The Phylogenetic Characterization of the Crenarcheal amoA from an Alkaline
Hotspring of the Lake Magadi Basin
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AbStraCt Lake Magadi, Kenya, (F|g 1) iS an alkaline, "Saline pan" Iake Recently It was discovered that the CrenarCheOta pOSSESS the Method: Neighbor Joining; Bootstrap (10000 reps); tie breaking = Systematic
. . . . . - . . . . . Distance: Uncorrected ("p")
system, and approximately 100 sg km in size being geographically the capacity for aerobic ammonia oxidation and recent studies suggest Gaps distibuted proportionally
southernmost lake within the Rift Valley of Kenya. Located approximately they are the dominate nitrifying organisms on the planet (NH; = NO, | |
80 miles southwest of Nairobi, the lake contains concentrated brines of /NO,). Monoammonium oxygense is composed of three subunits oS (Bacterial} {amof)
sodium carbonate as well as large precipitates of the mineral trona, amoA, amoB. amoC. The amoA subunit has been utilized to = (amoA}. Soil KRO1 —
. . . . . 84 — —
hydrated sodium bicarbonate carbonate (Na3HCO3CO3+2H20). The lake phylogenetically classify the archaeal genes into two broad classes, . —— Soil_Alpine_{amoA}
water is primarily recharged by meteoric input as well as by a number of one found predominately in marine environments and one found ———— {amoA}_Soil_R60-70
saline hot springs (up to 83°C) flowing into the lake's extremely alkaline predominately in solls. In order to classily the amoA subunit from this a4 {uncult_mar_cren_{China}
system (pH values up to ~11). This creates a unique extreme unique location it was amplified via pcr (amoA_F and amoA_R), = 67 {amoA_marine_sponge} Mo
environment, containing both thermal, highly saline, and extreme alkaline cloned, sequenced (96 isolates), and the peptide sequence were e, S E arine
features all located in close proximity and overlapping to various degrees compared to representatives of the two broad classes of Archaeal t;mALSF-:“_B-“ S
. . . . . . . . . — Nitrosopumulis_maritimus_
1]. While some microbial diversity of this region has been characterized enzymes. = — Southbay-CL8(amon}
2], many of the unique springs of the region have yet to be examined. Formatted Alignments e e
Here we report the discovery of marine-related Crenarchaeota within a Mag004_amoA-41 CTRYLTFTTVVAVNSTLL|V[TNs[GBY TFY SBW = ——— Mag004_amoA-9 Magadi
L . MagOO4_amoA:39 CTHYLFIIVVAVNSTLL|VIIN|(S|GDYIFY SDW 59 S ring
thermal feature and the Initial phylogenetic placement of the archaeal D E T U A 7 0 N BT 6D Mag004_amoA-7 P
monoammonium oxygenase (subunit amoA) from this location. Nitrosopumule_maritimus_SC1 |C THY LE1VYVAVNSTLLTINAGDY IFYTDW = Mag004_amoA-39
{famoAj}_ETNP-1 CTHYLFIVVVAVNSTLLTINAGDYIFYTDW
{amoA}_SF_NB_14 CTHYLFIVVVAVNSTLLTINAGDYIFYTDW Mag004_amoA-46
Southbay-C1-8{amoA} CTHYLFIVVVAVNSTLLTINAGDYIFYTDW
ABX84136_{amoA_marine_sponge} (C THY LFI VVVAVNSTLLTINAGDYIFYTDW
G RN B
;é’i;%“’_’%iﬁf’g’gézo - g‘%%g;g%EEEEE%EEEE;%EE%%EE%%%% Figure 3. Phylogenetic Tree depicting the relationship of the Magadi
- CTHYLFIVVVAVNSTLLTINAGDYIFYTDW site amoA sequences to characterized marine and soil clades.
Mag004_amoA-41 AWTSFVVF SA?HQTLMLVVGA CI YYLTF TGst’
Mag004_amoA-39 AWTSFVVF SIAIQTLMLVYVGA|ICIYYLTFTGVP
Mag004_amoA-46 AWTSFVVF SIAIQTLMLVYVVGA|ICIYYLTFTGVP
Mag004_amoA_9 AWTSFVVF SIAIQTLMLVYVVGA|ICIYYLTFTGVP
Mag004_amoA_7 AWTSFVVF SIAIQTLMLYVGA|ICIYYLTFTGVP
Nitrosopumulis_maritimus_SC1 AWTS YVF SI SQTLMLIVGA|T)YYLTFTGVP
(amoAL_SFNB_ 14 AWTSETVFSISOTLMLAVGA|T|YYLTF TGV P :
ABX84156. (amoA. marine_sponge] i%iﬁ!ﬁiii SOTLMLTIVGA|C|rYLTFTGVP Conclusions. These initial results lend support to the concept
{uncult_marine_crenarch_{China} AWTSFVIFSI SQTLMLVVGA|S[YYLTFTGYVEP - 5 5 5 5 5 . -
e LLnE L Sub ;m%g;jgg‘ﬂg;ﬁ that a largely microbial biofilm is involved in the production of these
(amoA)_Sol_R60-70_252 AWTSFVVESVSQs|TMIAYGAlIlT Y LFTEVS these unique terraced features within this hot spring and evaporative
Figure 1. Lake Magadi Kenya, (left) pink coloration of the lake due to halophilic SR e basin. It contains a number of both bacteria and archaea known to
iur)&/?rchgggta,_(rlght) textured evaporite structure within a hot spring within b T4 ?iéiii%?% TWVAKGAWFALGYPTDE be chemolithotrophs. Interestingly the dominant archaeal lineages
. Mag004_amoA-46 GTATYALITVYTWVAKGAWFALGYPYDF . . . o o
the Magadi basin ﬁgggﬁﬁﬁﬁ:? GTATYVALIMTVYTWVAKGAWFALGYPYDF fall within the uncultured marine Crenarchaeota in a location meters
P ik A S L AN AL P S AT S 4 40 from Lake Magadi, which is famous for halophilic Euryarchaeota.

. . amoAj}_SF_NB_ TATYY LIMTVYTWVAKGAWFAL YPYDF — . . . . . .
Background: (2°00' 24.46" S, 36° 14’ 05.80” E) The hot spring SoubayCranos) e TATyYGLIMIVY TWYARAAWEGlLGY Y DS he springs at this site are known to be nomadic, with locations of
complexes of the Magadi region contain a wide variety of niches based on funcult_marine_crenarch_{Chine} e FE flow migrating with time. This could possibly lead to preservation of
Initial observations, including phototrophic mats as well as filamentous %ﬁ%%i‘%%ﬁ; » E%E %gg% EEEEE g %gg%gg%gg%%g%gggg these structures as biosignatures of an active chemolithotrophic
structures. One complex located at southern tip of the lake contained a GTATYYALIMTVYTWVAKGAWFALGYPYDF ecosystem from a thermal feature being preserved in the geological
unique structural feature associated with a thin (>_10m“on avera’g’;e) biofilm pag00s_smon-1 VY TEVWIES NI TDTAVA TRENEH ST TS record. Phylogenetic characterization of the amoA subunit of the
(Fig. 2) This biofilm was extensively co-located with a “terraced” erosional e VVIPVWLPSAMLLDLAYWATKRNKHSLILE Archaeal monoammonium oxidase from this site shows that it is
structure occurring within the surface of the evaporitic deposit from which E?%Ifﬁ%?{rzaﬁﬂmus_sm EE%EE%EE E%%E%E%E%%E %gg%g%g%%%g most closely related to the marine subgroup, but forms a unique
the spring emerged, suggesting it potentially is involved in the formation of SR gty g R e e G s cluster. In addition these sequences contain seven amino acids that
these structures. These features occurred both in the surrounding margins Z%jﬁ%;ii}fzif&?f!é’ie,%i?ﬁé’fe} EEEE%?E EEE%%%%%E %%%%E%E%% %E are unigue to this location, which is the most alkaline environment
of_ the spring as well as within the spring as terraced mognd-llke features, f”gf%ﬁl » ﬂ% E M Hg %EH ( site reported to date in terms of ammonia oxidizing archaea (AOA)
with the spacing of the terraces appearing to correlate with the slope of the O DAy Y grl oy e e e G ar T discovery. This could potentially provide structural and functional
surface to which the biofilm is attached. These types of microbially Vo004 amoAd R R R e Insight into this ubiquitous enzyme.
associated structures have the potential to serve as biosignatures within Mog004_amon-46 EE RS R R R
the geological record both on Earth as well as Mars. Neg00T_amon_7 GGVLVGLSLPLENMYNIMLYADPLETAFKY

il W W
éifff;‘;‘;zf%;’é’};;iﬁ } GGVLVGMSLPLFNMVNLI|TVADPLETAFKY
" . . - oo - c - - ABX84136_{amoA_marine_sponge} |GGV LV GM|SLPLFNMVNLI|TIVADPLETAFKY
Diversity Data: An initial survey of microbial diversity was conducted gg;cag;gaﬂne_crenarch_{Ch?naf sloviEwiew SERER MMy NTI| r A PEROET ALY
itli=1 " 1 " Soff:A!ine_{amoA} GG|TILVGLSLPIFNMINLLLV|RIDPLEM|AFKY : . .
Ut|I|Z|ng 16S rDNA amp“COnS obtained from bacterial (27F and 1525R, gamoAf_sqf_KRo_; GGHLVGL SLPLFNMVNLLLVHDPLEHAFKY Acknow|edgements: This work was funded by the National Science
342F d 1407R h I 8F d 1041R d h I 9F d {amoAj}_Soil_R60-70_252 GjGjTLVGYLS'mPLFNMVNLLLIRDPLEVAFKY ; ;
=liel ), Elelzise _( an ), and nanoarchaeal (9F an COvETOESEEEENMENE EVAprLErarit Foundation. | would like to thank the Center for Space and
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- ofo o Mag004_amoA-39 PRPTLPPYMTPIEPQVGKFYNUSPVALGAGA ]
127 bacterial clones and 102 archaeal clones were analyzed utilizing an iy PEFTLPEIMIZIEPQVGKIINSFYALGACS Sciences at the University of Arkansas.
OTU definition of = 97% identity. Initial analysis suggests that this biofilm is e waritimus.SC1 [P RP P EPPIMEP I Br o R I NS P vALah ol _
composed predominantly of phototrophic bacteria as well as a number of iiﬁiiﬁzig_"%lm } PRPTLPPYMTPIEP QVGEFYNSPVALGAGA References: [1] Eugster H.P. (1980) Hypersal. Brines and Evap.
. . outhbay-CT1-8{amoA . PRPTLPPYMTPIEPQVGKFYNSPVALGAGA = =
related archaeal species related to the marine Crenarchaeota. Among the 46X64136_{amodmarne. sponge) [P RP TLEPYMTPIEPQVGKFINSPVALGAGA En(Elsevier)[2] Rees H.C. et al. (2004) Extremophiles, 8, 63—71.
bacterial OTUs obtained, two groups appear to dominate this system - a 5o i amon P iiiiigiiiﬁigiggiggiiiiggi [3] Mackenzie C. et al.2007) Ann. Rev. Micro., 61, 283-307.
number of closely related sequences of the alphaproteobacteria, closely mosisoi ror0.252 | N S - L [4] Ravot G. et al. (1999) Int. J. Sys. Bact.49, 1141-1147
related to the photosynthetic genus Rhodobacter, and a single OTU most rocd0s e S
closely related to to a Fusibacter sp. of the Firmicutes known for thiosulfate Weg004 amad 35 GAVLAPITMAALGCKLTT
reduction. Rhodobacter sp. are known to possess an extensive range of %_23882:22;;’3:? - giiiiaﬁ iﬁﬁiigﬁﬁii
. . . . . . . itrosopumulis_maritimus_ AV LG|CITFIAALGCKL|N|T
metabolic capabillities, including photosynthesis, fermentation, aerobic Ll Ay Sy AL ockL LT
respiration, lithotrophy to obtain reducing equivalents as well as nitrogen Aex541 56 famon marine_sponge] (GA ¥ B Alc|TF(A A LGCK LT T
. . . . . . . {uqcuft_marme_crenarch_{Chma} GAVLISVITMAALGCKLTT
fixation [3]. Given the relative abundance of sulfate in this system, it can be Sl Al s ;:z;;z%;::ggﬂggm
envisioned that the sulfate-reducing Fusibacter. sp. in combination with the (amoA L SolR60-70_252 cavilrveiaasgalkilyr

photosynthetic alphaproteobacteria (utilizing sulfides produced through
sulfate reduction) are potentially responsible for producing these biogenic | | | | |
erosional features [4]. Interestingly while Magadi is known for an Figure 2. Multiple alignment of 5 representative amoA peptides from

abundance of halophilic Euryarchaeaota, the dominant Archaea from this 10 i 2Pl S CEmIRETEe e & M, EMe] 4 Sl SEerEmeEs:
site were most closely related to marine Crenarcheaota.
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