- ".r‘_i‘ “ .-'-' : : v
' q‘ K. Q it Tl o - e
' ™ o L s ‘”.'
e

Joel A Pedersen 43 | _
DEANIENLE,0 SOI| SC|ence and ‘Civil and Enwronﬂmntal Engi lenl' j ol
= ""mental Chemlstry and Technology Prograrq\‘ j T
VGJEcular and Enwronmental Tomc:elegy Center N |




Lt
v i N )
r o
“ Aes
o W

o
.-‘.1,10




Distribution of Chronic Wasting Disease
in North America
[ CWD in free-ranging populations

Known distribution prior to 2000
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Mule Deer Survival and Pepulations

lirends at Table Mesa, CO

1.0 Black diamonds = estimated population size
700 Gray diamonds = mean daily counts
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Estimated average life expectancy Survival rates consistent with 45%

Uninfected deer: additional 5.2 y decline in mule deer population since

Infected deer: additional 1.6 y occurrence of CWD.
Miller et al. PLoS ONE 2008, 3, e4019




Prusmer 1998

Common Features

Spengdiform: degeneration
Tiransmissible

Accumulation off disease-
associated! prion proetein

long IncUbation period):
extended! preclinicali stage

NG host ImmMUNE; rESPoRSE
INOICUKE
Inevitably: fiatal

Extreme resistance to
Inactivation




Watts et al. (2006) PLoS Pathogens

PrPS —normal, benign, PrPISE(PrPsC) — misfolded

cell-surface protein ISoform! off prien pretein
a 30-33 kDDa s Co-purifies with' infectivity
sialoglycopriotein = Major, if not sole,

s Function unclear component of TSE agents



Persistence of PrPIsE

Resjstant tor UV, ienizing and microwave

radiati

O

Resistant to most chemicals that inactivate

other
= Alco

Datnogens
16, ammonia, Benzene, [b-propielactone,

ethy,

ene oxide; formaldenhyde, formalin,

gluteradenhyde; FHEl, 150, peroxyacetic acid
Res|stant torlimited pretease; digestion

IHeat treatment

s Boiling has little efifect

s Auteclaving at 121-1368°C net always sterilizing

s 1-hiexposure at 360°C or 15-min exposure; at 600°C

may.

leave, residual infectivity:

Taylor. Vet. J. 2000, 159, 10-17



Horizontal and Environmental
Transmission

Unlike; most: prion diSEases, Scrapie
and CWDrare communicable within
al population

Animals can contract scrapie or

CWDrrellowing habitation! In: areas
once holding infected animals

An environmentall resenvoir off INfectivity,
affects contact rate, duration of
Infectivity, andl efficiency, off transmission

Arthroepod vectors (fileshi flies, hay.
mites) have been postulated, but
appear unlikely

—_— A




Environmental Transmission Experiments

mule deer

exposure

Infected deer

CWD cases

Infected carcass

decomposed in situ
1.8 y prior

> 2/10

residual excreta

infected deer
2.2y earlier

> 3/12

> 1/9
Unexposed controls: 0/4

Miller et al. Emerg. Infect. Dis. 2004, 10, 1003-1006



Soll as an Environmental Reservoir of
Prion Infectivity

Prions introduced! into seils via
decomposition Off Carcasses,
alimentary, shedding and: Urinary,
excretion [Mathiason etal. (2006) &
Science; Gregori et al. (2008) E_/'D] AR O
Animals ingest soil

= Incidental — fieeding, greeming

= Deliberate— mineralflicks, scrapes:
[Weeks and Kirkpatrick (1976) J W//d/
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Prion; Infectivity: persists, for years 3
soil when buried — impacts — & ;’ RS o
duration of infectivity [Brown and % * \ ieSnT 8
Gajdusek (1991)) Lancet ; Seidel et al. ' BN , i

(2007) PLoS ONE]
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Prions Adhere to Soil Minerals
and Remain Infectious
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Montmorillonite (Mte) Kaolinite (Kte)

Quartz Sand
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PrPTSE Attachment to Mineral Particles

A Fine Quartz
Mte Sand I Microparticles Kte
| | | I | |
kDa 5 T SO S5 S
w o unoa v o w o
40.1 =
31.9—

Sup = supernatant (free PrPTSE)

— i i - TSE
Pel pe”et (mmeral partlde bound PrP ) Johnson et al. PLoS Pathogens 2006, 2(4), 296-302.



Strength of PrPTSE Attachment to Mte

(Tp] = i

N W —
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1° 2° 1° 2° 3 Extraction
40.1 =
31.9 =

Swo 5 o Sw cw
F 68 Z 0 20 ©? o
2 0IMD 1m D 0 2w O w
kDa 2 | | = ) i — _
a 1° 2° 1° 2°Extraction o 1° 2° 1° 2° Extraction
40.1 = 40.1 =—
319 = 31.9 =

1° = primary extractant
2° = secondary extractant (SDS)

Johnson et al. PLoS Pathogens 2006, 2(4), 296-302.



Table 2. Prions Adsorbed to Montmorillonite Clay Retain

Infectivity

Inoculum Positive Animals/ Onset of Clinical
Total Animals Symptoms (dpi)”

None 0/8 >200°

Mte (no PrP>9) 0/8 >200°

Mte-PrP>¢ complex 10/10¢ 93 + 4¢

Mock supernatant® (no Mte) 8/8 103 + ¢

Mock pellet® (no Mte) 8/8 178 & 21°

“Mean dpi * SD to the onset of clinical symptoms of TSE infection.

Johnson et al. PLoS Pathogens 2006, 2(4), 296-302.
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Oral Transmissibility of Prion Disease
Is Enhanced by Binding to Soil Particles
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Equivalence fiactor:
Mie Increases transmission by a facter of 680
(95% CI: 16, )

Johnson et al. PLoS Pathogens 2007, 3(7), 874-881.




PrPSE Transport through Soils

20kD ———

Bluestem sandy clay loam

Posit e Ciorvtnoil s
0=

Each section ~ 3 mm

Jacobson et al. Environ.

Sci. Technol. 2009, 43, (accepted)



PrP'>E Jiransport through Municipal

1.0x 10*

Concentration at effluent (g mL ")

h .
= (=]
b =
- -
o =

Solid Waste

8.0x 10"

6.0x 10"

Fresh MSW

Concentration at effluent (g rnL"]

Aged MSW

son et al. Environ. Sci. Technol. 2009, 43, (accepted)



Conclusions

PrPISENpteraction with mentmorilloniteis
fEmarkably: avid

PrPISE-Mie complexes remain infectious and
enhance disease; transmission

Prioni transpoert appears limited 1R fine grained
minerall seils, but mobility:in MSYV higher

While; recovery off PrP SE declines withr time in
dEeropic seils, Infectivity: remains
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Spongiferm; Degeneration
(Obex region of brainstem)

healthy tissue CWD-infected tissue

PrPTSE immunostained red, counterstained blue
Image courtesy of Chad Johnson



Reported Cases ofi BSE

40,000 —————

35,000 W BSE UK o

B BSE non-UK 7
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Aguzzi et al. (2008) Annu. Rev. Neurosci.



Reported Cases of VCID

M Cases UK vCJD cases | vCJD cases | vCJD (blood
M Cases France (still alive) | transfusion)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
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Aguzzi et al. (2008) Annu. Rev. Neurosci.



Potential Routes ofi Prion Introeduction
Inte WAV Iireatment Systems

lleachate;firomilandfillsiaccepting prion-infected
materials

s Unlikely’if*encasediin fine-textured! soil

Improper: discharge: inte W\ collection systems
s Necropsy labs, game processors, game dressing

Shedding| by €I patients
s Unlikely to be significant

Disposall of dewner animals in agricultural
digesters

PrionSs have not Beenr detectea in VWANAP
IRFAUENt, Effilient oK biesolids



PrPISE Partitions to Activated
Sludge Solids

Activated BH
Sludge (No Sludge)
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Hinckley et al. Environ. Sci. Technol. 2008, 42, 5254-5259




Mesophilic (37°C) Anaerobic
Digestion off PrPI>E

supernatant
removed

1000 pl activated 933 plL anaerobic
sludge supernatant digester sludge

7-h mixing at 20 rpm incubation at 37°C for 0,10,20d analysis by
+ +
gravity settling 67 pL settled extraction with 1% SDS
150 pL 10% infected (10 min.) activated sludge
brain homogenate solids containing
PrPT=

immunoblot

Hinckley et al. Environ. Sci. Technol. 2008, 42, 5254-5259



PrPUSE Survives Simulated Mesophilic
(37°C) Anaerobic Sludge; Digestion

Untreated Autoclaved vy-Irradiated

Sludge Sludge Sludge
10 20 0 10 20 O 10 20 Day

Protease
Untreated NaN3 Inhibited

kD3 Sludge Sludge Sludge
0 10 20 0 10 20 0 10 20 Day

3/.0—

Hinckley et al. Environ. Sci. Technol. 2008, 42, 5254-5259




Transformation of PrPISE in Soil

MICroeKa@anisms
5 ENZYMES|— proteases;, phenoloxidases
s Biogenic exidants

Soil macrebiota

Solid-phase; oxidants
s Manganese oxide minerals



_/'n V/I."/‘O Blomlmetlc -OH Production

Hydoxyguinenes

Lignelviic Eungi /\

P 5-5 Fe2+ Fes*

preduce HO5 & \/
Ay drexyguinenes /\

[H,0,] =50-300 yM 1 o =

Brown Ret Eungus Gleeophyllum
trabeum (courtesy of Ken Hammel)

Mimics, extracellular'chemistry: off lignolytic fiungi to produce
environmentally relevant -:OH concentrations, (Metz et al., in

Feview)

¢ 200 UMIH505, 20 uMf Eezt, 20 uM methoxyguinene, pHi4
e anoXxic conditions, dark, 16-18'hireaction time

Environmentally relevant -OH levels induced no change in

PrPTSE |evels
Metz et al. Environ. Sci. Technol. (in review)



Manganese Oxides

Coatings and fine-grained aggregates in soils and
sediments

Birnessite amongl most common M oXIdes in soils

[Layer type Mn:'"' oxides
Formed from bacterial oxidation: off Mnt

Important infseilsiwith alternating reducing and exidizing
conditions

Seasonally: waterloggeadi areas,

areas with reduced drainage

IHowever, many: well-drained! sojls
contain MnO; duge to) previous
Wet conditions

Among| strongest natural oxidants
iniseils (5,2 = +1.29'V)

Mediates transformation of a
variety off organic contaminants



Transformation of PrP>E by Acid Birnessite

MnO, (mg/mL)

0 0.75 1.25 250 3.75 5.00 |
MnO, (3.8 mg/mL)

50 60 7.0 80 pH

MnO, (mg/mL) MnO, (mg/mL)
5.6 2.6 : 5.6 2.6

IB: Full-length polyclonal

Russo et al. (2008) J. Gen. Virol.



PMCA Quantification of: PrP'>t Degradation

E& Prp't +
A PrpSE MnO, (5.6 mg/mL)
o a2 and amd At anZ AnD and il
= 10 107107 107 10 10710~ 10" Dilution Factor
kDa
26 = 120 PMCA cycles
19

IB: 3F4

MnO, reduced prion converting levels by more than a factor of 104

Russo et al. (2008) J. Gen. Virol.
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