LAKE SUPERIOR

STATE UNIVERSITY

December 1, 2015

Britton Ranson Olson, PhD
School of Biological Sciences
Lake Superior State University

Dear Dr. Ranson Olsen,

I'am pleased to inform you that the Sabbatical Committee will be recommending to the Provost
that you be granted two semesters of sabbatical release for the academic 2016-17 year. The committee
was impressed with the content of the proposed research as well as the potential positive impact of

your studies for expanded learning opportunities for Lake State students.

Sincerely,

4

Ron Hutchins, PhDc

O

Academic Dean/Co-Chair of 2015 Sabbatical Committee

cc. Maurice Walworth, Provost and VP for Academic Affairs

650 W. Easterday Ave., Sault Ste. Marie, MI 49783
Telephone: 906-632-6841 - Fax: 906-635-2111
www.lssu.edu
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APPLICATION FOR SABBATICAL LEAVE
(Refer to Section 15.4 of the Faculty Association Agreement)

Name 5 itton Kenson Oison pae  Nov I3 015
Riodlogy Ext. No. DISF

Application for leave during the following (indicate semester and/or year):

Department

Home Address

0 Fall [0 Spring y Full Year
Number of years of faculty service (minimum of 5 years required) 7
Year your tenure at LSSU was earned (tenure required) X /r)

—

Semester or year of last sabbatical (if applicable)
(minimum of 5 years since last sabbatical required)

I agree to return to the University and to provide a complete written report (electronic) to
the Provost upon the completion of my sabbatical semester(s) as denoted in section 15.4
of the Faculty Associate Contract.

-
D/l ] fZﬁzW? (Yo 1111315 Provost Ofica

Signature of Faculty Applicant Date

Signature of your Dean indicating his/her awareness of the application:

F/ / L ,1'} { MA § e
l‘:v _/ _t/’ ANG JUUTH J‘ r\u!..\ : Lﬁ}":'\ p,%‘
'v ”/ﬂ’ /iy] "7 ;é‘ !{ /\ /-\‘ I Y Mu!» /

Signature of Dean Date

Attachments:

a. Title and Description of Sabbatical Project (Required and described on the next page)
b. Support Documents (Optional but strongly suggested)

c. Curriculum Vitae (Required)

Revised 12/16/2011



Title and Description of Sabbatical Project.

Provide a document that describes your proposed sabbatical activities. The document should
include at a minimum the following components:
® Project Abstract/Executive Summary: A summary of the sabbatical project and outcome
(150 word maximum).
* Project Description: A detailed description of the sabbatical project with the following
sections.
— Introduction: Provide an introduction to the topic/field of study.
= Background: Provide information regarding previous work/activities related to the
project.
— OQutcome: Describe the work to be completed and state the specific outcome(s) of
the project. This section must address at least one of the following.

1. The strength of the relationship between the sabbatical leave proposal
involving applied or theoretical research related to professional activities
and the advancement of knowledge within disciplinary areas.

ii. The strength of the relationship between the sabbatical leave proposal
involving an external, professionally-related experience/study in a
business, industrial, health care, scientific or educational setting and the
mmprovement of instructional/professional activities at the University.

iii. The strength of the relationship between the sabbatical leave proposal
involving travel or advanced study and its yield in improving the quality
of instruction at the University.

- Timeline: Provide a timeline for the proposed project activities.

W
B e T

Please Return to the Office of the Provost
2
Revised 12/16/2011



LAKE SUPERIOR

\i’ STATE UNIVERSITY

Appilication for Sabbatical Leave November 13, 2015

Britton Ranson Olson, Biology

Project Abstract

My research interests are directed towards understanding the toxicity mechanisms of perfluorinated
chemicals (PFCs). As part of this research, bacterial strains exhibiting varying sensitivities to PFCs have
been identified and characterized, thereby allowing for genetic and phenotypic comparisons to better
understand how exposure to PFCs affects cellular processes and what imparts tolerance. The first part
of this project would be directed towards the development and refinement of a PFC transport assay for
the goal of understanding how these chemicals interact with the cells and whether they can be moved
across the cell wall. The second part of the project would consist of creating a proposal to submit to the
National Science Foundation (NSF) Research in Undergraduate Institutions (RUI) program. This proposal
would consist of the development of a cutting edge gene-editing technology that our students would

have the very unique experience to work with as undergrads.

Project Description

introduction

Perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid {PFOS) are manmade,
biologically recalcitrant chemicals, which are considered ubiguitous contaminants of the environment.
Documented effects of PFOA and PFOS include growth inhibition and induction of oxidative stress, and
so also cell membrane and DNA damage in a variety of eukaryotic and prokaryotic organisms that carry
out different energy metabolisms (1, 2, 3, 4, 5, 6, 8). Although data have linked PFCs to these adverse
effects, the molecular mechanisms of these or any other toxic consequences of exposure are not fully
resolved. We have identified bacterial models useful for investigating PFOA and PFOS effects at a
cellular and molecular level. Escherichia coli is insensitive to both PFCs, as apparently either the
chemicals cannot gain access to cellular components and/or metabolic processes affected by the
chemicals, or E. coli lacks the targets altogether (7). The PFC-sensitive Rhodobacter sphaeroides 2.4.1.
strain happens to grow by aerobic and anaerobic energy metabolisms, including photosynthesis, making

it possible to compare toxicity in both the presence and absence of oxygen and light. Further, and what
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promises to be particularly useful towards understanding how PFOS and PFOA toxicity mechanisms
might differ, spontaneously arising R. sphaeroides mutants have been isolated that display increased
tolerance to both PFCs (7). That one such mutant has an increased capacity to process or potentially

limit cellular uptake of the chemical and avoid toxicity is another advantageous tool for us to investigate.
Background

May, 2013. Aerobic and anaerobic respiration growth profiles presented at the General Meeting of the

American Society for Microbiology in Denver, Colorado.’

Data presented showed Escherichia coli K-12 was insensitive, but R. sphaeroides 2.4.1 was
sensitive to both PFOA and PFOS. Inhibition of R. sphaeroides growth by PFOA was limited to
aerobically metabolizing bacteria, while both aerobic and anaerobic growth were inhibited by

PFQS, although inhibition increased when oxygen was available.

March, 2014. Metabolic profile effects presented at the Michigan branch of the American Society for

Microbiology, Davenport University.”

Data demonstrate a change in the enzyme activity of R. sphaeroides for both carbon and
phosphorus cycling based on increased peroxidase, phenol oxidase, and acid and alkaline
phosphatase activity. As oxidative stress is suspected to be induced by PFCs, peroxidase activity
of R. sphaeroides was measured and compared to PFC-growth insensitive Escherichia coli. It was
shown that the peroxidase activity in R. sphaeroides increased in the presence of the PFCs, while

it decreased in the E. coli strain, and these affects were more pronounced with PFOS than they

were with PFOA.

July, 2015. Hosted visiting researchers from BGSU, including my collaborator and 2012-2014 NSF
program director, Dr. Jill Zeilstra-Ryalls. During this visit we completed the R. sphaeroides

photosynthesis growth profiles.

October, 2015. Submitted proposal for sequencing spontanecus mutants displaying different

sensitivities to PFCs to the Department of Energy Joint Genome Institute.

We propose to generate draft genome sequences of both wild type and mutant R. sphaeroides

strains in order to identify gene products responsible for sensitivity of this organism to the
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anthropogenic contaminants perfluorinated carbon compounds. The benefits of having this

information are (1) the targets can guide us as to strategies for counteracting the harmful
effects of these chemicals, and (2} it will make it feasible to undertake the development of a

bacterial tool for transformation or remediation of PFCs.

» ¢ supporting documents ‘Identification and Application of a Bacterial Model for Toxicity
Studies of PFOA and PFOS’, ‘Effects of PFOA and PFOS on Rhodobacter sphaeroides Enzyme
Activity *, and ‘Developing Rhodobacter sphaeroides as a model for investigating toxicity of

perfluorinated chemicals’, respectively.

Outcomes

Development of a Transport Assay

The development of a PFC transport assay is critical for us to better understand the implication of cell
uptake of PFOA and PFOS. Having this test will allow us to determine whether the cells are able to
transport the chemicals intracellularly, whether they integrate them into their cell membrane, or
perhaps if they can lessen their toxicity via biotransformation. At this point, this data is the ‘missing link’
in our research and would be extremely useful in describing the various strains we have isolated and

profiled. | will present the results of these studies at the 2017 General Meeting for the American Society

of Microbiology.

The NSF RUI Proposal

The goal of the RUI submission is to provide funding to predominantly undergraduate institutions for the
support and encouragement of research-based learning environments. This proposal would be a
collaborative effort between Lake Superior State University and Bowling Green State University
(collaborative efforts are strongly supported by the program, and much of the preliminary data
described here resulted from my collaboration with BGSU) in which LSSU, and thus my efforts as a co-Pl,
would be directed towards the development of a clustered regularly interspaced short palindromic
repeats (CRISPR)/Cas system, applicable to prokaryotic studies. The CRISPR/Cas system is a new and
very powerful approach to carry out targeted gene editing (9). As part of the RUI proposal, LSSU would
propose to implement the development of this, a prokaryotic system, in the cell model we have

characterized for our PFC studies (1!!!). The development and utilization of this technology would be
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very beneficial to our science majors and could be integrated into courses in the area of genetics,

toxicology, biochemistry, cell and molecular biology, as well as senior project. It would bring funding to

the classroom and labs, as well as a very unique opportunity for our undergrads to work with such

cutting-edge applications.

Timeline

Fall 2016 semester
1. Develop and optimize the PFC transport assay.

2. Test the wildtype E. coli and R. sphaeroides strains along with the Rhodobacter mutants that

show less sensitivity to growth with the PFCs under aerobic, anaerobic, and photosynthetic

growth conditions.

Spring 2017 semester

1. Identify genetic targets, PCR primers, and appropriate vectors for delivering the CRISPR/cas

system into our cell model.

2. Prepare the NSF RUI proposal, including a 1-2 week visit to the BGSU campus where myself
and my collaborator, Dr. Jili Zeilstra Ryalls, a 2012-2014 NSF program director, will finalize our

submission.

3. Present the results of the PFC transport data at the 2017 General Meeting for the

American Society for Microbiology.
REFERENCES

1. Hu, W., Jones P. D, Upham B. L, Trosko J. E., Lau, C., Giesy, J. P. (2002). inhibition of gap junction intercellular
communication by perfluorinated compounds in the rat liver and dolphin kidney epithelial celi lines in
vitro and Sprague-Dawley rats in vivo. Toxicol. Sci. 68, 429-436.

2. Kleszczynski, K., P. Stepnowski and A. C. Skladanowski. (2009). Mechanism of cytotoxic action of perfluorinated

acids Il. Disruption of mitochondrial bioenergetics. Toxicol. Appl. Pharmacol. 253, 182-190.
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3. iy, C, K. Yu, X. Shi, . Wang, P. K. Lam, R. S. Wu and B. Zhou. {2007). Induction of oxidative stress and apoptosis
by PFOS and PFOA in primary cultured hepatocytes of freshwater tilapia (Oreochromis niloticus). Aquat.
Toxicol. 82, 135-143.

4. Liu, W., Y. B. Zhang, X. Quan, Y. H. Jin and S. Chen. (2009). Effect of perfluorooctane sulfonate on toxicity and

cell uptake of other compounds with different hydrophobicity in green alga. Chemosphere 75, 405-9.
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8. Cong, L, Ran, F. A, Cox, D, Lin, S., Barretto, R., Habib, N., Hsu, P.D., Wu, X, Jiang, W., Marriffini, F.A.,
Zhang, F. (2013). Multiplex Genome Engineering Using CRISPR/Cas Systems. Science 339,

819-823.



“(Aussanlun 2lelg ueBiyoiw)
Japy-uosnBiag ‘g Aq pepiacid AjsnoseusB sem 00IFAd pluseld gy o)
Nsog je weiboid (oo Aemaies ABojouyda) pue ‘Bupssubug ‘a2u8j0g) 0518
auy sspun (100£$20-3NA) SPUN SN PUe 4-Zr o) (NSDE) Alsienun sjejg
usa19 BuIMOR Je aaEfIU] JusWROURYUT Yoieasey By} jo saoidsne aiy yBnoly)
paysiqeiss ABofoiqoIoy |RjuBWLONAUT 10) JBISD Byl pue (6vviZ60-BOW
'4SN) souRlog [euoljeN ayy Ag papiacid alam iom suf) poddns o) spung

SINIWIOUATMONNOY

SRL-BLLITL [OIOIYN Uy | saprosapds
souowopnasdopo] 1o NMeIB ) 61 WRipus 1oj juawainbal v 096 ] “HAL WOHNS ‘0T
OBLYY-V8LYYILLT WRYD org
UG pedsue uon0ala juLUpLoyaolI sy U sa)is JuaLayIp wey dononputd spixeradus
Jo &Bojodo) 7007 *@IN punag (S yangaey ‘v wugduppRg ‘p 310y 1§ 6
EVETREETHLI
JoLRtaRg 't “saprosaud; qopoipy UF sosupixo Bui 7)-00IBY VA 10] DDUBPIAD
onauad pun awdoosonoady ‘7661 'AY SUUIS 'OF B ' I 'dr Ypldung g
B995:€L1 *Joanus] Ay [0o1xu] ‘plow atoumaeolonyiad
i [ pun iouiajgjosd awasiotad juspas s &y sijs0 zexday viwopdoy
uotng ug sisuidod Jo uotianpu st aupaLy BLpULL puB sa1ads B0 aAtduaY
"1O0Z ‘AR 24421d2Q ‘DI HVHSOYS ‘0 4OPUAD) ‘O] uufuquyg L spwiatbusg

o 1

UPEECET8
"G O0IXOL "oty ARopxo) aptutsuagng sumovuiongad [£jaon- Jo 193y [EETRES
Ayl se uonrsue Sigjquantiad [BUPUOGIOIIN “HOOZ “EN IISHBAL AL HIME.0 9

181124197 WAL "|ooDQ), “Uolladg] ‘spotsals

Xo8 BUIUOIS Plo "ssalls 2ANUPIXO "K)ATIOE asBPIX0 Yo)-Hou £nuj Jo sioaye aman

2juuolns dusavuon{ad ) gy o dmsodxe WIS SGUT P LY Jaq U

VS LInquly Y uowoes | qQ MRITININ ‘AL UPANIY M Ao14iS ' EEQ s

DLLIZS9LEPT OIIA B joarxo].

iBua] aree Buriaen puo sdnosd [euoniasny 1RGP yim sprnodiios paysaonged

Jo sutedpua uuaafer (891Bo[oaEXo} vluN[EAa ) Aussy tapiuder jutiaiouq Jodpus

apdpnua v go vonuatddy 0107 " 1SN AL 498 AT Y SuuapNQ '] KpIqoN b

9GET-YLETILL WAt JOOIXOL Lusaug Kuiuolonn

4q sopoid uotssardye susB onuday ot wiay tonuoldust ua :uvdup ‘umig oy woy

SIUVIOULIDD UOWUI0D g spunoditos pajauLByad o 10050 [BHUA10] “BO0Z °§ quuuL.

'3 GapsEL AT WM AL GO ‘D UBUBYYY ] Ovg “H vpear] '3 Busuuy ¢

EVI-6ET g (0IXOL by (snopopu siuoad0a:3) widipy RjuMYsss)

Jo saukouiudoy parmye Lo vy VO P $O A4 sisoidoda pus ssans aanupixo

30 UOHORPU} L00T “E MONZ 'SH A M W P Buvp X S B D M 7

061-781 657 “[eonuiuy gy o).

“$o119B12UB0IG PUIPLIIONI [0 uuidISICT T Spiou pajeuLIonijad Jo UoLioY SIX0 10D

30 WS 6007 "DV Vupis ‘g pssoudag 'y prsuleamsapy |
SAONIYIATY

‘asuelsisal
pue Aaixol SO:4d PUE YOLd JO Sleble} 12|nos|ow pue Jenyas ayy Aypuap Jauung
0} uolisod 3y Uj 818 3M ‘ZLy 09 F W {SPOW BAYISUSSU UE pue Sepioiseyds
o Ul [3pows 2y Odd e i Bupneyy A HIP SI130 BY1 1084 SO4d
PUEB YOdd jByl pue 'sisixe Aemyjed Ajjoixo} suo uey) siow ey} sjsabbns ujebe
'VO:d Jo aaussasd sy} 1) pajejoss SUBIAW Snoaliejuods 10 @soy} snssea sjuenw
asay) Jo sapAn) 2:d Neq saousiaglp yim Buoje ‘siy) senpoedes
uohonpoud apixoled ueBoipAy pasnpal uayy adsep 'YOd4d 0) sANsUSS Ljewss
K311 'S0 3d 0} 80uEia0} paseaiol) sney SIUBINL UWRYD Hodsiien LoNoa|s YBNoy

11aM s swsiueyoai Juspusdapul-uabixe osje
3k alaly 'AOIX0} Od jO JUBLOAWOD BUC Bg ABW SSBYS BA| BPIXO BJipm ‘sny)
‘uaBhxo jo soussqe sy} Uy uss sisisiad SOdd Aq uoplaruy ymoid ‘uogigyuy
YmolB pajeposse-yOdd o) pasnbal si uabAxo apum ley) punoy apn Aloixo)
Odd Ul usBixo jo sjos s aupuexs o} fapow BAlISUBS 3y} pajojdxa Apealje
BABY oA BLIO BY) LO BILRIB|O] D4 PUE PUBY BUO B} UO Atoixo} 544 Jo
swispueyoaw BuwApms Jof siapow onoieyoid fnjssn s BliB10RY BS3Y) ‘810)aiaY |
OU S ZiM 409 F BluM ‘SO PUB YOI O} SAsUSs si sspiosseyds y

NOIsSsNosia

apsassBuosueq yew3

9922-5£9 (908) ‘Xvd

£512-6£9 {806) -euoud

€8L6Y BN B2 “als ynes

anueny AepieISe3 1 059

Aysianjun) ejeig lopedng exeq

$83UBlag jediBojold jo juswipudag]
“uojlewno) jaeweg

weng

o e o g z
v i I

g it )

»

w &

(‘1 algel g

osje 33s) sjeAniAd pue s)2jEL M i o m
papiroid aie sapioiseyds 3 umolB wr m
Ajjeolgolae-was usim pajoslep x
uoponpold Lo%H 19N v JUNOI4 wm

o w

A3i21%0) S04d Jo swisiueyosw sidRniu sie aiaty} sysebbins sapjosseyds
'Y J0 suielys jJuaseyp Buoie uoyonpoid 203 Jau Jo sjanaj Bulkien g 1¥vd

Wi g 8| Jsewelp ys1q. TIUBINLW (U 98P0 O BLOIYO0JA0 3dA-E9ga ue Jo ymoid (g)

‘ueInW Jnu 8sepiXo 9 BWIBIYoKS adh-See ue Jo ywmoiB {y) s

¥E 13 Al 8jRjost juBiniy sjpued 'SO4d Jo sjunowe Buikiea uj suoiipuoo yaBAxe yBY sapun
o120 Juepn umoiB siam eusioeg - (3z Bl ‘adA) pym o o) asedwon) sjurnw
* " W ermest e Uteyo Lodsues LR3I S8pj0seRYdS Y JO YIMOID '€ IUASIY
o€ " I ejejost ey
o€ [} | @1Rj0sl juenpy
[s5] ElS V7’2 34K Pl
¥O4id S04d

uiells |epsioeq

S i vogiyur jo suaz sy) jo ssewElQ

adA) pm BY) 0} BAlBIaI SR SepioseEYdS
H 10 YOdd Pl S0dd 9 & suag *| ajqel

$04d Uiod o} adf) pjim 8y} UBY} BAlISUAS SSa) alk
YO4d Jo asuasaid oy} uf pajejos] sjueIn shosuejuods
‘SHuBINLL UlBYD JOdSUEBI} UGNDS[D N(UA iy LMY

‘YOdd 10U 1 SOAd SPIEmo) 5adueia|0} Jaubiy
BAEY SJUBINW UBYS Jodsues ua.30R|F if 1YYd

fre—

"SO=4d Y Umolf uaBiAxo yByy

‘3 pUe SOAd UM Yol uaBixo moy
'Q'S04d Uim ymaib yep orqosseue ioomom
‘0 Y0Ad WM UmBIB uaBAxo moj

‘8 'VO4d UIM LIMOIB Y1ep diqolseUe
'Y i sjBled '$D4d Jo sjunowe
Buihiea jo soussqe pue soussaid ay) U
SepioIaeyds "y J0 MOID 2 ANNDIY

1¥vd]

*(04) WNIpaw (BUILIW 3JBUIOINS S 1L0RSIS U

seprosgayds 3 'g jaued pue wapauy O JRUILIY LD Z|y
403 '3 'y jaued :aie umoyg (SOd4d Aunis |epiogoa 1)
VOdAd 10 SGAd Ui $)$3] UOHIGIUI 0 8USZ L AWNDI

{194 §1 07 "3 ING YO Id PUF S01d O1 5ANISUaS 5| SaploseElds 5 1] 19vd)

s1INs3ay

€816 IIN "atiey "aig ynes ‘Aisianiun siels Jouedng axen ABojoig jo Watupeda(q,
€0YEY HO 'uaaig) Buimog ‘Aystaniun sijelg usaio Buimog ‘ABojotg Jo wewpedaq,
cUos|Q-uosuey g pue ‘' sjehy-eiis|iaz ' 19pAug y ‘preesuemng '\

“(6) Aisnojnaid paguosap se ‘aseppoiad
ysipesasioy Aq pazdejes ploe  DjjUEAOWOY jO  LORBZLBUNP uapuadap
-apixoiad uaboipAy su) woy paypue souassalony syy Buunsesw Ag pauuialep
sem Juasald apixosad uaBiospAy Jo Junouse Jau ayj pue sayNUW 7 10§ s@jeilSGNS
se a1eanIAd |y 62 pUB ajelew WU | yim paplaoid 2:9m sjjao Buysay “sjeoidiy
Uy pawiopad sem uopoeal yoed ‘610410 J0 {Wu 0gg) QO ue Je pajssaey
pue SUORIPUOO UBBAXO MO| JSPUN PBINKNG SIS0 Joj PEINSEIW alem Sapjoiseyds
‘o Aq paonpoid apixosad usBoipAy jo sjunowe Jay ‘Aesse apixolad uaboipAy

'sjonpoud sy jo Buousnbas pue YOd Ag PBULUOD SEm SBJEPIPUES JUB)IL

Jo AuBajur 3y} Uy Ypsm WNpatw U0 10) Pajodjas aiam SJUBLIGUIODa! ‘Sapioiaayds
H ol pruseid sy Buziigow sy 10jdaA 8PN UM-HIONMCE 8yl ol
papasul sem '(g) sapjoieryds y Jo esepixo o awoiyooika adhjtee i Jo Jungns
e Buipoous auab Oejo ay) 10 JuswBely YNG Y  UOPONISUCD ulEsys IRy
‘LW 089 1B paINSEILL 319m Ssansusp jeodp “sojdacoe

uoRoad slewsie ue se (WS0'0 'OSING) 2PIXoHNS JAyawp pue (mm ‘%) Q)
Joelxa jseak yum way Bugusiws)ddns pue ‘saqn) paddeos-malos pajy Aleyaidwon
Ul s|fs0 auyy BumosB Aq panajyor aiam SUOIPLOD JlGoIaBLY YMasE UaBAXo ubij
Joj {wdi gg) AsnoloBia 1o uaBAxo moj Jo) (wdi oG} Aimors samyns pinby Bupjeys
Aq pajendew siem Ajjigejiene UaBAXo o) joadsal im sUORIPUOD ‘pajealpL
S8 9:aM pIsn elpaw pue sujeis |eusoeg  “saipms ymolB pue sujeng

SAOHLIAW ANV STVR{ILVIA

'SO0:d PUe YOdd Uioq 0} 3ansuasu) Ajsjejdwon ag o) sieadde winpsjeeq
8L} 39UIS '32ULISO) Ddd JO SLUSIUBLOBLY 310]dX3 O} LOJUm L| [3pOLU B SB pagiULp}
SeMm 09 '3 'UOBIpPe U] "$Od4d 0) sinsodxd Jo sjoaps asieApE Juapuadapu)
-uaBAxo osje pue juspusdap-usBAxo joq ase assy jey) sjeysucwap o} a|qe
Bi8M BMm ‘[apoi sy Buisny - b ey Ajer; d 1eyjo pue ssoy

neby; I} 10y ‘sapi ! Qopoyy '[BPoW jBLIR0BY B JO UOBILHUSPL
au) 1odal am ‘13K “(£-|) ssals anjepiXe Jo sisanpu; Se pajeaydl Usaq aky
$0dd PUB YOId UI0G Inq 'sDd Jo 508 sejnao sy BuipseBal umouy s| oy
'anss| jUeAs|al B UBWA) 81ns0dXe SOId

PUE YO d JO S]0a)45 A1) pue Sisissad UBPING {BIUBLLIOIALS J(3U)} JBY) SUBRLS S|
: nonposd N1ay) pue tpie ssns|p w0 jdwaxa ase suoneoydde
JBINSNPUL [210ASS "fOABMOH "3SN J|BY} SONPaJ O} BPERUI 3I3M SHOYD ‘SJUBLILEI0D
lejuswuearua  snoynbign  se  peazuBooas sweoaq  Asy souQ  anjew
Aq eaneinwnooeolq osje sle Asy) Jey) suesW YoM ‘uonepeiBap o) aoue)sisai
jusieyu Jey woy Ped up Swels ssaupyesn yay) -suopesjdde onawsod
pue ‘Bujooid-aseasB 'juejsiss) uels u sBugeoo eoeyns yops-Uou se pue
‘saifiojouyoa) Buyooidaly pUE JUBIOBLNS L) PaSN Bl Jely} S|ESKUSLD SpeLURW
81 (S04d) PIoe oioyNs suejocmopiad pue (YOdd) ploe jouBpooINoYIsg

NOILONAOXLNI

“SusIuBLoSL
30URIB|0} BI0|AX3 O} SN MOJR M YOIYM 'YO4d PUE SOdd 410G 0} A
Ul pasnpal s| Jel) [Bpow [B1BI0BG B PalLEap! BABY M 'S[EOIBLO 3say) jo
s19Bie) 1|N23(OUI PUE 12)NY|90 PUB)SIAPUN 0} SAIPN)S 10} JRJBSN Alenb3 "Aioxoy jo
swisiueyosw sjdinii Ay o) teadde $3dd (2) Pue 'vOdd 10U Inq SOdd SPIEMO]
8oueIsie) pasoidl) saey SON 9eseusl o) sanedes paonpes Buaey sjuenw
(1) 12y} suwialep a) s|gissod Ussq Apeasie sey || '|apous siyy Buisn A
Odd Bupuiexs loj jepow (susiorq e pagusps ARy SM NOISSNOSIA
ueinw snoauruods sy U pajusBne sem )| ‘sjuBinw
013 eyl U paysiuup sem uoponpoid apixosad uaBouphy spym ‘adA} ppm
01 anjelal ey} Jo.j ay) Aq papioddns Jeyuny sem syl AOIX0} O4d Jo) sjebig
Jgynfjeo (euolippe ale 219l jey) Bepl suyy Busioddns 'SOLd PUE YOdd Woq
0} saIARISUS paonpal Butney sjueynw shosuejuods pate|os] osie ap “S{ROlWaYD
ayy 4oy 19B1e) Ayoixo) h auc jses|je jo 13 3y} Buy ‘p |
SeM YOdd Ag UOmIGIUL YMOIB BlIUM 'SO4d O] SAISUSS $83f Blem Sjosjep
(013) uleyo Jodsue) U0HOa}R LiiM SIUBINW J2U} PUND) BAA “S|GRJIBAR SEM UaBAXO
uaym paseasol uohtqiul ybnoylle 'SO4d Aq panqiyul s1am ymold siqolseue
PuE 3iqo138 Yjog 3jiym ‘eusjorq Buizyoqeiaw Aeoiqolae o) paywl sem yO4d Aq
ol saposaeyds Y Jo UONIGIMU] "SOLd PUB YO 4d Wi 0} SANSUSS SEM |47
$9pi0soeYdS 18)0BGOPOYX NG BANISUISU] SEM Z|-Y 00 EIYOLUBYIST S1INSTY
‘appxosad uaBospAy (SOu) sewads
uabAxo aAnoes) sl ejessush o) Aiiqe el 1oj pajenjess pue 'ioj pajosjes 1o
passaulBus Jayya aiom safljalisuas pasalie Bujaey suBINy "SLOMPUGD BjqosasLe
PUB DiqOI3R I1BPUN 'SDd By} JO POUaSAe pue souasaid ay up paledwos srm
SUBS 4O S3lel Ymois ABSSE LOIIGIYUI JO BuoZ & Busn S04 pue
UBS 10) PaussIs asoM elepeg ISTOHLIW ANY STVIMILYW
‘(98] Jeinos|OUE pue sen|so By} e (SO4d) proe
oiuojns augjrocinojiad pue (YOdd) poe ueo00Inoiad 'sOJd pajusLINOOp
1S0W B} JO oM fo AoXOl JO SWSiURYOBW SUILEX3 0} (BPOL (BlIB)ORq
e asn pue dojsaap o} sem %iom Sijj jo [eoB 3yl eBewep sueiqwsw |80
pue ¥NG ‘Ajuenbesuoo ‘pue ssays aAnepixo ssneo o} pajiadal s sunsodxs H4d
'panosal Any jou yBnoyly  uswuolAue iy wouBnoiy puney sjueuutejucs
suefiodosjjue 21 (sD4d) spunodusos pajeunnoyiad QNNOYUONDVE
1ovuisav

NS

LyOl #Jaded

PIOY JHUOJING 8UEID00INO|IB PUE PIOY DIOUBIO0CINOILS JO SAIPNIS ANDIXO). 10} |SpO felajoeg e jo uoneoyddy pue uonesynuep)



(Eie A
Yiskepu 10y 40t woutoaond aiy gy IR 'y Yaoalug ) foddy
4

pajraouy
g 493

21 O]
2} N WOl 5 | prajusagg -

"HO3 3 108961 Z{ sapmwasvyds y puB DA Yim pareqnour
Asnutavidjuepeusadns yim porean 8961Z[ soprosvyds -y pur
Ddd YIM pa1Bod) gys {7 saprodovtds vy Jo Ajranse ssepixolad -y anfig

SIS y 1oy v 95O 5 S TO0Z) L Tk 7Y 0D i 3 umotg 7 Dungg “Jy g

Fupaapy Y g

£ 0 ‘S0

staudogaaap whasag
Parstianysed JO 4RAOURRLE (7 12) 1 Q HSIS 3

Sl W T AUOPY-pua] )
g “osop s

ajfas v a0 nidos pus i

3 oy
4110 actin0ss s

oy

AL {ELHZ) 4 wossooh 3 0 N inbpury O

pseing oo
1p 0 poy

4 oy iy sprov

(533) oo st sousonjaad jo o
3HUST N 3 wun
o o) pAOO RN 19§ 105 aftfosd (AT B2 (ALY,

S0Py

Ddd ON

SOdd WL VOidd W L

Sts Ulgua (2]«

Wawieanan
esusadng o> g

M0y /ermieq voTE /T

X019

TAT))Y OSEp J 896171 Pajeatiaij

JUSUREIN SO YA 400 F pur { T saprosavipds -y jo Kjianos ssepixoa 'z sindyg

R AT
] Y23 [RUPINGHAE (1557 943 §O 290 91 0] YAMHINO tog Jo clan sty ‘afqessod Apais
opuanloput st speit yaptid{ep) DURN I pue 1oy que K1y o jeaonide s, Sugpuay o)
Do) (A0S SIpLSpN 55T 4L 01 vok s §]HAUIBSPBIAOUNIY

Lregy piie ‘sone)

“suonedidde voneipawaiolq Joj enuaod auy supewal aiey :E-

Papaau s1132(qns s1y) Ol oK EIO[dXS 2I0W ‘35D AL J3A3 JLYM "[feM

1182 13141 oju 37 3iexBaNY 40 “A[[edNUBYD YOI 2 AJIpolu ue 5132,

au sdeyra g yustureanaid ynoyum vey) gog1 7] ul ssap Apuesymids

Ayandeasepixosad paonpord sutens o3 3 pue sapioioviyds 'y

Hoq Yimuaugeanaid axus ‘Y4 d 0 s133)58 {1d1xo) ays Sudnpay
40 poyisw jepualoed e pajensuowap ose Apnys spg “Ajjeu]

‘shem JuasRfj1p ui 51190 aup 1oedwt YOLd PUe SO4d 1oy 15983ns urede

INQ ‘S Y3 JO BUO 10§ §531)S BANEPIXO 10§ 3104 jenuatod © j1oddns|

2iep 353U} 10U PIP Y Odd 2fim L1ande alulzua paonpus A{Buiusas

uaunean) SO4d sy uonenBal xopa 0y saBueyd era s yieayl

2 as0d PInod s74 ‘210§31841 ;1) SO JO UONEILIO) 3y pu ‘aFesn,
pue uoponpourd apixosad uadoipAy oy payui st fy1anoe 3SLPIXOIDY

“£3121%0) 10y swisiueydaw juatagp Junsaddns|

VOAd Ve Jusunean §O4d Wim §139)43 191218 smoys diysuonejas

SIYL 1192 a4y Jo Areuondung osfe jng ‘arnsodxs D44 Aq paydaye

st sopioovyds 3 Jo 1mo13 A[uo jou Yew saysijqelss sy Aande

aseyeydsoyd aurpesije pue pie pue ‘asepixorad ‘asepixo jouaydy

PIsLaIDUL $3]LHSUOWP [Spoui E1IB1eq 3L Jo £)1ande awdzus)

3 ‘SOAd 10 YOud Yiiam patean uaypy “BuoLd snioydsoyd pue

$oqIeD 33 Wioq 10) sapiosavipds 1y Jo Aiande awiAzus i ug aBuey>

e ajensuowap Apmis sy Jo synsal ay | W:Q.NW:NUS:UU

TN ‘Lt A “31G y[neg
ALISUTIAINND TLVIS

dOTdAdNS VT
uos|-uosuey] UORLY I(]
pue (5Hn) LAsuoiniy unyg

N

4 44 44 44 4
AN T TN

50dd

HO. X X
4 A4 A4 44 4 T
NN A O 4 HdHdy
IQCU,\VJAV/\\/‘VM VK/
P AN

S0dT0 Qo
L Wit | 0N 504d ON

v B
v
R e G g
- i - g
g
WHEERS s e
o &
‘1
7 o g
ERas g

Liranpy asepixosag §O4d

65G6C0 Z/LLLL'O PEGPSTO 66800
GSEdTL PROTIOE PEIBEOO Ep0egT . Anampyaseieydsol poy
€ELITTL €BIGEY0 €TTIFI0 9E0SHSO Apany asepixola g
YPERES'0 BI0CEC 0 4415020 G/95ET0. L Aianav osepIXG Tl
LITERLE RaRe Y colate D BeRnbh 0 L MMV IRPIXO ToNald.

W g WL WYL §04d N §04d Jo uonenuadUL))

"JusW Bl SOAL M 1P
Tus /i) Kianoe owdzug g syqeg,

Lrandy asereydsoy  aurpesy

Saproaavids 1912uq0pory Jo {10y /euajseq w

38 asBpIXeIag '] oandig

8 Hd I3jing S L N 1 40

4aj4nq areaoe Jupminsqns jo uondadxa ayy yim ‘ssereydsoyd proe se aweg-|

Juawssassy Atandy asejeydsoy g auppespy

w GO J¢ parnseatu juejeuiadns jo aueqsosqy-|

uonear 3ty dojs o) Judwean HOBN W | §0 11001 paaiadaljueiewsadng-

sanuiu ¢ 105 wdl 00001 18 padnjLiuay-|

saMuIU G 10§ 1), 87 1 udNeyg-

§ Hd aagynq areyade yw og 1 arensqns aseyeydsoyd jo i ggz-

2an3nd jo M gz

v Qinanpy jdsong ppy

apixosad uaBosp Ay

40 it og Buitppe Jo uondaoxs ay) Yim ‘ampesoid asepixo fouayd se aueg-

HUBWISSassy AJANIY aSEPIX0I3 ]

(ronposd

awionpedop jo a1nseaw) wu 09y 3¢ painseaw jueieusadns jo adueqI0sqy-|

saynurw ¢ 10j wdigpo’pi Ie padnjyuay-

ANOL BUO 10§ 7,87 18 PajRgNIU[-

ayensqns (v 4OQ-T1) sutuepejduaydAxoapLyp-p'g-1 jogz-

§ Hd “xajynq apeiane pyw gg e jo 11l G/6-

241N JO 11 oG-

HUAWSSISSY AHANDY 3SEPIXQ [OUY Y

GHT' 1600 Jo Bues

Aysuap 1eando ue yim saanj[no uo pawiogad a13m S153) [V S dd UM

JURUIEH JOU DAM{ND 2413D21 JOU PIP JeY) PIPNJOUL SEM [01H0D dAREdau v

‘ayea1]dL ul pautiogad a13m $159 {1V “(yy 1) SUOLIEITIPOUI BLUOS LM SPOYIaW

paqusap Ajsnotaaid uo paseq paustojiad aiem sfesse dpewidzus inog

UNS3] ATTATIOY SWAZUY

‘JusWBINse3W My ue A pamo|[o) SIN0Y jZ J0j D,87 18l

U{eYS 31M 353 |, "PIPPe Sem 8961 7[ pateanun £snoiaaid Jo pu gig ydtym|

01 ‘aqm 152) 2jeaedas © 0y paagsuey) sem jueieniadns 1es Jo [w g wids

000£ ¥e 83)nuw O 1oj uone@ngLousd 4q pamof[oy SUoHIpUnI Mo awes auy

U} SIN0Y $7 10J SOAd 10 YOd YHm PIIRaI} didm S24n}Nd 961 Z{ pue 1jos '3
§Ddd PUeURIRTISANG ITM Uaumnesl |

‘updwoydans

Jo w /8 og pue updwoundads jo jwi /3 gg Jo uopIppe i1 10§ pejdaas
sem9s[7{ "yieq tarem Bupjeys e Ul pareise asam SUIENS [y .8 3¢ (g1
Iuelag-eLsvy pinbi| ut umo 3 sem urens 402 g ayy pue 3,87 3¢ (S[S) wnipaw
[eLIUIL 81 UIDINS S, WONSIS PInbIf uf umoid asam surens saprosonyds y

S3TPTIG [IMOI5) PUE SUTEIg %EOQ.NNE

e Wil ¢ Wuy VOdd ON
c %
w2
e ok
100 — g T e
o w3
— w0 B
Lpg— w3
z
N e w
e gt (e g
w E

L1anav asepgxorad void

£T0TL1°0 ¥16950°0 £108F0°0 8OLSTLO »:E_Z\wmﬁf_amo;m SULeN]Y
L 60960 -epeasgio woilEd'd eovlana
L26£25°0 TZ89108°0SPL6518°0 [1066£9°0
£40096'0 946080’ BeZdDIE 1tedRa

Wi AL WYL VvOid ON

Hray eseiseyddny g ppy

A1anpy aseprxorag

Ay ssepG jouayg’
VO4d 0 uonenuaduod)

DB VO Y

VYT soproaauds yf Jo (anoy /eweeg u u /INH) Aanoe swdzug | nZw.r

spnsayy

sem £j1
asepixosad ayy ‘w

3oy o} sassadod dijoqelaw seyiuns sassassod 31
03 [ppout pood e si saplosavyds 10)2vqopoigy “|54d)

UAMOUNUN FRLIaI SWISIULYIIU ¥ Odd 3IYM ‘SO-d JO 1935)3 1e[n[[3D [enudtod e se ssa1)s aanepixo siioddns Apms st [eea0)
“Ddd SIW §0 5193553 [njutey auy Buonpas 10j poyiaw apqissod ¢ 3unsadBns ‘yoy.4q Suturesuos uejewsdns Y M UMOIB S31M[ND Ul PaIaMO|
8 1By UMOYS SBM ] "D Ui pareqnout-ard saimno 502 g jo juejeusadns ay) u

um018 urens sapioauyds 3 e Ut pasnsesus seam Apanoe

eyaw 3iqissod e aq 13w voruLIoSUBHOLG 1By M SeBnsan i 0} 05 PUB DAl 03 SAIISUISUI SF 107 7 ALm umow{un,
SH YV OAd Wi Apuedyiudis s8ueyd tou pip 31 3(1ym ‘G044 3 Jo asuasald ayy wy paseassur saposomyds 'y ui £

UMOUS SeM 3] 100 BAPLIaHIST SARISUBSUI 1013-D34 4 01 paediwod pue pamseaw sem sapiosangds 3 Jo Aanoe asepixosad ‘s34 £q pasnpur aq o)

papadsns st ssanssanepxo sy ‘Aiande aseyeydsoyd aunexje pue pioe pue ‘asepixo jousyd ‘ssepixosad pasearsur uo paseq Sur>43 snxoydsod]

PUR LI0GILD 343 W30Q 10) saploasvifeds *yf §0 Ay1ande awdzua ayy uf aBueys ¢ ensuowap Apnys SIY1 JO $3)1581 BU L, "BLIPUOYDOI W JN0A1eNNa Ul punoy,

PUE SOdd PU® VOdd U104 0) 3ANISUIS 3 0} UmOYS 133q Self J] 35NLda] §1981)3 LIRS 3jensuouap)

IR[122 ¥ U0 aaey sfednuayd 3say) ey 512353 [enuajod aiy o1eBnsaaur o) paau e sy asayy|

‘52351340 padnpoad jins aie (sD44) spunoduiod paieuntonyiad asawy jew pue ‘spaford Su {dwes jediBojoiq snosawnu uj pa)

TEU} SIUBURURILIOD [BJUBUILOIIAUD SPLW-UeU 31 (SO ) PIOE dIUojins aueydooionjyiad pue (VOud) P1oe doueydoolonjia

12e esepixolad ayy ey

U3PI U daRY

1ov438qQY

Ajanpy u&,\mNsm sapro4avyds
SUB}0010N[31d] pPue (V(:Id) PPV dI0UBID00I0N[J19] JO §199)q

'SO4d PUB YOl 0} 2ARISUISUL 3q O} 1103 'F SMO[E YORIM|

Lus{ueYIaW o 2101dx8 01 (£ 1107 |3POW [RLI31RY SANISUSSUE U} PUE $7dd
iim saproanyds 3 Jo Aganoe asepixosad aup aaedwod 01 (z ‘S04 10 VOId
Wilm pajean s) ['pz $aproaaunyds *yf uaym saBueid srjoqeaiu 13313p 03 1pao,

ut (esereydsoyd) Buyadd snioydsoyd pue (ssepixosad pue asepixo jousyd)

uogied jo Ajiande swdzus sy ainseaw o (i %QDNMUN.\.& O

sfesse s Apnys sty £q parensuowap aq [jim Ai1anoe ssepixosad
uy sauey yews pazisayiod4y s1a1 4, $.4d 0 pasodxa aie s)jad usym
UONBULIOS SO 41 BSRIIIU] LR PAAISSO SSIPNIS SNofadsd 251823g YO d
pue SO d Yhim pajeal; saprosatjds *y 1o asereydsoud auijexfe pue pie pue
asepixodad ‘asepixo jouayd jo Liranse spewdzua syy Jurinseals £q passasse
sem lustoqeiaw sejnyed up sadueid adnpuy 0y s34 405 jenuaiod sy
‘(0 1123 d110£185{N3 & 10 §1331J9 SO PUe YO Sunuasaidas
40§ [3pOW {njasn & se PAyNUBP] UBQ seY sIpjo.enpls y seniies
PUE SIHIARISUBS 353L) 0} AN(] ‘(4 Dadd BUYHID O KHANISUSS B)enSUOWAP
JOU 30D 102 VIPLIAIST SERIBM ‘SO PUL YOud WHoq 0} aanisuas (ymo.d aq]
01 UMOYS Ud3q Se1] [T SapIoaaviids "y “y 119 sn0£aexna ayy uy Burindo asowy
31e[mua few WNkzdeg S1Y) Ul paInseaw s10a4)a pue ‘sapioduiyds agovgopofy
©1L12)28d03)0.d-D BUY UIIM UONIBID0SSE A1RUONNIOAD UY JILYS RLIPUOLDOI W
onodieng “urey j1odsues Uo1IB[2 AL SE YINS ‘SUOHILIN [BLPUOYOIL J0
yuawredun yBnomny paonpus aq wes s (., 3Bewep YN pue sueswasw
1193 pue (SOu) satdads uaBAxo aapear jo wononposd 3y uf Bupnsas sy4g
£q paonpuy aq o) pajdadsns s1°ssans asnepixo ‘wsiueydaws [epuaiod o
"POOISIAPUN Apa0od Urewal [343] JR[N[3D AU 1@ §1931J3 L1 B4 134 ‘GOl
10 YOdd 03 21ns0dxa wjim () SLBISAs SUNLALL U g SNOALU /) 3anonpoidad
3L 03 put ‘(¢ L3upny pue 1aa1] 3y} 03 5158552 8I3a pE PuUNoy Ajreiauald w‘,m:r
patiogiad sjuawLadxa sNOJAdI () 3J1IP|Ly PUR SUBLUNY JO SPUBURUEUOD)
snojnbign ate (sD4) spunodwiod payeunionyiad apeu-uew asay ‘o
sdualsisiad awanxa pue sasn afdniniu 111 Jo 1 nsal e Sy () SUEdLIGN] pup
$3u1120D YONSUOU “saatsaype ‘S3eLINS jusjRdal-ureys pue -13jem Burpnput
‘S$190poad 13WNSUO UL 35N 10§ PAINIIBIAULL US3Q JABY JNG JUSKIDITAUD
341 uj £]{2Inieu .m0 10U 0P (SO4) PR dMuoyns sueyoooionysad

pue (Y Odd) PI2B J0uerd0010nj1a SHO.H.NU:NH Q\n.ﬂ :.N

1219000poIN] U0 (SO1d)

POV dTuojng




Developing Rhodobacter sphaeroides as a model for investigating toxicity of perfluorinated chemicals.
DOE — Joint Genome Institute Small Scale Microbial Proposal

DESCRIPTION

We propose to generate draft genome sequences of both wild type and mutant Rhodobacter sphaeroides strains in order to
identify gene products responsible for sensitivity of this organism to the anthropogenic contaminants perfluorinated carbon
compounds. Based on the median total length of previously sequenced strains of R. sphaeroides, the genome sizes will be

approximately 4.6 Mb (median GC% is 68.8%).

JUSTIFICATION

Perfluorinated carbon compounds (PFCs) are very resistant to degradation, and so bioaccumulative. The surface tension-
reducing properties of PFCs have made them useful in a wide variety of commercial applications. Their use has been such that
they are now detectable throughout our industrialized and also natural environments. Though some nations have committed to
reducing PFC production, many applications, including photography and imaging, electronics, metal plating and finishing,
remain exempt. The properties of PFCs are also very well suited for use in proton exchange membrane fuel cells. These
current and developing applications justifies studies to understand their impact and to develop ways to reduce that impact.

While harmful organismal effects (especially animals) resulting from PFC exposure are documented in the literature, the
toxicity mechanisms have not been fully resolved. Descriptions of the adverse impact of PFCs on microorganisms of any sort
are limited. It is our goal to address how these chemicals affect organisms on the cellular and molecular level. We sought to
identify a bacterial model that would provide all the advantages of such microorganisms (e.g. rapid genetic testing, existence as
a single-celled organism which eliminates exogenous components such as sex hormones and so simplifies in vivo exploration
of toxicity mechanisms). Some of the literature suggested that an important intracellular target of PFCs is the mitochondrion,
which predicts that an alphaproteobacterium would be a good choice. Therefore, we investigated the effect of two of the most
prevalent and highly monitored PFCs, PFOA and PFOS on growth of R. sphaeroides, which is regarded as a close free-living
relative of mitochondria. Since PFOA and PFOS have been found in both animals and plants, R sphaeroides is a particularly
useful bacterial model as its ability to grow both chemotrophically in the presence and absence of oxygen, and phototrophically
(anaerobically) make it possible to explore the role of oxygen and light with respect to PFC toxicity. We found that R.
sphaeroides wild type strain 2.4.1 is sensitive to both chemicals but to different degrees, and their impact on growth varies

according to the growth conditions (Figure 1).

To begin to explore the role of oxygen with respect to the inhibition of growth, we analyzed two R. sphaeroides 2.4.1
cytochrome ¢ oxidase mutants in which one or the other of the two terminal oxidases is absent. These are the low oxygen
affinity mitochondrial-like aas-type cytochrome ¢ oxidase and the high oxygen affinity chbs-type cytochrome ¢ oxidase. We
found that cells lacking cbbs-type cytochrome ¢ oxidase are less sensitive to PFCs, but the aa;-type cytochrome ¢ oxidase
mutant does not differ from wild type. This result suggests that one mechanism of PFC toxicity involves the respiratory chain,
which is consistent with reports in the literature that attribute PFOA and PFOS toxicity in part to their action as oxidative stress
inducers. However, this leaves unexplained sensitivity observed under anaerobic-dark or light conditions, which predicts there
are additional targets for PFCs. Toward identifying PFC targets, we have taken two approaches: (1) We evaluated sensitivities
among wild type strains. (2) We isolated spontaneous mutants having diminished sensitivities that arose in populations grown
under different conditions (all are derived from wild type strain 2.4.1). In all, including our cytochrome ¢ oxidase mutants, we
now have a total of 25 R. sphaeroides strains with varying sensitivities to the PFCs. While five wild type strains of R.
sphaeroides, including strain 2.4.1, have previously been sequenced, we propose to resequence them, because it is known that
there is variability in genome content even between different laboratory isolates.

UTILIZATION

A comparison of the draft sequences of the genomes for our set of R. sphaeroides strains with varying sensitivities will enable
us to develop a list of gene product targets of PFC action. The benefits of having this information are (1) the targets can guide
us as to strategies for counteracting the harmful effects of these chemicals, and (2) it will make it feasible to undertake the
development of a bacterial tool for transformation or remediation of PFCs.

Having these R. sphaeroides strains in hand, together with their defined relative sensitivities, genomic sequencing is the most
practical and direct means to develop a list of possible targets for PFC action. The availability of draft genome sequences of
mutants having different sensitivities and also several wild type strains will reinforce each other. Thus, sensitive strains could
have sequences in common, while mutant strains that are less sensitive should point to sequences that are missing or altered in



the more tolerant strains. Because we have mutants that were isolated under different growth conditions, the list of possible
targets can be refined by considering sequence differences within the context of already available transcriptomic and proteomic
data for R. sphaeroides 2.4.1 grown under different conditions (aerobically, anaerobically in the dark, phototrophically). These
targets can then be confirmed using genetic tools available for this organism to achieve gene inactivation and/or

complementation.

Knowing what sequence are responsible for higher tolerances will better position us to develop strategies to effectuate
biotransformation and/or remediation by these or other bacteria. For example, it is important and necessary to know whether
or not tolerance is solely due to an ability to exclude the PFCs from acting on (intracellular) targets, that it comes about
because targets are missing or altered, or that strains are enhanced in their ability to transform the chemicals to less active
species. Each of these points to a different avenue for further investigation toward developing appropriate ways to either
reduce/eliminate harmful effects or to treat them.

The draft genome sequences will significantly expand our preliminary results, and so considerably strengthen a research
proposal to secure funding for additional studies from appropriate agencies (e.g. the Department of Energy and the National
Science Foundation). As was true of the preliminary investigations undertaken to develop a bacterial model, and to identify an
appropriate set of useful strains for sequencing, these additional studies would be performed by the collaborative efforts of two
investigators at two different institutions. Lake Superior State University is geographically isolated, and the smallest publically
funded undergraduate university in the state of Michigan. Bowling Green State University is a research university that
supports undergraduate research experiences, and also grants both Master's and Ph. D. degrees. We aim to provide research
opportunities at our respective host institutions, and thereby enhance recruitment, retention, and graduation of undergraduate
students in multidisciplinary studies encompassing molecular biology, bacterial genetics, biochemistry, metadata analysis,
systems biology, while also supporting research and mentoring training of graduate students. Through our collaboration we
can optimize the use of instruments and other resources available at each institution for present and future studies.

Draft genome sequences of more wild type strains will expand our knowledge of R. sphaeroides genome complexity. This was
the first bacterium in which two chromosomes were identified, and the number and sequence content of the endogenous
plasmids is known to vary considerably. Learning more about the genetic variability among these bacteria will inform studies
of evolution, physiology, gene regulation, and applied research involving this organism.

COMMUNITY INTEREST

While the degree of risk associated with exposure remains uncertain, it is well-established that PFCs are global environmental
contaminants, and the level of concern is sufficient to have prompted both state (including Minnesota, New Jersey, Ohio, and
Washington) and national (Centers for Disease Control) health agencies to implement monitoring programs. Interest by the
broader scientific community is demonstrated by the 230 signatures garnered for the Madrid Statement (A Blum, et al., 2015.
The Madrid statement on poly- and perfluoroalkyl substances (PFASs). Environ Health Perspect 123:A107—-A111), which
expressed concerns about these chemicals, and urged collaboration between scientists, industry, and governments to develop a
better understanding of the consequences of exposure, and to investigate ways to reduce exposure. This would not only
involve curtailing production and environmental release, but also removing them from the environment.

The draft genome sequences to be generated for the strains proposed herein will address both of these issues in the following
ways:

¢ It will provide data that can be used for identification of gene products targeted by PFCs, thereby making it possible to
investigate mechanisms of toxicity. Since R. sphaeroides can use different energy and carbon sources, this list will be
far more comprehensive than could be achieved for Jess metabolically versatile organisms, and also make it possible
to examine the contribution of light and oxygen to PFC toxicity.

o It will provide a guide to ways and means to reduce the persistence of these chemicals in the environment. Since there
is variability among strains of R. sphaeroides, knowing the genetic basis of that variability points the way toward
developing strategies to eliminate these chemicals, or by means of bioconversion, transform them into less persistent
species.

* It will generate a foundational model for testing other species of PFCs.

DOE MISSION

This project addresses the DOE JGI mission in biogeochemistry, as it will generate useable genome sequence information to
learn cellular and molecular targets of ubiquitous anthropogenic environmental contaminants. On the one hand, this will
enable a more complete understanding of their biological impacts and thereby make feasible studies to ameliorate adverse
effects, and on the other hand it will inform us as to how to approach the development of bacterial systems that can be used to



transform or eliminate these pollutants. Certainly implicit in this mission is to improve understanding and contribute to
education of students and the population in general in science, since this will help ensure both support of, and new investigators
for such future studies. The Ranson-Olson and Zeilstra-Ryalls labs have decades of experience working with R. sphaeroides,
the organism of interest here. In addition, through their collaborative efforts they have isolated and characterized the collection
of strains to be sequenced, demonstrating their ability to work together to advance this project. The Zeilstra-Ryalls lab also has
experience in comparative genomics of purple bacteria such as R. sphaeroides, with ongoing projects focused on other useful
characteristics of these organisms that address their application to remediation of wastewaters and to alternative, sustainable

fuel development.

SAMPLE PREPARATION

Since all of the strains to be sequenced are already available, genomic DNA will be available within 1-2 weeks after receiving
notice of acceptance of this proposal. Protocols for preparing high quality DNA of sufficient quantity are well-established in
the Zeilstra-Ryalls lab. Such samples are generated routinely, as they are used for DNA templates in PCR to amplify genomic
sequences for cloning, and to confirm the structure of engineered mutant strains. The samples have also proven suitable for
high-throughput sequencing, as they have been used successfully for other strains of R. sphaeroides, as well as other related

(purple) bacteria.
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