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Fig. 2 Tr electron mi h of bacterial endosy
bearing h les from R. pachypiila collected from a vent

field with low (a) and high (b) sulfide concentrations

alteration in the function of this organ and the symbionts it
contains. Previous work has illustrated that R. pachyptila
can maintain high rates of carbon dioxide uptake despite
short-term oscillations in sulfide and oxygen availability,
presumably because they can bind sufficiently large
quantities of these redox substrates with their hemoglobins
to provide an intermal reservoir when environmental
quantities are limited (Arp et al. 1987; Fisher et al. 1988b;
Flores et al. 2005; Girguis and Childress 2006). It is
apparent that this ability to buffer environmental variability
has its limits, as R. pachypiila collected from low-tem-
perature, low-sulfide environments had lower elemental
sulfur concentrations in their trophosomes (Fig. 1). Given
how rapidly trophosome elemental sulfur concentrations
fall in R. pachyptila maintained in the absence of elemental
sulfur (Childress et al. 1991a), it is surprising that any
elemental sulfur was present in trophosomes from
R. pachypiila collected from habitats with undetectable
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environmental sulfide concentrations. It is likely, given the
high capacity of R. pachyptila hemoglobins for binding
sulfide {Arp and Childress 1983; Flores et al. 2003), that
low levels of sulfide uptake, and symbiont sulfide oxida-
ton, occur even when environmental concentrations are
extraordinarily low.

An alternative explanation for elemental sulfur pres-
ence even in R. pachyptila from low-sulfide habitats is
suggested by their higher plume carbonic anhydrase
activities. Elevated plume activities of this enzyme may
be a response to facilitate dissolved inorgamic carbon
acquisition from the more alkaline low-sulfide habitat.
Given that pH values are substantially higher in the
low-sulfide habitat (Table 1), CO- concentrations will be
significantly lower than those found in the more acidic
high-sulfide habitats (Goffredi et al. 1997). Given that
CO; is the major form of inorganic carbon taken up by
both the host mbeworm and the symbionts (Goffredi et al.
1997 Scott et al. 1999), lower environmental CO; con-
centrations  will result in lower rates of DIC uptake
(Girguis and Childress, 2006). Indeed, tubeworms main-
tained at environmental DIC and pH values similar to
those found at the low-sulfide habitat have substantially
lower concentrations of DIC in their bodily fluids (Chil-
dress et al. 1993), which may in turn diminish the rate of
symbiont carbon fixation. If this is the case, R. pachyptila
from the low-sulfide habitat might be carbon-limited,
which would permit storage of excess electron donor
(albeit low quantities) as elemental sulfur.

Surprisingly, other parameters measured here were not
as sensitive to environmental conditions. Symbiont abun-
dance did not change significantly (Figs. 1, 2), and these
cells did not appear to have repressed their autotrophic
capabilities to any measureable extent, based on carbon
fixation rates and RubisCO activities (Fig. 1). This was
unexpected, given that prior work has demonstrated
changes in other enzymes associated with autotrophic
activity (ATP sulfurylase) that correlate with trophosome
color (and elemental sulfur content) within an individual
R. pachyptila trophosome (Fisher and Childress 1984).
Further, the conventional (though unpublished) wisdom
has been that R. pachyptila with dark trophosome has fewer
symbionts and less autotrophic activity, which is clearly
incorrect. Consistent with the data presented here, intact
R. pachypiila do not demonstrate net carbon dioxide uptake
until external oxygen and sulfide concentrations exceed a
threshold value, suggesting that the symbionts are present
and poised for autotrophic activity once environmental
conditions favor it (Girguis and Childress 2006).

This apparent consistency in symbiont physiology with
respect to carbon fixation differs sharply with what has
been noted for nitrogen and sulfur metabolism. Based on
proteome and physiological data, symbionts from
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Table E2: List of Buffers

Organism Experiment Buffer pH
Emiliania huxieyi | RubisCO purification | Lysis 7.5 | 20mM Tris, 10mM MgCl,, SmM NaHCO,, ImM EDTA, ImM DTT
BBMD | 7.5 50 mM Bicine, 25 mM MgCl,, 5 mM NaHCO,, 1 mM DTT
RubisCO activity Assay 7.5 | 50 mM Bicine, 20 mM MgCl,, 10 mM NaHCO;,1 mM DTT, 2uCi/mL DI'*C
Keo: and Vi, Assavy 7.5 50 mM Bicine, 25 mM MgCl;, 1 mM DTT
Isotope Discrimination | BBMD | 7.5 50 mM Bicine, 25 mM MgCl,, 5 mM NaHCO,, 1 mM DTT
Skeletonema RubisCO purification | Lysis 7.5 | 20mM Tris, 10mM MgCl,, 5SmM NaHCO,, ImM EDTA, ImM DTT
cosiaium BBMD | 7.5 | 30 mM Bicine, 25 mM MgCl,, 5 mM NaHCCs, 1 mM DTT
RubisCO activity Assay 7.5 | 50 mM Bicine, 20 mM MgCl,, 10 mM NaHCO;,1 mM DTT, 2uCi/mL DI''C
Keo: and Vi Assay 7.5 50 mM Bicine, 30 mM MgCl,, 1 mM DTT
Isotope Discrimination | BBMD | 7.5 50 mM Bicine, 25 mM MgCl,, 5 mM NaHCO,, 1 mM DTT
R. sphaeroides Isotope Discrimination | BBMD | 7.5 | 50 mM Bicine, 25 mM MgCl,, 5 mM NaHCO,, 1 mM DTT

and R. eutrophia
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