Mono Lake M crobial Qoservatory
Year 3 Annual Report

Project title: *“Collaborative Proposal: M crobial
bservatory at an al kaline, hypersaline, neromctic | ake (Mno
Lake, California).” Five years, QOctober 1, 1999 - Septenber 30,
2004. This project was funded through 3 awards: MCB 99-77886
to the University of Georgia, J.T. Hollibaugh PD and S.B. Joye
co-Pl; MCB 99-77892 to the University of California, Santa Cruz,
J.P. Zehr, PD;, and MCB 99-77901 to the University of California,
Santa Barbara, R S. Jellison, PD

Pur pose. The Mono Lake M crobial Cbservatory (M. Mbs)
exam nes chem cal distributions, biogeochem cal processes and
m crobi al community dynam cs in Mono Lake. Mono Lake provides
contrasting environnments over depth and al ong i sopycnals in
whi ch to study how environnental factors (redox, |ight,
salinity, etc.) affect the conposition and activities of
m crobes. Mono Lake is also an extrene environnent: high
salinity (>80 g/L) and pH (9.8). Wthin this context we studied
how m croorgani sns are distributed vertically and seasonally and
how they interact within the strong chem cal gradients.

Acconplishments. Six stations distributed across the |ake
were sanpled in May and July 2000; February, April 2001 and
August 2001. The stations enconpass both shall ow and deep water
and range fromthe center to the edge of the | ake.

Physi cal , chem cal and biol ogical variables and rates of
bi ogeochem cal processes were neasured al ong vertical profiles
taken at 2 deep-water sites (stations 3 and 6) that span both
the oxy- and cheno-clines but differ in their interaction with
the internal seiche of the |ake (station 3 exhibits nore spati al
and tenporal variability). Rates and inventories were conpared
to archive data to provide information about seasonal variation
and the effect of changing stratification regines on mcrobial
activity. For exanple, nmethane oxidation rates neasured in 2001
are 5 tines the rates neasured in 1994 and 1997.

DNA sanples collected at all of these stations and depths (a
total of 220 sanpl es) have been subjected to PCR DGGE anal ysi s
(See Mono Lake Committee web page at
wwwv. nonobasi nresear ch. or g/ research/ #Bl OLOGY) to determ ne the
spatial and tenporal variability of |ake m crobial populations.
Ei ght een sanpl es were chosen for nore detail ed phyl ogenetic
anal ysi s based on cloning and sequenci ng 16S r RNA genes.

Approxi mately 400 cl ones have been sequenced, resulting in the
identification of 71 different Bacterial sequences.

The sequences we obtai ned contained representatives of the
maj or cl asses of Bacteria with the exception of the a-

Prot eobacteria. Comunity conposition changed little throughout



the year. Surface waters appear to be dom nated by

Acti nobacteria (50% of the sequences); however, these sequences
fell into 3 distinct clades of closely rel ated sequences. 1In
contrast, hypolimion assenbl ages appeared to be dom nated by
Bacillus/Clostridia-l1i ke sequences (53% of 54 randomly sel ected
cl ones cont ai ned sequences with affinity to this group);
however, this group exhibited great diversity: no two clones
were simlar at 99% or greater. W also identified a sequence
with equal affinity to Prochlorococcus and Synechococcus in Mno
Lake bottomwaters. These sanples contain an orange-
fluorescing, rod-shaped cell (ca 2 x 0.75 um in high abundance
(>10%L). Despite its unusual distribution (maximm popul ation
i n dark, anoxic bottomwaters), the organi sm appears to be a
phot oaut ot roph that either tolerates or requires high sulfide
concentrations. W are in the process of purifying it from
enri chnment cul tures.

In addition to surveys, we have al so conducted studi es of
specific processes. Collaborators J. Colin Murrell and J.C M
(Hans) Scholten, Departnent of Biological Sciences, University
of Warwi ck, UK, have worked with Dr. Joye to characterize
organi snms i nvol ved in anaerobi c net hane oxidation in anoxic
waters and, as a result have isolated, identified and
characterized approxi mately 40 sul fate reduci ng bacteria (SRB)
from Mono Lake. Absolute rates of aerobic nethane oxidation are
greater than anaerobic rates but depth-integrated rates show
t hat anaer obi c oxi dation accounts for up to 80% of total nethane
oxidation. This work is being prepared for publication. 1In a
rel ated study, collaborator Dr. Antje Boetius, Max Pl ank
Institute for Marine M crobiol ogy, Brenmen, Germany, has exam ned
sanpl es from Mono Lake for the presence of SRB and Archaeal
consortia that m ght be involved in anaerobic nmethane oxi dati on.

We have al so performed enrichnment experinments designed to
identify bacteria responsible for significant bi ogeochem cal
reactions. These experinents have included anmendnents with
various el ectron acceptors, wth size fractions of DOC and with
trace netals. W have identified organisns responding to these
perturbations by PCR DGGE and cl oni ng/ sequencing. One result of
t hese experinents is that they suggest the growh of aerobic
heterotrophic bacteria is limted by the availability of trace
metals, specifically Co, Mo and Ni. Another is that there is an
active, mcrobially nedi ated As-cycle in Mno Lake.

We have obtai ned partial sequences of nitrogenase genes from
three zones in the |ake: the epilimion, the oxycline and the
anoxi ¢ hypolimion. Qur results provide the first evidence for
the presence of a diverse array of novel planktonic
het er ot rophi c bacteria capable of nitrogen fixation in Mno
Lake. Despite the w despread occurrence of nif genes in Mno



Lake, '°N experiments conducted in nid-sumrer (greatest N
[imtation) indicated that nitrogen fixation was not occurring
in either the m xolimion or the noninolimion.

The sequences we obtained share <87% simlarity with other
ni trogenase sequences indicating that the diazotrophic
communities in the Mono Lake are very different from other
environments studied so far. Termnal restriction fragnment
| engt h pol ynor phi sm (TRFLP) and cl uster anal yses of our first 25
sequences suggest that the diazotroph assenbl ages in upper m xed
| ayer and oxycline sanples are nore simlar to each other than
to assenbl ages from anoxic bottomwaters (Steward et al. 2001).
In the upper waters many sequences clustered wwth the & and a-
Prot eobacteria while others were related to nifH genes from
anaer obi c bacteria such as a-Proteobacteria and green sul fur
bacteri a.

The nifH genes fromthe deep anoxic waters clustered nostly
w th sequences from known anaerobes involved in sulfur cycling
but two clustered with a deeply branching group having no
cultivated representatives. Analysis of nifH genes from
macr oscopi ¢ m crobi al aggregates along the shore of the Lake
supported prior evidence (Oemand R S. 1990 Appl. Environ.
M crobiol. 56:614-622) that a fil anmentous non- het erocyst ous
cyanobacteriumis nost likely responsible for nuch or all of the
No-fixation in these aggregates. The nifH sequence we obtai ned
fromthe aggregates is nost closely related to that froma
cyanobacterial isolate in the genus Phorm dium (91%identity).

Once the diversity has been well covered at the sequence
| evel, the bulk of the sanples will be screened by the nore
rapid TRFLP anal ysis to exam ne seasonal and spatial variability
in the community of diazotrophs. Qur initial sequencing efforts
w Il provide the necessary database to properly interpret
variations in the TRFLP patterns. Sanples have al so been
archived fromeach trip for RNA extractions. These wll be
anal yzed by RT-PCR to determ ne which, if any, and when the
potential diazotrophs are actively expressing nitrogenase. DNA
mcroarrays that will facilitate analysis of Mono Lake sanpl es
are being devel oped with funds from other projects

Qutreach. In addition to the sem nars and presentations
listed bel ow, we have worked with an NGO, the Mono Lake
Committee, to make information on the Mono Lake Mobs proj ect
avail able on their web site (see web address above). W have
taken them out on the | ake so that they could capture sone of
our activities on filmand provided themw th exanples of data
along with explanatory text witten for the general public.
They, in return, have been very good about maintaining their web
site and providing us with access to it.



Human resources. The human resources inpacted by this funding
i nclude 3 research associ ates (Shaheen Humayoun, Nasreen Bano,
Sandy Roll); 2 postdocs (Francoise Lucas, Gieg Steward); 4
graduate students (Gary Lecleir, Steve Carini, Rosalynn Lee,
Samant ha Lugo, Andi Stephens); 4 undergraduates (Chris Waver,
Beth Orcutt, Briana Ransom Shomari Ruffin, Kelley Cornett) and
3 high school students (Ryan Hol |li baugh, Jennifer Nation,
Joshawna Nunnery).

Coll ections. W are nmintaining sanples of the crude DNA
collected during the project in our (JTH and JZ) | aboratories
along with the clone libraries generated during our anal yses.
Sequences have been deposited in GenBank. R Jellison has
designed and inplenmented a fully relational database of
I i mol ogi cal data collected from Mono Lake using M crosoft
Access. In addition to the actual data, this database includes
a full suite of netadata and user-friendly search routines.
Thi s ACCESS dat abase provides an efficient research tool for
rapid querying of a wide array of diverse data and is shared
anong col | aborating researchers via distribution on CDs.

Publ i cati ons. Seven papers that are published or in review
acknow edge support fromthis grant; 4 additional papers are in
the final stages or preparation. Eleven papers based on results
of this work have been presented at several national and
i nternational neetings. Publications and presentations are
listed bel ow
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