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Cellular Responses and Morphological Changes of RDX-degrading Bacterium, Pseudomonas sp. HK-6
Exposed by Explosive Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX). Chang, Hyo-Won, Hyung-Yeel
Kahng', Chi-Kyung Kim? and Kye-Heon Oh*. Department of Life Science, Soonchunhyang University,
PO.Box 97, Asan, Chung-Nam 336-600, Korea, 'Department of Environmental Fducation, Sunchon National
University, Sunchon, Jeonnam 540-742, Korea, “Department of Microbiology, Chungbuk National University,
Cheongju 361-763, Korea — The cellular responses of RDX-degrading bacterium, Pseudomonas sp. HK-6 to
explosive hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) were examined. Strain HK-6 grown at different RDX
concentrations was found to demonstrate the survival rate in proportional to the rate of the stress shock pro-
teins produced in this bacterium. Analysis of total cellular fatty acid acids showed that lipids 10:0 iso and 14:1
w5c/®5t increased approx three times in strain HK-6 grown on RDX media than TSA media. SDS-PAGE and
Western blot using anti-DnaK and GroEL revealed that several stress shock proteins including 70 kDa DnaK
and 60 kDa GroEL were newly synthesized in strain HK-6 exposed to different RDX concentrations in expo-
nentially growing cultures. 2-D PAGE of soluble protein fractions from the culture of HK-6 exposed to RDX
demonstrated that approximately 300 spots were observed on the silver stained gel ranging from pH 3 to pH
10. As a result, 10 spots were significantly induced and expressed in response to RDX. Scanning electron
microscopy for the cells treated with 0.135 mM RDX for 12 hrs showed the presence of perforations and irreg-

ular rod shapes with wrinkled surfaces.
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Table 1. Physiological and biological characterization of the

strain HK-6 using the BIOLOG analysis system.

Physiological &
biochemical tests

Physiological &
biochemical tests

Water
a-cyclodextrin
Dextrin
Glycogen
Tween 40
Tween 80

N-acetyl-D-galactosamine
N-acetyl-D-glucosamine

Adonitol
L-arabinose
D-arabitol
Cellobiose
i-erythritol
D-fructose
L-fucose
D-galactose
Genitobiose
a-D-glucose
m-Inositol
o-D-lactose
Lactulose
Maltose
D-mannitol
D-mannose
D-melibiose
B-methyl D-glucoside
Psicose
D-raffinose
L-Rhammose
D-Sorbitol

. Sucrose
D-trehalose
Turanose
Xylitol
Methylpyruvate

Mono-methylsuccinate

Acetic acid
Cis-aconitic acid
Citric acid
Formic acid

D-galactonic acid lactone

D-galacturonic acid
D-gluconic acid
D-glucosaminic acid
D-glucuronic acid

«-hydroxybutyric acid

B-hydroxybutyric acid
y-hydroxybutyric acid

I S S R S S S S

+

p-hydroxyphenylacetic acid

Itaconic acid
o-ketobutyric acid
o-ketoglutaric acid
a-ketovaleric acid
D,L-lactic acid
Malonic acid
Propionic acid
Quinic acid
D-saccharic acid
Sebacic acid
Succinic acid
Bromo succinic acid
Succinamic acid
Glucuronamide
Alaninamide
D-alanine
L-alanine
L-alanylglycine
L-asparagine
L-aspartic acid
L-glutamic acid

Glycyl-L-aspartic acid
Glycyl-L-glutamic acid

L-histidine
Hydroxy-L-proline
L-leucine
L-omithine
L-phenylalanine
L-proline
L-pyrogutamic acid
D-serine

L-serine
L-threonine
D,L-camitine
Y-aminobutyric acid
Urocanic acid
Inosine

Uridine
Thymidine
Phenylethlamine
Putrescine
2-aminoethanol
2,3-buthanediol
Glycerol

D,L-a-glycerolphosphate

Glucose-1-phosphate
Glucose-6-phosphate

+ 4+ 4+ T L T T Tk T T T S St E

+ o+
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Fig. 1. Growth of test culture, Pseudomonas sp. HK-6, mea-
sured as optical density at 660 nm (O), and associated with the
degradation of 0.045 mM RDX (@) and pH (H).
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Fig. 2. Survival of Pseudomonas sp. HK-6 after RDX shock.
HK-6 cells were maintained at the concentrations of 0 mM (@),
0.045 (W), 0.09 mM (A), and 0.135 mM (4) RDX, respectively.
At intervals, the numbers of colonies (CFU/ml) were measured.
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Fig. 3. Fatty acids profiles of Pseudomonas sp. HK-6 analyzed
by GC-FID and GC-MS when grown on TSA or RDX. Cells
grown on RDX were used for extraction of total cellular fatty
acids, and the lipids were identified based on the retention of
authentic references.

putida TF7} o-xyleneell =&H F FAAE #4853
o} trans-unsaturated fatty acids’} A EE Elsledc}.

RDX &0 2|8t AEJ A S2{CHHFIof MM

HK-6Z RDX xZol 23 Al Eujo|A] AEqA 24D
Wl A4S RS FRIsP) S5k, gt F59 RDX
o] 2817 A 16417} =EA17] F 289 712 o] 43}
of HEE shfgl &, 11 ASNE Fsl Lowry Hhiell 2js)
whfA S AFale] 60 ug® EFF-S SDS-PAGEES 33}
St L A% g 7HA] FF o] QAE T A
= Ho] IAFHFig. 4). SDS-PAGEE Al&l3t 3 gelo]
FEAs)= i A-E- HybondTM-PVDF membrane® 2. blotting

RDX (mM)

1
kDa M 0 0.0450.09 0.135 0

200»

116
97.4
66 »

A5p

31

(A)

0.045 0.09 0.135 0

Table 2. Stress shock proteins produced in Pseudomonas sp.
HK-6 treated with RDX at different concentrations.

Treatment Stress Production of stress shock proteins
period shock by RDX (mM)
(hrs) proteins 0.045 0.09 0.135

5 DnaK - +/- +/-
GroEL +/~ + +

4 DnaK + + +
GroEL + + +

6 DnaK + + +
GroEL + + +

P DnaK + + +
GroEL + + +

10 DnaK + + +
GroEL + + +

12 DnaK + + +
GroEL + + +

14 DnaK - +/- +
GroEL - +/- +/-

16 DnaK - - +/-
GroEL - - -

+: Production, -:No production

AlA, &A% A 7124 anti-DnaK monoclonal antibody
2} anti-GroEL monoclonal antibodysl] Eo]d 22 ¥kgsl=
SSPs®] HFE- oFAHS A Hi= Western blotS A A slgt}.
Table 2% HK-6°)] k3t =59] RDXE 2A)7F 71 4o =2
2ZA1F S o, Dnake} GroELY] H% of3%-E B3 )
t}. HK-6% 0.09 mM RDXell 247§t 2359 & o
DnaK®} GroELe] FAlol fr=57] Al2tsle] =% 1442k
Folle olF AEdA 54 whiA2 7h4w7] ARl
FEAHIE HK-6= TNTel| o8t A~Eex FAAYS 3}
Fig. 49| A} H.o = ule}l zro] 70 kDa DnaK$} 60 kDa

DnakK GroEL

0.045 0.09 0.135

(B) ©

Fig. 4. Induction of stress shock proteins in Pseudomonas sp. HK-6 treated with different RDX concentrations for 8 hrs. The SSPs
were analyzed by SDS-PAGE (A), and Western blot with anti-DnaK (B), and anti-GroEL (C) monoclonal antibodies, respectively.
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v}(Fig. 5). 2-D PAGE®] geldellA oF 300719 spotse] ¥
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HEE Alo| #AFH

RDX &0 o/2t 2siMTel HEHHS]

&gl §43] a3l Y RDX| 1247H8et =
ZA17] HK-69] o535 W3le A Ee} wlwsle] FA}
AAgn] A o2 Haslgich, HK-69] AAMEQl 252 z#y
T 7S el wiEst A EEEE eEREHFig. 6A).
a2 0.135 mMe] RDXel| 12X)7F g M 25 7
o] ®ofo] ozt B T He|E viy 3, ASH Foe
2w, Fojo] HFeEle 5 AT AESAS Y= Aol #
ZF=9vHFig. 6B). Cho S[5}& #| =14 A2AQl 2,4-Ds}
2,4,5-Toll x2¥ BT Burkholderia cepacia YK-2¢
A MEe e sle} o] BolA FAFE A FA

Isoelectridocusing (IEF)4¢ l

3 » 10NLM 3

[ER T DN BN [N SIAGE
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Fig. 6. Scanning electron micrographs of Pseudomonas sp. HK-
6 treated with RDX. A, untreated cells; B, cells treated with 0.135
mM RDX for 12 hrs.

AR A& B3] HA3H T} Park 51912 biphenyl,
4-chlorobiphenyl, 4-chlorobenzoate 52| H}&k% 3}3}Eof
>Z3 Pseudomonas sp. DI-120|X = HK-6el|l 4 ¢} 7+
ALgE #ate] FAFH T E e} o|23t AAE T
2 3] B 1, o]F IES VAR o] 831 Alaelst &
At AT ool xEHW FHELR 283} Al
o AHAQl RS F T U AE gEn.

E d7F 53l RDX 29#9ellA £2]d RDX 23l
ML U2 RDX| 2E2FHYE 735l A%
oM 7R 2 A3l AR, =0t A3} o1
of miet YEEF} ML FAA ZA el HIAE FFH e
A2 g, kAL 2718 RDX X8t xF7|7k

pH

» 10NL M kDa

20.6

6.6

Fig. 5. 2-D PAGE analysis of stress-induced proteins of Pseudomonas sp. HK-6: control cells (A), and cells treated with 0.135 mM

RDX for 4 hrs (B). Circles indicated RDX-induced proteins.
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