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2.1 K FIFN{LEE

BRIE 21 40 i ( Rhodobacter sphaeroides) H T tk %
SO ARG A LA A R OG- A0, Bl P RO A g
OIS 4 B K IR A 2, 4o R
(2,4-DNT, 4l 99%) 2-% JL-4-ff 3L B 8 (2A4NT,
4 99%) \4-%4 HE-2-MiF Hk B R (4ANT, 2l & 99%) ,
2,4- " FH K (2,4-DAT,99%) , X0 A BIHL T A A,

2% [H Waters 2\ f) 4 E2695 7 135 &4 W A €8 3% X
(HPLC) 5 T Z Rz s A 0F 58 B (1 JY92-11 BY i 7
WA MR R A s T e B2 AR T Y LX)-1IB AR
HAKELZEE LI TCL-16G 5 3% 7R B O ML
AR — AR A R 7 DYCZ-24A B AL Ik AL ;
i MR A RS Y ZF-368 AUEE I NAR R 5
R e AT ES AT BR A Bl WEFZ UV-200 I % Ak w]
Wyt
2.2 EFERESH

bR ES MO (12 #F TR E: PR
2.5 g EE 1.0 g (NH,),SO, 1.25 g MgSO, 0.2 g,
CaCl, 0.07 g.KH,PO,0.6 g . K,HPO, 0.9 g .z /K
1000 mL,pH {E# 7.0,

WAR DAL I k2 B 2, 4-DNT 1K o — 47 Bl Bk
VEE ) B e 2 2 4-DNT ¥ F B By i b, 195 HF e
PR Ja B M BR S SR IR LA S il 355 55 4
2.3 AEREXMBKFEIHABHERKKZEN 2,4-DNT

B i 36

S FEL T AFRAPABE (BEREE A RE EE
PR JORZ ), AR AL A PR (NH,NO,  (NH, ), SO,
KNO,) ,Z &% i . (NH,NO,/EE+:E  (NH,),S0,/
B ) X BR P 21 40 1 5% 4k 2, 4-DNT [y 52, 42 If
SCHRCT0 ] S 56 77 1%, #F Rl A5 10 N 4 M ek e 20 40 14
g% 36 h J5 HURE, i 380 AR a5 A (HPLC) Wl 2 i
W AR Y 2,4-DNT ¥k BE, JF S50 AT WL 23 606 B 1
7E 590 nm Ab I 5E 40 B YOG B, LA ODy, KR, £ 1K
3AEATHE
2.4 FRELAAEFEN 2,4-DNT R H fE =ik &

ZHSCHR[10] 7 i, 8 i 25 10 R B M BROE 20 40
.75 0,24,48,72,96,120 h &5 10 mL B 5, &
BB HLAE 8000 r - minT B.y 10 min, b E W P Ak
Ay 2,4-DNT A % 19 2A4NT 4A2NT 1 2,4-DAT
W] HPLC W 4 2 3 AT K
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25 HAE

2,4-DNT 2A4NT 4A2NT il 2,4-DAT i@ i & 3%
WOAH 3% AL (HPLC) W , 8 FH Y @i 4 o C SO i
(250 mmXx4.6 mmx5 um), 20 °C F Wl &, ¥ ¥ K
0.9 mL - min™' 340K 0~6 min K 50%(V/V) H
BE,7~10 min 2 70%( V/V) W B0 B E
254 nm , JFEFERFLR 20 pl,

2, 4-DAT Wit sh Ml oy & W . B R 3h 2% v W
(20 mmol - L™ ,pH 7.0) (30 : 70, V/V), i & N
0.9 mL - min™" | K 9 3 K o4 224 nm, g BE R BN
20 pl,

2.6 FHEGRHH &

ZMSCHR [ 13 ] B Jr e BUER IR A M B,
8000 r - min™' & B . 10 min, Ui 4 W4k, H
33 pmol - L™ pH 7.5 () Tris-HCI 28 i k% 2 Ik, &
T 1 mL gl B HAE VKOKE S60FF FEA
U 440 A9 AR ST 1 A0, AR 20 min (BRI R B 3 s Ml
fE1s), SRJF, 76 10000 r - min™ {5 34 B O AL
L 10 ming F7 U 3E, b T WCED 40 i R B R, T
=20 CLrAFH N
2.7 SDS-B2 T I Bk B2 5% Bs B ik

LB T AER IR R L2, 4-DNT (%) 1 He 43 3
4 0,20,40,60,80 mg - L™ FwIth pH {H 2310 5,6,
7,8,9, %" 4 4 Ml i 47 SDS-3E P I B i HL Uk 7 52 T
Z:HRSCHR [ 14 ] 1Y J7 8, X8 i) o5 0 R I V0 a2 47 58 1V 44 T
JHe B g H ( PAGE) |, 3 UK 7F 38 B FE UK 86 B b ik AT, 40
JE S5 Ve BE Sy 12% VR AR I T i VR 32, 4%, B SRR AL
JnAEAE 30 pL(HC15 b AR, I A SRR R SDS I
FEGE v, AWk 2 min) . JEfE 100 VA il i vk
AERE S TH R 120 V., HL UK S5 R JE B AT B 5 e
G-250%« 5, Je 4, 1 h J5 , JEAT IR 6, B3 75 58 T i
JE AT
2.8 Native-Z2 7 5 Bt B% %8 B BB ik

Native-PAGE J& 7 48 1 ) SDS-PAGE Ll I,
R PER SDS F#i AL OB LBy, A5 E H AR Lk b
WIHAT AR R H R ARG T, B8 T AR 7 &
2,4-DNTH#) i H )i~ 0,20,40,60,80 mg - L™ FiH)
fpH(EN 5,6,7,8,9 A4 T, %Al 558 5l 7] T Al
(SN o FL UK 7E T 1R VKR B P R AT R
10% , W45 ey 4% , NFER S 30 b, B JK T 4 B S
JE LR 90V, R o vk 48 RS 1E E B RN
120 V, HIKE R IG, AT IGPE YL 0, 36 Mk i K
%M. 20 mmol - L ' Tris-HCI ZZ i (pH {5} 7.5) ,
N Xt
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50 pwmol -+ L "'NADH, 50 wmol - L ™" 2, 4-DNT,
30 pmol - L ~VE#E UMk, SRR R 500 mL, 7E 30 °C
NRE 30 min, B A SN I, BE R NR RS
HEATHA IR
29 WHEXFRBHNHNZESH

e A G J7 T2 Sl o i o DA 14 K R
K, e KR R R v, o B 0.02~0.32 mmol - L'
2, 4-DNT YENMJE , A 20 mmol « L™ Tri-HCI 22 n
W (pH 7.0),60 umol - L™ NADPH,0.2 mL [ ¥l fiff
W, TE 30 CR#FAT RN, R R 340 nm T, R
FHEEHN AT UL 43 0656 BE H U 2 NADH (R #E 1, DL
) Js2 7 T XoF AN [] JEC 4 %) ok B VR 1, IF 4% Lineweaver-
Burk fEFRI L A8l S RAEBHL v, F1 K, o

3 BREHH

3.1 AE B L MEME K R 2,4-DNT
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TR AL TATHLEE L A BRI AT
AN L K B 2,4-DNT ZCRAORI , AP 1 B
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60 B EZZODsgo
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= 501
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nitrogen source

B 1 Fef# 36 h AR IR X BRIE 2040 B AR K R B Ak 2, 4-
DNT # 5 Wi

A—(NH,),SO,, B—NH,NO,, C—KNO,, D—} £, E—%&
FfE, F—ERE, G—4FWE, H—BRF/NH,NO,, I—f
+:# /(NH,),SO,

Fig.1 Effect of different nitrogen sources on 2,4-DNT bio-
transformation and Rhodobacter sphaeroides growth during
36 h of degradation

A—(NH,),S0,, B—NH,NO,, C—KNO,, D—urea,
E—peptone, F—yeast extract, G—Dbeef extract,

H—yeast extract/NH,NO, , I—yeast extract/(NH,),SO,

A1 Al A LA IR R B AR A
BOWE R 2, 4-DNT #9545 4 il Ky 54.4% .
55.4% .57.6% 1 58.9%, OD,,, {8 43 %] 4 0.05,0.06
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0.13 F1 0.15 , FHAKL S R B H |8 BF 5 >4 R > k>
BRE. WE LI A B (NH,), SO, NH, NO,
KNO, , H 5 fk % 4> 3 K 24.3% . 21.4% Hl 18.6%,
OD.,, {4 5%)40.033 ,0.025 1 0.018, EAHEHE
AR N A HLAE R I, 38 m JE AL AR (NH,) , SO, iif
ROR e, 36 hi A% 63.3%; ODy, 5 K, 4 0.24;
M7 JE AL A& NH, NO, B, % 16 3 5k 60.2%,
OD,, fH}0.22, Z5R 8w, N A 25 36 h 4%
FEBAE 60% LA Iy B A AL TR B e Ak 2R 3 5k %)
50%ZE A5 T N TCHLE IR IS, b AUl 20% 4 1 o
Rt , A LR L EHL AR TE A T 2,4-DNT A4
FALFIRE LMW AR K BT E G A BEX 2,4-
DNT i) % AL FIERTE 2140 PR AR K o
3.2 KEOAAEEWHEN 2,4-DNT WrhiE =9 R H

ST

ZHTABETE " R B BRI 21 40 55 4k 2,4-DNT 5
T ep A WA ] ) 2-%0 -4 2R H R (2A4NT)
I 4= KL -2- e HOR (AANT) A [] 1) [0 g 9 ik B2
mE 2 s

40t —=— 24-DNT
= —— 4A2NT
; —a— 2A4NT
g 30r
5
® 20f
g
§ 10+
oF
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time / h
B2 2,4-DNT K A=Yy A0 7= W 76 [ SR B i 1R 0 3 38
Fig.2 The concentrations of 2,4-DNT and biotransformation

products at different sampling time
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3.3 SDS-FR R M Bt Bz 5 ik BB ik 4

AR FR A BRIE 21 405 B A 2 ,4-DNT [ 41
B4 A0 M 2 1R ik n B 3 B R A o R R
FRia . K 3a FE 3b 43 Kox ARk BE 2,4-DNT
FURERI 4G pH X240 E H A5, K 3a &4
VKB 4390 2, 4-DNT (9] 46 ¥k B R 0, 20, 40, 60,
80 mg « L™, [&l 3b s 45 ANukaE 2 5 b w0 b 5 5% pH N
5,6,7,8,9 T 3K L1 4 A A % i 2,4-DNT B b iy
SUME AL, X 5 ANUKEA 14 ZEEAW,
Hor ¥ it F 2 LT 26~120 kD,

M 0 20 40 60 80

120
90

50

34

26
20

a. initial concentration of 2,4-DNT b. initial pH
3 ORIRIRE IR A 0F T BRE 2040 1 4 2010 2 1 HL vk
Fig.3 Whole cell protein electrophoresis of Rhodobacter

sphaeroides under various culture conditions

Kl 3a Al A TR IE 1B AR BRIk, B
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R, o AR 2 s MIAEDKGE 2 UKGHE 3 UK 4, HE
& i m, AW . 207 B B2 i 7E 26 ~
120 kDo WA 3b Fal & i, pH {E oy 6 i, K E /Y

R OREIWILG WL T BRI 2140 1 o i k3 S 7Y ) R o

A R AN fE pH i 5 R 9 B, TKE 1
FIPKiE 5 W& B THE R IS, o R i 255 ik
B3 OFIUKIE 4 S e, BRI

ML 255 BT LUE R TR OB 4% 1 R 4% X
WP ZER ARFEE AR O REN A
FEASTA], B LA 2,4-DNT 9146 e fian i pH A28 1k 25
WA A R, X ORH T 2,4-DNT vk B
N pH (B &A= AR A, 25 52 mi BRI 21 40 B 0 A K, BT
SR F R
3.4 WHEXFEEWE TEIL S

it a0 D i 1) ) T G R 4 TR . & 4a FIE
4b 435 R RN R MR JE 2, 4-DNT FUR R 45 pH X i
Fdk JFE RS2 . R Genetool #4443t 45 A~ ik 1
45, T 0 R R AN Sl I Rk i, S5 SR n 3k
1 FI3 2 iR
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a. initial concentration of 2,4-DNT b. initial pH

B 4 CR[EEE IR 5 BRIE 20 40 B rP i 3k 0 D e 1) ) Tl
Fig.4 The patterns of isoenzymes of nitroreductase in

Rhodobacter sphaeroides under various culture conditions

HIET 4 R BRE 21 20 B 1) il 22 30 D i £ A [
FAF AL PR AR K 4 FhIF] Tl 0T LUR AR AR ALY

Table 1  Expressive value of the pattern of isoenzyme of nitroreductase in Rhodobacter sphaeroides under different initial concentration

number expressive number expressive number expressive number expressive number expressive
value value value value value

Al 10830 B 1 11841 (O] 11983 D1 11431 E1 11023

A2 7310 B 2 8085 c2 7497 D 2 8235 E2 8699

A3 38446 B3 52201 C3 60577 D3 44151 E3 40173

A4 38830 B 4 53531 C4 68470 D 4 54571 E4 40823

R 2 ARG pH T ERIE LT AN G Hh i 1 i S A A 7] T R 0k

Table 2 Expressive value of the pattern of isoenzyme of nitroreductase in Rhodobacter sphaeroides under different initial pH
number expressive number expressive number expressive number expressive number expressive
value value value value value

F1 10740 G1 11766 H1 11966 I1 11682 )1 11344

F2 7957 G2 8121 H 2 8660 12 8371 )2 8456

F3 39497 G3 46974 H3 60489 13 54234 ] 3 43934

F4 30657 G4 44404 H 4 62511 14 461144 ] 4 45203
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If 2,4-DNT {9k B2 Fp0 s pH 5040 7, A &1 2 HAb
it , X 55— o [7) T AN SR R ) TR 0 S R K, 7E
pH=7 , AFFILE 2,4-DNT W B2 55040 T K& 4a iy A
(0 mg « L™ )N X AL, A3 1 AT %01, 2,4-DNT A4 4R ik
JEE A = RNES DU () T B 2 A T 22 50,B(20 mg - L) |
C(40 mg - L™') .D(60 mg - L") il 335 1 5 25 T BE4H
Bt# 2,4-DNT WIHA W EE YAk 2 80 mg - L' (E) i,
FER U AR 55, HLAE = AEE DU ) TG R o AR K
FER U U BE N 40 mg - L' R [A] pH 448 F K & 4b
g H(pH=7) 3 g X BRAL, 3 2 25 5 0l A, 91 4G pH
AR Ak X5 = RS DU R R TR Y me B8 K, HOF
(pH=5) .G(pH=6) .I(pH=8) J(pH=9) iy 3 ik ¥
BAR T X B HL B0 h pH =7 I, 4 = Fh fES g o
/] Tl ¢ 3k 1 3k B B K, 43 012 60489 62511,

gERLILUA, 24 2, 4-DNT B9 9) 4R ¥k BE FIvl iR pH &
A AR A 3R A R4 0 PR AR T AR Ak, K A il
W L G5 PR 5 2,4-DNT (IR FE . pH 1716 1 — &
MR SCTE . 2,4-DNT 91 UG W & A A8 AL i, il 2k 380 Ji
Tty 1) it 105 A5 Ak 2 i T 2,4-DNT AE 7RI, B R 11 e
Z 3 RN A ZR v B T R R 0 A DT R T i
WO DS F7, 000 2,4-DNT 3 Ji 5 w8 2 5 3504 i = E 8¢
1, FL TS A 81 e 2 K, DT 582 i il 6o D i 0% 1
PH (i 235 1 il 7% M 1k 2 FAT 0 e B RS IRtk pH 1)
AR 2 (o A5 il I b 1 L AL e S, DT 2 ) i )
PEVT L BN R 2, 4-DNT LR B B AR K B &
PR RO I AR Y R O R AR R 2, M
(1 4 35 3 D R 1) 95 P L X R A SR AL R
ZRIAETE A A I A R A — B
3.5 WMEXRFERBHNHNZESH

il i 300 J5L Tl 1 B ) 2 S EOAT A OK IR AR R R
Lineweaver-Burk [ X3 ¥k (& 5) sk, 45 B tn3E 3
FiR. HE S a5 H 5 ol y=3.4919 x+19.707(R’ =
0.9939) , FH 1% 75 R A AU AVRRRARZS Sy 45 A 5Ed [ il 1)
IS v, K, 4351 0.0507 mmol + (L + min)™'
0.1772 mmol - L™ #AKAY K, 56 BA -5 )5 90 5 0 B
noe 4,

R 3 HEET RN Bl ) 2R

Table 3 Kinetic parameters of the nitroreductase

kinetic parameters values
Viax /mmol = (L + min) ™ 0.0507
K, /mmol - L 0.1772
(Vo /K.y) /min™! 0.286
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B 5 i Ak I RN A R (17 v) 5 W vk B B

(1/[S]) Z IR R R

Fig.5 The relationship between 1/v and 1/[ S] of nitroreductase

(v is reaction rate, [ S] is concentration of substrate)
4 & it

(D) FEBKIE LT TR LE W) e Ak 2,4-DNT 1y # v,
B HLEIE L BN (L 2,4-DNT R, E 8 %A
T8 A ML A R T 40 8 A K A 2, 4-DNT i1 4k
WA, B #hE T AR 2 A AR (B R/
(NH,),S0,) .

(2) ik — L5 R, 7E A 24 h J5, 4-50 Jk-2-
S BEH ORI B i kb 2-20 -4 S R ORI & & (0
WA HE— 5y 2,4- " H P HE(2,4-DAT) ,

(3) B FEAA SR B2 BR T 21 240 R A= % Ak 2,4-DNT A=
B AA2NT F1 2A4NT FEFH b (] 7= 4 (1) 56 S, 2,4-DNT
B9 BE VR BE R 20,40 F1 60 mg « LB, XFBRIE 41 40 i 7~
A A ST A I S AR AR L T Y 2, 4-DNT ¥
JE A 80 mg + L7 Bt 4 Xl 3 R D Rl ) 9 7 ) 40 o £
FH; 24 pHAE R 7 B 6 08 S I ) e o B AR
NERICLLAN TR LR W) AL 2,4-DNT i SRl , H 3h ) 2%
SR e RO A v MK TG B K il
0.0507 mmol/(L - min) "1 0.1772 mmol - L',

Ji ST WOKE 43 5 4l Ak —Fh R SR (4 BRIV 21 200 141
FEA SR, v FEAT B — PP Bk P 21 41 B4 il 3k 1 T il 3
PRl S CH AR 1, X S 588 o 07 A i A 5 ) 3 i
P Ak — Tl ) A5 A R0 R D, S L AE Ak 2 Tk e
W AE 5 v iy N AR LB 48 = AR R S

S Tk :
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Biotransformation of 2,4-Dinitrotoluene and Properties of Nitroreductase by Rhodobacter Sphaeroides

WANG Shou-yan, BAI Hong-juan, ZHAO Ting-ting, KANG Peng-zhou
( School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China)

Abstract: To explore the change trend of intermediate products in biotransformation of 2,4-dinitrotoluene (2,4-DNT) and proper-
ties of nitroreductase produced by Rhodobacter sphaeroides, the effect of different combination of nitrogen sources on the efficien-
cy of biotransformation 2,4-DNT by Rhodobacter sphaeroides and the growth of Rhodobacter sphaeroides cells was studied. The
concentration changes of 2,4-DNT and biotransformation products of 2,4-DNT were measured at different time. The patterns of
isoenzymes of nitroreductase was analyzed using native-polyacrylamide gel elecrophoresis ( native-PAGE) method, and kinetic pa-
rameters of the nitroreductase were measured and obtained. Results show that the optimum combination of nitrogen sources to bio-
transformation of 2,4-DNT by Rhodobacter sphaeroides is complex nitrogen sources composed of yeast extract and (NH,),SO,.
Using Rhodobacter sphaeroides, 2,4-DNT can efficiently reduced as 4-amino-2-nitrotoluene(4A2NT) and 2-amino-4-nitrotoluene
(2A4NT). However, the content of 4A2NT is far greater than that of 2A4NT, they have not been futher reduced to 2,4-diamin-
otoluene (2,4-DAT). When the initial concentration of 2,4-DNT is 20, 40 and 60 mg - L™', there is an obvious promoting effect
on the actiyity of nitroreductas produced by Rhodobacter sphaeroides. While, when the initial concentration of 2, 4-DNT is
80 mg - L', the actiyity of nitroreductase is inhibited. The activity of nitroreductas produced by Rhodobacter sphaeroides is the
highest at the initial pH =7. The kinetic parameters, the maximum reaction rate V, , and Michaelis constant K, for the nitroreduc-
tase in Rhodobacter sphaeroides are 0.0507 mmol - (L - min) ™" and 0.1772 mmol - L™, respectively.

Key words: Rhodobacter sphaeroides; 2, 4-dinitrotoluene; nitrogen source; biotransformation products; nitroreductase;
isoenzyme; polyacrylamide gel elecrophoresis
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