi (13, 23, 35, 39, 41), and some enveloped viruses
(6, 13, 22, 39)-suggest that defensins may play significant
roles in PMN-mediated host defenses.
Although defensins have not heretofore been described in

rat PMN, Modrzakowski et al. reported that an extract
prepared from rat PMN exerted antibacterial activity against
certain bacteria (17, 18, 24, 25, 28), and they associated the
activity of these extracts with small cationic peptides. Be-
cause rats are widely used in experimental models of infec-
tion, precise characterization of their antimicrobial effector
molecules is desirable. In this communication, we describe
the purification and primary structures of three rat PMN
defensins and provide preliminary evidence of their broad
antimicrobial spectrum.

MATERIALS AND METHODS

Purification of PMN. To elicit peritoneal neutrophils, Spra-
gue-Dawley rats were injected intraperitoneally with normal
saline solution containing 7.5% sodium caseinate (Eastman
Kodak Co., Rochester, N.Y.) in a dose of 0.4 ml/10 g of body
weight (3). Six hours later the rats were sacrificed, and
peritoneal exudate cells were obtained by lavaging the
peritoneal cavity of each rat with 40 ml of Dulbecco phos-
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phate-buffered saline that contained 5 mM glucose and 5 U
of heparin per ml (DPBS). The lavage fluids were centrifuged
at 200 x g for 10 min at 4°C, and the pelleted cells were

suspended in DPBS. Erythrocytes were removed by brief
hypotonic lysis in ice-cold distilled water. After centrifuga-
tion, the PMNs were suspended in DPBS. After removal of
samples for total and differential cell counts, the cells were

pelleted and frozen at -20°C. Neutrophils accounted for 90
+ 3% of the cells, as assessed by examination of Wright
Giemsa-stained slides. Cellular viability before freezing was
98 + 1% by trypan blue exclusion.

Purification of rat neutrophil peptides. Rat peritoneal neu-

trophils (4.6 x 109 cells) obtained from a total of 18 rats were
suspended in 17 ml of ice-cold 0.05 M sodium phosphate
buffer (pH 6.6) that contained 2 mM phenylmethylsulfonyl
fluoride, 10 F.M leupeptin, 10 F.M pepstatin, 1 mM n-

ethylmaleimide, and 2 mM EDTA (all obtained from Sigma
Chemical Co., St. Louis, Mo.). This mixture was sonicated
twice for 20 s each (Bronwill Biosonik IV, maximum power)
and kept on ice for 30 min. Next, 9 ml of 20% cold acetic acid
was added, and the mixture was sonicated again and stirred
for 1 h at 4°C. This extracted sonicate was centrifuged at
27,000 x g for 20 min, and the insoluble residue was

extracted as above.
The supernatants obtained from these extractions were

pooled, dialyzed in Spectrapore 3 tubing (Spectrum Medical
Industries, Inc., Los Angeles, Calif.) against 5% acetic acid
and concentrated at a volume of 5 ml by vacuum centrifu-
gation (Speed-Vac; Savant Instruments, Inc., Hicksville,
N.Y.). This concentrate was chromatographed on a 2.5- by
120-cm column of Bio-Gel P-10 (Bio-Rad Laboratories,
Richmond, Calif.) previously equilibrated with 5% acetic
acid. We collected 5-ml fractions at a flow rate of 10 ml/h,
with monitoring of A,,(,. Samples of alternate fractions were

subjected to acid-urea polyacrylamide gel electrophoresis
(AU-PAGE) (40). The peptides of interest eluted between
fractions 86 and 149. Appropriate fractions were pooled,
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FIG. 1. AU-PAGE of rat, rabbit, and human defensins. Lanes: 1,
40 p.g of rat neutrophil extract; 2, 2.0 jig of RatNP-1; 3, 2.0 p.g of
RatNP-3; 4, 2.0 p.g of RatNP-4; 5, 1 jig each of rabbit defensins NP-1
(most cathodal), NP-2, NP-3 (a and b), NP-4, and NP-5; 6, 1.7 pg

each of human defensins HNP-1 (most cathodal), HNP-2, and
HNP-3.

lyophilized in a vacuum centrifuge, and further purified by
reversed-phase high-performance liquid chromatography
(RP-HPLC) on a C-18 column (4.6 by 250 mm, Vydac; The
Separation Group, Hesperia, Calif.) with a water-acetonitrile
gradient that contained 0.1% trifluoroacetic acid as previ-
ously described (42). Purity of the peptides was assessed by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), AU-PAGE, and RP-HPLC.

Composition analysis. Each peptide was reduced and sub-
sequently alkylated with iodoacetamide in 6.0 M guanidine
hydrochloride-0.5 M Tris hydrochloride (pH 8.1)-0.2 mM
EDTA as previously described (15). The carboxamidometh-
ylated peptides were desalted by RP-HPLC on a 4.6- by
250-mm C-18 column (Vydac). Performic acid-oxidized,
carboxamidomethylated, or native peptides were hydro-
lyzed under vacuum in 5.7 N HCl for 24 to 72 h. Amino acids
were quantitated as phenylthiocarbamyl derivatives by RP-
HPLC on a C-18 column as previously described (40). The
assay for free sulfhydryls was performed spectrophotomet-
rically with Ellman reagent (16), and carbohydrate content
was estimated by the phenol-sulfuric acid assay (8).
Sequence determination. The S-carboxamidomethylated

peptides (2 to 4 nmol) were sequenced on a model 475A
sequencing system (Applied Biosystems, Inc., Foster City,
Calif.), as previously described (37). Confirmation of the
carboxyl-terminal residues of the rat peptides was performed
by amino acid analysis of residues liberated by carboxypep-
tidase Y (Pierce Chemical Co., Rockford, Ill.) treatment (1).

Antibacterial assays. We tested the bactericidal activity of
rat neutrophil peptides against Escuherichia ( oli ML-35,
Staphylococcuts aureius 502A, and Acinetobaciter cal(loa( e-

ticus HON-1 (ATCC 14987). The organisms were maintained
on tryptic soy agar (Difco Laboratories, Detroit, Mich.).
Experimental cultures were grown overnight in full-strength
tryptic soy broth (TSB) at 37°C, diluted 1:50 into fresh TSB,
and incubated for an additional 18 h at 37°C to prepare
stationary-phase cultures. To prepare a mid-log-phase cul-

ture of S. alreius, an inoculum from an 18-h broth culture
was diluted 1:50 with TSB and incubated for 3 h at 37°C with
shaking. The concentration of CFU was estimated by spec-
trophotometry (A620), referenced to previously determined
standards. Assay mixtures contained 5 x 104 CFU of
washed bacteria with or without 1 to 50 pig of rat neutrophil
peptide per ml in a total of 50 pL1I per time point, of 10 mM
sodium phosphate buffer (pH 7.4) supplemented with TSB
(1:100, vol/vol). Controls lacked defensins but were other-
wise identical. Experimental and control mixtures were
incubated for 2 h at 37°C in a shaking water bath. Thereafter,
samples were appropriately diluted, spread on tryptic soy
agar plates with a spiral spreader (Spiral Technologies,
Rockville, Md.) (7, 14), and incubated for 24 to 48 h to allow
full colony development. All experiments were performed in
duplicate, with three independent readings obtained from
each plate. The technique of spiral spreading afforded highly
accurate and reproducible results over a 4-log1o range of
CFU per milliliter. The coefficient of variation of individual
values in these experiments [(standard deviation x 100)/
mean] was approximately 4.2%. Means and standard errors
of the means were calculated after log10 transformation of
the primary data.

Antifungal assays. Canididti albicans 820 and Cryptococ cus
niefof)r/nans A-383 (kindly provided by D. H. Howard,
University of California, Los Angeles), were maintained on
Sabouraud 2% dextrose agar plates. Experimental cultures
were started from single agar colonies that were grown for 18
h in 50 ml of Sabouraud 2% dextrose broth at 37°C, diluted
1:50 in fresh Sabouraud broth, and incubated at 37°C for an
additional 18 h. The test organisms were washed twice in 10
mM sodium phosphate buffer (pH 7.4), counted in a hema-
cytometer, and adjusted as required. Assay mixtures con-
tained 5 x 104 CFU with or without 1 to 50 pLg of rat
neutrophil peptide per ml in a final volume of 50 .I1 of 10 mM
sodium phosphate buffer (pH 7.4). These mixtures were
incubated at 37°C for 2 h in a shaking water bath. For colony
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FIG. 2. Chromaltogram of purified rat defensins. Purified RatNP-

1 and -3 (10 and 20 Lg, respectively) were chromatographed on a 4.6-
by 250-mm C-18 column by using a 0 to 60%s gradient of acetonitrile
over 60 min at I ml/min. Trifluoroacetic acid (().1%) was used as an
ion-pairing agent. Elution of the rat peptides was monitored spec-
tropho)tometrically by A,,,.
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TABLE 1. Amino acid composition and molecular weights"
of rat defensins

Amino Composition (no. of residUes)"
acid RatNP-1 RatNP-3 RatNP-4

Cys' 4.9 (6)" 5.5 (6) 5.3 (6)
Asp 1.2 (1) 1.0 (1)
Glu 0.8 (1) 1.0 (1) 1.0 (1)
Ser 1.2 (1) 3.9 (4) 1.0 (1)
Gly 3.9 (4) 3.0 (3) 4.6 (5)
Arg 7.9 (9) 5.3 (6) 4.4 (5)
Thr 2.1 (2) 1.0( (1) 1.0 (1)
Ala 1.1 (1) 1.0 (1) 2.7 (3)
Tyr 2.2 (3) 0.8 (1) 1.8 (2)
Val 1.3 (1) 1.1 (1)
lie 1.1 (1) 1.0 (1) 1.9 (2)
Leu 1.9 (2) 3.0 (3) 2.9 (3)
Phe 0.9 (1) 1.0 (1)

" Molecular weights (calculated from sequence analysis data) of RatNP-i.
-3. and -4 were 3,825. 3,252, aind 3,329. respectively.

" Values determined from analysis of 72-h hydrolysates.
Cysteine was determined both as cysteic acid and S-carboxymethyl

cysteine.
"Numbers within parentheses indicate residues determined by sequence

analysis.

counting, samples were removed, appropriately diluted, and
spread on Sabouraud agar plates with a spiral spreader. C.
allbi( (ns colonies were counted 24 to 48 h later; C. nieoJor-
mtanS colonies were counted after 72 h.

Direct viral neutralization. The ability of rat granulocyte
defensins to directly inactivate type 1 herpes simplex virus
(McIntyre strain) was tested as previously described (6, 22).

RESULTS

Peptide purification. AU-PAGE revealed that our initial
acid extract of rat PMN contained five prominent cationic
peptides (Fig. 1) that were designated rat neutrophil peptide
1 (RatNP-1) through -5, in order of their relative cathodal
migration. Two of these peptides, RatNP-2 and -5, were
substantially less abundant than the others and were not
available in sufficient quantities for sequencing and func-
tional testing. To determine whether any of the other three
peptides was a defensin, we chromatographed the crude
extract on Bio-Gel P-10 and examined their contents by
AU-PAGE and SDS-PAGE. The fractions containing
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RatNP-1, -3, and -4 of the crude extract were purified to
homogeneity by RP-HPLC (Fig. 2). The purity of the three
peptides was confirmed by AU-PAGE (Fig. 1). RP-HPLC
(Fig. 2), and SDS-PAGE (data not shown).

Characterization of rat peptides. The amino acid composi-
tion of RatNP-1. -3, and -4 revealed that each had a relatively
high content of cysteine and arginine (Table 1), as had
previously been noted for rabbit, human, and guinea pig
defensins (37, 39, 40). Lysine and tryptophan residues were
absent. RatNP-4 lacked the phenylalanine residue present in
RatNP-1 and -3. Although RatNP-2 and -5 were not fully
purified and sequenced, preliminary amino acid analyses
suggest that these may also prove to be defensins (data not
shown). In other experiments, we found that these rat
neutrophil peptides were especially abundant in subcellular
granule-rich fractions of rat PMN, consistent with the local-
ization of defensins in human, rabbit, and guinea pig leuko-
cytes (data not shown).
The molecular weights of RatNP-1, -3, and -4 as estimated

by SDS-PAGE (data not shown) were consistent with the
values obtained from the amino acid composition and se-
quence data shown in Table 1. Figure 3 compares the
primary amino acid sequences of RatNP-1, -3, and -4 with
the primary amino acid sequences of 10 other known defen-
sins (37, 39, 40): note that all six cysteines in each rat peptide
align precisely with the invariant cysteine residues of the
other defensins. Figure 4 shows the remarkable similarity of
RatNP-4 to the human defensin HNP-1; 17 of their residues
coincided precisely, and another 6 were conservatively
replaced. Given their size. cationicity, abundance in granu-
locytes, homologies, and especially their fully conserved
cysteine motif, it is clear that RatNP-1, -3. and -4 are
defensins.

Antimicrobial activity. Because the previously described
members of the defensin family exerted antimicrobial activ-
ity in vitro, we examined the effects of the three rat defensins
on selected bacteria and fungi (Table 2). Each rat defensin
was more potent against E. coli ML-35 than the human PMN
defensin HNP-1. Note that the relative efficacy of these rat
defensins was in the same order of their net cationicity
(positive charge): RatNP-1 > RatNP-2 > RatNP-4 (Fig. 5).
All three rat neutrophil peptides also killed >90% of A.
all(oa(eticius in 2 h when tested at 50 p.g/ml under our
standard incubation conditions (data not shown).

Midlogarithmic-phase S. aiiiieiis 502A was also highly
sensitive to the bactericidal activity of RatNP-1 (Table 2.
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FIG. 3. Primary structures of rat, rabbit, human, and guinea pig defensins. The amino acid sequences of the defensins are shown with
maximal alignment and enclosure of the framework residues shared by all of the peptides. Abbreviations: A. alanine; C. cysteine; D, aspartic
acid: E. glutamic acid; F, phenylalanine: G. glycine: H. histidine: 1. isoleucine; K. lysine: L. leucine: M. methionine; N, asparagine: P.
proline; Q, glutamine; R, arginine: S. serine: T. threonine: V. valine: W. tryptophain: Y. tyrosine. Residue numbering is indexed to amino acid
1 of the rabbit defensins.
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FIG. 4. Comparison of rat (RatNP-4) and human (HNP-1) defen-
sins. Amino acid residues (first 2 lines) are shown in single-letter
code as defined in the legend to Fig. 3. The identical residues are

enclosed; c, conservative substitutions.

Fig. 6). At a concentration of 1 p.g/ml, RatNP-1 caused a

2-log1o-unit decrease in S. allreis CFU per milliliter,
whereas 2.5 jtg/ml reduced the viable counts by 5 log1, units.
RatNP-1 was also effective against stationary-phase S. aiu-

reus; however, 10 times more (25 pLg/ml) RatNP-1 was

necessary to decrease the CFU per milliliter by 5 log10 units
(data not shown). Although 50 jLg of either RatNP-3 or -4 per
ml killed approximately 2 log1, units of midlogarithmic S.
aureus 502A, neither peptide (50 jig/ml) was effective against
stationary-phase S. aloreus 502A (Table 2).
RatNP-1 was also more potent against C. (albicans than

was RatNP-3, RatNP-4 or the human defensin HNP-1 (Fig.
7). At a concentration of 5 jig/ml, RatNP-1 caused approxi-
mately a 2-log1( unit (98%) decrease in Caindida CFU per
milliliter, and at 25 jig/ml the viable counts were reduced by
4 log1o units. Although RatNP-3 and -4 were not active at
concentrations between 1 and 5 jLg/ml, higher concentrations
caused significant killing. At a concentration of 10 jig/ml,
both RatNP-3 and -4 killed >97% of C. neojormans (Fig. 8),
suggesting that this fungus might be more susceptible to
defensins than was C. albicans. We lacked sufficient RatNP-
1 to test this defensin against C. neoformans.
The three rat defensins were also tested for their ability to

directly inactivate herpes simplex virus type 1 (McIntyre
strain). RatNP-1 (50 jLg/mI) caused modest direct viral neu-
tralization, reducing the number of surviving herpes simplex
virus type 1 PFU per milliliter by 90% after 60 min. RatNP-3
and -4 were inactive under these conditions (data not
shown).

DISCUSSION
Since Metchnikoff described the role of PMN in defense

against infection (reviewed in reference 27), much effort has

focused on understanding the biochemical basis of their
antimicrobial activity. PMN antimicrobial mechanisms may
be classified as either oxidative or nonoxidative. The oxida-
tive mechanisms depend on the production of toxic oxidants,
such as H,O,, OH-, OCI-, and chloramines, by stimulated
PMN (2, 20). These oxidants act directly or in concert with
other PMN components to destroy invading microbes (2,
20).
The nonoxidative antimicrobial mechanisms of PMN

arise, in part, from the effects of antimicrobial proteins or
peptides sequestered within the cytoplasmic granules of the
PMN (12, 34). Among these antimicrobial effector molecules
are lysozyme (5, 11), cathepsin G (29-31), bactericidal
permeability-increasing protein (BPI) (10) and related or

additional factors (19, 21), and defensins (13, 37-39, 42).
Additional types of antimicrobial peptides have recently
been reported to exist in bovine PMN (26, 33).
The structural and functional attributes of the three rat

peptides described in this report establish their identity as

members of the defensin peptide family. Like other defen-
sins (6, 13, 35, 39, 41, 42), the rat peptides displayed
antimicrobial activity against a broad spectrum of microbial
targets. These included S. aureus 502A, two gram-negative
bacteria, two fungi, and, to a lesser extent, an enveloped
virus. Because we purified RatNP-1, -3, and -4 to homoge-
neity and we used different microbial targets and assay
conditions, it is not possible to compare our studies directly
with those of Modrzakowski et al. (17, 18, 25, 28). Never-
theless, our data confirm their report that cationic, low-
molecular-weight antimicrobial peptides exist in rat PMN.
The rat peptides described in this report retain all of the

eight framework residues common to the other 10 known
members of the defensin family (37, 39, 40). Six of these
conserved amino acids are half-cystines, whose intramolec-
ular disulfide bonds shape and stabilize the fold of the
polypeptide backbone. Arginine-15 and glycine-18 are also
conserved. Conservation of these eight framework residues,
particularly the six half-cystines, provides a hallmark for the
defensin family. The disulfide pairing (39a) and the backbone

TABLE 2. Effects of purified rat peptides (defensins) on test organisms"

Mean CFU/ml Log,(Organism ~~~~~Peptide TSB 11 reducioriControl' Treated reduction'

S. aureus 502A (18 h) RatNP-1 + 1 1.5 x 106 <102 >4.17
RatNP-3 + 3 1.4 x 106 8.9 x 105 0.20 ± 0.07
RatNP-4 + 3 1.4 x 106 9.1 x 105 0.13 + 0.10

S. aiuireius 502A (midlogarithmic) RatNP-1 + 2 2.0 x 106 <102 >4.30
RatNP-3 + 3 2.0 x 106 2.5 x 104 1.90 ± 0.20
RatNP-4 + 3 2.0 x 106 1.3 x 104 2.20 ± 0.10

E. coli ML-35 (18 h) RatNP-1 + 1 1.9 X 107 <102 >5.28
RatNP-3 + 4 1.3 x i07 1.7 x 102 4.37 ± 0.12
RatNP-4 + 4 1.3 x 107 1.6 x 103 3.89 ± 0.19

C. albickans 820 (18 h) RatNP-1 - 1 1.2 x 106 <102 >4.08
RatNP-3 - 3 1.2 x 106 7.6 x 103 2.19 ± 0.27
RatNP-4 - 3 1.2 x 106 1.5 x 103 2.91 ± 0.04

C. neofori-nans A-383 (18 h) RatNP-3 - 3 1.3 x 106 1.7 x 102 3.89 ± 0.08
RatNP-4 - 3 1.3 x 106 2.7 x 102 3.13 + 0.43

"Stationary-phase (18-h) or midlogarithmic-phase organisms, approximately 106 CFU/ml. were incubated for 2 h at 37C with 50 ,ug of rat peptide per ml in
10 mM sodium phosphate buffer with (+) or without (-) supplementation with 1% (vol/vol) TSB.

9 Logl, decrease from incubated controls after 2 h (mean ± standard error of the mean).
Controls were incubated for 2 h in defensin-free medium as described in Materials aind Methods.
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FIG. 5. Antibacterial activity of rat defensins against E. coli

ML-35. Stationary-phase (18-h) organisms (106 CFU/ml) were incu-
bated with the indicated concentrations of RatNP-1 (0), RatNP-3
(A), RatNP-4 (E), and HNP-1 (*) in 10 mM sodium phosphate
buffer supplemented with TSB (pH 7.4) for 2 h at 37°C. Data for
RatNP-3 and -4 are mean values of three experiments performed
with each. Single experiments were done with RatNP-1 and HNP-1.

structure of several defensins (4, 32) have been described
elsewhere.

In addition to possessing the eight framework residues
common to all defensins, rat defensins shared three addi-
tional amino acids with their human and rabbit congeners:
arginine-6, glutamic acid-14, and glycine-24 (Fig. 3). When
compared with each other, the three rat peptides were
homologous in 18 of their 29 to 32 residue positions (Fig. 3).
RatNP-4 was remarkably similar to the human defensins.

When RatNP-4 (31 residues) was aligned with human HNP-1
(30 residues), 17 amino acids were identical and 7 were
conservatively substituted (Fig. 4). Overall, the sequence
homology among these defensins was as follows: rat to rat,
62 to 68% identical; rat to human, 38 to 57% identical; rat to
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DEFENSIN CONCENTRATION (pg/mi)
FIG. 7. Antifungal activity of rat defensins against C. albicans

820. Blastoconidia (106 CFU/ml) were incubated for 2 h at 37°C with
the indicated concentrations of RatNP-1 (0), RatNP-3 (A), RatNP-4
(-), and HNP-1 (*) in 10 mM sodium phosphate buffer (pH 7.4).
Data for RatNP-3 and -4 are means of two experiments with each.
Single experiments were done with RatNP-1 and HNP-1.

rabbit, 32 to 58% identical; rat to guinea pig, 32 to 42%
identical.
Although our limited quantities of purified rat defensins

precluded more exhaustive functional testing, our experi-
ments established that members of the newly characterized
rat defensin family exerted microbicidal activity against
selected gram-positive and gram-negative bacteria and cer-
tain fungi in vitro. RatNP-1 appeared to be the most potent
of these rat defensins, perhaps because it was also the most
cationic. This behavior was consistent with our findings that
the relative bactericidal (13, 42) and fungicidal (6, 13, 23, 35,
41) efficacy of human and rabbit defensins correlated with
the net positive charge of the peptides. Our finding that
stationary-phase S. aiureius was considerably less susceptible
to killing by rat defensins than midlogarithmic-phase organ-
isms suggests that target cell growth and/or metabolism
modulates susceptibility to rat PMN defensins. We have
observed similar results when human PMN defensins were
tested against S. aureuis 502A and E. coli ML-35 (unpub-
lished data) and C. albicans (13).
With this report, a total of 13 defensins have now been

found in the PMN of four mammalian species: rabbits,
guinea pigs, humans, and rats. It appears that defensins are
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FIG. 6. Antibacterial activity of rat defensins against S. aureius

502A. Mid-log-phase organisms (106 CFU/ml) were incubated with
the indicated concentrations of RatNP-1 (0), RatNP-3 (A). RatNP-4
(H), and HNP-1 (*) in 10 mM sodium phosphate buffer supple-
mented with TSB (pH 7.4) for 2 h at 37°C. Data for RatNP-3 and -4
are means of two experiments with each. Single experiments were
done with RatNP-1 and HNP-1.
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FIG. 8. Antifungal activity of rat defensins against C. neofrr-
mnans A-383. Stationary-phase organisms (106 CFU/ml) were incu-
bated with increasing concentrations of RatNP-3 (A) and RatNP-4
(-) in 10 mM sodium phosphate buffer (pH 7.4) for 2 h at 37°C. Data
for RatNP-3 and RatNP-4 are means of three experiments with each.
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widely distributed within the PMN of diverse species. Be-
cause these 13 defensins diverge markedly in their antimi-
crobial spectrum and potency, such differences may contrib-
ute to interspecies variations in resistance to given
pathogens. The ability to compare defensins from the phago-
cytic cells of different mammalian species can provide a
powerful tool for investigating host resistance to pathogenic
microorganisms.
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