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Legacy and current munitions Insensitive munitions
O OCH,
CH3 )J\ NO,
O,N NO, NO, H—\ —"
: /
A —
© N NO
NO, O=N ° =N NO,
NTO DNAN
TNT RDX NH
)J\ //NDE
Sensitive | Toxicity Property HoN H
TNT Carcinogen * Sorbs to soils Nitroguanidine (NQ)
(before
WWII) * being developed to
RDX Possible e Sorbs poorly to v’ resist external impact,
(after carcinogen soils. friction, heat, or sparks from
WWII) * Acommon GW

unexpected events

contaminant v minimize the acute hazards




Nitroguanidine (NQ)

« colorless, crystalline solid

 melts at 257 °C and decomposes at 254 °C.

NH
* Nitroguanidine is an extremely insensitive but
powerful high explosive. _No;
H,N N
* Other uses: Nitroguanidine (NQ)

As precursors for herbicides

* Acute, and chronic toxicity against mice, aquatic
organisms, and plants

«  Ammonium nitrate as residual (~10%) could be left
during NQ synthesis waste streams

Abiotic NQ degradation:
- photolysis and catalytic reactions
- Reductive degradation by Iron-based minerals

=> more toxic metabolites



Biodegradation of Nitroguanidine (NQ)

Aerobic biodegradaton of NQ by Variovorax strain VC1
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* Only 1 bacterium has been identified and
characterized. Strain VC1 is an aerobic
bacterium capable of using NQ as a sole
nitrogen source
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Enrichment and Isolation of NQ-degraders

Enrichment sources
* Sediments from Galveston Bay, TX
* AFFF-impacted soils from San Antonio, TX
* Biomass from a NQ-degrading membrane bioreactor

N-source: NQ (2 mM)
C-source: glucose (11 mM)

Nitrogen-free mineral salts medium



Growth Curves of 3 NQ-degrading Cultures

NQ as a Sole Nitrogen Source
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|dentification of 3 Isolates

Class

Gammaproteobacteria Pseudomonas TNT11 (JAKNRV010000414.1) @
Pseudomonas fildesensis strain KG01 (NR 170438.1)
Pseudomonas marginalis ICMP 3553 (NR 117821.1)
Pseudomonas kitaguniensis strain MAFF 212408 (NR 179315.1)
'seudomonas petroselini strain MAFF 311094 (NR 179384.1)
Pseudomonas extremaustralis 14-3 (NR 114911.1) Strain NQ5
NQ5 (OQ816031; this study) — .
Pseudomonas TNT19 (JAKNIgVO10000076.1). Pseudomonas extremaustralis
Pseudomonas TNT3 (WFGV02000115.1) @
Pseudomonas fluorescens strain 1-C (EF219420.2) @ ), aucic
Pseudomonas putida KT2440 (AE015451.2) @
Pseudomonas plecoglossicida strain HK-6 (JX841311.1) @@
Pseudomonas putida strain 11-B (EF219419.2) @), .uee)
—Buttiauxella sp. $19-1 (HQ662633.1) @
Enterobacter cloacae strain ATCC 43560 (EF219421.2) @

Lﬁ:Raoulfe.‘la planticola TNT (JHQH01000001.1) @

Citrobacter sp. YC4 (KP096397.1) @
Stenotrophomonas sp. SG1 (JAMXIN010000045.1) @
Betaproteobacteria Achromobacter sp. BC09 (KP096396.1) @
Variovorax paradoxus strain VC1 (JQ692086.1) ()@ 4— -—— -

Agrobacterium sp. JS71 (AY174112.1) @
—EMethylobacterium sp. BJ0O1 (AY251818.2) @@ ()
Methylosinus trichosporium OB3b (NR 044947.1) @)

Actinomycetia ———————Nocardioides sp. JS1661 (KM026539.1) @

Pseudarthrobacter chlorophenolicus strain S5-TSA-26 (MK026785.1) @
Pseudarthrobacter chlorophenolicus strain A6 (NR 074518.1)
Pseudarthrobacter equi strain IMMIB L-1606 (NR 117032.1)
Pseudarthrobacter phenanthrenivorans Sphe3 (NR 074770.2)
Pseudarthrobacter siccitolerans strain 4J27 (NR 108849.1)

NQ4 (0Q816030; this study) @ _

Pseudarthrobacter defluvii strain 4C1-a (NR 042573.1) degrad ablﬁ IMS
Pseudarthrobacter niigatensis strain LC4 (NR 041400.1) . TNT

NQ7 (0Q816032; this study) @

Alphaproteobacteria

Pseudarthrobacter enclensis strain NIO-1008 (NR 134699.1) O THNP
Williamsia sp. KTR4 (DQ068382.1) @ .
Gordonia sp. KTR9 (DQ068383.1) @) Strains NQ4 and NQ7 . RDX

Rhodococcus rhodochrous strain 11Y (AF439261.1) @ PseUdoarthrObaCter spp-
Rhodococcus sp. YH1 (AF103733.1) @

) HMX

90%

; :TO‘V: Rhodococcus sp. NJUST16 (EF635425.1) ()

0>50% Rhodococcus opacus HL PM-1 (AF435009.1) () . DMAN
Rhodococcus sp. PN1 (AB044557.1) (0)
Rhodococcus sp. D22 (X89240.1) @ O NTO

i . .
0.05 Rhodococcus erythropolis strain HS15 (AY168593.1) @ . CL-20
hodococcus erythropolis strain HS18 (AY168596.1) @

Rhodococcus erythropolis strain HS17 (AY168595.1) @ O FOX-12

Rhodococcus erythropolis strain HS16 (AY168594.1) @
Methanomicrobia Methanosarcina barkeri strain DSM 800" (NR 025303.1) . NG




Is strain NQ5 salt tolerant?

Positive

control

No Nacl NaCl NaCl NacCl NacCl NacCl NacCl
0 Na 0.5% 1% 2% 5% 10 % 15 %

Growth < <+ . <+ - - -

Positive control: strain NQ5 in N-free MSM + 0.2% glucose+ 2mM NQ

=> Strain NQ5 has a potential to treat NQ in saline wastewater



Can isolates grow on different N sources?

Growth on inorganic nitrogen and NQ analogs

As N-source Chemical structure NQ.4 N.Q7 e
(soil) (sediment)  (MBR) * NQ5 can degrades
v" Nitroguandien
Nitroguanidine e . 1
(NQ) HZN)J\ﬁ/NOZ + + e v' Guanidine
a— v" Guanylurea
Ammonium H—I:\I—H ++ ++ ++ v Ethyl allophate
H
O //O_
Nitrate N ++ ++ ++
O
Nitrite oo ++ ++ - - N.Q.5 can’t use
nitrite.
o
Urea HzN)J\NHZ ++ ++ ++
NH
Guanidine HzN)J\NHZ + + ++
NH O
Guanylurea A )J\H )J\NHE = - +
0 0 ° . ’
Biuret T ) : } ] * Biuretcan'tbe used
HN" N°  NA, by all three isolates.
0O 0
Ethyl allophanate He /\O)J\H)J\NHZ - - ++




Do different nitrogen sources affect NQ

degradation by strain NQS?




Effects of NH,” on NQ degradation

NQ-grown Strain NQ5

1.6

14 -

-

~~~~~~~~~~~~ Control

A more rapid growth after
a pause due to NH,*
addition.

OD600

0.6

0.4

0.2

NH,* added

0 10 20 30 40
Hour



NQ (mg/L)

Effects of NH,” on NQ degradation
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When NH,* was spiked at hour 12, strain NQ5 continued degrading NQ until
it was depleted. However, no cell growth was observed during shortly after
NH,* addition.

No NO;~ was not detected.



Effects of NO;~ on NQ degradation
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Effects of NO;~ on NQ degradation
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Can NQ be degraded by NH,"-grown strain NQS ?

OD600

NH3 (mg/L)
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Can NQ be degraded by NO;™ -grown strain NQS ?

Nitrate-grown strain NQ5
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Take Home Messages

* Three NQ-utilizing bacteria, strains NQ4, NQ5, and
NQ7, were isolated from soil, an aerobic MBR, and
marine sediment, respectively. All three strains can
utilize NQ as a sole nitrogen source.

« Strain NQ5
- exhibited a 4-fold faster NQ degradation compared

to that of the only known NQ degrader (Variovorax
strain VC1),

- can tolerate up to 2% NacCl.
- can utilize guanidine, guanylurea, and ethyl
allophanate, but not nitrite as N source

* NQ degradation was not inhibited by the presence of
nitrate, but ammonium.



Future Works

* |dentification of functional genes in the
involving in NQ degradation in strains NQ4, 5,

and 7.

XenA and XenB genes in NQ5
XenA (CDS 87.49% similarity with Psuedomonas putida XenA)

XenB (CDS 84.25% similarity with Psuedomonas putida XenB)

* Assess cometabolic degradation of other types
of IMs by strain NQ5

» Assess feasibility of bioaugmentation with NQ-
degraders for enhanced NQ removal.
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