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Promotion Effects of Vitamin B, on the Degradation of 2, 4, 4'-

Trichlorobiphenyl by Nostoc PD-2

LIU Jia-yu, XIAO Wen-feng, LU Li-ping, ZHANG Hang-jun

(College of Life and Environmental Sciences,Hangzhou Normal University, Hangzhou 310036, China)

Abstract: Polychlorinated biphenyls are typical persistent chlorinated organic compounds in the environment. Bioremediation of PCB-
contaminated environment has become one of the hot issues. In this study, vitamin B, (VB,,) and chlorine-free culture medium were
applied to study the effects of VB,, on the degradation of 2,4 ,4'-trichlorobiphenyl (PCB28) by Nostoc PD-2 and the gene expression
during the PCB-degradation process. Results showed that addition of different concentrations of vitamin B, could improve the PCB-
biodegradation rates by Nostoc PD-2. Compared with the control group, the 7-day degradation rate in 10 pg-L™", 100 pg-L™", and
1000 pg-L~" VB,,-treated groups increased by 11.0% , 19. 7% , and 21.9% , respectively. The degradation half-time decreased from
5.53 days (treated with 10 wg-L™" VB,,) to 3. 08 days ( treated with 100 pg-L~" VB,,). The expression of cytochrome bf complex
iron-sulfur protein gene and dioxygenase gene showed significant correlation with PCB28-degradation by Nostoc PD-2. While the
expression of iron-sulfur protein gene showed more significant correlation with PCB28-degradation. Results in this study indicated that
adding VB, could promote PCB28-degradation by Nostoc PD-2. Moreover, VB,, addition improved the PCB-degradation activity of
Nostoc PD-2 at the gene level. The above conclusions could provide a new choice for developing efficient bioremediation technology for
PCB-contaminated environment and a new insight into the PCB-biodegradation mechanism by Nostoc PD-2.

Key words ; polychlorinated biphenyls; dechlorination; bioremediation; vitamin B, ; Nostoc PD-2
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F%,BG11 LI FRIEA MWK 1. &IRBE PD-2 1Y
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Table 1  Compositions of BG11 chlorine-free medium
AR WE/g L7 EiVE7)n W /gL
MgSO, -7H, 0 0.075 NaNO, 1.5
Citric acid 0. 006 Ferric ammonia citrate 0. 006
Na-EDTA 0.001 Na, CO;4 0.02
K,HPO, -3H,0 0.04
L2 EEG AL P o Hir .
2,4 ,4'-trichlorobiphenyl ( PCB28 ) Il H F 2 B2 1.3 5|9

Al , A4l ; TRIzol Reagent Al RNase-Free DNase |
( Qiagen ) ., 1st-Strand c¢DNA Synthesis Kit, Power
SYBR® Master Mix ( Invitrogen ) Y504 B #7175 L 2
Al 4EAER B, mAR, A, KO, B
PR A R B A 24 P AR 2R A BR

18 GenBank % 5% 7 7 s H Primer Premier
6. 0 F1 Beacon designer 7. 8 #4511 % & PCR Y
S, WY K EAE R, Wk 2. 51
G BAE T AY TREEARRS AR A
SN

%2 ZFFEH RT-PCR 3| ¥15 FIFn& 4
Table 2 Real-time PCR primers and conditions in this study
BEHFA) 5 FIMFH(5'—3")

e di 5 B GCCCCAAATCAGAAACTACCA “ o
fa dlotygenase gene CCATCACCGGGAAATAACCAA

TTAAATGCCCTTGCCACGGTTCTC
NC_007413 AGCGTGACTCAAAGCCAGAGACTT 89 62

GGTGTAGCGGTGAAATGCGTAGA
EU599109 CGTCCCTCAGTGTCAGTTGC 84 63

L 4 B YK E/bp REE/C

Ana iron-sulfurS gene

Ana 16S(INZ)

1) USRI B9 5 | AR SCHik [ 22 1 34T e



3164 woom B 35 %
L4 SEERJIA .2 (3)
1.4.1 ARG A2 B, % A% 50 1 PCB28 Tk

B P, e, N o B ZIRE 3% B b 22 AR /Y Ak Bk

TEFHHRBUE KA A D) BEBEFT (680 nm P
T RO 0.38) , I 20 mL i JC A B IR
P2 50 mL iEEHEE . MR ImA 100
mg- L~ PCB28-H B TAE ¥ 400 L, fff [ fige S 1o
KRR PCB28 YK EN 2 mg-L~". BEE AT
PCB28 Y725 X IR, ) bk 28 (% R4 A S 5
ZHHPUASIN VB, , TR SN AR ZR Y VB, 2 B 4303
%10, 100 F11 000 pg-L~" B BT VB, I 5L5K;
IR ARRIE ' 3 A TR BT 25,
998 Ix, YEIFEL 12 h: 12 h (46 BE B R4 vh i B 1T 77
7 d, .
1.4.2 4% B, )68 8 A %R PCB28 35 /)
F il AR ) B Ok

TEFHHR B IR B A D BB (680nm S T
PRV RN 0. 38) I H 20 ml #5 B E I FRY &
50 mlL % ¥ BG4 O . ) A O o A 100
mg- L~ () PCB28-F P TAE W 400 L, f B A Jiz 1o
ZT 0 PCB28 2V R 2 mg-L~'. & B NN
PCB28 ()75 FAXTRAZL. ) [ 3R 2s (0t B AM ) 5256
AN VB, , R SRR Y VB, 29Uk B 43 5
F10 pg-L7'F1100 pg-L™". 251F0.5.1, 1.5, 3,
4.5, 6 d FEATHCREREIN. B34 VB, W EE T A9 A3~ L
FESRE 3 N FATHE. FEff VIR R E T 25C,
998 Ix, GHE b 12 h: 12 h DG HREEFRAA PR B G IR.
1.4.3  JBERCRBY Mk

HUS mL EVE RN E B it TR TR
FEEBETKE 10 mL, FAKKINA 2 mL (957 fR 2k e
W60 g-L7") | 1 mL BB F IR K- B W (4. 0
g-L7) RS, FiR T B A4 20 min J5 T K 460 nm
AT R R A RO B A A A A o
Mk, P AARRE N AR R TP A o . ST
i PCB28 it A A = (1) fs.
257.5m ¢ ()

106. 5

T, m s, P AT RE SR T i 1Y) PCB28 1) it
H(pg) s mq K PCB28 43 F i T B9 %05 1 1 i it
(ng); 106.5 Jy—A4~ PCB28 43 ¥ & 1Y 40 XF i 1
i, 257.5 J9— PCB28 /3 T HYAHXS 43 T i .

ST RE TR Nostoe PD-2 [4f# PCB28 Ft)5:f 7%
F—F N sl 12 B s I A AR

¢, = cpe (2)

M (pcpag)y =

(mg-L™") 5 ¢y NEEBIRPIIAWRIE (mg-L7") 5 &
NRRERRERE R (A7) 5 o NBEMRETEI(d) 5 1, HE
SRR R 50% s T TE] (d)
1.4.4 44 % B, X% PCB28 [#fitid #L L [ K iA %
M) Py 3BT 7 3

FHH TRIzol 413 10 wg-L ™' #1100 pg-L™"HY
VB, N5 PCB28 & 5 ANl KAUS i Fh PD-21")
AL B RNA. RS 7000 e, 050 ~ 80
mg ¥y ANNA 1 mL TRIzol, B ZIHE , SR 5 A 0. 2
mL %fﬁ, m FEOE ST, R 15 s, iR
FLE S min. ZFIRT,12 000 remin "' B> 10 min; %
BARZT 80.0% I Z/KHZFWE.OE T, A
B SN EE, BN RS, VK ECE 10 min,
4°C ,12.000 remin~" B> 15 min, 752 B WAL
mL A1 75% %, L RIRA1,4°C,12 000 remin '
B0 5 min, 37 BT, BT A 30 ~50 plL
RNase-Free Water, 7870 )5 , A DNase 1 #5478
b, ZSBRIERIZ0 DNA 5 5%, 40 0 R T 5 2 Al
4. FE 257k cDNA A R S HAE L TR A
cDNA. HUGYESER N =9 1wl AE M isiaR, 973 H
(RIFER B BEFI N 2 16S rRNA. PCR J I 45140 M .
95°C TiAEHE 5 min; 95°CAEME 10 5,40 PMEH; 62°C
Bk 25 s, PHPEYITE 1% (FEHOE ) B i i
LK, FEBER R R G . BAFERE A 3
W, A FE R B A 28 K 35 A A R = s

%lﬂ*ﬁxﬁ%ﬂs% _ 2<C‘m%ﬁw_c‘umﬁw) (4)

X, CIEE O B LRSS 5 B B E B IR
I FrZ DT A FR B ¢ Sy B i 3L R B 38O
155 BRI R 1 A BT 28 07 B G B 4K
1.5 HdlEatr

KM OriginPro 8. 0 Z3HrkF#EAr4e1t. 4l %
5t H One-way ANOVA 73471, P <0. 05 B IA A ik 2%
PEZESR P <0.01 BOA A 2 P 25 5. A OCHE
FH SPSS 19. 0 Z3#1, R >0. 8 Bl A e B3, R
<0. 8 MIBEIA A AH A i 2

2 BER5HH
2.1 ARk JE 4 E R B, X Nostoc PD-2 [ fift
PCB28 SRR 521

Bl 1 RRERFRIEP RIS K B, J5 s
Nostoc PD-2 %t PCB28 117 d [EM#%0%. Ml %1,
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A A BN, B 4EE R B, R,
PCB28 &M A 4yt 64. 7% 35K %] 79. 6% .

100

80 - - L

60 -

40

20 +

PCB28 i fiff £ 43 /%

0
i 0 10 100 1 000

AR IER VB2 pg L
E1 %45 B, Xt SIhEE SR Nostoc PD-2
TR PCB28 KIS0
Fig. 1 Effects of vitamin B,, on PCB28 degradation by

dechlorination functional Nostoc PD-2

2.2 4/ B, X PCB28 AU A5 12k i 72

K2 B T A ) BE 3 i Nostoc PD-2 Xif
PCB28 [ sl Jy 27t R B g2 ma. DA rb ] 1, B vk
£ 100 pg- L' 4EAZ R B, W LLETINR B2 10
e L7 A R i sk R Ay, LB 5 R IS ) %) 28
PCB28 IR AR R34 g , 7 d J5 PCB28 (1 [%
A LN 66. 8% | 75.3% .

AR R B, AR 451 T B S ) g i
Nostoc PD-2 [%f# PCB28 fz )W 1 #2 7] FH — 2 )2 v 51
J12E R, X FUEE /3 5100 10 pg- L' AT 100
pee LT A R B, 10 AN R i 2L, HC I At 1 17 B
TIFETT R M A e =1.8795 x e ™" (R =
0.9605)F ¢=1.7457 x e *** (R*=0.9148).
FRIE & A e s 2 iR T AT 1S S K B LIk
JE 410 we-L~" F1100 pg-L™" 54T &Kk Nostoc
PD-2 Xf PCB28 Y & fif > 5 W] 43 3l oy 5.53 d Al

100
—eo— 10 pg L'
—=— 100 pg-L™!

80 by
§ -
ey )
R 60 - +
o
=
% 40 -

ol
2]
o]
-9
20
0 1 1 1 1
0 0.5 1.5 45 6 7

I iwl/d
B2 #44% B,x PCB28 BN 1S 2 %M

Fig. 2 Effects of vitamin B,, on PCB28-degradation kinetics

3.08 d.
2.3 Y4EAF B, XA E bef B A R GT F1JE
PR 22 3K 114 5 i)
K3 R T ETIREEE M Nostoc PD-2 4l il {4
F bt A ARG 1 35 PR A G 26 1K 1t B (] 114 28
ARABBL. PR RT SR R 100 wg- L™ M4EA:
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