ABSTRACT

Microbial activity is considered by many to havdaeydially
adverse effects on nuclear waste repositories. tbue
Insufficient knowledge about the microbial commigst
Indigenous to the Waste Isolation Pilot Plant (WIBPthe
time of its inception, those same effects werebatted to
these organisms as well. However, significanedghces
exist between the communities present in-land high-ionic
strength matrices.

Studies have been underway to gain a better uraahelisig of
the microbial ecology in the WIPP and the poterdfédct of
microbial activity on the waste therein. Thesalss have
found organisms from all three domains of lifé&rehaea,
Bacteria, andEukarya—with different tolerances to salinity
and constrained metabolic capability [1-3].

Results suggest that the halophilic microorganidetected
In the WIPP will play a much smaller role than thegdicted
by performance assessments, thereby supportiriguakof
conservativism built into the WIPP model.

Collection

Samples were retrieved from two different panels within the WIPRdror A long-handled pick was used to pry away the
outer layer of halite, then to remove halite from the underlying straBamples were handled aseptically, segregated by

METHODS

halite appearance (clear versus argillaceous), and placed im @testic bags.

Cultivation

Samples were not sterilized prior to processing in the lab. ApproXxymate

50 grams of halite were dissolved in generic

growth media at two salt

concentrations. Media contained (in g/L): NaCl 100 or 175, yeast extract,

0.5: casamino acids, 0.5; soluble starch, 0.2

; M@EILO, 20; KCI, 2.0;

CacCl,-2H,0, 0.2; sodium pyruvate, 0.02, ATCC trace elements, 1 ml; pH
adjusted with Tris buffer to ~7.5. Flasks were incubated at room tataper

In the dark, while stirring. Periodic subcultures were made onto solidamedi,_

Cultivation-independent analyses

Halite was dissolved in sterile 20% NaCl, and passed through a 0.22 micron hgtonrhe filter was transferred to the
MoBio Ultra Clean Water DNA Purification kit bead tube, and DNA wezisacted according to the manufacturer’s
directions. Small-subunit ribosomal RNekhcoding genes (or fungal internal transcribed spacer genes) wereaimmifig
polymerase chain reactions. Amplicons were ligated into the pCR 4.1 usttgrinvitrogen’s TOPO TA cloning Kit,
transformed into DH& E. coli cells, and sequenced by SeqgWright, Inc. (Houston, TX). Sequences were processed In
Sequencher 4, screened for chimeras using Bellerophon (greengenes.lbl.gov), anthaligrstdl X. Operational
taxonomic groupings were made in Sequencher at 97% sequence similbiiywd3 extracted from isolates using
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Figure 1: Sampling site locations in WIPP

MoBio’s Ultra Clean Soil DNA Purification Kit, amplified by PCRycshipped for sequencing.

RESULTS

Archaea and Bacteria

Halorubrum sp. CGSA-14 [DQ822454]
Halopenitus persicus str. DC30 [JF979130]
CLY 100 Group A1
uncultured haloarchaeon clone 78 [JN714462]
- CLR 175 isolate A1
halophilic archaeon MK62-1 [AB638839]
Halolamina pelagica [GU20 827LI
|| — Halosimplex carlsbadense 2-9-1 [NR040881
Halobacterium sp. 2-24-7 AJ8780833
Halobacteri%rrﬁé]%r;cse&se A1l TRO 8187]
l rou
CLR 175 isolate A2
—— CLR 175 Group A2

. CLR 175 Group A3
1 | CLR 175 Groug A4

r Caulobacter sp. RFLP-399 [AB428769]

l l CLR DIR clone B51

CLR 100 isolate B1 Nesterenkonia
CLY 100 isolate B1 Nesterenkonia
Brachybacterium faecium DSM 4810 strain DSM 4810
Brachybacterium faecium strain QL-13
r Gor-3 Group 1
— Gor-3 Group 2

Salinicoccus roseus str. rsk1 [HQ258884]
AIL__Salmicoccus roseus [AF237976]

CLR 100 isolate B2 Salinicoccus
CLR 100 Group B1 Salinicoccus
[ Virgibacillus sp. 2-9-3 [AF166093’
Virgibacillus marismortui str. 123 [NR028873]
Halocella cellulolytica strain Z-10151
- Uncultured Halanaerobiaceae bacterium clone 2P90
—— Gorleben-DIR-CLR group 1
' Uncultured organism clone MAT-CR-P6-B10
Enterobacter hormaechei str. M.D.NA5-5 [JF690887]
CLR DIR clone B40
r CLR DIR clone B22
bacterium enrichment culture clone Jdg014 [FJ804457]
Chromohalobacter salexigens strain RS92
Al_l— Gor-HC group 1
Chromohalobacter salexigens strain JC125
— CLR 175 clone B26
—— CLR 175 clone B31

CLR 175 Group B1
uncultured bacterium clone D-25 [EU234317]
uncultured gamma-Proteobacterium clone sh-xj11 [JQ327966]
Nevskia sp. KNF013 [AB426557]
Pelomonas aquatica str. R4-315 [JQ659664]
—k Pelomonas puraq‘tsjzg str. S3-119 [JQ660112]

CLR 175 clone
CLY DIR Group B1
I Limnobacter sp. KNFO02 [AB426551
uncultured bacterium clone QSW1 [JQ347466]
CLR DIR clone B43
CLY DIR Group B2
CLR 175 clone B33
uncultured beta proteobacterium clone PRTAB7920 [HM798787]

based on a 97% minimum match. Tree is rooteshtoharomyces cerevisiae as an outgroup.

Saccharomyces cerevisiae
—

Figure 2: Phylogenetic tree based on 16S bacterial and archaeal rRNA. Contigaapsgs are
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Figure 3: Comparison of archaeal species contribution to clone libraries
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Figure 4: Comparison of bacterial species contribution to clone libraries

in clear, argillaceous, and Gorleben halite samples.

Figure 5: Phylogenetic tree based on fungal ITS region. Contiguous
groupings are based on a 97% minimum match. Tree is rooted to
Saccharomyces cerevisiae as an outgroup.

DISCUSSION

The microbial ecology within the WIPP repositonyimited to haloto
Natronomonas, Halolamina, unclassified) dominated cultures enric
samples. These cultures have been shown to sunvgeneric growt
bacteria and fungGhromohal obacter, Nesterenkonia, Salinicoccus; C

and personnel or via the air-intake shatft.

present throughout repository history [4].

erant and halophilic organisnt$aloarchaeaHa
ned undagr-Balt conditions and were found In

N media, as well as more strindféRP brines.

obacterium, Halorubrum,
ooth pure arglllaceous halite
Halophilic and halotolerant

adosporium, Engyodontium, Phoma) dominatec

Although the haloarchaea are the most adaptedvosaliat the ionic strength expected in the refoog) they are the least capable of utilizing the
more complex organic substrates present in theaagy. cellulosics). While some haloarchaea fatramall organics (e.g. ano acids) or reduce
nitrate, they are essentially limited to aerob&tabolism [1, 2]. These organisms may functionmduthe repository’s oxic phase and degrade

organic complexing agents in the waste. Still,ldmgevity of these organisms in halite crystalwesl established; therefore, they are likely to be

Bacteria detected within the WIPP range from moderatdlgs(erenkonia, Salinicoccus) to extremely halophilicGhromohal obacter). Nesterenkonia
and&alinicoccus spp. exhibit cellulase activity, arglinicoccus andChromohal obacter spp. are capable of citrate utilization [5-7]. Hower, none
have been shown to survive long in WIPP brinesahare aerobic, suggesting their roles will algedimited to the early oxic phase. A

Chromohal obacter sp. was also detected in enrichment cultures ofdoatbon-bearing Gorleben halite and has beengusi shown to degrade
some HCs, suggesting it may play a role in HC famsation during this repository’s oxic phase [8].

Two of the fungal isolate&;ladosporium andPhoma, were found to be cellulolytic and, should theyheointo contact with waste, may be able to
hydrolyze cellulose to smaller compounds for rest®acteria. Still, they are also obligate aerobes whose grawll be limited.

cultures enriched at lower salt
concentrations, although some species survivecehiggncentrations as well. Additional bacterial d®&quences were detected, but those organisms MC, Ventosa A, Pavlovich JB,
were not isolatedEnterobacter, Nevskia, Caulobacter, Pelomonas, Limnobacter). It is probable that their DNA was preserveti@aligh no viable cells
were present or that culture conditions were inadéeg|for their growth. Fungal species were liketyoduced from the mine surface on equipment

In conclusion, the impact of microbial activity tre WIPP is expected to be far less than that giedlby the performance model, based on limited
microbial metabolic capability and survival in WIBRnes, thus affirming the model’s conservativisithe extension of this iplication to other salt-
based repositories iIs contingent upon their wasttenits and expected repository conditions andlglmmian area of ongoing research. Continued
efforts are focused on anaerobic enrichments aiehahd the degradation of cellulosics by indigenorganisms.
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