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SYNOPSIS. The monospecific light organ association between the Hawaiian sepiolid squid Euprymna scolopes
and the marine luminous bacterium Vibrio fischeri has been used as a model for the study of the most
common type of coevolved animal-bacterial interaction; i.e., the association of Gram-negative bacteria with
the extracellular apical surfaces of polarized epithelia. Analysis of the squid-vibrio symbiosis has ranged
from characterizations of the harvesting mechanisms by which the host ensures colonization by the appro-
priate symbiont to identification of bacteria-induced changes in host gene expression that accompany the
establishment and maintenance of the relationship. Studies of this model have been enhanced by extensive
collaboration with microbiologists, who are able to manipulate the genetics of the bacterial symbiont. The
results of our studies have indicated that initiation and persistence of the association requires a complex,
reciprocal molecular dialogue between these two phylogenetically distant partners.

The study of symbiosis is, by its very nature, an
integrative discipline both conceptually and technical-
ly. Researchers in this field very often analyze the in-
teractions of organisms from different kingdoms or do-
mains, asking the principal question: how does the
symbiosis establish and persist over the life span of an
individual host, between generations and over evolu-
tionary time? This contribution outlines the results of
studies on one type of animal-bacterial association, the
cooperative symbioses between the sepiolid squids and
their prokaryotic vibrio partners.

THE ECOLOGY AND EVOLUTIONARY BIOLOGY OF
SEPIOLID SQUID-VIBRIo SYMBIOSES

Sepiolid squids with bacterial light organs have
been documented in as many as 26 species from 5
genera of sepiolids (Euprymna, Sepiola, Inioteuthis,
Rondeletiola, and Semirossia) (McFall-Ngai, 1999).
Bacterial strains have been isolated from the light or-
gans of Euprymna spp. and Sepiola spp. and are from
two vibrio species, Vibrio fischeri and V. logei. Al-
though all Euprymna spp., which are confined to the
Indo-Pacific region, only have strains of V. fischeri, V.
logei and V. fischeri can be found in hosts of the genus
Sepiola, which occur in the Mediterranean and Eastern
Atlantic (Fidopiastis et al., 1998; Nishiguchi, 2000).

Although the host animal has never been observed
in nature to occur in the absence of the symbiont, the
bacterial species V. fischeri and V. logei occur in nich-
es other than light organs. They are members of the
bacterioplankton and enteric microbiota of vertebrates
and invertebrates, as well as saprophytes in marine en-
vironments in wounds and on the surfaces of dead an-
imals. In addition, V. fischeri also occurs as a light
organ symbiont in monocentrid fishes.

Although these vibrio species appear to have broad
niches, molecular phylogenetic studies have provided
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evidence that not all V. fischeri strains are alike; i.e.,
the seeming diversity of niches for a given species may
break down with closer analysis, revealing strain spec-
ificity for certain habitats. To study this issue, as well
as to determine whether evidence exists for co-evolu-
tion of the squid-vibrio symbioses, molecular phylog-
enies were determined for several species of host se-
piolid squids and their bacterial symbionts. Sequences
from nuclear internal transcribed spacer regions and
mitochondrial cytochrome oxidase subunit I were used
to derive host phylogenetic trees, and glyceraldehyde-
3-phosphate dehydrogenase was used to derive the
phylogenies of the bacterial symbionts (Nishiguchi et
al., 1998). These data revealed congruence between
the resultant phylogenetic trees of the hosts and their
symbionts, providing evidence for co-evolution of the
partners.

Because the hosts and bacterial partners of the
squid-vibrio symbioses can be cultured independently
in the laboratory, it has been possible to investigate
whether and how well nonnative strains and hosts rec-
ognize one another (Nishiguchi et al., 1998). In such
experiments, the Hawaiian host Euprymna scolopes
formed a symbiosis with bacterial strains that had been
isolated from any of the sepiolid hosts. However, in
competition experiments in which the native strain was
presented in an equal ratio with a nonnative strain to
the Hawaiian host, the native strain became dominant
during the onset and persistence of host colonization.
When two nonnative strains were presented to the Ha-
waiian host, the strain that became dominant was al-
ways most closely related to the native strain. A hi-
erarchy of competitive dominance was derived that
correlates with the host and symbiont phylogenies.
Taken together, these data provide both phylogenetic
and experimental evidence that co-evolution of the
host and symbiont has occurred in the squid-vibrio as-
sociations, and the selection of the appropriate strain
of bacterial symbiont occurs immediately following
hatching of the host. In addition, the results of these
experiments revealed that the squid-vibrio system of-
fers the opportunity to uncover the cellular and mo-
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FIG. 1. The dynamic interface between the host E. scolopes and
the niches of its symbiont V. fischeri. The symbiosis begins each
generation when the aposymbiotic juvenile host hatches in the hours
following dusk and immediately acquires its symbiont cells from the
population of V. fischeri in the surrounding seawater. Once inside
the epithelial crypt spaces of the juvenile, the symbionts grow to
colonize the host organ fully within hours. Upon reaching a critical
density, growth of the symbionts is curtailed and luminescence is
induced. Beginning with the first dawn and dawn each day thereafter,
the host expels -95% of its symbionts into the surrounding seawater
as it enters its diurnal quiescent phase, burying in the sandy substrate
of the back reef. The behavior of expelling the symbionts maintains
V. fischeri at high concentrations in the host's environment. The
estimated 5% of the V. fisclzeri population remaining in the organ
begins the diurnal cycle of re-growth of the symbiont. By dusk,
when the host will emerge to become an active forager on the reef,
the organ has attained a full complement of luminous symbionts.

lecular changes that underlie the incremental co-evo-
lution of the symbiotic partners.

The above-described experiments were focused
principally upon the hosts of Euprymna spp., with the
Mediterranean Sepiola spp. being used for comparison.
Recent studies with an emphasis on the Sepiola spp.
revealed that the members of this genus will prefer-
entially harbor V. fischeri at warmer environmental
temperatures and V. logei at colder temperatures; i.e.,
a given host species will change its symbiont season-
ally and with depth in the water column (Fidopiastis
et al., 1998; Nishiguchi, 2000).

Additional studies have focused specifically on the
Euprymna scolopes-Vibrio fischeri symbiosis, which
has become the principal squid-vibrio model for the
study of animal-bacterial interactions (McFall-Ngai
and Ruby, 1998). E. scolopes occurs in the nearshore
habitats of the Hawaiian archipelago, where it has been
reported from Midway Island to Maui. The E. scolopes
light organ is exclusively colonized in nature by a
strain of V. fischeri that can be distinguished from the
strains of V. fischeri in other Euprymna spp. (Nishig-
uchi et al., 1997). However, studies of populations of
the host around Oahu have revealed that the situation
may not be as simple as previously thought. Phylo-
genetic analyses of populations of E. scolopes on ei-
ther side of the island of Oahu (i.e., from Kaneohe
Bay on the north side and Maunalua Bay on the south
side), using both morphological and molecular data,
have revealed that two reproductively isolated popu-
lations of this species occur around Oahu (Kimbell et
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FIG. 2. The juvenile light organ of Enprymna scolopes. A. A hatch-
ling E. scolopes. Mantle length - 1.8 mm. B. Scanning electron
micrograph of the ventral surface of the organ revealing the prom-
inent ciliated fields with associated appendages on each lateral sur-
face. At the base of each set are three pores, the entrance to the sites
of symbiont colonization (the arrow points to one of three pores on
one ciliated field). aa anterior appendage; pa = posterior append-
age; hg = hindgut; P posterior. C. One half of an acridine orange-
stained (AO), 12-hr aposymbiotic light organ showing no signs of
cell death. D. One half of an AO-stained 12-hr symbiotic light organ
showing the pycnotic nuclei (arrows) of apoptotic cells, the con-
densed chromatin of which stain strongly with AO.

al., 2002). To date, corresponding analyses of the sym-
biont strains have not been performed, nor has the ex-
tent of divergence of the Hawaiian Euprymna sp.
throughout the islands been characterized. However,
studies of the populations of the Hawaiian sepiolid
may provide significant insight into the fine-scale co-
evolution of this species with its bacterial partners.
Specifically, they may be useful in answering the ques-
tions: at what level of divergence of the host have
corresponding population-specific strains of V. fischeri
evolved, and what are the underlying molecular fea-
tures of this divergence?

A CLOSER LOOK: THE EUPRYMNA scoLoPEs-VIBRIo
FISCHERI SYMB3IOSIS

For over a dozen years, the relationship between
Euprymna scolopes and Vibrio fischeri has been stud-
ied as a model of animal-bacterial symbiosis (Figs. 1
and 2). In this association, the squid host provides a
nutrient-rich environment for the symbiont (Graf and
Ruby, 1998) and the morphology of the light organ
system suggests that light produced by the bacteria is
used by the host in anti-predatory behavior (McFall-
Ngai and Montgomery, 1990). This association pro-
vides an ideal experimental system for the study of
animal-bacterial symbiosis because: 1) the association
is highly specific; 2) both partners can be cultured in-
dependently of one another in the laboratory; 3) the
genetics of the bacterial symbiont can be altered
(Ruby, 1996); and, 4) the initiation of the association
can be manipulated (McFall-Ngai and Ruby, 1991;
Visick and McFall-Ngai, 2000). As such, the associa-
tion is one that can be studied experimentally at a va-
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riety of levels, from ecological to molecular. As with
most integrative biology, this broadness demands, at
the same time, application of a wide variety of the
available technical approaches and vigilance that each
question is well focused and rigorously addressed.

Each generation of hatchling squid acquires V. fis-
cheri from the water column. The extracellular lumi-
nous symbionts colonize the light organ within hours
of the host's hatching and reside in the organ through-
out the life of the host (McFall-Ngai and Ruby, 1991).
In the absence of V. fischeri, no other environmental
bacteria colonize the E. scolopes light organ. At the
first dawn following colonization, the lifelong diel
rhythm of the symbiosis commences in which the host
animal vents 95% of the symbionts into the surround-
ing seawater (Fig. 1; Graf and Ruby, 1998; Nyholm
and McFall-Ngai, 1998). The establishment of the
symbiosis is facilitated by features developed during
embryogenesis. During this period, prior to direct ex-
posure to the symbiont, a set of superficial ciliated
fields develop on either side of the organ (Fig. 2B;
Montgomery and McFall-Ngai, 1993). Each field con-
sists of an epithelial base of tissue with two protruding
appendages. In the juvenile, these ciliated fields will
function to direct bacteria-rich seawater toward the vi-
cinity of three pores at the base of these appendages.
It is through these pores that the V. fischeri cells enter
and then colonize the light organ, which consists of
three epithelium-lined crypt spaces on either side.

How do the host and symbiont form a specific as-
sociation in a background of a myriad of other bacteria
in the surrounding seawater? The light organ is entire-
ly surrounded by the funnel and environmental sea-
water is passed across the juvenile organ during ven-
tilation of the mantle cavity. However, at about 200
cells/rnl of environmental seawater, V. fischeri consti-
tutes less than 0.1% of the total bacterial load in the
ambient water (Lee and Ruby, 1994). Further, because
the hatchling mantle cavity volume is only about 1 pl,
on average, no more than a single V. fischeri cell, oc-
cupying about one-millionth the volume of the juve-
nile squid mantle cavity will be present in the cavity
during each ventilation. These considerations suggest-
ed that a mechanism must exist for the enrichment and
harvesting of V. fischeri from the surrounding envi-
ronment. Studies of the colonization process revealed
that, within a few hours after hatchlings were placed
in seawater containing V. fischeri cells, currents cre-
ated by the ciliated appendages aggregated the bacteria
in mucus suspended over the light organ pores (Ny-
holm et al., 2000). Although all Gram-negative bac-
teria tested could aggregate, only aggregates of V. fis-
cheri are able to enter the light organ pores and col-
onize the host successfully. Further characterization of
this process (Nyholm et al., 2002) revealed that the
mucus originates from stores in the cells of the ciliated
epithelium, demonstrating that this tissue has two
functions: the source of the mucus and the mechanism
by which symbionts are focused in the aggregates.

Upon colonization, V. fischeri induces a series of

developmental changes in the light organ. Within 12
hr following first exposure to the host, the symbiont
cells cause detectable alterations in the cells of the
interfacing epithelial crypts (i.e., cytoskeletal rear-
rangement and cell swelling); these changes are re-
versible by removing V. fischeri from the light organ
crypts with antibiotics (Lamarcq and McFall-Ngai,
1998; Visick et al., 2000). In addition, the symbionts
induce a morphogenetic loss of the remote ciliated
fields (Montgomery and McFall-Ngai, 1994), which is
the most dramatic and well characterized of these bac-
teria-induced changes. Without the signal from the
symbiont, the ciliated fields do not undergo the dra-
matic cell death or regression program characteristic
of normal development of the light organ. This mor-
phogenesis is irreversible, i.e., after a 12-hr exposure
to V. fischeri, the light organ can be "cured" of the
symbiont with antibiotics and the loss of the superficial
epithelium continues over the next several days to its
conclusion (Doino and McFall-Ngai, 1995). The loss
of the ciliated fields is all or partly due to symbiont-
induced apoptosis (Fig. 2C and 2D; Foster and Mc-
Fall-Ngai, 1998), which results from host exposure to
the V. fischeri lipopolysaccharide, the principal surface
molecule of the symbiont (Foster et al., 2000). The
onset of the symbiosis not only induces these changes
in the morphology of the surface of the light organ but
also in the function of this tissue (Nyholm et aL.,
2002). Specifically, 24 hr following the onset of the
symbiosis, the ciliated epithelium ceases shedding mu-
cus and, thus, the aggregation of symbionts no longer
occurs. However, unlike the irreversible regression of
this field of cells that is induced by the symbionts at
12 hr, if the light organ is cured of its symbionts after
mucus shedding ceases, i.e., at 24 hr, curing of the
light organ with antibiotics results in a resumption of
mucus shedding behavior by the cells of the ciliated
epithelium as well as aggregation of bacteria in the
mucus.

SYMBIONT-INDUCED CHANGES IN HOST PROTEIN
PRODUCTION AND GENE EXPRESSION

These morphological data suggest that specific mo-
lecular cross-talk occurs between E. scolopes and V.
fischeri during the early hours of the symbiosis. This
host-symbiont dialogue transforms the organ from a
morphology associated with the colonization process
to one that promotes the mature function of the light
organ and persistence of the symbiosis. These under-
lying interactions are being characterized at the levels
of both protein production and gene expression.

What changes do V. fischeri cells induce in the
proteome of the host light organ?

To identify critical time points in the first several
days of symbiont-induced light organ development, we
have used 2-D PAGE to characterize differentially ex-
pressed host proteins in the E. scolopes-V fischeri
symbiosis over this period (Lemus and McFall-Ngai,
2000). Specifically, unlabeled soluble proteins from
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FIG. 3. A sector of a 2-D SDS-PAGE gel and an autoradiogram of total soluble proteins extracted from the light organs of 12-hr aposymbiotic
(A, C, respectively) and symbiotic animals (B, D. respectively). Twenty micrograms of protein were loaded on each gel. In the lower left
corner of the autoradiograms is a series of spots, three of which show no labeling in symbiotic animals; the boxed protein is similar in both
aposymbiotic and symbiotic animals, and serves as an internal control. The corresponding areas of the silver stained gels (A and B-1, 2, 3)
show no significant differences in staining between the aposymbiotic and symbiotic protein pools. Molecular mass markers (kD) appear
vertically along the left, and pl markers along the top.

12, 24, 48 and 96-hr aposymbiotic and symbiotic light
organs were resolved by 2-D PAGE to reveal points
when major alterations in the protein pool could be
observed by silver staining, a sensitive method for pro-
tein detection. These data demonstrated that interac-
tions with the bacteria do not cause detectable changes
in the host proteome until around 48 hr, although mor-
phological data suggested that significant molecular
changes were induced at or before 12 hr. However,
when 3 5 S-labeled proteins from 12-hr aposymbiotic
and symbiotic animals were resolved by 2-D PAGE
and newly synthesized proteins were visualized by au-
toradiography, several apparent differences were de-
tectable in this comparison. Specifically, the synthesis
of ten proteins was detected only in 12-hr symbiotic
light organs and thirteen proteins were more abundant;
in 12-hr aposymbiotic light organs three proteins were
more abundant (Fig. 3). The next step is to sequence
and identify these differentially expressed proteins.

Does V. fischeri induce changes in the light organ
transcriptome ?

Many significant biological processes including
stress responses, cell differentiation, tissue develop-
ment and remodeling, and immune responses are me-
diated through changes in gene transcription. Until re-
cently, little was known about a cell's transcript ex-
pression profile or "transcriptome," but rapid advanc-
es in biotechnology (i.e., microarray analysis,
differential display, subtractive hybridization, etc.) are
rendering such complex characterizations possible.
Microbes are well documented inducers of change in
host cell gene expression in both beneficial (Nehls et
al., 1998; Hooper et al., 2001) and pathogenic sym-
bioses (Diamond et al., 1996; Heller et al., 1997; Yo-
landa et al., 2000). In microarray analyses of such sys-
tems, bacteria have been shown to modulate the ex-

pression of hundreds of host genes (Eckmann et al.,
2000; Hooper et al., 2001).

To begin characterizing symbiont-induced changes
in host gene expression in the E. scolopes-V. fischeri
symbiosis, 12-hr aposymbiotic and 12-hr symbiotic
light organ cDNA libraries were constructed. To assess
the quality of these libraries, several random clones (5
from the aposymbiotic library and 5 from the symbi-
otic library) were sequenced and analyzed (Table 1).
Then, subtractive hybridization between these cDNA
libraries was performed. This method (Schweinfest,
1995), in which common sequences and aposymbiotic
specific cDNAs were "subtracted away," has identi-
fied 50 host transcripts as candidate messages that may
be more abundant in response to the interaction of the
host with the symbiont at this 12-hr time point. Al-
though several of these clones encoded proteins with
no match in the gene and protein databases, many had
significant sequence similarity to known protein spe-
cies (Table 1). We have also performed suppressive-
subtractive hybridization on 24-hr symbiotic and apo-
symbiotic animals, a subtractive method that not only
reveals clones specific to the symbiotic or aposym-
biotic condition, but also enriches for rare transcripts.
Finally, the production of a squid light organ microar-
ray is underway. The microarray will be used to de-
termine the changes in gene expression not only in
normal development of the symbiosis, but also in re-
sponse to interactions with V. fischeri mutants defec-
tive in inducing normal morphogenetic changes in the
host light organ.

Real time reverse-transcriptase (RT) PCR is being
used to verify and quantify the results obtained thus
far by production of the cDNA libraries and manipu-
lations of these libraries. This method is ideal for the
study of changes in gene expression when tissue quan-
tity is limiting, such as in the juvenile light organ. In
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TABLE 1. Examples of transcripts of the Euprymna scolopes light organ.

Derived % idendtites/
Source Clone (n) aa length positives' E values, Function

Random sequenc- arginine kinase (2)' 349 75/89 (Lj) 3 X 10-42 phosphagen kinase, ATP
ing (12-hr sym- restoration
biotic cDNA li- ornithine decarboxylase antizyme (1) 216 56/69 (Xl) 3 x 10-- inhibitor of polyamine synthesis
brary) guanine nucleotide binding protein eL subunit (1) 354 88/90 (Ht) 1 X 10-104 transmembrane signaling

protein translation SUII homolog (1) 113 72/82 (Hs) 3 X 10-26 protein biosynthesis

12-hr symbiotic proteasome component C8 (13)a 255 74/85 (Hs) 3 x 10-5 protein degradation
subtractive hy- kinesin-related protein (2) 1060 37/48 (Xl) 5 X 10-8 motor protein
bridization cytochrome oxidase I (4) 377 49/60 (Tm) 4 X 10-18 electron transport

unique clones (30) NA NA NA NA

24-hr aposymbiotic 60S ribosomal protein L9 (1) 192 42/49 (Hs) 2 X 10-23 protein biosynthesis
suppressive sub- ribosomal protein L18 (1) 188 71/81 (On) 1 X 10-20 protein biosynthesis
tractive hybrid- NADH dehydrogenase subunit I (1) 313 75/85 (Lb) 2 X 10-3 electron transport
ization (SSH) unique clone (1) NA NA NA NA

24-hr symbiotic N33 (l)- 348 66/84 (Hs) 7x 10-17 putative tumor suppressor
SSH glyceraldehyde phosphate dehydrogenase (1) 291 65/77 (Be) 2 X 10-15 glycolysis

unique clones (5) NA NA NA NA

Transcripts confirmed to be more abundant in response to V. fischeri.
b Lj = Liolophora japonica. XI = Xenopus laevis. Ht = Helisoma trivolvis. Hs = Homo sapiens. On = Oreochromis hiloticus. Lb = Loligo

bleekeri. Be = Boletus editlis. Tm = Tinaimls major. NA = not applicable.
I Expectation (E) values are given for the highest match using the BLASTX program. The lower the E value the less likely the match is

random.

real time RT-PCR, the PCR reaction is monitored
throughout the amplification cycles. The amount of
product accumulating is detected by a fluorescent re-
porter, the signal strength of which is directly propor-
tional to the amount of PCR product in the reaction
(Fig. 4). Thus, data are collected in the exponential
phase of the reaction, where the PCR reagents are not
limiting and the polymerase is still working at a high
efficiency. Such analyses differ from end point RT-
PCR where measurements are taken in the plateau
phase of the reactions. Real time RT-PCR has been
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applied to several of the host transcripts identified by
random library sequencing and subtractive hybridiza-
tion, revealing symbiont-induced modulation of tran-
script levels (Table 1). Studies using in situ hybridiza-
tion are underway and will enable us to deterrmine the
spatial expression patterning of the transcripts of in-
terest.

These early studies of the symbiont-induced chang-
es in the transcriptome suggest that such approaches
will yield a rich database. With random sequencing of
the libraries and only a single subtraction at two dif-
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FIG. 4. Representative real time RT-PCR experiment using primers specific for a clone from the 12-hr subtractive hybridization library
(iCycler, Bio-Rad). A. PCR-product accumulation over time. Product from symbiotic RNA pool = solid line; product from aposymbiotic RNA
pool = dashed line. SYBR green, an intercalating dye, was used to measure fluorescence intensity. The point at which the fluorescence rises
above background is termed the threshold cycle (C,). Background fluorescence is indicated by the straight dotted line. Small arrow = 12-hr
symbiotic light organ C,. Large arrow = 12-hr aposymbiotic light organ C,. The exponential phase and end point (arrow head) of the PCR
reaction are as indicated. B. A graph plotting C, against the log of the starting quantity of template. Standard curves were constructed using
ten-fold dilutions of known concentrations of the clone (diamonds). From the resultant standard curve, the starting quantity of the transcript
of interest in each experimental template can be determined. mRNA isolated from 12-hr light organs was used for the experimental template.
12-hr symbiotic template = solid line. 12-hr aposymbiotic template = dashed line. A PCR reaction with 100% efficiency will normally have
a slope of -3.32 (technical note #2593, Bio-Rad Laboratories, Hercules, CA).
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ferent time points during the onset of the symbiosis,
clues to the molecular basis of the host-symbiont in-
teraction have been revealed. For example, transcripts
encoding the host arginine kinase, a creatine kinase
analog in mollusks, are more abundant in symbiotic
light organ tissues. In other invertebrates that have
been studied, this enzyme has increased activity in tis-
sues that are experiencing fluctuating metabolic de-
mand or anoxia (Newholme et al., 1978; Shofer et al.,
1997). Such conditions characterize the tissue of the
symbiotic light organ (Boettcher et al., 1996). In ad-
dition, the bacterial symbionts change the expression
of the host gene encoding particular subunits of the
proteasome, a complex involved in protein turnover in
eukaryotic cells (Voges et al., 1999). The changes in
expression of this gene may reflect the extensive host
tissue remodeling induced by V. fischeri. Further
rounds of subtraction at the different stages of the sym-
biosis promise to reveal many additional candidate
genes, and the future analyses of changes in the tran-
scriptome using microarray analysis will provide a
powerful complement to the results obtained by these
subtractive hybridization methods.

CONCLUSION
Advances in technology in recent years have opened

for study the vast landscape of animal-bacterial inter-
actions. In research efforts with the E. scolopes-V. fis-
cheri association, biochemical and molecular ap-
proaches have enabled a better understanding of the
association at all levels, from the interface of the sym-
biosis with its environment to the exclusive molecular
interplay between partners. This association is still in
the early stages of its development as a system. Dis-
coveries in the coming years should reveal what char-
acteristics of this symbiosis are shared by other extra-
cellular symbiotic associations between animals and
bacteria and what characteristics are unique to this spe-
cific interaction. In addition, an understanding of co-
operative associations between animals and bacteria
should provide substantial insight into the nature of
pathogenic relationships between animal and bacterial
cells.

ACKNOWLEDGMENTS
We would like to thank E. G. Ruby, T. Koropatnick

and D. Millikan for helpful comments on the manu-
script. We thank Tony Frudakis for technical help in
the construction of the squid cDNA libraries. This
work was supported by National Science Foundation
# IBN 02-11673 to M.M.-N. and E. G. Ruby, National
Institute of Health ROI 12294 to E. G. Ruby and
M.M.-N., National Institute of Health RO1 A150661
to M.M.-N., M. Apicella, B. Gibson, N. Phillips, and
E. Stabb, and the W. M. Keck Foundation to E. P.
Greenberg, M.M.-N., E. G. Ruby, M. Welsh, and M.
Apicella.

REFERENCES
Boettcher, K. J., E. G. Ruby, and M. J. McFall-Ngai. 1996. Biolu-

minescence in the symbiotic squid Euprymna scolopes is con-

trolled by a daily biological rhythm. J. Comp. Physiol. 179:65-
73.

Diamond, G., J. P. Russell. and C. L. Bevins. 1996. Inducible ex-
pression of an antibiotic peptide gene in lipopolysaccharide-
challenged tracheal epithelial cells. Proc. Natl. Acad. Sci.
U.S.A. 93:5156-5160.

Doino, J. A. and M. J. McFall-Ngai. 1995. Transient exposure to
competent bacteria initiates symbiosis-specific squid light organ
morphogenesis. Biol. Bull. 189:347-355.

Eckmann, L., J. Smith, M. P. Housley, M. Dwindell, and M. Kag-
noff. 2000. Analysis by high density cDNA arrays of altered
gene expression in human intestinal epithelial cells in response
to infection with invasive enteric bacteria Salmonella. J. Biol.
Chem. 275:14084-14094.

Fidopiastis, P. M., S. Von Boletzky, and E. G. Ruby. 1998. A new
niche for Vibrio logei, the predominant light organ symbiont of
squids in the genus Sepiola. J. Bacteriol. 180:59-64.

Foster, J. S. and M. J. McFall-Ngai. 1998. Induction of apoptosis by
cooperative bacteria in the morphogenesis of host epithelial tis-
sues. Dev. Genes Evol. 208:295-303.

Foster, J. S., M. A. Apicella, and M. J. McFall-Ngai. 2000. Vibrio
fischeri lipopolysaccharide induces developmental apoptosis,
but not complete morphogenesis, of the Euprymna scolopes
symbiotic light organ. Dev. Biol. 2226:242-254.

Graf, J. and E. G. Ruby. 1998. Host-derived amino acids support
the proliferation of symbiotic bacteria. Proc. Natl. Acad. Sci.
U.S.A. 95:1818-1822.

Heller, R., M. Schena. A. Chai, D. Shalon, T Bedilion, J. Gilmore,
D. Woolley. and R. W. Davis. 1997. Discovery and analysis of
inflammatory disease-related genes using cDNA microarrays.
Proc. Natl. Acad. Sci. U.S.A. 94:2150-2155.

Hooper, L. V., M. H. Wong, A. Thelin, L. Hanson, P. G. Falk, and
J. Gordon. 2001. Molecular analysis of commensal host-micro-
bial relationships in the intestine. Science 291:881-884.

Kimbell, J., M. J. McFall-Ngai, and G. Roderick. 2002. Two genet-
ically distinct populations of Eupryinna scolopes in the shallow
waters of Oahu, Hawaii. Pac. Sci. 56:347-355.

Lamarcq, L. H. and M. J. McFall-Ngai. 1998. Induction of a gradual,
reversible morphogenesis of its host's epithelial brush border by
Vibriofischeri. Infect. Immun. 66:777-785.

Lee, K. H. and E. G. Ruby. 1994. Effect of the squid host on the
abundance and distribution of symbiotic Vibrio fischeri in na-
ture. Appl. Environ. Microbiol. 60:1565-1571.

Lemus, J. A. and M. J. McFall-Ngai. 2000. Alterations in the pro-
teome of the Euprymna scolopes light organ in response to sym-
biotic Vibriofischeri. Appl. Environ. Microbiol. 6:4091-4097.

McFall-Ngai, M. J. 1999. Consequences of evolving with bacterial
symbionts: Insights from the squid-vibrio associations. Ann.
Rev. Ecol. Syst. 30:235-256.

McFall-Ngai, M. J. and M. K. Montgomery. 1990. The anatomy and
morphology of the adult bacterial light organ of Euprynna scol-
opes Berry (Cephalopoda: Sepiolidae). Biol. Bull. 179:332-339.

McFall-Ngai, M. J. and E. G. Ruby. 1991. Symbiont recognition and
subsequent morphogenesis as early events in an animal-bacterial
symbiosis. Science 254:1491-1494.

McFall-Ngai, M. J. and E. G. Ruby. 1998. Squids and vibrios: When
they first meet. Bioscience 48:257-265.

Montgomery, M. K. and M. J. McFall-Ngai. 1993. Embryonic de-
velopment of the light organ of the sepiolid squid Euprymna
scolopes. Biol. Bull. 184:296-308.

Montgomery, M. K. and M. J. McFall-Ngai. 1994. The effect of
bacterial symbionts on early post-embryonic development of a
squid light organ. Development 120:1719-1729.

Nehls, U., T Beguiristain, E Ditengou, E Lapeyrie, and F Martin.
1998. The expression of a symbiosis-regulated gene in eucalypt
roots is regulated by auxins and hypaphorine, the tryptophan
betaine of the ectomycorrhizal basidiomycete Pisolithus tinc-
torius. Planta 207:296-302.

Newsholme, E. A.. I. Beis, A. R. Leech, and V. A. Zammit. 1978.
The role of creatine kinase and arginine kinase in muscle.
Biochem. J. 172:533-537.

Nishiguchi, M. K. 2000. Temperature affects species distribution in

259



J. R. KIMBELL AND M. J. McFALL-NeAi

symbiotic populations of Vibrio spp. Appl. Environ. Microbiol.
66:3550-3555.

Nishiguchi, M. K., E. G. Ruby, and M. J. McFall-Ngai. 1997. Phe-
notypic bioluminescence as an indicator of competitive domi-
nance in the Euprymna-Vibrio symbiosis. In J. W. Hastings, L.
J. Krick, and P E. Stanley (eds.), Bioluminescence and Chemni-
luminescence: MVolecular reporting with photons, pp. 123-126.
Wiley & Sons, New York.

Nishiguchi, M. K., E. G. Ruby, and M. J. McFall-Ngai. 1998. Com-
petitive dominance among strains of luminous bacteria provides
an unusual form of evidence for parallel evolution in sepiolid
squid-vibrio symbioses. Appl. Environ. Microbiol. 64:3209-
3213.

Nyholm, S. V., B. Deplancke, H. R. Gaskins, M. A. Apicella, and
M. J. McFall-Ngai. 2002. Roles of Vibriofischeri and nonsym-
biotic bacteria in the dynamics of mucus secretion during sym-
biont colonization of the Euprymna scolopes light organ. Appl.
Environ. Microbiol. 68:5113-5122.

Nyholm, S. V. and M. J. McFall-Ngai. 1998. Sampling the light
organ microenvironment of Euprymna scolopes: Description of
a population of host cells in association with the bacterial sym-
biont Vibriofischeri. Biol. Bull. 195:89-97.

Nyholm, S. V, E. V. Stabb, E. G. Ruby, and M. J. McFall-Ngai.
2000. Establishment of an animal-bacterial association: Recruit-

ing symbiotic vibrios from the environment. Proc. Natl. Acad.
Sci. U.S.A. 97:10231-10235.

Ruby, E. G. 1996. Lessons from a cooperative bacterial-animal as-
sociation: The Vibrio fischeri-Euprymna scolopes light organ
symbiosis. Annu. Rev. Microbiol. 50:591-624.

Schweinfest, C., P. Nelson, M. Graber, R. Demopoulos, and T Papas.
1995. Methods in molecular biology: In vitro transcription and
translation protocols. Humana Press Inc., New Jersey.

Shofer, S. L., J. A. Willis, and R. S. Tjerrdema. 1997. Effects of
hypoxia and toxicant exposure on arginine kinase function as
measured by p-NMR magnetization transfer in living abalone.
Comp. Biochem. Physiol. 117C:283-289.

Visick, K. L. and M. J. McFall-Ngai. 2000. An exclusive contract:
Specificity in the Vibrio fischeri-Euprymna scolopes partner-
ship. J. Bacteriol. 182:1779-1787.

Visick, K. L., J. Foster, J. Doino, M. J. McFall-Ngai, and E. G. Ruby.
2000. Vibrio fischeri lux genes play an important role in colo-
nization and development of the host light organ. J. Bacteriol.
182:4578-4586.

Voges, D., P. Zwinkl, and W. Baumeister. 1999. The 26S protea-
some: A molecular machine designed for controlled proteolysis.
Annu. Rev. Biochem. 68:1015-1068.

Yolanda, S., C. Wilson, L. Hooper, J. Gordon, S. Hultgren, and W.
Parks. 2000. Bacterial exposure induces and activates matrilysin
in mucosal epithelial cells. J. Cell Biol. 148:1305-1315.

260



COPYRIGHT INFORMATION

TITLE: The Squid-Vibrio Symbioses: From Demes to Genes
SOURCE: Integr Comp Biol 43 no2 Ap 2003

WN: 0309107521005

The magazine publisher is the copyright holder of this article and it
is reproduced with permission. Further reproduction of this article in
violation of the copyright is prohibited.

Copyright 1982-2003 The H.W. Wilson Company.  All rights reserved.


	MMN 2018-2009 inclusive
	MMN publications 2018-2010
	MMN 2018-2013
	Peyer_et_al-2018-MicrobiologyOpen(1)
	Nawroth PNAS2017
	  Chen mBio 2017
	RESULTS
	EsBPI2/4 are typical animal BPIs, both biochemically and phylogenetically. 
	Studies of the symbiosis with V. fischeri demonstrate EsBPI2/4 antimicrobial activity and their modulation of the symbiosis. 
	EsBPI2/4 are abundant in epithelial tissues. 
	EsBPI2, but not EsBPI4, is abundant in the hatching organ and bloodstream. 
	Epithelia interacting with seawater are devoid of colonizing bacteria. 

	DISCUSSION
	MATERIALS AND METHODS
	Sequence analysis, structural modeling, and phylogenetic tree construction. 
	Colonization of the host with V. fischeri. 
	Protein purification by immunoprecipitation. 
	EsBPI2/4 antimicrobial activity assays. 
	Immunocytochemistry. 
	Scanning electron microscopy. 
	Labeling bacteria in living squid. 
	Statistical analysis. 
	Accession number(s). 

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

	Peyer et al. 2017 
	HeathHeckman 2016
	Krasity 2015 mBio LBP1
	RESULTS
	Structural comparison of LPS-binding domain of mammalian LBP and BPI to corresponding region of EsLBP1. 
	LOS-/LPS-binding properties of EsLBP1. 
	EsLBP1 does not kill Escherichia coli. 
	eslbp1 transcript expression is induced by symbiosis and TCT but not by the binding partner, LPS. 
	eslbp1 transcripts localize to light organ tissues interfacing with V. fischeri. 
	EsLBP1 protein is present at epithelial surfaces that directly associate with bacteria and with the environment. 

	DISCUSSION
	MATERIALS AND METHODS
	Alignment of EsLBP1 with mammalian LBP and BPI. 
	Expression of EsLBP1 in insect cells. 
	Preparation of MAMPs. 
	EsLBP1—endotoxin, TCT, and LOS:CD14 complex binding assays. 
	Assay for bactericidal activity of proteins. 
	General procedures for animal experiments. 
	qRT-PCR. 
	HCR-FISH. 
	Immunocytochemistry. 
	Statistics. 

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

	1-Kremer-Proc Roy Soc ALL
	Kremer Proc. R. Soc. B-2014
	Kremer Proc Roy Soc supp1

	Heath-Heckman et al 2014
	B-Peyer et al., 2014
	Eye-specification genes in the bacterial light organ  of the bobtail squid Euprymna scolopes, and their expression in response to symbiont cues
	1 Introduction
	2 Experimental procedures
	2.1 Sample preparation and generation of full-length cDNA sequences
	2.2 Sequence analysis and phylogenetic reconstructions
	2.3 Whole-mount in situ hybridization
	2.3.1 Embryonic development
	2.3.2 Postembryonic development

	2.4 Sectioned light-organ in situ hybridization
	2.5 Quantitative real-time PCR
	2.6 Analysis of gene transcript expression and regulation data in the light organ

	3 Results
	3.1 Conservation of eye-specification genes in the eye and light organ
	3.2 Localization of gene transcripts throughout development
	3.3 Effect of symbiosis and symbiont light production on eye-specification genes

	4 Discussion
	4.1 Eye-specification genes through embryonic development
	4.2 Expression of the eye-specification genes in response to bacterial cues
	4.3 Future studies

	5 Conclusions
	Acknowledgements
	Appendix A Supplementary data
	References


	Koropatnick et al. 2014
	Kremer et al 2013
	CoverCHM copy 2

	Heath-Heckman et al. 2013
	Bacterial Bioluminescence Regulates Expression of a Host Cryptochrome Gene in the Squid-Vibrio Symbiosis
	RESULTS
	Two cryptochrome genes are expressed in the E. scolopes light organ.
	escry1 expression in the light organ is influenced by symbiosis.
	Abundant EsCry1 localizes to the apical surfaces of light-organ epithelial cells that are adjacent to the symbiont.
	Peak expression of escry1 requires symbiont luminescence.
	Symbiont MAMPs enable light to induce cry1 cycling in the light organ.

	DISCUSSION
	MATERIALS AND METHODS
	General methods.
	Exogenous blue-light and MAMP stimuli.
	Identification of cryptochrome sequences from transcriptional databases.
	RACE.
	Protein alignment and phylogenetic analysis.
	RNA and cDNA preparation.
	Quantitative reverse transcriptase PCR.
	Western blotting.
	Immunocytochemistry.
	Statistics.
	Nucleotide sequence accession numbers.

	SUPPLEMENTAL MATERIAL



	Altura 2013 Env Micro cilia attachment
	Post et al 2012
	Rader-2012
	Modulation of Symbiont Lipid A Signaling by Host Alkaline Phosphatases in the Squid-Vibrio Symbiosis
	RESULTS
	E. scolopes expresses two alkaline phosphatase transcripts in the light organ.
	esap1 and esap2 are differentially expressed in squid tissues.
	EsAPs have a pH optima of ~8.
	Regulation of AP activity begins between 12 and 24 h following onset of the colonization process and exhibits a daily rhythm.
	The AP inhibitor levamisole compromises normal colonization of the juvenile light organ.
	EsAP activity localizes to the internal regions of the light organ.
	Alkaline phosphatase treatment of V. fischeri lipid A compromises the ability of lipid A to induce normal apoptosis in developing light organ tissues.

	DISCUSSION
	MATERIALS AND METHODS
	General procedures.
	RACE and sequence analysis.
	RT-PCR.
	Quantification, inhibition, and localization of AP in host tissues.
	Detection of chromatin condensation.
	Nucleotide sequence accession numbers.

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES


	Heath-Heckman et al. 2011
	zoology2011-4u1(3)
	Heath-Heckman, Zoology-Chitin 2011
	The occurrence of chitin in the hemocytes of invertebrates
	1 Introduction
	2 Materials and methods
	2.1 General methods
	2.2 RT-PCR analysis
	2.3 Localization of putative chitin in E. scolopes tissues
	2.4 Chitinase treatment
	2.5 Assessment of possible protein association of CBP-positive biomolecules
	2.6 Hemocyte preparations for taxonomic survey

	3 Results
	3.1 Localization of chitin to E. scolopes hemocytes
	3.2 Specificity of the chitin-binding probe
	3.3 Expression of chitin synthase mRNA in E. scolopes hemocytes
	3.4 Biochemical characteristics of chitin-containing compartments
	3.5 Survey of animal hemocytes for CBP-labeling

	4 Discussion
	Acknowledgements
	References



	Wier et al. 2010
	Troll et al. 2010
	PGRP2EnvMicroCover copy
	TrollPGRP2
	emi_2121 1..14



	2009
	PNAS-2009-Tong-0904571106
	Troll et al. 2009
	cover page CMI
	cmi_1315-1.pdf

	Nyholm et al. 2009
	Castillo et al.
	Identification and molecular characterization of a complement C3 molecule in a lophotrochozoan, the Hawaiian bobtail squid Euprymna scolopes
	Introduction
	Materials and methods
	General procedures
	RNA extraction
	EST selection and rapid amplification of cDNA ends (RACE)
	Sequence analysis
	Patterns of C3 gene expression
	Immunocytochemistry

	Results and discussion
	Identification of Es-C3 as a complement component C3 homolog
	The phylogenetic position of Es-C3
	mRNA expression of Es-C3 in E. scolopes

	Conclusion
	Acknowledgments
	Supplementary data

	References



	McFall-Ngai to 2009
	Chun PNAS combined
	PNAS-2008-Chun-11323-8
	Chun Suppl

	Koropatnick hemocyte
	Chun gene discovery
	BMCgenomics_squidgenediscoverypaper.pdf
	S1.pdf
	SuppFig1.tif
	S2.pdf
	SuppFig2.tif
	S3.pdf
	SuppFig3.tif
	S4.pdf
	SuppFig4.tif

	Goodson p53
	Sycuro Morphology
	Kimbell psome
	Goodson NFkB
	Koropatnick TCT
	Koropatnick.SI
	Materials and Methods
	Animal colonization
	Reagents
	Biochemical analyses
	Host phenotypes
	Statistics

	References and Notes

	Davidson NO
	Kimbell AEM actin
	Crookes reflectin
	Nyholm AEM dominance
	Kimbell demes
	Nyholm AEM mucus
	Foster Bull Mar Sci
	Foster 2000
	INTRODUCTION
	FIG. 1
	FIG. 2

	MATERIALS AND METHODS
	RESULTS
	FIG. 3
	FIG. 4
	FIG.5
	FIG. 6
	TABLE 1

	DISCUSSION
	FIG. 7

	ACKNOWLEDGMENTS
	REFERENCES

	Nyholm PNAS aggregates
	Doino-Lemus & McFall-Ngai proteome
	Small HPO
	MATERIALS AND METHODS
	Fig. 1.

	RESULTS
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Fig. 5.
	TABLE I.
	TABLE II.
	TABLE III.
	TABLE IV.

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

	Montgomery_McFall-Ngai_Dec1998_BiolBull
	Nyholm hemocyte discovery
	Nishiguchi competition
	Foster apoptosis 1998
	Lamarcq I&I microvilli
	Weis HPO
	Doino_McFall-Ngai_1995_BioBull
	Montgomery_McFall-Ngai_July1994_Development
	Tomarev 
	Montgomery_McFall-Ngai_Jun1993_BiolBull
	Weis Enhancedproduction
	Contents
	image 1
	image 2
	image 3
	image 4
	image 5
	image 6
	image 7
	image 8
	image 9
	image 10
	image 11
	image 12
	image 13


	Montgomery lens
	Ruby Science
	Contents
	1491
	1492
	1493
	1494


	McFall-Ngai et al. Mannose
	Scan
	Scan 1
	Scan 2
	Scan 3

	McFall-Ngai Animals in a Microbial
	McFall-Ngai Annu Rev 1999
	McFall-Ngai ARM 2014
	McFall-Ngai Bioscience
	McFall-Ngai Care for Community
	McFall-Ngai Huffnagle book
	McFall-Ngai insight
	McFall-Ngai JEB 2015 
	McFall-Ngai Light secret language rev
	The secret languages of coevolved symbioses: Insights from the Euprymna scolopes–Vibrio fischeri symbiosis
	1 Introduction
	2 The common language – MAMPs and PRRs in animal–microbe interactions
	3 The secret language – luminescence
	4 Host sensing of symbiont luminescence – eyes, light organs, and immune privilege
	5 Concluding remarks and future challenges
	Acknowledgements
	References


	McFall-Ngai NRM futureshock
	Abstract | The study of symbiosis is quintessential systems biology. It integrates not only all levels of biological analysis — from molecular to ecological — but also the study of the interplay between organisms in the three domains of life. The development of this field is still in its early stages, but so far, the findings promise to revolutionize the way we view the biotic world. This Essay outlines some of the challenges facing the field and the implications of its development for all of biology.
	The history of biology and symbiosis
	Figure 1 | Growth of the symbiosis field. This figure illustrates the rapid growth in the field of symbiosis over the past 40 years, as measured by citations to papers mentioning symbiosis in the title. Data derived from Pubmed.
	The good news and the bad news
	The impact of our increased awareness
	What’s next for symbiosis?

	McFall-Ngai PLoS  rev 2014
	McFall-Ngai review PLoSBiology
	PLoS Biology whole only
	PLOS BIO PUB 2014 with cover

	McFall-Ngai Sem Immun rev
	Nyholm winnowing
	Dethlefsen Insight
	Visick & McFall-Ngai review



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e00200055007000640061007400650064002c002000330030007400680020004d006100720063006800200032003000300035002c00200074006f00200045006d00620065006400200046006f006e00740073002c002000530052002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e00200055007000640061007400650064002c002000330030007400680020004d006100720063006800200032003000300035002c00200074006f00200045006d00620065006400200046006f006e00740073002c002000530052002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.32000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.32000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    34.69606
    34.27087
    34.69606
    34.27087
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    8.50394
    8.50394
    8.50394
    8.50394
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




