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Hydrogen has been proposed to fuel primary production in the Aquificae-
dominated hot springs of Yellowstone National Park (Spear, et al. 2005), a
finding the authors generalized to all hot springs. However, clone libraries
derived from Great Basin springs contain few 16S ribosomal RNA (rRNA) gene
sequences from Aquificae and many from unknown microorganisms. In the
same springs, alternative electron donors rival the reducing power of hydrogen.
This project will try to cultivate the uncharacterized microbes of two Great Basin
springs and determine which electron donors they can use.

Nitrogen is key to life. In its reduced form, ammonia, it is a primary constituent of
nucleic acids and proteins. In its oxidized form,nitrate, it frequently substitutes for
oxygen in anoxic conditions as microbes’ preferred electron acceptor for
respiration. In this capacity, it drives energy capture—typically, though not
always, in the process of denitrification [8]. Understanding the supply, demand,
and interconversion of nitrogen through an ecosystem is essential to
understanding the life within it. Although denitrification has been predicted to
occur within hot springs on thermodynamic grounds, and some thermophilic
isolates reduce nitrate, denitrification has never been examined in a hot spring.
The hot springs of the Great Basin are under studied reservoirs of novel
metabolisms and microbes, and are well worth in-depth exploration. Our project
adapts techniques regularly used in marine and soil microbiology [6,7,9] to higher
temperatures to test our hypothesis: that some thermophiles with in the hot
springs respirenitrate, in the process of denitrification, for a significant amount of
energy capture.

33



A

N*—0O"

nitrate
° Noy

el

Denitrification in Great Basin hot springs

N
D{f T o —_—
nitrite

NOy

‘N—=0

nitric oxide

NO

— N=—/N'"—@

nitrous oxide
N,O

Austin McDonald, Brian P. Hedlund
School of Life Sciences, University of Nevada Las Vegas, Las Vegas, Nevada

—

Introduction

Witregee & kay 1o lifs. Iz &t reduced foom, exmecniz, 2isa
proowy comemnt of mcles acids and peotans o
oxidized fomz, niftzie, & fequently subsSnies for cooges
in amemic condiions 25 microbes’ prefamed slectrom
wccapeor for repition. In s capaciry, it drives soscEy
captara — fypically, thomgh mot always, &= the process of
deniziScation [B]. Understanding the sopply, demand, and
intercoewaesion of nitogsn throwgh o ecosysten i
sazantial bo understanding tha lifs within it.

Aldrough pitificancn has besn predicted o0 comur
within hot spr=gs o= tharmedynamic grounds, wnd soms
themmopkelic dsolates raduce mimts, Sestfication bes
never besn snzzmzed in 2 bet sprng. Thae Ret springs of the
Great Bawn am  wxdecstudied meservoin of nowsl
membolisms and microbgs, and are well wosth in-dep
soploration. Crar project adapts techmogues reglarhy wsed m
mesing and ot smcrobiclogy [6,7,9] nc-h.u'hnnmpn'ln.
te tast our Evpothess: thet sooe thermoplides within e
hot springs respire zizas, = the process of denimification,
fior 2 s Sicam? amones of soergy caphurs.

)
wrwanis Y deniil cation
HH bl ior “h'—\'_. fwhich micoes | A
i - -
preasdraier| o )
o

Flyus 1. T propssed cpcke for 8 lirges part of tha igri=p nirogen.

Aims and methods
13 Tast the denitnfication hypothesis at e mpessenatice
speings: GBS and 55T

a) Mearmme mitregee species i site with colenmetric
mys [] to determcms whethsr the spoings com
uppo:tdmu:l:l ation

b} Msasme denitriScation acshity with the acetylsoe
(S intn'hmcnmﬂmidn.u'bod.h Mloser ["]

N L=k u'h;.lwﬂ. denitification  activity to specific
mmoroes.

a) Threugh culmuring, deteoming wheder isolaies caz
raduce mitrate and, if so idemtiSy mimate seduction
products wsing  colommwmic asszys 6] and ges

b} Detormine whather wolwies possass mar(s penos.
which encoda 3 catalytic mubeemit of nitrats reductass
fovemdd in all knowe demtmdiers [6].

Findings

Springs’ nitrogen species

*Mizogen in GBS & mees oxidized

*Hizogen in 35W 15 mors redoced

«Mors nitrane is available for denimification =
Omidized N species n GBS 17a

GES 1Ta S5

Figurs 2. Comzariecs of nimgen specim = e apring. Kidy
wead kel Bty =g Dt danirfication in the et sen nge. Soring weler
wwn inaied on-abe wits s coborimmiic waebe sna by s bE (La¥ose
WIDGL] ND, underpoes e eche dieactileiicn nithe presesce of
aHari amize snd s aitabin coopling rsge=t o form s rad dya 55
MO, hueeduzed oM, withcadmbim and smsyed In the wme
marnes; iy rescts with Ramser's resgat b forrm s prlos
=cleosla

Springs’ denitrification activities
«>85% demienification is kigh

*55W demitrification i+ on par itk meesing sediment [4]
*DiezitriSration appaars to ba limited by WO,

Significant denitrification in GBS 17a

I B Coniel B2 nl\.:ﬂ‘l:ntNCﬂ-I

GBS 172 W

Figura 3. Comparhon of N0 production retm sith pattssy
I=hibitiae, £ by injecied irto et aampies, whan it kit
the comemion of M,0 % M, Samphes ware Incubstes within the hot
pringe for up 046 hoen, wnd & portion sere seinessd ot asch of
Tz e painka. b= the lab, B M:0 comtent of mmizeer’ hesdezacs
et amearndd by GO-ECO. Mt roes omlde scourmes betion s ioear for
the sampling pecicd [7], pekcing ton cate of desi-Fiostion.,

Literature cited

Ve B, Bl . B, R
Acvharrmndbaareis FEE arnbi dr 1500 0 @ IT-dud

I G, W T ik "

B3 e

T p——, e . PR —
P T

K Py, Lo, vis, NS e by e s 1 St g natm i s e e e
Feviege 0% EXTS i SAT-H.

B, L d ™ el un g ! e e kg o e e ks .

B i, 1

. Gy A, 20 Y . BT

.

W, A | G, M ot e e S34. I ko) Bl Bt
M g ! B Pt e, i v L ey et s Aty Tt 3, Drd Gena
Feviers o e i, Bl B AT

R T M ity Wk Chvepi g e b e g g 1,
i, 1508 Cfens Vervady Foras . B

B, m Wi wessn o e st kg sty o b e rbmra

s gy Fomin e bl ] 307, UL T

P Rarame dee 18 e b mrd| e, & e e i g e
[ P g ke A LTRTS m UT

=
T o e, L, 8 s s o o e e e Mok e 1d Lt sty e e
i Sy mmd b vy, Aronka Crecase Gaes of M ey (B0 T2 n WL

Isolates’ biochemistry

+Diffaceet srms raduce =imats to difscsat levals
+Biochsmical moups comespond to phrviogeestic groups
«ows of the sains geoamated 1

Liolates group by product

Mag cozirol |
Thore=: B5WICT |
Theoms 172121 |
Thermms 172161 |

Theemess 17251 | | B
Thermms 172 PEl el |

s 3l

Figure &. & comparhion of the nitrete seduction grod,
Thermear luclsber, Spast madiom fom secs lwlsbs
wun unincoulted mesium. A i= theapeing, NO;
ocnrmatrically, sed MoD by GCLCD, Imsarind Durs
neclzded for the detecilon of B, , bt mons wau mees. L
i low codar dmeslopmd from hio'wim 51 and FSL durisg deactinstion
=y b chum b lack of MO : E sho mig=t ind caie o nten ded
smarticn wis &= e

Isolates’ narG genes

“zroupings comslate with obsared acoviey

wwarls amd 165 (RN A relaticoships are simsilas

“Peogstbls o idantify destenfiacs by companison of 3 asel
warvay [5] wark 165 rBNA sanvays?

Isolates group by gene sequence

Figare 5. & comgartion of Thermas holater’ L5 rRRA end sons
ogenim; rumtben Indicrte bootdras valoe. naris gemm wer
arrpified fom pure cubtures curg the primen dewrited by
#hiliget [5]. Sarrple wernaent to Funcional Blcscarcm for naels
taguenci rg, whiks the 165 M4 geren of asch woen hes been
agquencas st the tire of jus - Mlignmienis weme conmiruded
«u'ng tha MUSOLE slgortiben [1), sanc toees byl fremr s corseraws
gerarsed oy the Pyl mod rrum lbe I*ocd s goth= (2]

Acknowledgements

Tk poefa Kle prScelady, for molafng (keea paa. Thask you s
e Lab: Jeery, Robie, Mitch, Rashel, Trsty, Cuetlm, Dok and even
oy, o are thea et bobpid snd intelipant people | knew, Thask you
Karen, for bekiading n rad, sl Cetin Ienrglon, for poer sdvize ke
ansaple palen Firaly, terk yors iy farely e corfinuang apet.
HEF graats (4718wl MACEHI 6383 sepporiad i prood

nitrogen gas
N;

Results and discussion
Cezimnfication wes sig=ificant in GBS whin mearmed
(Fig. 11 wall above tha lsvels found im zomze sedimant
[3] In 55W, the rate of demstrificanon (Fig. I), whils mch
Lass then in GBS was sill compamble 1o that of mamine
sadimsnt [3].

Tha two springs feed from e same source [11], Tt ame
cdiffarant in zimogen oxddation stesas (Fig. ). This may
deive difareeces in denifriScation ad Ty I:Em __,ln'
limniting retrata diffusion s sedimsnt micebes. Wa
"}'pulhnsu. that mecrokial apsmonia exidation in GES
penduces the 2imets nasded for dersmfication., but thatin
S5, otter memabolisms soch 25 mlSde cocidaticn.
orapCOmpste ameonia condation.

The sxzzoization of Thermus isolzses in e lab s coly 2
peslimmmary soip = nching i sing danitrificaion activity
%0 speciac microbes . Fowwra, the vigorous reduction of
zimats by GBS molates (Fug. 3) suggests tat Dherma
specias play 2 rols in demifmificacion in the springs: firdr,
the comslaton betwsem mar(s and 185 (RN A perlogeeatic
meas (Fig. 4 mey allowr the pradicsion of da idenhey of
dianitrifirs within the springs.

Haing astaiblishad demtrification within the springs,
e my bnm:mppn,a tivity to miczobes; ses the faters
Eptions ssesion belom

Future directions

»Flace a lower bommd oo denitrifer deasine with “most
peobizhle mumbar™ serial dlwtion gt [1]
v Burvey Aarlr geses with Bighly dememenis poimses o
daterming the divaraty of possible =i redncens m the
springs
v Bervey exprassed mend panss using revere-ranscriptse
ased amplification of mEINA

* Qroantify the amoust of speciSc Aarls DNA a=d FNA
allales wath mal-tims PCR.
« Imestigess ammomiz oxid:Son using amiler techeigues
*Contimue molation ziemps with more sophistcased
mgthads, imchiding use of 2 contizuous culhs bioreacsor
» Emmplov ons of the herdiar Thermius teolates 25 the moes
dgtector in 2 kigh-%smperaturs biossnsor
» Extend modal to predict denitrification actvities of othar
wprings

For more information

Mene conitset e at T doatw. bdzre mizrrak
oo thim el el propocts o b sbésmed st

A fecuity i el ba i

Alua, oo card




	Denitrification in Great Basin hot springs
	Repository Citation

	UROP_Program2008 38
	UROP_Program2008 39

