Evaluation of Escherichia coli Utilizing Sarin as a Sole
Phosphorus Source

Jennifer A. Gibbons'?, Trevor Glaros!, Paul Demond?!?, Steve Harvey?!, Calvin Chue?
lEdgewood Chemical Biological Center, Aberdeen Proving Ground, MD, 2Excet, Inc., Springfield, VA

Y RDECOM

Introduction Figure 2 Figure 4

Destruction of chemical agent stockpiles was a concern in the recent past. One R 8 — T TR —
method proposed by Lawrence Berkeley National Laboratory (LBNL) is the biological 25 T T EE 16 P~ s — et i
destruction of chemical nerve agents. These organisms would use agents as carbon - / Of;; : o — — 5 14 N — |,

or phosphate sources. Multiple enzyme classes have been discovered that can g aoe = \“:\ 105 = 105
detoxify organophosphates by hydrolysis, such as phosphotriesterases (also termed 0: i 88:: \"’\ﬁ os§ 88:: o.8§
organophosphorus hydrolases) and organophosphorus acid anhydrolases (1). '0 . o—— a2 2 e = e [ TTT" e 2 - 06 2
Although these enzymes have been recombinantly engineered for increased BB R BB Growth rates of LBNL recombinant E. coli 04 1 04 04 04
effectiveness against chemical nerve agents, the resulting metabolites will remain —e—swanz0pes  —e—swanzomea —e—swnzonors| StrAiNs. Panel A, strain 20 (experimental; circles) 02 — l o 02 — B | -
unless further metabolized by other means. Therefore, an ideal decontamination - and strain 21 (negative control; squares) were =2 =B = = = D= B o B o
scheme would involve the total degradation of chemical nerve agents into common ° :: — grown on normal EZ Rich medium (purple), EZ SO A — NI

small molecules in the environment. Similar efforts have been published in the past, o 7 L Rich medium with IMPA (blue), or EZ Rich IMPA is degraded during microbial growth. Media clarified by centrifugation
such as activated sludge using sarin as a sole carbon source (2), Escherichia coli g / medium lacking phosphate (red). Inset, close-up was sampled at each timepoint, and diluted 1:100 in 1:1 water:methanol.
using the pesticide paraoxon as a sole phosphate source (3), and Pseudomonas 04 of IMPA and no phosphate growth curves. Panel Samples were filtered, dried down, and resuspended in 88% acetonitrile and
putida using paraoxon as a sole carbon and phosphorus source (4). The P. putida e 4/ ——= | B figure received by LBNL of their E. coli strains 0.12M ammonium fluoride (6) for mass spec analysis of IMPA metabolism. If
effort synthetically engineered a recombinant bacterial strain by adding a "o i e days‘;’ . 5| With an empty vectc?r, phosphodiesterase IMPA is metabolized, IMPA concentration decreases as microbial growth
phosphodiesterase from Delftia acidovorans, a bacterial species capable of using *EL“é’s‘Zhodieste;ase expression, or phosphodiesterase and C-P lyase (OD,) increases. Panel A, BL21-1 growth. Panel B, BL21-2 growth.

some organophosphates as sole phosphate sources (5), and a phosphotriesterase ~=~Phosphodiestorass + £ Fljase expression grown in EZ Rich medium with ethyi

from Flavobacterium sp. strain ATCC 27551. LBNL proposed to test this method with methyl phosphonate as a phosphorus source. (D. Liu and A. Mukhopadhyay, .

recombinant E. coli, attempting to design a strain that could utilize sarin (GB) as a personal communication) COnCIUS|OnS

sole carbon and phosphorus source. ECBC was requested to evaluate the resulting > LBNL bi t ol id ffacti ith
recompinant piasmias are more erreciive wiin a

strain(s) for use of sarin as a phosphate source. F' 3
o |g re "phase-on" E. coli strain.
Flgure 1 A *° _ B ** iy i ottty oot
A phosphorus Metabolism N / __ 5 / » LBNL plasmids allow a recombinant E. coli strain to
C-P - | / | o .
oL on, Mase . o b on 4 o utilize sarin as a phosphorus source
MPn ° g™ / g
H3C\CH-O—(|P?—CH3 _bte | Hac\c:H-O—|C|:>|)_(;,_|3 _pdeA | + S 1.0 f/f‘y : 1.0
HaC " é HoC IMP;':H Carbon Metabolism fj}’ ' ° °
arin OH o =
1 e, § . adiona Future Directions
metabolism
Isopropanol Acetone 0.0 e — . o o . .
s 2 asm 7n sen  1o0m T S— » Optimization of PdeA expression could enhance sarin
={==BL21 1+4 pos -$=B121 1+4 IMPA =®-=BL21 1+4 no PO4 s 15557 00 iR TR b iR e °
~#i=BL1212+4 pos  =fl=BL212+4 IMPA =i=BL21 2+4 no PO4 ;;Bm_zzos —8—B121-2 IMPA ;§33u1_2n0p04 degradatlon-
wofe=B121 3+4 pOS  ==he=BL21 3+4 IVIPA ==BL21 3+4 no PO4 e B121-3 pos =#=B121-3IMPA  ===BI121-3 no PO4
Lacuvs € Strain oD » Other chemical nerve agents could be tested with this
600
o o recombinant system.
(9596 bp) e oo BL21'1 (PdEA & PtE) 1-67 i 0.14 y
BL21-2 (PdeA H191A & Pte) 0.12 £ 0.02
e BL21-3 PdeA Apte 1.73 £ 0.11 Refe rences
Growth rates of LBNL plasmids in BL21 T7 Express background. Panel A, BL21 1. Theriot CM, Grunden AM. 2011. Appl Microbiol Biotechnol 89: 35-43.
Proposed sarin degradation by recombinant E. coli. Panel A, proposed sarin T7 Express strains expressing both pBbB2k and pBbA5a. Panel B, BL21 T7 2. Harvey SP, Carey LF, Haley MV, Bossle PC, Gillitt ND, Bunton CA. 2003. Bioremediation
metabolism pathway for carbon and phosphorus mineralization. Abbreviations: Express strains expressing only pBbA5a versions. Blue lines, growth in Joumal, 7: 179-85. | | | o
pte  (phosphotriesterase), pdeA (phosphodiesterase), pfadh (alcohol complete EZ Rich medium; brown lines, growth in EZ Rich medium with IIMPA Z' Zﬂcrosghl'”MSY;tjadfs&”TC'hL'“J\é\llé?_:"s D#‘ i004|..Apﬂo[/)Eg(\)/ggnAM/clrgb/c_)l 70/:\4404-;'2.1 .
dehydrogenase). IMPA (isopropylmethylphosphonic acid), MPn as a phosphorus source, and green lines, growth in EZ Rich medium lacking a ' 6292_78;; attbzzl v, Tenard Sk, fong 1, Reasiing L. + APPEERVIFOR IHLTOBION 7.2
(methylphosphonic acid)..Pane/ B, o.verexpr.e§s.ion pIasmid. for endogenous phnG- phosphorus source. Circles, strains expressing pdeA and pte; squares, strains 5. Tehara SK, Keasling JD. 2003. App! Environ Microbiol 69: 504-8.
M. Panel C, overexpression plasmid for initial metabolism steps and part of expressing pdeA H191A and pte; triangles, strains expressing pdeA and no pte. 6. Noort D, Hulst AG, Platenburg DH, Polhuijs M, Benschop HP. 1998. Arch Toxicol 72: 671-
carbon metabolism (three versions). Strain 1 (above), strain 2 expresses Results shown in triplicate. Panel C, Results were similar when strains were 5.
catalytically dead pdeA (H191A), and strain 3 does not express pte. grown in sarin (Triplicate OD, results shown for 36 hour growth).

Approved for Public Release WARFIGHTER FOCUSED.



