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Abstract. The symbiosis between the squid Euprymna 
scolopes and the luminous bacterium Vibrio3scheri has 
a pronounced die1 rhythm, one component of which is 
the venting of the contents of the light organ into the 
surrounding seawater each day at dawn. In this study, we 
explored the use of this behavior to sample the microenvi- 
ronment of the light-organ crypts. Intact crypt contents, 
which emerge from the lateral pores of the organ as a 
thick paste-like exudate, were collected from anesthetized 
host animals that had been exposed to a light cue. Micros- 
copy revealed that the expelled material is composed of 
a conspicuous population of host cells in association with 
the bacterial symbionts, all of which are embedded in a 
dense acellular matrix that strongly resembles the bacte- 
ria-based biofilms described in other systems. Assays of 
the viability of expelled crypt cells revealed no dead bac- 
terial symbionts and a mixture of live and dead host cells. 
Analyses of the ultrastructure, biochemistry, and phago- 
cytic activity of a subset of the host cell population sug- 
gested that some of these cells are macrophage-like mol- 
luscan hemocytes. 

Introduction 

The microenvironment surrounding extracellular bacte- 
rial symbionts that associate with animal hosts is the dy- 
namic zone of interchange between the partners. In a 
number of associations, most notably the cow rumen 
(Flint, 1997) and the termite hindgut (Breznak, 1982; 
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Breznak and Brune, 1994) the characterization of this 
interface has provided insight into the basic nature of the 
symbiosis, including aspects of nutrient exchange, host 
immune response, and the control of symbiont number. 
In such consortia1 associations, the contribution of any 
given symbiont species to the dynamics of the whole has 
been difficult to assess. Thus, the precise mechanisms by 
which the environment is created and maintained have 
not been determined. 

The symbiosis between the Hawaiian bobtail squid Eu- 
prymna scolopes and its bioluminescent bacterial partner 
VibrioJischeri provides a research system complementary 
to the more prevalent consortia1 symbioses (Ruby, 1996; 
McFall-Ngai and Ruby, 1998). Because both partners are 
culturable outside of the symbiosis, and the bacterial sym- 
biont can be genetically manipulated, this two-species 
association can be used to study the underlying biochemi- 
cal and molecular contributions of each partner to the 
dynamics of the symbiosis. 

The microenvironment surrounding the bacterial sym- 
bionts in this symbiosis can now be readily analyzed (Graf 
and Ruby, 1998). The squid houses its extracellular sym- 
bionts in the epithelial crypts of a conspicuous bilobed 
light organ located in the center of its mantle cavity 
(McFall-Ngai and Montgomery, 1990). Lee and Ruby 
(1994) and Boettcher et al. ( 1996) showed that the symbi- 
osis is characterized by a pronounced die1 rhythm, one 
aspect of which is the daily venting of 90% of the bacterial 
culture into the surrounding seawater. At dawn, each day, 
the animal expels the bacteria-containing crypt material 
into the mantle cavity through lateral pores on either side 
of the light organ (see Fig. 1). This daily venting appears 
to have a variety of consequences for the symbiosis. Lee 
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and Ruby (1994) provided evidence that, in addition to the 
obvious function of controlling symbiont number, venting 
increases population densities of V. &~Y~eri in the ambient 
seawater, which is essential for the horizontal transmis- 
sion of the symbiosis between generations; specifically, 
they showed that the natural seawater is only infective to 
newly hatched squids when it is sampled from environ- 
ments with large populations of adults. Under laboratory 
conditions, Graf and Ruby (1998) exploited this die1 vent- 
ing behavior of the host to show that the squid host pro- 
vides the bacteria in the symbiosis with amino acids. 

In the present study, we explore the cellular compo- 
nents of the vented crypt contents. Our data show that 
the host vents a dense assemblage of its own cells in 
association with the bacterial symbionts. This mixed pop- 
ulation of cells is embedded in a conspicuous acellular 
matrix. Among the host cell population, there is a subset 
of cells that have a morphology, biochemistry, and phago- 
cytic activity suggestive of macrophage-like molluscan 
hemocytes. In addition, we demonstrate that the animals 
can be experimentally induced to vent their crypt contents 
at times of day other than dawn, a feature that will provide 
an opportunity for future studies of die1 fluctuations in 
the microenvironment of the light organ crypts. 

Materials and Methods 

General procedures 

Adult E. scolopes were collected with the use of dip 
nets from shallow, subtidal regions surrounding Oahu, 
Hawaii, and were either transported to the University of 
Southern California, Los Angeles, and maintained in a 
265liter recirculating aquarium at 23°C or maintained 
in flow-through seawater aquaria at Kewalo Marine Labo- 
ratory, University of Hawaii, Manoa. 

All chemicals were obtained from Sigma Chemical 
Co. (St. Louis, Missouri) unless otherwise stated. Fixa- 
tives, embedding media, and supplies for electron mi- 
croscopy were purchased from Ted Pella, Inc. (Redding, 
California). 

Characterizing natural venting behavior and obtaining 
crypt contents 

We used the methods of Graf and Ruby (1998) to in- 
duce venting behavior and to acquire the contents of the 
light organ crypts for further analysis. Briefly, adult ani- 
mals were maintained under natural environmental light 
conditions of about 12 h of light and 12 h of darkness. 
Minutes prior to dawn, just before venting normally oc- 
curs (Lee and Ruby, 1994), animals were anesthetized 
in 2% ethanol in seawater. Under red light, we made a 
midventral transection of the mantle to expose the light 
organ. The animals were then subjected to a constant 

light stimulus, using a 150-W halogen light source placed 
several centimeters above the eyes. Either immediately 
or within 60 min of the onset of the stimulus, they vented 
their light organ contents. This variation in the timing of 
venting following the stimulus did not affect the factors 
that were characterized in this study. As they were vented, 
the crypt contents were collected with a 5~1 hematocrit 
tube fitted with a plunger. To determine whether light, 
and not another aspect of our procedure (i.e., anesthesia 
or dissection), was the necessary stimulus for the induc- 
tion of venting, animals were anesthetized during their 
natural dark period and dissected, but not given a light 
stimulus. 

The possibility that venting behavior occurs in newly 
hatched squid at the first dawn following hatching was 
tested as follows. Juvenile squid were anesthetized for 
60 s in a solution containing 0.37 A4 MgC12 and seawater 
(1: 1). Acridine orange was added to the solution to a final 
concentration of 5 rig/ml, which uniformly stained the 
host cells. The light organs were exposed by removing 
the mantle tissue, animals were exposed to a light stimu- 
lus, and the vented contents were viewed under confocal 
microscopy. 

Preparation for electron microscopy 

For scanning electron microscopy (SEM), the exuded 
crypt contents were placed on a nitrocellulose membrane, 
which was then immersed and fixed for 15 min in a solu- 
tion of 5% formalin in filtered seawater (FSW). The sam- 
ples were rinsed in FSW, dehydrated in a 15%-100% 
ethanol series, desiccated with hexamethyldisilazane, 
sputter coated with gold, and examined with a Cambridge 
360 scanning electron microscope. 

For transmission electron microscopy (TEM), the exu- 
date was fixed in 4% glutaraldehyde in 0.1% sodium 
cacodylate with 0.45 M NaCl, pH 7.4 (Fixative A), for 
30 min. Samples were rinsed for 15 min in 0.1% sodium 
cacodylate with 0.45 M NaCl, pH 7.4 (Buffer A) and then 
postfixed in 1% osmium tetroxide in Buffer A for 20 min 
followed by rinsing with Buffer A for 10 min. Samples 
were then dehydrated through a graded series from 30% 
to 100% ethanol in distilled water followed by infiltration 
with propylene oxide. Samples were placed in a 50:50 
mixture of propylene oxide and unaccelerated Spurr 
(Spurr, 1969) for 15 min, and then transferred’first to 
100% unaccelerated Spurr for 3 h, and then 100% acceler- 
ated Spurr for 2 h. Samples were embedded in freshly 
prepared accelerated Spurr at 67°C for 48 h. The embed- 
ded exudate was sectioned (80 to 90 nm thick), stained 
with Reynolds lead citrate solution and 3% uranyl acetate, 
and viewed with a JEOL CX-100 transmission electron 
microscope. 

To determine whether the composition of vented mate- 
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rial was influenced by the experimental procedure by 
which it was obtained (i.e., from anesthetized, ventrally 
dissected animals), we analyzed the crypt contents in in- 
tact, unanesthetized animals just prior to venting. Whole 
adult animals were placed at dawn directly in Fixative A. 
The light organs were then dissected out and prepared for 
TEM as described previously (McFall-Ngai and Mont- 
gomery, 1990). 

Analysis of animal and bacterial cells in the exudate 

The total numbers of bacterial and animal cells present 
in fresh exudate were determined for adult specimens [n 
= 3; average mantle length, 25 mm]. To quantify cultura- 
ble bacterial cells per microliter in the exudate, serial 
dilutions of fresh exudate were plated on seawater tryp- 
tone (SWT) agar medium and allowed to incubate at 25°C 
overnight (Ruby and Asato, 1993). The resulting colonies 
were counted, giving the number of colony forming units 
(CFUs) in the exudate material. This plating technique 
detects culturable bacterial cells with greater than 95% 
efficiency (Ruby and Asato, 1993). In situ viability of 
bacterial cells in the exudate was determined by fluores- 
cence viability staining (BacLight Live/Dead Viability 
Assay Kit, Molecular Probes, Eugene, OR). We used two 
nucleic acid stains, which are provided separately and 
mixed immediately prior to application: SYTO-9, which 
is taken up by all cells and fluoresces green, and propid- 
ium iodide, which fluoresces red and is only taken up by 
dead or dying bacterial cells with damaged membranes 
(Lloyd and Hayes, 1995). Cells were observed by confo- 
cal microscopy immediately after collection, and then 2 h 
later to ensure that propidium iodide had penetrated dead 
V. jischeri. 

The number of animal cells was determined as follows. 
Fresh exudate of a known volume was placed in a Petroff- 
Hauser hemacytometer, and the cells were either counted 
under phase contrast microscopy or stained with acridine 
orange and counted under fluorescent microscopy. Viabil- 
ity of animal cells in the exudate was determined by 
exposing the material to trypan blue, which is excluded 
from healthy animal cells but taken up freely by dead and 
dying cells with compromised membranes. Samples were 
exposed to 0.1% trypan blue in FSW for 3.0 min, rinsed 
in FSW, and examined under light microscopy. 

To determine the abundance of acidic compartments 
(e.g., lysosomes) within the animal cells, fresh exudate 
was exposed to a 1 ,uLM solution of LysoTracker Green 
(Molecular Probes, Eugene, OR) for 30 min, rinsed in 
FSW, and viewed under confocal microscopy. Lyso- 
Tracker consists of a fluorophore moiety linked to a weak 
base that permeates cell membranes; it concentrates in 
cellular compartments with low internal pH, such as lyso- 
somes, where it fluoresces under acidic conditions (Diwu 
et al., 1994). 

Experimental manipulation of venting behavior 

To determine whether crypt contents could be obtained 
at times other than dawn, we attempted to induce venting 
behavior by exposing E. scolopes adults to our experi- 
mental conditions (i.e., anesthetic, ventral dissection, and 
a light stimulus) at different times during the day. Spe- 
cifically, we assayed in the hours preceding [- 12 h, 
-9 h, -6 h, -4 h, and -1 h] and following [+4 h, +6 
h, +8 h, and +lO h] dawn, when the light organ would 
presumably have either abundant or depleted crypt con- 
tents, respectively. In addition, to determine whether the 
crypt contents would be retained past dawn in the absence 
of the natural light cue, adult animals were maintained in 
the dark for up to 8 h after their natural venting time and 
then exposed to our experimental conditions. 

Results 

Natural venting behavior 

After a continuous light stimulus of 5-60 min, the re- 
lease of the crypt contents (Fig. 1) was preceded by a 
large contraction of the light organ. The exudate that 
resulted from this event emerged from the pores of the 
light organ as a thick, white, paste-like material (Fig. 1B). 
An adult animal with a mantle length of 25 mm typically 
vented between 10 and 20 ~1 of exudate material, which 
was then collected intact for further analyses. Animals 
that were anesthetized and ventrally dissected, but not 
exposed to a light stimulus, did not expel their crypt 
contents-neither during the natural dark cycle nor after 
dark adaptation. Therefore, a light stimulus is required to 
induce venting, and the experimental conditions them- 
selves did not cause this behavior. 

Under the experimental conditions used for adults, ju- 
venile animals also exhibited venting behavior beginning 
with the first dawn after hatching. Large eukaryotic cells 
of a diameter similar to those seen in adults (about 10 pm) 
were observed emerging from the pores leading to the 
juvenile crypts (Fig. 1C). 

Cellular constituents of the exudate 

Observations of exudate under light microscopy re- 
vealed a mixture of animal and bacterial cells. SEM of 
the exudate showed that the population of animal and 
bacterial cells is surrounded by a dense matrix (Fig. 2A- 
C). Animal cells in the exudate were 10 to 20 pm in 
diameter. Their membranes often had a ruffled appear- 
ance, and cytoplasmic blebbing was regularly observed, 
but these cells otherwise appeared healthy (Fig. 2D). Both 
SEM and TEM revealed a close association between the 
animal cells and bacterial cells within the exudate, with 
bacterial cells often adhering to the surface of the eukary- 
otic cells (Fig. 2C-D). TEM of the exudate matrix 
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Figure 2. Electron micrographs of freshly collected exudate (A-C were taken with a scanning scope, 
and D with a transmission scope). (A) Bacterial cells embedded in a thick matrix. Scale, 3 pm. (B) Higher 
magnification, showing individual bacteria (arrows) surrounded by the matrix. Scale, 1 pm. (C) The outline 
of animal cells surrounded by bacteria (arrows). Scale, 2 pm. (D) Bacterial cells (arrows) adjacent to a 
larger animal cell. The membrane exhibits ruffling, and cytoplasmic blebbing is evident. The bacteria are 
surrounded by a mixture of particulate matter that constitutes the matrix. Scale. I Lam. m, matrix; n, nucleus: 
b, cytoplasmic blebbing of the host cell. 

Evidence of bacterial phgocytosis in right organ ceils induced, however, during the light portion of the animal’s 

Eukaryotic cells in the crypt spaces of intact light or- 
gans occasionally codtined intracellular bacteria (Fig. 6). 

e majority of the animal cells within tithe exudate, 
these cells averaged 10 pm in diameter and often con- 
tained 3-5 bacterial cells each. The bacteria appeared 
to be contained within membrane-bound vacuoles of the 
animal cells, and many of these bacterial cells appeared 
to be undergoing degradation. 

Mmiplalatiun of venting behavior 

natural cycle; this is the period betwe;en 4 and 10 h after 
dawn, when the crypt spaces should have the lowest 
amount of extracellular constituents, i.e., matrix material, 
as well as animal and bacterial cells. 

Animals kept in the dark past dawn retained their crypt 
contents until given a light stimulus. Under these condi- 
tions, we could induce expulsion up to 8 h past the natural 
venting time. These data suggest that the behavior is not 
under an independent circadian rhytlun, but requires a 
light cue each day. 

Under our experimental conditions, we were able to 
Dim&on 

induce venting behavior between 1 and 12 h prior to The opportunity to sample the microenvironment sut- 
dawn, i.e., during the dark portion of the animaI’s natural rounding bacterial symbionts is rare because, in most as- 
cycle-the time period when the bacterial population of sociations, the bacteria are embedded deeply within tis- 
the light organ is at its highest. This behavior could not be sues that are difficult to access. In the present study, taking 
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Figure 5. Stained acidic compartments wjrhin a freshly vented animal cell, (A) Differential interference 

microscopy; the cell is surrounded hy bacteria and matrix material. Scale, 10 pm. (E) The same cell stained 

with 1 pM LysoTracker; note the acidic compartments, possrMy lysosomes. Scale, 10 pm. 

of the symbiotic organ contents by the host squid provides similar in appearance to other bacteria-based biofrlms; and 
e OF the light organ crypt microenviron- (6) the venting of crypt contents can be experimentally 
iel behavior, which occurs in juveniles as induced at times in the die1 cycle other than dawn, 
is dependent upon a light cue; (3) the Our finding that about 90% of the symbiont culture is 

cellular constituents of the crypts consist of a population vented suggests strongly that this behavior is controlling 
of viable V, Jischeri cells in association with a mixture the number of symbionts in the light organ (Lee and Ruby, 
of live and dead host cells; (4) the characteristics of some 1994; present study). Research on symbiotic associations 
of the animal cells found in the exudate suggest that these between animals and their bacterial partners has demon- 
cells are molluscan phagocytic hemocytes (Cheng, 1981; strated that symbiont population density is regulated in a 
Sminia, 1981; Cowden and Curtis, 1981); (5) these host variety of ways. These control mechanisms can be 
and bacterial ceils are embedded in a conspicuous matrix grouped into two broad categories that work either alone 

or in concert: control of bacterial growth rate and elimina- 
tion of excess bacterial cells. In the former mode, the 
host environment, while sustaining the viability of the 
symbionts, presents a biochemical milieu that attenuates 
bacterial cell division. In the latter, elimination of super- 
numerary symbionts is typically accomplished by the reg- 
ular venting of the bacterial cells from the host tissues, 
the digestion by the host of the bacterial cells, or both. 
Digestion can be either extracellular or intracellular, the 
latter typically following the engulfment of the bacterial 
cell by a phagocytic host cell. Previous research and the 
results presented here provide evidence for a multifaceted 
control of the symbiont population in the squid-vibrio 
symbiosis, Lee and Ruby (1994) demonstrated that the 
bacterial growth rate in the adult light organ (average 
doubling time of approximately 4.8 h) is suppressed in 
comparison with the physiological potential for growth 
seen under culture conditions (average doubling time of 
0.5 h; Ruby and Asato, 1993). However, the former 
growth rate is still sufficiently high that, although the 
numbers of bacteria are set back at dawn to a lower popu- 
lation density by the venting havior, the light organ 

be repopulated with symbionts over the course of 

Figure 6. Bacteria within a crypt cell. A TEM &f a eukaryotic cell the day. Slow growth rates, coupled with shedding of 
found within the crypt spscec of a juvenile E. srolupcs light organ. This symbionts into the environment, have been documented 
cell contains several intracellular bacteria (arrows). Scale, 1 pm. previously in symbioses between animal hosts and their 
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luminous bacterial partners, although no rhythm or depen- 
dency on cues was noted (Haygood et al., 1984). 

In addition to the suppression of growth rate and the 
die1 venting of symbionts, the phagocytosis of bacterial 
cells by host macrophage-like cells that we observed in 
this study (Fig. 6) may represent yet another level of 
control of the symbionts in these associations. Tebo et 
al. (1979) showed bacteria in host cells in the light organ 
of the monocentrid fish Monocentris japonicus, whose 
light organ contains the symbiont V. J%cheri. However, 
those bacterial cells were in the epithelium rather than in 
the macrophage-like cells seen in the light organ of E. 
scolopes. At this point, neither they nor we have deter- 
mined whether the bacteria within host cells are V. fischeri 
or other bacterial species that are being eliminated to 
maintain V. jischeri as the sole symbiont; i.e., we do not 
know whether the macrophage-like host cells in the squid 
light organ function principally in control of V. jischeri 
symbiont number or in maintenance of light organ speci- 
ficity, or both. Thus, the determination of the precise 
function of these cells in the dynamics of this symbiosis 
awaits their further characterization. However, to our 
knowledge, this report represents the first documentation 
of macrophage-like cells in direct association with the 
symbionts in a light organ. 

Whatever the function of these host macrophage-like 
cells in the crypt spaces, their association with the popula- 
tion of bacterial symbionts is not unexpected. In molluscs, 
macrophage-like hemocytes are reported to be involved 
in phagocytosis and digestion of pathogens in many tis- 
sues and their associated lumina (Cheng, 1981; Sminia, 
198 1; Cowden and Curtis, 198 1). Vertebrate macro- 
phages, which are thought to be derived evolutionarily 
from this invertebrate cell type (Ottaviani and Franceschi, 
1997) are also found in similar circumstances. For exam- 
ple, mononuclear phagocytes are released into the blood 
stream and spread to all tissues including epithelia (Stew- 
art et al., 1994), and lymphocytes are a common constit- 
uent of the cellular community that lines the mammalian 
intestine (James and Zeitz, 1994). 

The other animal cells in the crypt environment that 
do not resemble healthy, functioning macrophage-like 
molluscan hemocytes may be dead or dying hemocytes, 
or they may be epithelial cells shed from the lining of 
the crypt spaces. The shedding of epithelial cells in re- 
sponse to interaction with bacteria or bacterial by-prod- 
ucts is known to occur in other instances. For example, 
bacterial lipopolysaccharide will induce shedding of mu- 
rine uroepithelial cells, which is believed to be a mecha- 
nism by which the host evades pathogenic bacteria (Aron- 
son et al., 1988). The exact definition of the host cell 
types in the crypt space and the origin of these cells, thus, 
also awaits future studies. 

All of the bacterial and animal cells contained in the 

exudate are suspended in a thick, heterogeneous matrix. 
SEM showed that this matrix resembles other bacteria- 
associated biofilms, including those associated either 
with inorganic substrates or animal tissues (Pearl, 
1985). TEM revealed a complex mixture of membranes 
and particulate matter. Matrix ultrastructure of the squid 
light organ appears similar to that described in the light 
organs of the macrourid fish Caelorhincus (W. Loh, 
University of Sydney, pers. comm.). The exact nature 
of the constituents, as well as the relative contributions 
of the animal host and the bacterial symbionts to the 
matrix material, remain to be determined. To date, only 
one constituent has been defined, i.e., the host-derived 
amino acids that supply the growing symbiont popula- 
tion with these metabolic building blocks (Graf and 
Ruby, 1998). 

The finding that venting behavior can be induced exper- 
imentally during the 12 h preceding the natural expulsion 
event at dawn paves the way for examination of the micro- 
environment of the crypts during this portion of the die1 
cycle of the symbiosis. Boettcher et al. (1996) in studies 
of the die1 rhythm of the light organ, showed that this 
12-h period contains the highest and lowest per cell lumi- 
nescence of V. fischeri. They interpreted this finding to 
suggest that significant fluctuations in the biochemistry 
and physiology of the crypt environment occur between 
the hours around dusk and the hours around dawn. After 
venting, the remaining 10% of the symbiont population 
divides and repopulates the light organ, so that by dusk, 
there is once again a full complement of bacteria in the 
crypts. Whether the animal delivers nutrients steadily over 
the period of about 12 h following venting, sustaining a 
slow bacterial growth rate over this period, or whether it 
maintains a low bacterial population until the late after- 
noon, when it delivers a large pulse of nutrients that stim- 
ulates rapid bacterial growth, remains to be determined. 
Defining changes in the biochemistry of the microenvi- 
ronment during the day may provide insight into the 
mechanisms by which luminescence is controlled. In ad- 
dition, such analyses will define other types of metabolic 
and regulatory changes that accompany the die1 rhythm 
of this symbiosis. At present, we cannot experimentally 
induce venting of the crypt contents during the light por- 
tion of the animal’s cycle. Thus, a full understanding of 
the dynamics of symbiont population growth in the light 
organ over the entire day awaits refinement of our current 
method or reliance on alternative methods of sampling 
this environment. 

The accessibility of the bacterial microenvironment in 
this symbiosis makes a rich frontier available for the study 
of the dynamics of an animal-bacterial association. Future 
studies will focus on defining both the biochemical con- 
stituents of the matrix material and the nature of the ani- 
mal cells that occur among the bacterial symbionts. 



SAMPLING OF A SYMBIOTIC MICROENVIRONMENT 97 

Acknowledgments 

We thank B. DeCaires, J. Doino, J. Foster, J. Kimbell, 
L. Lamarcq, C. Phillipson, E. Ruby, E. Stabb, and K. 
Visick for helpful comments on the manuscript. We are 
also grateful for technical assistance from A. Thompson 
and W. Ormerod of the Center for Electron Microscopy 
and Materials Analysis at the University of Southern Cali- 
fornia. This work was supported by NSF grant IBN 96- 
01 155 to MMN and E. G. Ruby and NIH grant ROl 
RR10926-OlAl to E. G. Ruby and MMN. 

Literature Cited 

Aronson, M., 0. Medalia, D. Amichay, and 0. Nativ. 1988. Endo- 
toxin-induced shedding of viable uroepithelial cells is an antimicro- 
bial defense mechanism. Infect Immun. 56: 1615-1617. 

Boettcher, K. J., E. G. Ruby, and M. J. McFall-Ngai. 1996. Biolumi- 
nescence in the symbiotic squid Eupiyma scolopes is controlled by 
a daily biological rhythm. J. Camp. Physiol. A. 179: 65-73. 

Breznak, J. A. 1982. Intestinal microbiota of termites and other xy- 
lophagous insects. Anna. Rev. Microbial. 36: 323-343. 

Breznak, J. A., and A. Brune. 1994. Role of microorganisms in the 
digestion of lignocellulose by termites. Annu. Rev. Enromol. 39: 

453-487. 
Cheng, T. C. 1981. Bivalves. Pp. 233-300 in Invertebrate Blood 

Cells, N. A. Ratcliffe and A. F. Rowley, eds., Academic Press, New 

York. 
Cowden, R. R., and S. K. Curtis. 1981. Cephalopods. Pp. 301-323 

in Invertebrare Blood Cells, N. A. Ratcliffe and A. F. Rowley, eds., 

Academic Press, New York. 
Diwu, Z., Y. Z. Zhang, and R. P. Haugland. 1994. Novel site-selec- 

tive fluorescent probes for lysosome and acidic organelle staining 
and long-term tracking. Cyrometv 77: 426B. 

Flint, H. J. 1997. The rumen microbial ecosystem-some recent de- 

velopments. Trends Microbial. 5: 483-488. 
Graf, J., and E. G. Ruby. 1998. Host-derived amino acids support 

the proliferation of symbiotic bacteria. Proc. Nafl. Acad. Sci. USA 
95: 1818-1822. 

Haygood, M. G., B. M. Teho, and K. H. Nealson. 1984. Luminous 

bacteria of a monocentrid fish (Monocenrris japonicus) and two 
anomalopoid fishes (Photoblepharon palpebratus and Kryptopha- 
naron alfredi): population sizes and growth within the light organs, 

and rates of release into the seawater. Mar. Biol. 78: 249-254. 
James, S. P., and M. Zeitz. 1994. Human gastrointestinal mucosal T 

cells. Pp. 275-285 in Handbook of Mucosal Immunology, P. L. 

Ogra, M. E. Lamm, J. R. McGhee, J. Mestecky, W. Strober, and J. 
Bienenstock, eds., Academic Press, San Diego. 

Lee, K., and E. G. Ruby. 1994. Effect of the squid host on the abun- 
dance and distribution of symbiotic Vibrio jscheri in nature. Appl. 
Environ. Microbial. 60: 1565 - I57 1. 

Lloyd, D., and A. J. Hayes. 1995. Vigour, vitality, and viability of 

microorganisms. FEMS Microbial. Letf. 133: l-7. 

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

McFall-Ngai, M. J., and E. G. Ruby. 1998. Sepiolids and vibrios: 
when first they meet. BioScience 48: 257-265. 

Ottaviani, E., and C. Franceschi. 1997. The invertebrate phagocytic 
immunocyte: clues to a common evolution of immune and neuroen- 
docrine systems, Immunol. Today 18: 169- 174. 

Pearl, H. W. 1985. Influence of attachment on microbial metabolism 
and growth in aquatic ecosystems. Pp. 363-400 in Bacterial Adhe- 
sion: Mechanisms and Physiological Significance. D. C. Savage and 
M. Fletcher, eds., Plenum Press, New York. 

Ruby, E. G. 1996. Lessons from a cooperative bacterial-animal asso- 
ciation: the Vibriojscheri-Eupymna scolopes light organ symbiosis. 
Annu. Rev. Microbial. 50: 591-624. 

Ruby, E. G., and L. M. Asato. 1993. Growth and fagellation of Vib- 

riojscheri during initiation of the sepiolid squid light organ symbio- 
sis. Arch. Microbial. 159: 160- 167. 

Sminia, T. 1981. Gastropods. Pp. 191-232 in Invertebrate Blood 
Cells, N. A. Ratcliffe and A. F. Rowley, eds., Academic Press, New 

York. 
Spurr, A. 1969. A low-viscosity epoxy resin embedding medium for 

electron microscopy. J. Uirrasfrucf. Res. 26: 3 l-43. 
Stewart, C. C., M. C. Riedy, and S. J. Stewart. 1994. Induction: 

the proliferation and differentiation of macrophages. Pp. 3-27 in 

Macrophage-Pathogen Interactions, B. S. Zwilling and T. K. 
Eisenstein, eds., Marcel Dekker, New York. 

Teho, B. M., D. S. Linthicum, and K. H. Nealson. 1979. Luminous 
bacteria and light emitting fish: ultrastructure of the symbiosis. Bio- 

Systems 11: 269-280. 


	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




