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Expression and degradation function analysis of the key genes
from Arthrobacter nitroquajacolicus HW08 in Lactococcus
lactis for the degradation of swainsonine

TENG Junyang, FENG Yushu, LI Qinfan, WANG Yan"

College of Veterinary Medicine, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: In order to mitigate the adverse effects of madrassa poisoning disease on our
livestock industry and to fully utilize the potential pasture resources, biodegradation of locoweed
can remove swainsonine, the major toxic component of locoweed, so that the locoweed can be used
as high-quality forage. Arthrobacter nitroquajacolicus HWO0S can stably and efficiently degrade
swainsonine. In this study, Lactococcus lactis, as a food-grade microorganism, was used as a vector
to express four key degradation genes from A. nitroguajacolicus HWO08. Subsequently, liquid
chromatography was employed to evaluate the swainsonine-degrading performance. The crude
enzyme solution extracted from the L. lactis strain transformed with the ethanol dehydrogenase
gene A1R6C3 degraded 323.4 ng of swainsonine in 24 h at 30 °C. The crude enzyme solutions
from the L. lactis strains transformed with the genes encoding glutathione synthase, esterase/acyl
hydrolase, and glycosyltransferase did not show any degradation ability for swainsonine when
being used alone but degraded about 140.5 pug of swainsonine when being used in mixture. The
findings will help the clinical promotion of swainsonine-degrading engineering strains and provide
new research ideas for the prevention and treatment of swainsonine poisoning in animals and the
detoxification and utilization of locoweed.

Keywords: swainsonine; biodegradation; Arthrobacter; Lactococcus lactis
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S B AIR6C3 (GeneBank % 5¢5 : ABM09024.1)
X R HA BN, HRERAE K
R REY, BT TS 6% LG — &K
fift AT A SE R TR R AT 1T 5 ) A A S U OT%e
FF T HWO8 R A H 0 2 (A DG R EA T 5
FIXWFE, 4 BamH IRSE 2 UIRY A EE A %, 4
WA e H KA . TR /S K e . WAL RS I
25 L [ (GeneBank & 5t 543 7] HQ132736 .
HQ132737. HQI132740) 1 v] GEZE 15 AT 7 HWOS
A 5 O R i B R R

SR, IR HWOS K K& R T RE K I AT 1
T A SRR, SIS A L TR A
BEACTR, i DA B A TR R B 2 ARk
Y EA% T s 1 G 2 2 59 BB AR YT o
MALRFLER A E AR WM ARFEFI Z —, #e
I ERE R, HERIMNEEA
HAETHNEGE ., Lty siat, HEEmY
AgaifbfEn] BRI, BATIZ N 1.

ARG E A ESCIERI 4 ST FF R HWOS
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PR 1 TR G 7E B0 W I o i A i R B 6 A B
IR 1) 58 2 AR P T B I B B R 3

1 MRETE

1.1 E#EIR

TR HWO08 M A L0 2 7 B 4 . FLIR
FLEK NZ9000 K B £ 1 BT kL pNZ-8048 1y H ik
DURR RAEYRHECA R F . KRIBFFE MC1061
W AL T E 3 AR PR AT BRA A
1.2 FERF

PCR Ef#E [ ApexHF HS DNA Polymerase
FS Master Mix 4 H il 73 SCRH g 2E PR A BR A
wl; BREIEZER N YIRS Nco IH1 Xba I. %R
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Marker, #E Marker I H % HEAYH ARG
TOAFRA T ClonExpress 11— 4 1 o5 [ il (J7)
U5 5 2R 60 W A R T v ME R AR R B I 0y
BN BESFAFREEERE R W AL R
FRHEABRA T ; DNA BERE GRF & ok
PRGN & A A T AR A BR A A
DNA 2B R & A bt KR A LR A BR
Nl TEHLER B35 MK (minimal medium, MM) T
K A A B SRR R A W HAh S g
xR RN Wl B SN S Vs VL
1.3 BrIERAIZRE

B HWO08 T LB ARG IR 5 R 2k
BiFE, 30 °CIEIRIEFE 12-16 h, PREAlwR &3
FhF LB AR F5 5L, 200 r/min, 30 °CHEPRE;
7% 12-16 h; il AR TR 2L [H 24 DNA $2 B0 £
RS AU BRSO AR I HWO08 2 SE K4
DNA, # T-20 °C#& M. L HW08 [F 42K 41
DNA J#itl , i 1 54 AF/AR.GF/GR
TF/TR., HF/HR, 435)%F SWDR-A, SWDR-G,
SWDR-T. SAVDR-H JEH#17 PCR 734, 1%5il5
BEEERS L VKRN PCR 47344, [nllic H 5L
1.4 FHARNAE

U A TRk pNZ-8048 1Y K 7 1 # 7E LB [&
RBE IR AL E RN M, HAiEIEEMZE LB )
KB FR 2, 37 °C. 200 r/min }59% 12-16 h,
FABORL R BGA ] S 42 B pNZ-8048 DNA., Hijk
K J5kE pNZ-8048 (K, Il B 8 H B .
DL H R PEAZ R N DI Nco 1/Xba DR JBkE
pNZ-8048 AT WUEFY) 5 i F— 2 [w] 4 81 2 2 1%
IR TRL S H LR, SR 5 A E A
TR AL B KA MC1061 J832 2540 i 5 6%
AL A T34 10 pg/mL S XA LB [H
PRRESRIE PR PRI VA 2R T 5 mL
T 10 pg/mL AEHRD LB AR A,
37 °C. 200 r/min FEREEFE 8-12 h, FRIBUTTRIZ
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Table 1 Primers used in this study

Primer name Sequence (5'—3")

AF GAGGCACTCACCATGGGTCCTACCGCTAATGCTT

AR GAAAGCTTGAGCTCTCTAGATCAGTGATGGT
GATGGTGATGCTAGCCGATAGTGGAGACGT

GF GAGGCACTCACCATGGTGTGTGCGTCGACTGCCC

GR GAAAGCTTGAGCTCTCTAGATCAGTGATGGT
GATGGTGATGTAGTGCAGCTCCGTAGGAA

TF GAGGCACTCACCATGGGTATGCTCGAAGCCCATTC

TR GAAAGCTTGAGCTCTCTAGATCAGTGATGGT
GATGGTGATGGACGCGGATTGCAT

HF GAGGCACTCACCATGGGTATGGTTCCATTCTTGCAG

HR GAAAGCTTGAGCTCTCTAGATCAGTGATGGT

GATGGTGATGGCGCCGCGGAAGC

The solid underline is the Nco I digest site, in which the ATG sequence will be involved in the translation process as the start

codon; the 5’ end of the Nco I digest site is upstream of the pNZ-8048 upstream homology arm sequence, and the 3’ end is

downstream of the target gene upstream primer; the dashed underline is the Xba I digest site, whose 5 upstream of the 5’ end is the

sequence of the homology arm downstream of pNZ-8048, and downstream of the 3’ end is the stop codon 6xHis tag, and the

primer downstream of the target gene, in order.

BN RE A FL VK B A A B R/, A Neo 1
il Xba 147 s WA I UEE 2 oy, %% b
WA TR R AR . I R,
Ay B Hifr 4 4 pNZ8048-SWDR-A . pNZ8048-
SWDR-G. pNZ8048-SADR-T., pNZ8048-SADR-H.,
WA Bk pNZ-8048 14 K FF T 75 LB [#
RGP RILREER, Walidis 8% LB )
KRR, 37 °C. 200 r/min 5% 12-16 h,
JECRE R BGAF G B pNZ-8048 JFRL . HL Ik AG
kL pNZ-8048 kNN, [l H Ay Beo LAPIZH FR
HIPEAZ R N I Neo I/Xba i Bik: pNZ-8048 i
FERUEY) 5 o — 2 [ 5 2 2 2 3 2 TR ook
SHMIERE, RI5 F A T TR A 3
KIGHFH MC1061 B2 d0 b s ¥4 Ab )
WA T 54 10 pg/mL AR M) LB BARR; 7 5E
EEEFRA PR R R M T SmL 5 A
10 pg/mL A EF R K LB R I3, 37 °C,
200 r/min $2KIEFE 8—12 h, HEHUTUR LIS
BEWSHL UK I UEAR A R BER/, ] NeolFil Xbal
T s AU U 36 UF 3 B2 2 , 16 2 Rl AR TR
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s =l R/ ) S T s £ i YA 3 1 =
fir4: 4 pNZ8048-SAWDR-A, pNZ8048-SADR-G .,
pNZ8048-SWDR-T, pNZ8048-SWDR-H.,
1.5 EHRNAEWL

B FLBRFLERE NZ9000 HE IS E GMI17
BEFR R meRE g%, IR H A% 1:10 LBl Rh 258
it GM17 1, 55352 ODeoo M 0.3 B}, FilES%
SCHR[ 1310 7 il 4 Bz 245 o A 0.2 om BiLAS L
AR, 7E 2.5kV, 400 Q. 25 uF 244 5 B 4
ki pNZ8048-SWDR-A . pNZ8048-SAWDR-G .
pNZ8048-SWDR-T. pNZ8048-SWDR-H JHHiifi
PEARE] NZ9000 SRz Al rh o DA% IE i
HIEEAL TR SR B A T0kE,  LAAH ¢ R i il g D)
FL T B A AL 25 1 . REA % & Rilg A
TAEYFHA R R, 5 H 05 EF 55
P XT o BT i AT 4 JE R Y L R L ER
NZ9000 4 BH M40+, v 44 55411 NZ9000/
pNZ8048-SAVDR-A, NZ9000/pNZ8048-SWDR-G .
NZ9000/pNZ8048-SWDR-T . NZ9000/pNZ8048-
SWDR-H, H-3% B Ah2s JFORL i B X IR, s
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HAwr 440 NZ9000/pNZ8048 . PEEBUA AARAT (I EEZH
R NZ9000/pNZ8048-SAVDR-A. NZ9000/
pNZ8048-SWDR-G . NZ9000/pNZ8048-SWDR-T .
NZ9000/pNZ8048-SWDR-H , 4 il 2 Flt F 3 &
GM17 FEiFRh gl ; I HH A
B LA 1050 2R Tt GM17 B389k, #:f% 2 h
I ODgoo fH . 5B NZ9000/pNZ8048 1F N
SRR BRI BEE 3 ATAT R, AR AR
ol TR AR IR
1.6 ERIFSFRIE

KA RBCELIREER A R, WM T 0.05%2&
BRI, I TSR 10 min, IEBREYEE
i, SRR N 1 mg/mL AP R AEBRE
RAALE, —20 °CORAF, I AT ddH,O Hfifi A7
WHREZE 10 ng/uL. BUR L3P 2 5 i {4
GMI17 Kigedt, A K EXHUE KR, A ZLER
BERR T 2 H AW R 20 ng/mL, 40 ng/mL .,
60 ng/mL,30 °Ci%5 'S 3 ho 2 B BUAE S 5 4 R
BESHIRFEMRSL 5 mL, BOWEREK, i/
5 mL PBS 2 i B I foft 1 7wl e Ak A 7
BRI A, B0 I 3, AT 12% SDS-PAGE
A THIKRI . BEfS A Anti-6xHis IR 2 5
BEBUAR S —PT(1:3 000), LB E ALYy i bR
ICHI 25 1gG o —PT(1:3 000)iE1T Western
blotting ¥ , % & NZ9000/pNZ8048 25 A ]
Ay BR A X e
1.7 HPLC-ELSD ZEENMEDZE X

DL MM SRR, ASHERCE 1 g/L 1Y
W TR, UEBRTE, T MM B SR
M AR EE 501 000 pg/mL Y R A bRHE TAE
HHZRVE W, BT 4 CRMMEA &, E RS
A RA PR 2N, B KA A 5 mmol/L fY
CPREEVEWE, I U s A s el ) 0.02%
(RFR ) 2K - {81 FH &3 LC-2030 PLUS WiAH
%Y, Waters X-Bridge HILIC f4ji%41:(150 mmx
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4.6 mm, 3.5 um), E AKYH BIRARLL A 1:1
SEFEUEMG, M 0.5 mL/min, KM 38 °C.
Essentia ELSD-16 7€ & Skl #% 15 B S I
1.00 L/min, EHE RN 55 °C, H43MH 150,
{if F LC-MS ¥ R/ A B B R ik, IFid
S R R R] o BN [ R B A 1 G R bRV
VO P AR B i 2R A T R R ARSI, Bk
FE20 uL, BIFENRE S IKER, IR w5
A5 UG Y DI (] S g TR . DAAR HERE R
JE (ng/mL) XK X, LAWETER R XTECh Y 1
NG
1.8 HEFNEAREEREDERENNE
U PP E A R AL RS 35 PAVRAS 1 mL,
B CETR R, A SEIRF Tris 2% th e 75
W PR ARAS ML . LA A L 12 1 R b oA
& 2% T 7 5% 5 (Bardford) ¥ 47 & 1 i & &
A3HT. B TTFFEE HWO08 B Lk 20 B Sk BT
1, NZ9000/pNZ8048 =3 it kit AL RN E R 25 1% HE
4o AR BRI T ) o 2B RE i
MR 2y BB 1 mL, 554 1000 pg,
30 °C/K¥#5 24 h, BE.0UEE BIF . ff] HPLC-ELSD
Dy I R R P SRR, B A AR
WG REMGRE ). AR E 3 AV AT
Xt R B 5 HEAT IR A T R R RE T A b
SWDR-G, SWDR-T. SWDR-H ik 7" ¥ i i
PEITIR A AR SL s . SRRFUR G 3 PR A
BURAEHR 1 mL, IMATESGER 1000 pg, #
W25 A 1]

2 EREM

2.1 HHERERERSRNEAHLER

LI HWOS . DNA WHiEAT H 1
PCR ¥"34, 43513645 1 062, 1224, 1512, 933 bp
Fese ey 40, AP G I ARSI RO il
F TR 6 E 2 3k o K 4 AN SR IR A0k R
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pNZ-8048 tHEHz, JFF 8 41 Bk % fb 2= KT
B MC1061 J&32 3 $EHCER 2 Bok, (o R 1
WY Neo 11 Xba DWEGYT, 1524 5 HiIAH
TR (B 1) DLE LR AR Y PCR I3
4552 Blast X, HFF A H SR E A EY
T 98%, B TR AR
2.2 EHFRNFEMER

MK BFFHE MC1061 HHRBCE 4 Fkr,
AL ZLBRFLERIE NZ9000 H; MHEALS K
FLRRFLEKTA NZ9000 rhEHUS R E L4 ks, 4
XUEFY] 5 PCRIMN P B0 E A b — 25 445 1) =1 41 o
Wi, B E AR B L E LR AL ER
NZ9000 H, 5 25 Johr i 1b T A 4K 2ol 7 235 2R
LR 2, BeAb FrE R G 3 h FR iR AT B &K
W1, shgit -G8, 76 4 h iAo A
IEF ODgoo fHZ M 0.5, #A7EMEHATR I A S 57
FLIRBE K E R HATIH T
23 EHRNFBEUEMNIESRIEER

FEE A R ARG 4 h IACK A
JERFE TR, SRR RIRE R, Wik s
W W5 947 SDS-PAGE HLJK, & BLZ: 40 ng/mL
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100

3300 bp

&1 ELERKNHNEBBYILE

Figure 1 Double digestion validation results of
recombinant plasmid. M: DNA marker; 1-5:
electrophoresis results of empty plasmid and
recombinant plasmid NZ8048-SAMDR-A, pNZ8048-
SAWDR-G, pNZ8048- SWDR-T and pNZ8048-
SWDR-H after double enzyme digestion.
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FLIRtEER I R iA RS, HWE O EREL AT
PO B HARAT T A i VR B 1 225K (81 3) 5 48 Western
blotting X} 6xHis bR 1 T4HE S BT IETR LS
I PAEZ) 38.8, 44.7, 55.3. 34.1 kDa 4075 F| %}
KBRS, HIE 4 AR E e
AR AL TR IR (B 4),

-@- NZ9000/pNZ8048

-m- NZ9000/pNZ8048-SWDR-A
—A— NZ9000/pNZ8048-SWDR-G
-¥- NZ9000/pNZ8048-SWDR-T
- NZ9000/pNZ8048-SWDR-H

OD(‘(JI)

Time (h)
2 EEHRNFAEEKHZ

Figure 2 Growth curves of bacteria that have
transformed the recombinant plasmid.

kDa M 1 2 3 4

97.2

66.4 —kn
¥ % - o E

44.3 — ﬁ . 5 < 44.7 kDa
— . —

29.0 —

3 TRREARSKERFISFEENEBR
RER

Figure 3 Results of target protein expression after
induction by different concentrations of nisin. M:
marker; 1-4: recombinant plasmid transformants
NZ9000/PNZ8048-SWDR-G  protein  expression
results after induction with no inducer, 20 ng/mL,
40 ng/mL and 60 ng/mL nisin, respectively.
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kDa M
66.4 —

Control 1

443 —

29.0 —

4 BHERREINEER

Figure 4 Western blotting results of target proteins.
M: Marker; Control: plasmid transformants
NZ9000/PNZ8048 protein expression results after
induction; 1-4: recombinant plasmid transformants
NZ9000/PNZ8048-SNVDR-A,  NZ9000/PNZ8048-
SWDR-G, NZ9000/PNZ8048-SWDR-T, NZ9000/
PNZ8048-SWDR-H protein expression results after
induction, respectively.
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2.4 HPLC-ELSD #&&E D S &AL

g1 FF 8 LC-2030 PLUS JBUAH (5,335 {00 5
G R UERE S IR IET TR, Essentia ELSD-16
ZE R CH I 8T T 3.37 min 2545 A 3] Y AH £33
U, 28 LC-MS 43#r, FlE R B G RIE(A 5);
ST G R A IR T A, DURR AR VR B Y
B X, LI TR AR ORTECR Y VEAR v h 22 /]
(&l 6), % SPSS HK{FHEATEMERIS, 152 R
HZk Y=0.821 7X+3.484, P 2% R=0.991 4,
FIETE 50-1 000 pg/mL JEE A, & HGRIKE
ST A B R A e . S A S M L Ay
Mr, WA 2 0 R H BRSO 4 pg/mL (S/N=3),
EER A 20 pg/mL (S/N=10).
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Figure 5 Secondary mass spectra of swainsonine standards.
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2.5 MAENEDTREBENSTER
KAk B 2 Bardford B, &M
WIE 2 400 ug/mL (& 40 L% F), HPLC-ELSD
A3 AT R X ¥ T R W R A5 R B, BHE
X RETFF R HWO8 K IE 40 7E 30 °CA&1F T,
24 h REMSFEMATE 1 000 pg 150 5 %, TE[FEAE
MR, M NZ9000/PNZ8048-SWDR-A i H
R AL TR R BRI M B R R R 24 323.4 pg 7

8 i
¥=0.821 7X+3.484

R*=0.9914

6 ./0/”'.

Logarithm of chromatographic
peak area (¥)
[ +
I [

I I | |
0 1 2 3 4

Logarithm of standard sample concentration (X)

6 BIEERRNBASETIEHZIFEFREX
Figure 6 Linearity of logarithm of swainsonine
concentration and logarithm of HPLC peak area.

g 2 Hofth 3 For R 25 AR AL TR 2 T )
HEOGH 5 0 & R OR R B 3 R RE S (B 7A).
XF 3 G A AR ) R R A TR A B A
RIGLER TR, 3 MHERIESE, 1EMFE%
PR R S R 2000 140.5 g (B 7B).
3 it

AW 58 FI) F 25 & 6 HG D #8955 SR Y
i g J 2, fd ] HPLC-ELSD J5 ik 434 1 2 1A
HAZLIRFLERE LT FF I HWOS B ff v
SRAENUY, SR LB, $REE EYL TR
1. NZ9000/PNZ8048-SWDR-A () 1 mL FLH
Tl K (B 1 MR B2 249 400 pg/mL)TE 24 h P At
293234 pg Wi R, PIPEXT R 2 Bk i Ak
FAT HH R B4 HEL TR A 2 B A o T T R A B
fi#RE J1 . SWDR-A i h (1) £, B M 2 il (GenBank
oS . ABM09024.1)2& —FERE AR AR
rh R AR O B S e, 7R TSl

WE . HEPARUEY KRBT, BB
5 G TE+NADP+—E+NADPH+H!" 5T &

B

1500 - = 1500 -
EE * il £ 24h ?:;_" *
Q I L
€100ty L Il T L = £ 1o
£ £
B 001 % 5001
=] =
< 0 1 Il Il | | Il < 0

R N o o o & 0h  24h
3¢ o\Qé N & N Y Group
R S $
< &
b ,4@
B &

® ]° Group

7 HEEERXE D ERMEREE S

Figure 7 Degradation of swainsonine by several crude enzyme solutions. A: Degradation ability of various
crude enzyme solutions to coumarin. B: Degradation ability of mixed crude enzyme solution to coumarin. *
indicates P<0.05.
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B, AR G 2 R ALS YR Re

0 B AR AT TR F AR R TR 1Y) £ e G A T R
fife DU SRR /N BRURE I Hp A 2 B R i
P B E AL R A R T AR LB K 2
S AIR6C3 JE[H AAUr-2040 S A KT,
TR AT T X7 5 5 R B R BE
AR5 R —3, IEHR AT E HWO0S (1)
HCHi NADP 1Y C B i S e vy D R HA — &
0] 4585 = N = e N s A By (A K DO N )
FFI HWOS8 [ 100%, %45 R4—/R , 765 FF 18
HWO8 ™, Pl & I AN AR Sy B A vy 5
Y ME— T BE B o B A ST T AT BE AE A
Wok fife AF G D RE TR 7, b 2 Tt 8 S0 i3 ™y
173k — 25 o0 M AR E S T 5 R A R 1 e
HAT .
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