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Engineering polyP metabolism
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PolyP accumulation in HN854 pNSR20
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A pMMB206 based plasmid containing the native PPK under control o a Py, promoter
Pseud HNES4, o

OD of approximately 0.2 in MOPS minimal media under varying phosphate conditons.
Phosphate starved cels were initally fed 0132 mM rather than 1.32 mM Pi. 13.2 mM Pi was
‘added to allcells upon induction w/ 1 mM IPTG. The resulting polyP accumulation was 100
fold higher in induced cells, and approximately twofold higher in phosphate starved cells

uch as giycerol-2-
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phosphate resuted in a further doubling in polyP levels (data not shown).

Polyphosphate degradation in
HN854 pNSR20
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Actinide precip. in HN854 pNSR20
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Cells were filled with polyP as previously stated, washed, and resuspended in a 1 mM uran) L~ membrane.
nitrate solution. Nearly 80% of the uranyl was bound to the cells, resulting in  loading of -
~ favorable to the ion exchange resins currently usex
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pectroscopy was used to identy of the
electron dense precipiate on the membrane. Shown is a line scan along the red line
Hohlghiad by te rsen arow St nthe e scan are count ofcloine (o shaw the
location of the membrane), phosphorous, and uranium. The red dot in the micrograph
Canesponci 10 ocalon o Ine i he scan- he el membyane. The recpiate
analyzed contained stoichiometrc amounts of uranium and phosphorous, suggesting
LO.P:
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Urbydrolysis cells
products

Laser-induced fluorescence spectioscopy was
used to further confim the idenity of the

Times given are time.
after resuspension in 1 mM uranyl itrate.
Shown at the top and bottom are spectra of
uranyl phosphate and the uranyl hydrolysis
products (a mixture of UO,OH and UO,(OH),,
‘among others) at pH 4.5. It appears that the.
uranyl binds the cell intall as uranyl hydroxide
and then is converted to uranyl phosphate as
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Project Goals

« Biologically precipitate aqueous actinides
on Deinococcus radiodurans as phosphate
complexes.

— Engineer accumulation and degradation of
intracellular stores of polyphosphate under
highly radioactive and stressful conditions

— Precipitate uranyl phosphate from uranium
waste on the cell surface in a bioreactor

— Combine bioprecipitation with organic
bioremediation functionality

Precipitation of uranyl phosphate
on the cell wall
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Heavy metals and actinides are signficant contaminants ai many DOE sites and industrial locations
ihe U.S. Mo of these sits contain metals n combination wih organics. Due o the costs assaciate
i oot sk, et taTedairg Caniwa dnens @t w0

and acides to prevent migration. Thare re few reports i the Meratre of organiss capabie of al o
these funcions.

o of ox vtk 1 1 enneer ey el o ceie reclmion i D. rckourans o
eatment of DOE sies contaminated wih heavy metal, actnides. andor organics. Specifcaly. we
opose (1) 1o engineer polyphosphate syrihesis and

using the engineered organisms; and (3) 1o conlim the
funcionalty o the system under high adiation ieids.

wing the previous grant period, we overexpressed polyphosphate kinase in E. co, D. radiodurans,
and P, aeniginosa to enable these orgarisms to_ accumulate figh levels of polyphosphate during
phosphate excess and exopolyphasphatase for polyphosphale deradation and concomtant secreton of

metals fom soluton; . radiodurans was shoan o secrete phosphate under a 40 Gy h radiaton feld an
P

fonizing radiation, we characterized the elfects of grovth growth condivons, and inadiaion
Condiion on 5 uabiy e ound  ige ariaiy n suhvaity epening o aian .t
and medi n acditon,

cultres, as may be expected from knon radiatin effects on [ving cals. These resulls are crucial (o
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Actinide chemistry
and P secretion of
Deinococcus
radiodurans
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L. Mollr et al. PNAS vol. 96, no 23, 1999 2. Mollr et al. Biophys J., vol 77, no. 2, 1995.

Theser: assemmnq hexagonal packed proein Slayer of 0. radiodurans is known o
dislay e (1) negatively.
o cations, immobilizing

mem o e o The
omplexes are typically much less than those of uranyl-phosphates, however, making the.

engheering o1 & wanytphosprate rechaton system, nuciaied on th suriace uany
mplexes, desirable for bioimmobilizatior
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“The pH sorpton curve of Deinococcus-uranyl at 10° M 20,2 is consistent with the pK,,
value of a carboxylate, which is typically 4 ~ 5. Sorption kinetics a pH 4.5 and 10° M uranyl
iicate & quick el bing,fllwe by gralualyincreasing concentation. The paton
and loading capaci ndent of whether he cellis ve, heat kiled, o formaldehyde
fixed, growth phase, and relative biomass concentration,indicating a passive sorption
mechanism in eq uranyl
of uranium with increasing pH, due to the formation of hydroxy, oxy-hydroxy, and carbanato
ecies, as well as quick cel death and 1055 of structural cohesion at pH lowier than 4, mits
the experimental pH range.

Incredible Radiation Resistance

1E+00 4
spof| 12
cien .
§ s
£ L 1:]l
21e0 ERife 1
£ Soa
2ien Z
H \ Zoz
? 1e0s § o
eos Dose (Gy) 02 5
[em0 ey =mwanGy <22 cy v Tv ey
diodurans h High radiation
fels. I an s appcain o vt vesment bescr,Toveer, o el i eve
several types

deermined e elate rdioresiance o vy lon adaion Aa\nha Damc\es and N nuce)
well

IR and Fluorescence Spectroscopy
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Synchotron IR of urany at varying pH
difierence in the spectra other than pH-dependent changes in a weak peak at 1400 cm™. This
peak has several possible assignments, but since the transition s between pH 3.5 and 4.5 the
most fiting s the C-C bond between alphatic and carboxylate “This peak Is also

Phae an iadiaton rate

o addiion of urany at any pH, indicating that this functional group is involved
with urany bindi [ lysis of the

Metabolic engineering and P release

The Crp pRADZ. D. 20
radiodurans — €. col 2
Shutle vector (Weima a0
and Lcstrom, Appl E
Environ, Microbiol. vol | 3150
66, No. 9, 2000) was b /
ransformed by Ei0
Jlaborators with the = D);’/D/
putaive ppk gene under | 50 {g
the control of  native s /‘*
g, time (h)
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AD. radiodurans
Groun unceraclectue condvone. The rtee ot release o ot engmeevedD radiodurans.
and engineered P. aeruginosa increase upon exposure to a ©Co gamma radiation
field, indicating a ine numberof avaial The

D. rates simila under identical conditions;
I P aenuginosa demnirated v colony fonrig s ater 1 o of acan.

Sum Frequency Generation IR

Sum Frequency
Generation Infrared
(SFG-IR) spectroscopy
is an emerging tool for
studying IR -active
functional groups at
areas of broken

inversion symmetry,
such as at surfaces or
phase interfaces.
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SFGIR spectroscopy allows for the study of functional groups belonging to the cell
surface alone, eliminating doubt about the location of uranyl complexes. Preliminary.
studies of D. radiodurans Indicate thal we can obtain usable specira from hycrated
cells; however, the inensity of the SFG-IR signal is proportional to the cube of the bond

energy, Neand
investigating methods to increase the range of obtainable signal.
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