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Mitchell Chaires
Mentor - Brian Hedlund

Microbial Nitrogen Cycling in Great Basin Hot Springs

Hot spring habitats above maximum photosynthetic temperature (73 °C) are not
well understood with respect to nitrogen (N) cycling. Few predictions have been
made, and even fewer measurements of in situ activities have been reported.
Thermodynamic calculations based on in situ chemical and temperature
measurements will be used to predict the occurrence of the specific N-cycling
reactions. In addition, these measurements in two springs will aid in an attempt to
cultivate ammonia oxidizing species.
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Microbial Nitrogen Cycling in Nevada Geothermal Springs

Mitchell G. Chaires, Jeremy A. Dodsworth and Brian P. Hedlund
School of Life Sciences, University of Nevada Las Vegas, Las Vegas, NV 89154

s
Abstract: Hot spring habitats above madnmm photosymthen: temperanre (73 “C) are not well vndersteod with respect to nrrogen (1) cycling. Few predictions have baan made, and even fewer measurernents of m sitn
activines kave been repored. Themmodynsmic caloulatiens based on in sitn chemical and temperatire measurements were nsed o pradict the ocourence of the specific N-cycling reactions, which were then testad.
Denrmificanan actvity was measurad in st via the acerylene block method. The potantial for M-fixadon and nitrificaton are tested by an afenipt o anplify »pf and amed gene sequences, respectively.
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Introduction
Tes micrebial mitrogan (N cycls comrels the supply of asseztial N atooms fo 2ll beological
sysoams. Howwvar, bot sprzg ecosystams 2w 2ot wall understood with mespect fo K-cycling.
‘Tharmophilic miczobes m geothesme] hot sprizgs take advaniags of N-cycling processos for both 2 source of
mizngss (2emilesory raactions) e=d as 2 sourss of scargy (dissmclatery reactions). As chanelzhomophs,
thry Earvast unargy through catalysis of redex reactions molving imerganic cenzpeunds [1]. Impogtant -
cycling processss mclude: nisification, denitrifcation., and nitrogen Exaticn. NitriScation is the cocdation of
ammmaorsx (WH) 2o etmate (KOG, which includes fwo staps catzdyeed by diffarsat picrocegesiemns. The St
stap, miresificasion, & the exidation of MEZ, to MO, The seccnd, mitriBcation. is the oxudation of NO, te
MOy Denitrifization t2kss nitropan out of s rystem by comvarting KOy to N, exd other p:a-cns prodacts.
Fimally, mzeges fixztion is the full reduction of 24, a‘r‘]‘ Toaur xnxn'm:ec il profect & the firsr amempt
.rmwmgp{mﬂcum' i these b ahiu. The mlu <his projact Is 1o debameizs nitropsnous comopound
comceeTations and use then iz tharmodramic celculations o predic: which dissimlatery acsions miczobizl

v mathars of Graat Sodling Spongs (G55) and Sa=dy’s SFnuTlnn

[SEW) caprome free snergy.
Pradictad Reaction GBS [klimol &) SEW [kIimal 8-
1) N + 4,00 = MOy + 2H* + H,C(B) 438 244
2) MOy 150, g — MO (T -39 -33.7
3 Ky + MOy — My + KOy -13310-633 1510633

Tlud f — Euuariged i OV frid arirgy (00 o Sabict M-coling reschions (5, Macrond 3 and 4 reoresdnt i mos
T P E OSSR N orialid PN FOUENON resenens, epcivaly. DUr Dosiidie SHron Jomss
ik M8, 8, H,, Fa,0, bad F,

Anmmonia exidaticn poteesal wes deteemzined threugh pobymscass ulnr.aclm:(PCiR,
exoplificarion fior 2 gees sncoding for 2 key enryme i this pattaray — ammonia mezccrygesase. I well
ronsnrliA weunie was targstad nzing the follewing fwe princer pairs (with srandard degsnearacy
Doteson ¥ = O, H = ACHT, D= AT, N = ACKETE

foroard A forwasd B TRUSLER

S-ATH ARY QON G0N GAY TAY  S.TTY ACH G0N OTH COMQ0-F  S-A0Y TGH GOY TCD ATH GE-¥
Tha snrymes =irogemass is typically associxted witk N-Axation, but it also rednzes othar trply

‘bomdad compounds such as cyamids and acatylens. [3] The acotyleza mdnction assay tikes advantags of
the simogreasa casalyzed reducsion of aterylens 1o stplens. If misogeeass i prosent, than over tims,
acerviane will deczease as the product athyleze brailds up. In tea absunce of nizogsnats, ne whykoe
procuction shonld ocom. These gases ware decscted a=d quantified using 2 gas chromatography flamg
ionization detsctor (Skizuadar).

Iz addition to assani=g for M-fixing actuity i aitw, 2 zostd PCR ampliSeation of wxivaral
segennces within the syl geze was pecfommzed. Fans ancedes for Sinftrogumase redncmss, 3 b
thas mramsfars slecwans 1o mitropanasa to racurs N, Degemarata peimars wars based from [4] a=d are 25
follows (with stamdard dqg.nm'_- DIOIRTION A A, W, AT, . £, A o, AT, I, o

Sorwe=d A forward B TR

ELGCIWTITAY GGN AAR GON GG6-F 500

Whathar the sequazcs gets anplfied o oot will reveal whedkar the potential for M-fxaties sxiss within
the commmrity, The PCR reaction condiions constited of 40 cycles of the followizg conditions: B3°C for
30 saconds, 45°C for &0 seconds and T2'C for &0 seconds. Forward A wes uwed in the first PCR. rezcticn
wizils the forward B primar was wsed iz the nested reacticn. The knowz N-Exing species Metanoooocus
maripaiudis was used a5 2 positve cozizel.

T Ay COM AW GO AT 5-0CR TAI ABN Q00 ATC ATY TC-
k-3

Figura 4 - Oal glvcrophoves

Lane nusmoers o in parediases.
DITalE SonEr of M PCR master my
wiRibouT adoed DA, Tie PCR mn i gal 1
mrpeied Me becnedal 1S FTAR pene o’
ConTng & Thb DA leader (1), ampny (21, &
PEgEE SO (31, 1 Ul of exracred JBS
DA (4, 2 L o exTracted S8E DNA [8), and 1
ul of £ col DNA &= & positve conired (5. O
2 WS Sesipned’ 19 [est Me vabaty of SSW OMA
vl SIS & TAE DN aoer (1), 4 Aepanve
el (2, and 0 ul of 0ded SEW DM 13
e swmnbar 3 reprasants e oulzome of (e
Firgd il POR. N containg: & 1AL DNA Mesictas
{1}, i 1A Do Ao (2], e Agilve.
contrals (3 and &), 1 ol of 1, 16 g foduioid
afubos &f @ MaMivocscius mangaias DN
SPCCH &S PoSive eonirei (6, 8 & T)L ful of
DA DA (&) g TUL of SSW DM 1. Del 4
Sfaws e produsrs of Me nesied POR wmth &
A0 DA MaTEr (1), 8GRy e (3, e
FHRVE ST (3 £ 41, e 1000-fald
aNUTioS o M, RpAIuS DNA STocH fov (5 &
&) as posithor poiros, Neo fanes of B85 Dl
(¥ & &), and neo fanes of SSW DN [0 & 10

Mg il B0KS S D OB ST

| =5 E 28 peiwier Mo red dees ginigie ohe abseace of
[EFTT: 3] 7 N7 [1ie A i iy T AlNTATS.

Tabis 2 - Concomrations of Pregeasus i duning Summer 308
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Methods

DiszimiScation rams wars measursd throngs an
acotylena (T, block nr_pun'm;u(.m:l subsaquest
ezalysis of mivows oosde (N0 comcestations ona
nr..chm\:mb:nl;h\ aleczon capiurs desactor
{Shimadear). Sur 2cetviens bleck protocol was taken
2= mmodified from [2]. The moleculs 2catyians bas 2
triple boed g I, and kas sinsthar molecalar
geometry and size. Wien thes added CH,
comcezization bulds up ivracsllulaly, =trous exide
raduczzse (camalyzes W0 -= N, bacocoes
ocks the conplets
‘igure I} The mecrobizl productes
ef N0y also cezss beciuse ammenia
monoory genzss actvity i alse mhibesed by TH,.

e

Figore 1 . Fing Mo Qi Cypcl e wilh fadted reacliong
AUBOEERY. Numiers covradgand wilh Falve 1 abore
g fram [3]
Mitrification
NH3 =X NGOy = NOg = MO = NO = N0 —X-3 N,
Denitrification

e ¥ - Cotpled mTEation | GenTATeanon ety A ned 1 Ingicaras Asas of enzymine Anetion doe ie O H,
Al

This blocking as shown in Figeme 2 causes a= izoraased begld wp of 1,0 whick i takes from the
Balck rabe headpacs a2 Eiftoeet tme poiz:: and stored iz vials for fomeme gas azalyzis. Triplicates ware
taken 2% sach tt=p point a=d M, 0 prodectice was nermalized s sadimest moss. The e of N,0
produced par sedimes: =gy a5 2 Smetoz of tine is thos 2 measese of the danitrificasion activity, For
bath springs, thres Effarant meameems wars used: ozo withow CH,, another with a= €5, additicn
(10% %) and Emally a sot witk G, (10% v amd 1.0 mN't\C'J ni.d.n:l Witheout 2ded C oH,, 1,00is
produced iz fhq sedimant dute to inc cm;lhm damitrificarion, Strains of Ihermus tat raduza Ky ND
Eave recantly besn descrioed [5] a=d Pyrobaculum aerophiium preduces 1,0 2 de main
destrificarion product [B]. In the C.2, blocked moteemt, slavarsd 1,0 producton was obesrved dus
o 2o comhined mearorams=t of n2izzl K0 production and the acommilanes of KO thet weuld
eormalhy Eavs ben dezi=ified complensly 1o 1, Howerer, sizce zizification, which supplies MOy o
deesirifiars, i also blocked by CLH,, this mozsursmont only 2cceunts Sor derdtrificasion based oz

existing N0, pool 2nd :ll:vuli' Sora be comsdarad 2 Jowvar bound o in sin demirificarion
u:lru'l To place a mexcrem boend oo deesinification acthvity, 2 thisd se=rple was amseded
u.'rlhll.u;\u socass of WOy (1.0 mbd). seraliing in 2 cramatic increase i S rat of
K0 producson. T_l. rosnlt indicates shat darstrificasom in sin is
limited Ty WOy supply froms nimiScaticn.

Results and Discussion
Acetylene Block Data
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Figure 5 - Rares of by BiDeR avp on GES
and SEW.

Both ©B% apd 55T share 2 commeon ammeniy-laden groundoeates sourse [10]. A
lowsr msideacs c=a uEvmn:in‘.xS‘.T(‘ 30 zrmias) [S] means that amreeoia cocdizrs ks loss
tiima to auidies it inte nivie and micws, I GBS, ‘bonravar, the lengar residence time of 1.46 duys
[#] girves mimifiars more Sma to comart 2mnonia into nimin and nirass. This is reflacted by
v Loweeed anumonia and elevesd mirdn and nittass concsnratioes in G35 ralasivs to
las 2 & 3

Tha slowar fowr iz GBS allows mors anenceia oxidsis 2 ocor, preducing mee mirate
1o £zl desderificacion. This conld explain why deefirificaton mees iz GBS ware 2l signiScandhy
highar the= i= 55T (Fig=o ). When mitrats was 2dded, 'Jl;d.w_]mﬁ.cm—a.:;mnnunibta
farsoc of 3.3 times m G55 md-qi‘ g0 in S5WW, suggreting thar zivaie & mans Emiting i
this meizhelism Tt appsars thart denizification i coupled to nirification in both hebitars

|
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Tabit 3 - Contamrtions omnm: ulrhmmnmln Song M08

The Grit and nesed PCE. cleasly show 2 lack of sifi DA in qither amvircezsant (Figure 4). In
585 and 55W, & sifce=t amommt of Axed ziogez alrsady axdsts (Takls 2 3} axd wo 2 sescs logizal
ezt A is umpmsm'm-um:p:m Alss, o stiylezs poak was obsary 2% acerrians reduction
assavs. This is presummbly dus to 3 lack of the wirogumase sexvess 22 kodh sites. o top of all tiis
eidarnos, there it 0o evnluticnary prassurs oo recain the abiliny to fix nicegez ifit & always prasent,
aspecially since N-Exaticn cozrames ez anacgy inpat of 16-24 ATP [3]

A for the ewiad PCR. 2 nagative reslt megests that ammeeia oxidasion it not ooowring,
Eloweaves, closs ralatives to the know= ammania exdidizer “Candidans Nizesocalds vellowstomdi
bave besn found in GBS [6] where arnscnia cocidates & tharmody=amically faverzble 25 well {rabls 1
mxn 1) s possitle thet ammeomix exidaticn is corurming but the PCR failed and'or e awod primars
ded mot work:

Conclusions
= Mitragen fixation |s not occwming at S54W or G55,
= BICTC 3mmonia odEation & IKely oocuring Bt nas yet to be measured in St N these spings.
= Mitrate avallability Is Imiing denfrification rales al both habRats.

= Lower water Now rate allows nilriflers 1o axidize maore ammania to nirate. The resuting Increase
In a3l nilrate concentralons simulales dennrmcation and s IKely why denirmcation raes are
much higher In GES than S5,

Futura Directions

itying avred gene secusnces in both habilets | sucoesslul, seoumnsing of
s, an ioafy of it b owson wil b =mde

Akl ettercts wil s =ade el amge
B gones sl be uwed 1o determne Sy T
iing i slike TN Solose pool Slulcn REpiTecs.
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