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Characterization of Nitroreductase Purified from TNT-degrading Bacterium, Pseudomonas sp. HK-6.
Ho, Eun-Mi, Hyung-Yeel Kahng', and Kye-Heon Oh*. Department of Life Science, Soonchunhyang Univer-
sity, PO.Box 97, Asan, Chung-Nam 336-600 Korea, ' Department of Environmental Education, Sunchon National
University, Sunchon, Jeonnam 540-742, Korea — In this study nitroreductase from Pseudomonas sp. HK-6 capable
of degrading 2,4,6-trinitrotoluene (TNT) was characterized. Through a series of purification process including
ammonium sulfate precipitation, DEAE-sepharose, and Q-sepharose, three different fractions I, II, and I having
the enzyme activity of NTRs whose molecular weights were approximately 27 kDa were detected in fractions from
HK-6 cells. Specific activity of the three fractions were approximately 4.85 unit/mg, 5.47 unit/mg, and 5.01 unit/
myg, and concentrated to 9.0-, 10.1-, and 9.3-fold compared to crude extract, respectively. The optimal pH and tem-
perature for the three NTR fractions were approximately 7.5 and 30°C, respectively. Metal ions, Ag*, Cu?*, Hg**
inhibited approximately 70% of enzymes activities of all NTR, while Fe?* did not stimulate or inhibit the activities.
Monitoring the effect of chemicals on the enzyme activity revealed that those NTR fractions lost enzyme activity in
presence of B-mercaptoethanol, but were a little influenced by dithiothreitol, EDTA and NaCl. The three NTR frac-

tions demonstrated enzyme activities for nitrobenzene and RDX as well as TNT.
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Fig. 1. Cell growth of Pseudomonas sp. HK-6 in TNT. &,
assayed specific activity of nitroreductase; <, optical density at
660 nm; W, pH.
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Fig. 2. A; DEAE-sepharose chromatograpy. Protein was eluted with a 0~1 M gradient of NaCl. Arrows indicate the position of dis-
tinct fractions of activity. B; Q-sepharose chromatography. Protein was eluted with a 0~1 M gradient of NaCl. Arrows indicate the

position of distinct fractions of activity.

Table 1. Purification of nitroreductase fractions I, I, and purified from Pseudomonas sp. HK-6 [(A) fraction I, (B) fraction II, and (C)

Tracton III].
{A) fraction 1

. . vol Total protein Total activity Specific activity =~ Recovery of activity ~ Purification
Purification step (ml) (mg) (Ua) (unit/mg) (%) factor
Crude extract 30 21.3 11.5 0.54 100 1
Ammonium 23 13.34 10.53 0.79 91.6 1.5
DEAE-sepharose 7 2.66 6.3 226 54.8 42
Q-sepharose 3 0.57 2.76 4.85 24 9.0
(B) fraction II

. . vol Total protein Total activity Specific activity  Recovery of activity  Purification
Purification step (ml) (mg) (Ua) (unit/mg) (%) factor
Crude extract 30 21.3 11.5 0.54 100 1
Ammonium sulfate 23 13.34 10.53 0.79 91.6 1.5
DEAE-sepharose 7 2.78 8.0 2.86 69.57 5.6
Q-sepharose 3 0.63 3.44 5.47 30 10.1
(C) fraction Il

e vol Total protein Total activity Specific activity ~ Recovery of activity ~ Purification
Purification step (ml) (mg) (Ua) (unit/mg) (%) factor
Crude extract 30 21.3 11.5 0.54 100 1
Ammonium sulfate 23 13.34 10.53 0.79 91.6 1.5
DEAE-sepharose 7 245 7.02 2.55 614 53
Q-sepharose 3 0.45 2.25 5.01 20 9.3
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Fig. 3. SDS-PAGE of purification procedure nitroreductase
fractions I, II, and III purified from Pseudomonas sp. HK-6.
M: molecular size marker, A: crude cell extract, B: 40~60% satu-
rated crude cell extract with ammonium sulfate, C: eluted nitrore-
ductase fraction I from Q-sepharose, D: eluted nitroreductase
fraction II from Q-sepharose, E: eluted nitroreductase fraction III
from Q-sepharose chromatography.
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typhimuriumel] A £2]%¥l NTR] =7]&= 9F 24 kDa2l 71
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Fig. 4. Effect of temperature on the activity of nitroreductase fractions I, 11, and III purified from Pseudomonas sp. HK-6. The rel-
ative activity was calculated as the activity at 30°C was 100%. [(A) fraction I, (B) fraction IL, (C) fraction III]



CHARACTERIZATION AND QUTBREAK PATTERN OF ISOLATED INFLUENZAVIRUS IN BUSAN, 2000-2002 YEARS 235

I pH 6.0014llA] BAe] #Ade] vehtr] Ajsbale] Ha
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OFiME FAe] o] Eol=i= Ao E WY F5
o]- -2 FAo] A9l Ag3le] 1 S FIH I
v 7ran7)ed, B3] Agte whiiale] siAksl)e A¥st
of EA] FAJo] ke T Ao A=A glen, &4
] H-9)o)| 3-8 TFEP= cysteineo] F23F IS =
AL Z ZAREAL, w8 BAe] FAFH e HE F3ee
FhE T4 o] Feto] A7| Al E4o] o] ke A
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Fig. 6. Effect of several metal ions on the activity of nitrore-
ductase fraction I, I, and III purified from Pseudomonas sp.
HK-6. The final concentration of each metal ion was 0.1 mM.
The height of each bar represents the mean value of three
independent experiments.
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Fig. 5. Effect of pH on the activity of nitroreductase fractions I, II, and III purified from Pseudomonas sp. HK-6. The relative activ-
ity was calculated as the activity at pH 7.5 was 100%. [(A) fraction 1, (B) fraction I, (C) fraction III]
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o= golHgo7]. B dFAE Ag} HK-62] NTRS]
BAE A7 ALR Hel 84 FA F9lo IS =
e opr|ixAle] EAlsl= AR Aakslh

NTR 240 0|xl= ISR 52

5 HK-69] NTR £~ 4ol o3t JAIEd S A}
7] $sle] A8 A3} NTR fraction -2 dithiothreitol,
EDTA, 78] 3L NaClell &JsiA 22} 60.2%, 44.0%, 35.2%
Z A== Aoz et o), B-mercaptoethanol?] 37}
Aol EA0) Fhde] B A=l e E vehdel NTR
fraction Il W8t ZA A= dithiothreitol, EDTA, 18|31
NaClel] &siA] ZH2} 68.2%, 39.8%, 36.7%=2 3= 7
22 vepdort, 9] B-mercaptoethanol®] A7} Alollx= &
4] o] B JA|EE= Z1& #elElsith NTR fraction
III*= dithiothreitol, EDTA, L8] I NaCle]l 2|sjA] z+z}
53.1%, 42.6%, 37.8%= As|=%21}, B-mercaptoethanolS
A7} Aol 4] BAo] HAIEE AR vehdeh(Table
2). AuFH 22 B-mercaptoethanol} EDTAY SHIA|Z AL
o] NTR¥ Z& 849 348 A= THe2 A
7}=)=1), Somerville $[1412 ¢]5°) &4 Wel 5mM ©)
3le] A =R EAs =d 238 S AT A
22 Folalgint. wepr, E d7olMs B ks 899
2% Fulo 1 mMe 557} I =% B-mercaptoethanol}
EDTAS #7}slsd7] Wl Fell NTRY A4S AsfA)z) 7o
2 gggo}

NTRe! 7|& So|4

TNTS} 2 FAHZS 71Z- 2 8ted NTR fractions I, I, L
2l o] 713 SelAd& AT dF HK-60l1A4 -2
3} NTR fraction 12 TNT, nitrobenzene, 22| 3 hexahydro-
1,3,5-trinitro-1,3,5-triazine (RDX)°ll WA= 2+ 100%,
82.5%, 1Bl 74.2%=2 BAde] vlwA FA vepdort 2,6-
dinitrotoluene (2,6-DNT)3} 2 4-dinitrotoluene (2,4-DNT)el|
M 424%9 15.6%% F F4E Jehl sl NTR
fraction 119] 7] B-o] Aol dsle] 2AISE H 3 TNT,

Table 2. Effect of specific inhibitors on the activity of nitrore-
ductase fractions 1, I, and III purified from Pseudomonas sp.
HK-6.

Relative activity (%)

o Concentration -
Inhibitors Fraction Fraction Fraction
(mM)

1 1I I

None 0 100 100 100

Dithiothreitol 1 60.2 68.2 53.1

EDTA 1 44.0 39.8 42.6

NaCl 1 352 36.7 37.8
B-mercaptoethanol 1 0 2.8 0

Table 3. Substrate specificities of nitroreductase fractions I, 1I,
and III purified from Pseudomonas sp. HK-6.

Relative activity (%)

Concentration
Substrates (mM) Fraction Fraction Fraction
I II II1
TNT 0.1 100 100 100
Nitrobenzene 0.1 82.5 89.1 7.7
RDX 0.1 74.2 81.2 76.8
2,6-DNT 0.1 42.4 40.4 41.2
2,4-DNT 0.1 15.6 17.3 14.4

nitrobenzene, RDXo A= ZH 100%, 89.1%, 81.2%% &+
A& el on 26-DNT9} 2,4-DNTolA = 40.4%9) 17.3
%2 #FA-S el glt}h NTR fraction TIIE TNT, nitro-
benzene, RDXIAM = 27t 100%, 77.7%, 76.8%2] A5
et on], 2,6-DNT2} 2,4-DNTo M= 41.2%2} 14.4%2]
e 3418 WodFq]lo)(Table 3). Riefler 2[13]2 YE=
7] (nitro groupy’t HAH o2 A= e] = TNTS] WAl
e Fukg-o] 875 A 1y, 2,6-DNTH 2,4-DNT 52
AbA-3} Hh3ol] 3= oxygenaseoll &gt AHE-& o}
NE 4 9l7]) dFel FHEHE ARFE AXA gomzE
reductaseol] 2Jsl & ¢33FS x| oF=vlal B sldct o}
A, B o Fo|A] HK-62] NTRel| W&t 2,6-DNTH} 2,4-
DNT®| 713 SolAde] Aol M= AR Vet Ae=
gl

FF 2 dTolME 4719 dejxl AHAF vl e E TNT
23l Al Pseudomonas sp. HK-601A 2%l NTR®] o}
wlxeAl 9 GrIM LGS EAER] 98 Aol Feld NTR
o] FAME wlasla, FARYESHE BA S Sk Al
o] zl3Pd Flolc}

(= e]]
S -1

&5 Pseudomonas sp. HK-6ZF-E] 2.4 6-trinitrotoluene
(TNT)Y] A} 3AollA 5%+ nitroreductase (NTR)E-
2] 2 AAsle] thekst B AL AXslGITh. NTRS T
F HK-69] M¥FEE 256 ammonium sulfate A,
DEAE-sepharose, ~12]3! Q-sepharose chromatography<]
d3e] #A-E F3le] EeIEIFaL, NTRY 48 7= Al
el FE fractionsZ Felslgdch. #F HK-62] NTR
fractions I, II, 221 %] 9] &A1 -2 Z+7} 4.85 unit/mg,
5.47 unit/mg, 5.01 uniVmgSE SA=]on], A Z532T9
vlE] Zk2 9,000, 10.190, 93w &% Ao E el
SDS-PAGE®| 4] &A% 5 HK-62] NTR fractions I, II,
T3 o] BRpES 25 of 27 kDal® RIS A
A" NTRY Aol &%, pH, F< o], o] 2o &
e} 71 BeojAd Foll digt EeiEshd B4 AR A
sold). o5 HK-69] NTR fractions I, 1I, 283 111¢] &
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A= 25~35°CE. FelH) AL, 25 30°CoA ] 24
< vehligler, o] F4 349 HA pHe 7.0~8.001%
3, #A pHE 752 &<el=slot. TNTo| w3k HK-69
NTR fractions I, I, 28] 3L 11¢] A2 T4 o2 Agh,
Cu?, 2] 3 Hgel 28| o 70%0] 4 A s = 9om,
Mn?* 3= Ca®* ol Qi oF 20~50%2 ZAde] A=)
o} 22 Fe?* A7} Alolle fhe] Al z7] 3kE vl
A k= o2 vehydtl, NTRS| 4] g #1242
9] 33ke B-mercaptocthanol®] A7} Alol] &40 EAle] =
T A =93, dithiothreitol, EDTA, 18|31 NaCl®] A7}
Aol = & o] Fhavdl= o2 A TNTS 2
AR o]83ted HK-6elM £2% NTRY 713 BolAds
ZAFeE A3} TNT, nitrobenzene, 12|32 RDXel| tisfjrj=
vl o] A vept ot 2,6-DNTS}F 2,4-DNTel| A=
T S vEpE ez ElEgd
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