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Abstract: [Background] Microcystins (MCs), one of the main harmful substances produced by
cyanobacterial bloom, are found in estuaries, lakes and coastal waters. [Objective] Under different
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concentrations of carbon, nitrogen and phosphorus sources, the paper analysed the ability of
Novosphingobium sp. ERNQ7 to remove MCs so as to achieve rapid degradation of MCs. [Methods] The
degradation characteristics were determined by orthogonal experiments and gene transcription analysis
associated biodegradation with the expression of functional genes so as to understand the degradation
mechanism. [Results] The dual nutrients composed of glucose and sodium nitrate had weaker inhibition of
biodegradation than single glucose or sodium nitrate. Compared to those under standard MSM medium, the
decelerated biodegradation with glucose or sodium nitrate (1 000 mg/L) or phosphorus source (500 mg/L)
related to lower up-regulation in mlr gene expression, suggesting that divergent mlr gene expression was
one of the reasons influencing various nutrient conditions on degradation. [Conclusion] Novosphingobium
sp. ERNO7 has a high degradation ability of MCs. Before the bloom, carbon and nitrogen sources were
removed effectively so that it can be effectively used in MCs polluted water treatment.

Keywords: biodegradation, microcystins, nutrients, mlr gene cluster, g°PCR
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Table 1 Orthogonal experimental table (Ly3°)

1.1 ## Test Phosphate Sodium nitrate Glucose
111 &b No. (mg/L) (mg/L) (mg/L)
e ERE SIES e (R NN UL o o o
4k 452 A #& Novosphingobium sp. ERNO7, 3 - 1,000 1000
112 EFERKFFINE 4 100 20 500

TR, R K2, WA T o o oo
ey IR 5 BRMESY MC-RR (JFTR: 100 o0 100
CaoH75N13012; 4> F i : 1 038.2), MC-LR (/4 F 7 1000 20 1000
3 CyoH74N1gO1p; 43T & : 995.2), 4l Jif >95% 8 1000 100 100
HPLC 4bfksk. JiI(oiest P mEeie, mORmmt: 9 1000 1000 500

#eJ¥ MC-RR 50 pg/L. MC-LR 50 pg/L /1) MCs i
4 ; EasyPure RNAKit. TransScript™ All-in-One

First-Strand cDNA Synthesis SuperMix for gPCR
(One-Step gDNA Removal)iz £ . PerfectStart™

Green qPCR SuperMix il &, dteXE&4EWAa
BRZSH] o

OB B, SEEA R S PORAT H
1K 3T 3% ) A0 52 B ¢ Ot E 2 PCR X, Applied
Biosystem /A #]; PCR 1%, Bio-Rad A +); X5
AR TREOHL, LT R AR A BR A F]
113 EFE

MSM TeALEh B F7 2 B SCHRL8] LA, 1x10°Pa
KT 20 min,
12 ZEFEHT MCs BEIFERE

Z B IR ERNOT [Ef#IE2CIREE: 7 MSM
ToHLER BRI rp RGO 2, 2 140, B
3 MFAT(EE 1), 30 °C. 200 r/min FEKEEFE, 0.
5. 10, 15 hHtEE, A LC-MS/MS #6:if MCs #k B .
1.3 BEFEHT MCs HEIFERE

HUEFEINE ) ERNO7 AR S25, AR 3

T BEREL S PIFIT: KHPO, #Il K;HPO,
Note: Phosphate contains two substances: KH,PO, and K,HPO,

7. 30 °C. 200 r/min #£K}EFE, 0. 5. 10, 15h
HFE, F LC-MS/MS #6:ll MCs #e i .
1.4 RNA $2E1

15 h US4 HE3 S N i EasyPure RNA Kit iF
17 RNA 2L . 42 HUY RNA B T-80 °C
e o
15 REER

SRR R (20 ub): A RNA 15 ulL,
TransScript All-in-One SuperMix for gPCR 4 puL,
gDNA Remover 1 pL,
1.6 RT-gPCR

DUR2 e 5 31519 cDNA 7 ABI7300 Real-Time
PCR System i#f 47521} %€ 7t PCR, #ll ERNO7
R A A 3 209 mirA. mirB. mirC. mirD 3
H, 519750 W3k 2, MHARFEM 3 MF1TESR,
WP CAlL, 11 ERNO7 16S rRNA JERIVE N 2
PIIR AR 2%

*2 3149F75

Table 2 Primers sequence
Gene name Forward primer (5'—3’) Reverse primer (5'—3’)
ERNO7 mIrA TGTGCTTCTATGTGTTGGCGATACTG TGACAGCGGTAATAATGTTGAGGTGAG
ERNO7 mirB GCAACGCTTGATACGACCAGTCTC GAGCAAGATCGCCAACAGTAGTCC
ERNO7 mirC AGTGCGAGGCGGACCTTCTG TGCGACAAGTGAGCGTGAAGATC
ERNO7 miIrD TGCTGGCTGCGACGGAAATG GAATAGCCCAGGTCTTGCGTAAGG

ERNO7 16S rRNA CCCTCGTCCTTAGTTGCCATCATTC

CCACTGTCACCGCCATTGTAGC
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21 ZEFFHET MCs BYE Y&
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BIR LB R RS, FRUSLE T MCs A8/ AT LA
HFAYkEm. mE 1. B 2 80 Hl, MC-RR
SR 1, 2. 5. 6, 7. QLI MC-LREZKH 1,
2. 4.5, 6. 71 0-5h MK, HEiRR
#/NT 10%, 10 h § MC-RR 2864 1. 6. 7 #
MC-LR SZ30 4 1 A% AR b5 /N T 10%. 15 h F%
2B T 20%94 MC-RR 20641 3, 4. 8. 9 Al
MC-LREZH413, 5, 6, 7. 8. 9. &IIHE, LK
2H 3 ERNO7 %} MC-RR F1 MC-LR -1 [ fift ik 4
Wk 1.78 ug/(L-h) Al 1.98 pg/(L-h), W& T HoAlh
MC-RR 525:2H 0.20—0.98 pg/(L-h) 1 MC-LR 256 4H
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Figure 1 Effects of multi-nutrients on MC-RR
biodegradation
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Figure 2 Effects of multi-nutrients on MC-LR
biodegradation

1.40-1.92 pg/(L-h)H)-F-HRefi %K. 456K 3
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WSl R B 4, 7E 15 h 9%t MC-RR Fl MC-LR [
#2543 5k 54%7H1 56%.,

% 3 IEACIRIE/HT AT 1, 78 95%MY Ef5 /K
T, BHERGEIREL . HEREN . A AT X e
B R YRR R Hop ) R R X ERNO7
Wik i U 0 B 2 W e A, LR A 2 A R Y T
B FHFE 4 FN3R BRI, £ DR AE W R 1) 52 i)
7E 0.01 [ i M AKOF B AR B 35 (P<0.01), - HA& 7K
A% MCs B35 52 I 22 57 1 2 (P<0.05) . 4
RZHL T ) S Atk i S 56 L e R AR AE AR HE MSM
24T ERNO7 % MCs 15 h [ A% 30 93%104%

701 =MC-RR degradation ratio
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Figure 3 ERNO7 degradation ratio of MCs with
multi-nutrients
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Table 3 The results of direct analysis of orthogonal
experiment

Test Phosphate Sodium Glucose MC-RR MC-LR

No. (mg/L) nitrate  (mg/L) degradation degradation
(mg/L) ratio (%) ratio (%)

1 500 20 100 14.40 11.26

2 500 100 500 17.81 12.85

3 500 1000 1000 54.40 56.28

4 100 20 500 22.60 14.62

5 100 100 1000 18.51 31.36

6 100 1000 100 5.38 26.41

7 1000 20 1000 10.39 28.43

8 1000 100 100 26.36 46.89

9 1000 1000 500 22.11 53.54

k1 41.91 48.17 38.71

ko 46.77 46.22 48.43

ks 45.87 40.16 47.04

R 14.86 8.01 8.12

x4 EXARBEHAESNR

Table 4 Variance analysis of orthogonal experiment

Source  Sumof Degrees Mean F Significance
squares  of square
11 freedom
Phosphate 0.869 2 0.435 145.000 0.006 00
Sodium  0.459 2 0.229 76.333 0.003 43
nitrate
Glucose 0.449 2 0.224 76.200 0.003 40
Error 5.228E-5 8 6.610E—6
Total 0.007 25
After 0.002 24
revision
#z5 FREZEMIBRHER
Table5 The marginal mean of each factor
Nutrient Mean Standard 95% confidence interval
concentration value error Lower limit Upper limit
(mg/L)
Phosphate 100 0.004 0.001 0.001 0.007
500 0.006 0.001 0.004 0.009
1000 0.015 0.001 0.013 0.018
Sodium-nitrate20  0.014 0.001 0.010 0.015
100 0.016 0.001 0.013 0.018
1000 0.019 0.001 0.015 0.021
Glucose 100 0.014 0.001 0.010 0.016
500 0.016 0.001 0.012 0.017
1000 0.018 0.001 0.013 0.019

R HL, FRIEARIE BT 20 45 6l
Fefg, miikomdl 3 (BEfRER 500 mg/L, fisH& 4N
1 000 mg/L, %5 1 000 mg/L) i FEf# 5 RAEIE &S
RIS feds, Frl sl 3 M RmE R %
PR TG 85250
22 BEFEZMHT MCs IEFERE

W 4 Frs, TEFRE MSM 55 33736 (W 5 vk
29k 4 500 mg/L, JGH ARG RO ) HH B AR A A R
R, 15 h 9% MCs (50 pg/L) YR A# % 93%,
1 765 35 400 J5 1) I . 3 00 i B i (P<0.05) , 4N s
TN (L 000 mg/L)IAME T, BH#kX MC-RR
F MC-LR ([ fi 2325390 4y 6.1%F1 25.9%; WS
F2(1 000 mg/L)41FF, BWARXT MC-RR Al
MC-LR HIREfRZ 50 2.9%F1 3.3%. FEAREEE
YR FE (75 MSM 15 7= 3L Hh B R R ¥k 52 >l 500 mg/L)
230 %A% (P<0.05), B&i#& X} MC-RR #1 MC-LR
(1) R 25531 R 4.6% 711 5.1%
23 AEBREFEHET ERNO7 PEME MCs B
mirA. mirB. mirC #1 mIrD EE RKi&

K SYBR Green SZif 286 5E # PCR A,
Xf ERNO7 EAN[FEFRFMAT mirA, mirB, mirC
1 mirD 3 A kG 100, 45K 5
fii7n, MCs iS5 ERNO7 mir BLR#EZA, MTES
BRAMT MCs AYFEfgid s mirA, mirB,
mirC F mirD iX 4 Fh L R AH X ik R, Kb
HE MSM 25 T4 RA Rk &0 1, B

100
— 90 - sMC-RR degradation ratio
= g0 MC-LR degradation ratio
£ 70
E 60
)
5 40
g 30 I
é':‘ 20
10 il P —
Standard 1000 mg/L. 1 000 mg/l. 500 mg/L
MSM glucose sodium nitrate phosphate

4 BEFREZMHT ERNO7 3 MCs BIBERRER
Figure 4 ERNO7 degradation ratio of MCs with single
nutrient

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BRRAE B R BRI A T A TR A A R A R TR 1211

—e—Standard MSM
1 000 mg/L glucose
mird _u 1 000 mg/L. sodium nitrate
L9 =500 mg/L phosphate

milrD mirB

mirC

5 BEFREENERNO7 mirEMEERKERKTRH
A

Figure 5 Effects of different nutrient conditions on the
transcription levels of ERNO7 mir degradation gene
clusters

1 000 mg/L #i MR Z50F T, mirA. mIrB, mirC,
mirD JE R ARXT Rk 5537 5 66.9% . 91.3%.
74.5%7F1 61.2%; ¥sHN 1 000 mg/L flFREN A &5 14
T, mirA. mirB. mirC. mirD ZEEAEXT Tk 54
BN % 82.8% . 90.6% . 63.1%7F179.4%; 500 mg/L
BERRER 51F T, mirA. mirB, mirC. mirD JE[EAH
Xf 2235 20 B F 8 78.6% . 91.9% . 54.7% Al
75.9%. mlir BRI E IR A A B4R B AN [a] ) i
N, FLHT mIrB AR R AR AT A [ S
T mirA, mirC. mirD AYA Xt ik 2 (P<0.01).
mirA. mirD 722 {ka# R A (P>0.05), 4 3%
T (P<0.05),
3 WiE%®

A SCHESR T B . A . B IR AE S B X
Novosphingobium sp. ERNO7 [ i {3 i 5 X i 5
M, SR MSM ZRAHEL, 7 R £ Uk B R
I, AR A8 (8] 4) . B2 52 MCs fll 2k PR
fr i EE N RO A E s R BUE A R

. F, Novosphingobium sp. THN1 7/ 6 h £
MC-LR > 28.73%+9.70%, TERTH 44t
il S R e R o A0 T P U T S R AR
RIZWAEY MC-LR MREf#(P<0.01), BRIFALUERE
ik (R 1 FE AT BE SR AR A rp e A T ] AR R 7
IR AT, B MCs AR 90 58
(1R U 400 S5 P AR 7 4 22 () AR T U D s
HHE IR, Shimizu SRR oy F 0, B
TR A TR R A R S AR R, LS RS
YE B BB S5 0F T SE B A 840 MCs ZE 41
o ARSZG AT BN AP0 4 pH B E R 55
PE(7.6). FMRIEFABEEIETT MCs A= Y B st 2 80
By, FWIZH bR LA ek, ek A% A R
Wk Fie, A4 ERNOT 14 4% MCs ELAA FE 71 1Y
BB,

5 TOWRIRSAFAA L, AR A9 I ARG T A=
W A R (P 4) o i OV B A 0
Delftia acidovorans % MC-RR Fil MC-LR 4= 4%
i, TitsEE Rk AMINBRIR X LAY T MC-LR
(IR R A B . Ak, 100 mg/L 7%
WEAF TR A YR v BE S kA 56, L
UL BB ZE 100 mg/L A AR XTE P RE v i
RS BEAT 200, 2425 100 mg/L 2 B T2k P ke
fit MC-LR S5 a, #AMR T MCs [#
i (RN AR AT RE S IRl MCs [ At Tl 5 2 A3 1At
T34 (4 2 ) 4 4 2923 o AR s
(AT HLIR) AT DAIE it PR pH RUR R 0 3 ifp ok [
ANBE I A7 RE 1Y

5 TR IE ARG, RN AL REAR T
YRR (R 4) . DRSO MC-LR SflER
10 A= PR A A 45 o0 DR AR R AL 5 A R A 1 45
A3 i MC-LR e 1 ) A U S e
T2, NO3 WAL MCs (R R 2l
ARG EE R, NOs A A SR A,
ARSI FE Y MCs A TR R I NOs 1 Ry i Ze
T2, Hit MCs R RS IR bt FE R &
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AR o BRI T DR AT R R bl S 0 A R
o v B AL SRR 3 TR s, A RER
X MCs Az 1 8 A (1) 52 e 30 AT Fi 8 ek e A v
TR,

T 250 R R A A A B VR R LU, X A
it B0V FH S e AL T BEARARL,  An R R R L
A AR, A SR 25 2 R R
TRMACEY), HHEHPGE R T E AR AR
ST, NI AEIR R TR 6 MCs OB M ; 47
RIAL A P PEFE R, AR B N K,
FiR]SE A, TR B EE R IR g . ABOR A
YA, (RIS TR T A T bR AR
B X MCs B PR AR R, B 2B MCs 1Y 285
HFAE),

XF H DA b RLE SR DR AR I i S e R I A i
21 3 LER, KB4 3 X%F MC-RR 1 MC-LR 1%
#5390 54.4%7F11 56.3%. IRIRLH 3 FERE IR IR E
ARAR Y 25 A B A 2R AT AR 5 v, 3K 106 Y ) 76 R
TS TR BN ZH BSC % B 8 FR W) X MCs A= ) s fit A1 )
VEFR 55 T 005 AT A B sl R, X —%518 5 L
SEBAR B —% . — i, NOs AT LA /b4 %
R R R R, RN & 2 5
MCs BYAWIREfG; 3 —Jr i, H%HEnT Ae s et
HHEXT NOs By, MM/ NOg % MCs A4:4)
WA 0 A 11 T

LI MCs A= & 52 AU+ MCs [3: it T
BEROEAL, AR T MCs A Wit FE b mir 2
S SN PN o A N S L N e b IS I o 2
TR AEYIRERR S 1245 mir ZERFR A7 S 380K
RilLk, RN, BER MCs 5 mir (iS5
ELIEMISE, HhaiE MSM MIHL, SNz . 6l
TR 5 DL R AT R R Vi i 2 R SR K- b B 4%
mir ERFERIL, #if5 MCs AR ORI,
Shimizu ZH01%F mirA JER Y RT-PCR 4558 iR,
MCs 2255 mirA S5 TUSORIE e . Jones 26147
KT MCs Ak W fife i) SR 455 mT Be v K &7 TR

(S D E RR G B MR . Ui 213 4
APFEREIN ] mIrA SER FBERRE N, SWRETCE,
AR5 & B S [R] B A 5 DR 76 M R0 78 3% 451 T A
BIAETEZS, T mirA Fl mIrD (5B # )
(P>0.05), mlIrA Fl mIrD A] BEZEA R A0 N 949
Wefg it Ferp RS, 5 Li U s B2,
AR, Li 2B 3 5 mirA M EC, mirD 350 %k
(4 R 95 5 A W B ik 2 0 2 O RE DG B SR, ZERE
fErhER B, T EFRYIRXS MCs AEWF%
fife ) 5 AL B T NS, R TR B R A R &R
UL AT R A ST, WAt b 2 1R 8 1% 2 1) 26
A1k

BARM mir ZERARIE SR 540 . RYRR A
(RN N B ARV B BB R R 0%, 5 BN e
R E TR A PR A 0N, D12 R E 7K AR
KM Z R S BRAK I v R U AN R . AR E
G PR B A MCs 15 L4 (BRI
X MCs 15 30 A — & B I E
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