
REPORTS REPORTS 

7. N. Shigesada, K. Kawasaki, Biological Invasions: The- 
ory and Practice (Oxford Univ. Press, New York, 
1997). 

8. A. Hastings, S. Harrison, K. McCann, Proc. R. Soc. 
London Ser. B 264, 1837 (1997). 

9. J. L. Maron, S. Harrison, Science 278, 1619 (1997). 
10. W. G. Wilson, S. P. Harrison, A. Hastings, K. McCann, 

J. Anim. Ecol. 68, 94 (1999). 
11. E. Ranta, V. Kaitala, J. Lindstrbm, Ecography 20, 454 

(1997). 
12. D. T. Haydon, Theor. Popul. Biol. 58, 239 (2000). 
13. P. J. Bacon, Population Dynamics of Rabies in Wildlife 

(Academic Press, London, 1985). 
14. B. T. Grenfell, O. N. Bjernstad, J. Kappey, Nature 414, 

716 (2001). 
15. W. Baltensweiler, Oecologia 94, 62 (1993). 
16. , D. Rubli, Forest Snow Landscape Res. 74, 1 

(1999). 
17. C. Auer, Eidg. Anst. Forstl. Versuchswes. Mitt. 53, 71 

(1977). 
18. See supplemental data on Science Online. 
19. W. Baltensweiler, Eidg. Anst. Forstl. Versuchswes. Ber. 

270, 215 (1985). 
20. We analyzed outbreak data that originated from 

maps of visually detected defoliation in the Central 
European Alps between 1961 and 1998 (16). The 
surveys were made in cooperation with the forest 
administration agencies of the Alpine countries 
(France, Italy, Switzerland, and Austria). Maps were 
digitized to show the presence or absence of defoli- 
ation in each 1 km x 1 km cell. These data were 
aggregated to the proportion of defoliation in 20 
km x 20 km grid cells as a surrogate for local 
abundance (18). Grid cells were excluded from fur- 
ther analyses if the maximum defoliation was less 
than 1% or if >90% of the years were completely 
without defoliation. This was done to prevent prob- 
lems arising from analysis of time series dominated 
by zero values. 

21. O. N. Bjernstad, J. Bascompte, J. Anim. Ecol. 70, 924 
(2001). 

22. O. N. Bjernstad, W. Falck, Environ. Ecol. Statist. 8, 53 
(2001). 

23. The cross-correlation, w,,A, between two time series 
of abundance at location Hi and at location i and Hj at 
location j (either at similar or different locations) 
lagged by A years relative to each other (either in the 
same year, A = 0, or in lagged years), is given by 

w,jA = (Hi- (Hi)) X (H),A - (Hj))T/OH,(Hj (1) 

where (H.) represents the mean of the time series, 
aH. represents the standard deviations, underscored 
symbols represent vectors (time series), x denotes 
matrix multiplication, and the superscript T denotes 
matrix transposition. The correlation depends on the 
spatial distance and direction separating the popula- 
tions, ry,o. We thus measure the distance as the 
projections onto a sequence of cardinal directions {0: 
0, r/16,..., 31Tr/32} (28) according to ru, = xi sin(o) 
+ yi cos(O) - xj sin(O) - yj cos(O). By extension of 
existing methods (21), we estimate the LCCF as a 
function of direction and time lag as the kernel 
regression of cross-correlation on directional dis- 
tance: 

t(ro,A) 
J?= 1 j=}1K(rij,/h)wi1 (2) 

n= 1j= +lK(rii,/h)wi, 

^i= j=i+ ij, 6fl ) 

Hence, we estimate spatial correlation for time lags 
of 0, 1, and 2 years and distance lags up to +600 km. 
An R/S-plus library for calculating the metrics is 
available upon request (onbl@psu.edu). 

24. M. P. Hassell, The Dynamics of Arthropod Predator- 
Prey Systems (Princeton Univ. Press, Princeton, NJ, 
1978). 

25. P. Turchin, Complex Population Dynamics: A Theoret- 
ical/Empirical Synthesis (Princeton Univ. Press, Prince- 
ton, NJ, 2002). 

26. The local dynamics of location i of the moth, H,, and 
its parasitoid, Pi, are given as a density-dependent 
version of the Nicholson-Bailey model 

H'i,+1 =Ht exp{rio - ( )] exp (1 awPit K 1 + ~~awPi,t) 

7. N. Shigesada, K. Kawasaki, Biological Invasions: The- 
ory and Practice (Oxford Univ. Press, New York, 
1997). 

8. A. Hastings, S. Harrison, K. McCann, Proc. R. Soc. 
London Ser. B 264, 1837 (1997). 

9. J. L. Maron, S. Harrison, Science 278, 1619 (1997). 
10. W. G. Wilson, S. P. Harrison, A. Hastings, K. McCann, 

J. Anim. Ecol. 68, 94 (1999). 
11. E. Ranta, V. Kaitala, J. Lindstrbm, Ecography 20, 454 

(1997). 
12. D. T. Haydon, Theor. Popul. Biol. 58, 239 (2000). 
13. P. J. Bacon, Population Dynamics of Rabies in Wildlife 

(Academic Press, London, 1985). 
14. B. T. Grenfell, O. N. Bjernstad, J. Kappey, Nature 414, 

716 (2001). 
15. W. Baltensweiler, Oecologia 94, 62 (1993). 
16. , D. Rubli, Forest Snow Landscape Res. 74, 1 

(1999). 
17. C. Auer, Eidg. Anst. Forstl. Versuchswes. Mitt. 53, 71 

(1977). 
18. See supplemental data on Science Online. 
19. W. Baltensweiler, Eidg. Anst. Forstl. Versuchswes. Ber. 

270, 215 (1985). 
20. We analyzed outbreak data that originated from 

maps of visually detected defoliation in the Central 
European Alps between 1961 and 1998 (16). The 
surveys were made in cooperation with the forest 
administration agencies of the Alpine countries 
(France, Italy, Switzerland, and Austria). Maps were 
digitized to show the presence or absence of defoli- 
ation in each 1 km x 1 km cell. These data were 
aggregated to the proportion of defoliation in 20 
km x 20 km grid cells as a surrogate for local 
abundance (18). Grid cells were excluded from fur- 
ther analyses if the maximum defoliation was less 
than 1% or if >90% of the years were completely 
without defoliation. This was done to prevent prob- 
lems arising from analysis of time series dominated 
by zero values. 

21. O. N. Bjernstad, J. Bascompte, J. Anim. Ecol. 70, 924 
(2001). 

22. O. N. Bjernstad, W. Falck, Environ. Ecol. Statist. 8, 53 
(2001). 

23. The cross-correlation, w,,A, between two time series 
of abundance at location Hi and at location i and Hj at 
location j (either at similar or different locations) 
lagged by A years relative to each other (either in the 
same year, A = 0, or in lagged years), is given by 

w,jA = (Hi- (Hi)) X (H),A - (Hj))T/OH,(Hj (1) 

where (H.) represents the mean of the time series, 
aH. represents the standard deviations, underscored 
symbols represent vectors (time series), x denotes 
matrix multiplication, and the superscript T denotes 
matrix transposition. The correlation depends on the 
spatial distance and direction separating the popula- 
tions, ry,o. We thus measure the distance as the 
projections onto a sequence of cardinal directions {0: 
0, r/16,..., 31Tr/32} (28) according to ru, = xi sin(o) 
+ yi cos(O) - xj sin(O) - yj cos(O). By extension of 
existing methods (21), we estimate the LCCF as a 
function of direction and time lag as the kernel 
regression of cross-correlation on directional dis- 
tance: 

t(ro,A) 
J?= 1 j=}1K(rij,/h)wi1 (2) 

n= 1j= +lK(rii,/h)wi, 

^i= j=i+ ij, 6fl ) 

Hence, we estimate spatial correlation for time lags 
of 0, 1, and 2 years and distance lags up to +600 km. 
An R/S-plus library for calculating the metrics is 
available upon request (onbl@psu.edu). 

24. M. P. Hassell, The Dynamics of Arthropod Predator- 
Prey Systems (Princeton Univ. Press, Princeton, NJ, 
1978). 

25. P. Turchin, Complex Population Dynamics: A Theoret- 
ical/Empirical Synthesis (Princeton Univ. Press, Prince- 
ton, NJ, 2002). 

26. The local dynamics of location i of the moth, H,, and 
its parasitoid, Pi, are given as a density-dependent 
version of the Nicholson-Bailey model 

H'i,+1 =Ht exp{rio - ( )] exp (1 awPit K 1 + ~~awPi,t) 

(3) (3) 

p,i,t+l= Hi,t[ 
- 

exp( 

-aPi,t 

(4) iet [ ,1 + awPi,t)] 
) 

where H,t is the density of hosts at generation t, Pi,t 
is the density of parasitoids at generation t, ri, is per 
capita rate of population change at location i, K is 
carrying capacity, a is parasitoid search efficiency, 
and w is a conversion constant. We used the follow- 
ing parameters (25): a = 2.5, w = 0.17, and K = 250. 
In the habitat homogeneous case, r,O = 2.5 for all 
populations. In the heterogeneous case, r,O is distrib- 
uted along a gradient across the lattice from 2.3 to 
2.5. A fraction Jh? of adult hosts and a fraction RpL of 
adult parasitoids are assumed to disperse into the 
eight surrounding patches (3). The equations for the 
dispersal stage can be written as 

Hi,t+l = (1 - Jh)H'i,t+l + IhHi,t+l (5) 

Pi,t+l 
= (1 - p)Pi,t+l + JpP'i,t+ (6) 

where H,t+1 and P,,t+ denote the post-dispersal 
abundance of moths and parasitoids at patch i, and 
H,t and P, _denote predispersal abundances. 
The quantities H and P are the neighborhood host 
and parasitoid densities (over the eight nearest 
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neighboring patches). The lattice is assumed to have 
absorbing boundaries. We discarded the first 2000 
generations of each simulation; the spatiotemporal 
patterns from the last 500 generations were then 
analyzed using the same method as used in the larch 
budmoth data analysis. The local dynamics for the 
moth-plant quality model are identical to those in 
the model proposed by Turchin (25). The moth dis- 
persal stage is again modeled according to Eq. 5. 
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Microbial Dehalorespiration 
with 1,1,1-Trichloroethane 

Baolin Sun,1 Benjamin M. Griffin,1'2 Hector L. Ayala-del-Rio, 12 

Syed A. Hashsham,1'3 James M. Tiedje1 2* 

1,1,1-Trichloroethane (TCA) is a ubiquitous environmental pollutant because of 
its widespread use as an industrial solvent, its improper disposal, and its 
substantial emission to the atmosphere. We report the isolation of an anaerobic 
bacterium, strain TCA1, that reductively dechlorinates TCA to 1,1-dichloro- 
ethane and chloroethane. Strain TCA1 required H2 as an electron donor and 
TCA as an electron acceptor for growth, indicating that dechlorination is a 
respiratory process. Phylogenetic analysis indicated that strain TCA1 is 
related to gram-positive bacteria with low DNA G+C content and that its 
closest relative is Dehalobacter restrictus, an obligate H2-oxidizing, chlo- 
roethene-respiring bacterium. 
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TCA is a synthetic organic solvent widely used 
in industrial processes and is a major environ- 
mental pollutant commonly found in soil (1), 
groundwater (2), and the atmosphere (3). TCA 
is present in at least 696 of the 1430 National 
Priorities List sites identified by the U.S. Envi- 
ronmental Protection Agency (EPA) (1). Be- 
cause of TCA's adverse effects on human 
health, the EPA has set a maximum contami- 
nant level of 200 pJg/liter in drinking water (4). 
TCA is also listed as an ozone-depleting sub- 
stance by the United Nations Environment Pro- 
gramme (5). Even when released to soil or 
leached to groundwater, the primary environ- 
mental fate of TCA is volatilization to the 
atmosphere, where it interacts with ozone and 
contributes to the erosion of the ozone layer 
(1, 5). TCA is often a co-contaminant in 
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aquifers with chlorinated ethenes, especially 
tetrachloroethene (PCE) and trichloroethene 
(TCE), because they have similar industrial 
uses. Although in situ bioremediation pro- 
cesses for the chloroethenes are known (6), 
TCA remediation remains problematic and 
can prevent site restoration. 

TCA undergoes slow abiotic degradation 
to acetic acid and 1,1-dichloroethene, an EPA 
priority pollutant (7). Biotransformation of 
TCA has been observed under aerobic and 
anaerobic conditions only in cometabolic 
processes (8-11). A growth-linked, or deha- 
lorespiratory, process would be more effec- 
tive for in situ bioremediation of TCA- 
contaminated sites, because reaction rates 
would be faster and natural selection would 
ensure growth in situ. 

Although bacterial growth by dehalorespi- 
ration of chloroethenes, chlorobenzenes, 
3-chlorobenzoate, and 2-chlorophenol has 
been well documented (12-15), bacterial 
growth by reductive dechlorination of TCA 
has not been reported until now. We describe 
the isolation of a bacterium capable of energy 
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conservation for growth through the reduc- 
tive dechlorination of TCA. 

Isolation was initiated from a sediment mi- 
crocosm that reductively dechlorinated TCA 
(16). Single colonies were subcultured and de- 
chlorination activity was maintained in deep 
agarose shake cultures until a pure culture was 
obtained. The isolate is designated strain TCA1 
and is a motile, short rod with a diameter of 0.4 
to 0.6 ,Im and a length of 1.0 to 2.0 ,xm (Fig. 1). 
Cells stain gram-negative. No spores were ob- 
served in starved cultures. Although strain 
TCA1 did not grow or dechlorinate in the pres- 
ence of oxygen, exposure of the active culture 
to aerobic conditions for up to 3 days did not 
result in the loss of dechlorinating activity (16). 
Dechlorination of TCA was sequential with the 
accumulation of l,l-dichloroethane (DCA) be- 
fore conversion to chloroethane (CA) (Fig. 2). 
Dechlorination of TCA occurred at a faster rate 
than that of DCA. The temperature range for 

reductive dechlorination was from 12? to 30?C 
with the optimum at 25?C. No dechlorination 
occurred at 37?C. Growth yield from reductive 
dechlorination was 5.60 + 1.26 g (dry weight) 
(mean ? SD, n = 3 cultures) of cells per mole 
of chloride released. TCA, H2, and acetate were 
essential for growth of strain TCA1. Formate 
could replace H2 as an electron donor, which 
resulted in a similar dechlorination rate. Acetate 
alone did not support TCA dechlorination, sug- 
gesting that it was used only as a carbon source 
and not as an electron donor for reductive de- 
chlorination. Because H2 oxidation does not 
support substrate-level phosphorylation, growth 
in a defined medium with TCA as the electron 
acceptor and H2 as the electron donor indicated 
that strain TCA1 conserves energy in a respira- 
tory process. 

Strain TCA1 did not dechlorinate 1,1,1,2- 

500 - 

400 - 

=L 
3 300 - 

| -2 TCA 2 100- - DCA 
o CA 

o- * - 

tetrachloroethane, 1,1,2-trichloroethane, 1,2- 
dichloroethane, 1,2-dichloropropane, PCE, or 
TCE when they were added as potential elec- 
tron acceptors. No growth occurred in liquid 
media amended with 4 mM H2 as an electron 
donor, 5 mM acetate as a carbon source, and 
either 5 mM sulfate, sulfite, thiosulfate, ni- 
trate, or fumarate as an electron acceptor. 
Strain TCA1 did not use lactate, pyruvate, 
propionate, fumarate, butyrate, benzoate, 
phenol, glucose, ethanol, or methanol as elec- 
tron donors. No fermentative growth was 
observed. Sulfite or thiosulfate at 5 mM con- 
centration completely inhibited TCA dechlo- 
rination, whereas 5 mM sulfate, nitrate, or 
fumarate had no effect. Because these com- 
pounds did not serve as electron acceptors for 
strain TCA1, inhibition was not due to com- 
petition for electron donors. Instead, the re- 

Fig. 2. Stoichiometry of 
the dechlorination of 
TCA to DCA and CA by 
strain TCA1. Samples 
were incubated at 25?C 

,~w ~ and analyzed every 3 
days over a 2-month 
period for depletion of 
TCA and production of 
DCA and CA. Error bars 
(shown if larger--than 
the symbols) represent 
standard deviations of 

\~_ ~ triplicate cultures. 

Fig. 1. Scanning electron micrograph of strain 
TCA1. The rod-shaped morphology and dividing 
cells are shown. Scale bar, 1 uim. 

Fig. 3. 16S rDNA-based 
phylogenetic tree of 
strain TCA1 and repre- 
sentative bacteria. The 
sequence of strain TCA1 
was aligned against the 
most similar sequence in 
the Ribosomal Database 
Project (25) and Gen- 
Bank using the automat- 
ed aligner of the ARB 
software package (26). 
The alignment was cor- 
rected manually based 
on both primary and 
secondary structural 
considerations. The tree 
was generated by a 
maximum-likelihood 
method with the pro- 
gram fastDNAml (27), 
with 1375 nucleotide 
positions unambiguous- 
ly aligned. Values in 
each node are the per- 
centage of 100 boot- 
strap trees. Scale bar, 0.1 
substitutions per nucleo- 
tide position. T, type 
strain. 
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active sulfur oxyanions may directly inhibit 
the components of the electron transport 
chain or even the reductive dehalogenase, as 
observed in Desulfomonile tiedjei (17). 

Comparative analysis of the nearly full- 
length 16S ribosomal DNA (rDNA) sequence 
of strain TCA1 and available 16S rDNA se- 
quences revealed that strain TCA1 is related 
to gram-positive bacteria with low G+C con- 
tent in their DNA. Strain TCA1, Deha- 
lobacter restrictus (18, 19), and three clones 
from trichlorobenzene- and 1,2-dichloropro- 
pane-dechlorinating consortia (20, 21) form 
a phylogenetic cluster (Fig. 3) defined by 16S 
rDNA sequence similarities of 97% and high- 
er. The closest relative of strain TCA1 is D. 
restrictus strain TEA, with a sequence simi- 
larity of 99%. D. restrictus strains PER-K23 
and TEA are strict anaerobes capable of cou- 
pling PCE and TCE dechlorination to H2 
oxidation for growth in a respiratory process. 
However, we did not detect TCA dechlorina- 
tion by strain PER-K23. These bacterial 
strains seem to be obligate H2-oxidizing de- 
chlorinators that only grow by reductive de- 
chlorination of specific chlorinated ethanes or 
ethenes in anaerobic respiration. The physi- 
ology, morphology, and 16S rDNA sequence 
of strain TCA1 suggest that it is a Deha- 
lobacter and perhaps represents a new spe- 
cies based on its unique features of TCA 
dechlorination and formate oxidation. The 
isolation of strain TCA1 further suggests an 
important role for Dehalobacter species in 
polluted anoxic environments. 

To determine the potential of strain TCA1 
to attenuate TCA in the natural environment, 
we bioaugmented anoxic aquifer sediments 
from Bachman and Schoolcraft (both in 
Michigan, USA) contaminant plumes. Both 
sites are contaminated with PCE and daugh- 
ter products, and the Schoolcraft plume G site 
is also contaminated with TCA, DCA, and 
chromium. TCA was completely converted to 
CA within 2 months in both aquifer sediment 
samples amended with strain TCA1, whereas 
no dechlorination was observed in samples 
without the inoculum. These results suggest 
that bioaugmentation with strain TCA1 could 
ensure and speed the degradation of TCA, 
especially if naturally occurring populations 
are patchy or absent. 

CA, rather than ethane, appears to be the 
terminal TCA product from our culture, and 
studies have shown that both DCA and CA 
can be degraded under aerobic conditions 
(22, 23). Because the aerobic transformation 
of DCA is much slower than that of CA (24), 
complete conversion to CA would result in 
more reliable removal of chloroethanes on 
the aerobic fringes of a plume. 

The discovery of an anaerobic dehalore- 
spiring Dehalobacter that couples reductive 

active sulfur oxyanions may directly inhibit 
the components of the electron transport 
chain or even the reductive dehalogenase, as 
observed in Desulfomonile tiedjei (17). 

Comparative analysis of the nearly full- 
length 16S ribosomal DNA (rDNA) sequence 
of strain TCA1 and available 16S rDNA se- 
quences revealed that strain TCA1 is related 
to gram-positive bacteria with low G+C con- 
tent in their DNA. Strain TCA1, Deha- 
lobacter restrictus (18, 19), and three clones 
from trichlorobenzene- and 1,2-dichloropro- 
pane-dechlorinating consortia (20, 21) form 
a phylogenetic cluster (Fig. 3) defined by 16S 
rDNA sequence similarities of 97% and high- 
er. The closest relative of strain TCA1 is D. 
restrictus strain TEA, with a sequence simi- 
larity of 99%. D. restrictus strains PER-K23 
and TEA are strict anaerobes capable of cou- 
pling PCE and TCE dechlorination to H2 
oxidation for growth in a respiratory process. 
However, we did not detect TCA dechlorina- 
tion by strain PER-K23. These bacterial 
strains seem to be obligate H2-oxidizing de- 
chlorinators that only grow by reductive de- 
chlorination of specific chlorinated ethanes or 
ethenes in anaerobic respiration. The physi- 
ology, morphology, and 16S rDNA sequence 
of strain TCA1 suggest that it is a Deha- 
lobacter and perhaps represents a new spe- 
cies based on its unique features of TCA 
dechlorination and formate oxidation. The 
isolation of strain TCA1 further suggests an 
important role for Dehalobacter species in 
polluted anoxic environments. 

To determine the potential of strain TCA1 
to attenuate TCA in the natural environment, 
we bioaugmented anoxic aquifer sediments 
from Bachman and Schoolcraft (both in 
Michigan, USA) contaminant plumes. Both 
sites are contaminated with PCE and daugh- 
ter products, and the Schoolcraft plume G site 
is also contaminated with TCA, DCA, and 
chromium. TCA was completely converted to 
CA within 2 months in both aquifer sediment 
samples amended with strain TCA1, whereas 
no dechlorination was observed in samples 
without the inoculum. These results suggest 
that bioaugmentation with strain TCA1 could 
ensure and speed the degradation of TCA, 
especially if naturally occurring populations 
are patchy or absent. 

CA, rather than ethane, appears to be the 
terminal TCA product from our culture, and 
studies have shown that both DCA and CA 
can be degraded under aerobic conditions 
(22, 23). Because the aerobic transformation 
of DCA is much slower than that of CA (24), 
complete conversion to CA would result in 
more reliable removal of chloroethanes on 
the aerobic fringes of a plume. 

The discovery of an anaerobic dehalore- 
spiring Dehalobacter that couples reductive 
dechlorination of TCA to growth not only 
may lead to a better understanding of the 
dechlorination of TCA to growth not only 
may lead to a better understanding of the 

REPORTS 

physiology, phylogeny, and biochemistry of 
dehalorespiring bacteria, but also suggests a 
strategy for bioremediation of TCA in soils 
and ground water, thereby aiding in the at- 
tenuation of this ozone-depleting compound. 
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1-Defensins are small antimicrobial peptides of the innate immune system pro- 
duced in response to microbial infection of mucosal tissue and skin. We demon- 
strate that murine B-defensin 2 (mDF23) acts directly on immature dendritic cells 
as an endogenous ligand for Toll-like receptor 4 (TLR-4), inducing up-regulation of 
costimulatory molecules and dendritic cell maturation. These events, in turn, trigger 
robust, type 1 polarized adaptive immune responses in vivo, suggesting that mDF23 
may play an important role in immunosurveillance against pathogens and, possibly, 
self antigens or tumor antigens. 
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Activation of innate immunity through pat- 
tern recognition receptors for ligands derived 
from evolutionarily distant pathogens pro- 
vides essential signals for initiation of the 
adaptive immune response (1-3). Microbial 
infection activates the TLR signaling cascade 
(4), which results in expression of various 
proinflammatory cytokines, chemokines, and 
large quantities of small antimicrobial pep- 
tides, such as defensins (5-7). Recently, it 
was reported that 3-defensins, epithelial 
antibacterial peptides with six conserved 
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cysteine residues, might have an additional 
function as potential chemoattractants of im- 
mature dendritic cells (iDCs) through chemo- 
kine receptor CCR6 (8, 9). In the course of 
our studies using 3-defensins and chemo- 
kines to target delivery of nonimmunogenic 
antigens to iDCs in vivo as vaccines, we 
unexpectedly observed that the resulting im- 
mune responses differed substantially de- 
pending on the type of chemoattractant moi- 
ety used. In particular, murine 3-defensin 2 
(mDF23)-based vaccines elicited modest lev- 

cysteine residues, might have an additional 
function as potential chemoattractants of im- 
mature dendritic cells (iDCs) through chemo- 
kine receptor CCR6 (8, 9). In the course of 
our studies using 3-defensins and chemo- 
kines to target delivery of nonimmunogenic 
antigens to iDCs in vivo as vaccines, we 
unexpectedly observed that the resulting im- 
mune responses differed substantially de- 
pending on the type of chemoattractant moi- 
ety used. In particular, murine 3-defensin 2 
(mDF23)-based vaccines elicited modest lev- 

www.sciencemag.org SCIENCE VOL 298 1 NOVEMBER 2002 www.sciencemag.org SCIENCE VOL 298 1 NOVEMBER 2002 1025 1025 


