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B ZE: (3] E2ABEETER Snea253 R AL A HRFH LA FHMEREROAGKLA
BITA M GF M, y-BI TR 5L R (gabT) A AL Snea253 ARt T2 A E X —., [H ]

B # gabT A B i@ it 845 Snea253 44 y-&k T B (y-Aminobutyric acid, GABA)X#HiE 4, M # tk
aiE . [k VAR 9NE T PT13 55 F4k(Snea253-R) A #HHE, vAda 5 ARkes &5 & Adedn, A attit
Kk gabT A B, @idARk .75 7% (ELISA)An & BURAR €38 7% (HPLC) 2 A1 A8 A Ak 7 GABA Fo T 4%
WIS EAR K REM, B AN A RF BRI EH T EH AR R gabT AR & A KF.
FhhERFLRERE, [£R] XA HMK RpIB139 49 gabT A B LA & ik, GABA 42k, 3%
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Carbon metabolism gene gabT regulates y-aminobutyric acid
metabolism of Streptomyces venezuelae Snea253 on nematicidal
activity
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Abstract: [Background] Sreptomyces venezuelae Snea253 is an actinomycete with nematicidal activity to
plant-parasitic nematode. Bioinformatics analysis showed that y-aminobutyrate transaminase gene (gabT) is
one of the important genes involved in carbon metabolism in Snea253. [Objective] The purpose of this
research isto clarify that the gabT gene affects the activity of the strain by regulating the y-aminobutyric acid
metabolic pathway of Snea253. [Methods] First, the mutant strain (Snea253-R) obtained by UV mutation
was used to overexpress the gabT gene, and Meloidogyne incognita J2 was used as the target nematode.
y-aminobutyric acid and the metabolite succinic acid were detected by enzyme-linked immunoassay (ELISA)
and high performance liquid chromatography (HPLC), and the nematicida activity was also detected.
Meanwhile, the gabT gene expression level, product content and nematicidal activity of wild-type strain with
eight carbon sources culture were detected. [Results] The expression of gabT gene in overexpression strain
R-pIB139 was up-regulated, y-aminobutyric acid content was decreased, the content of succinic acid was
increased, and the nematicidal activity was increased by 39% in comparison with the control. In eight carbon
sources cultures, the carbon source medium with the higher relative expression of gabT gene in wild plants
was soluble starch and corn starch. Under this condition, y-aminobutyric acid content in fermentation broth
was lower, the other products of metabolism were increased, and the nematicidal activity was higher.
[Conclusion] By changing the expression of gabT gene, we confirmed that y-aminobutyric acid shunt plays
an important role in regulating the metabolism of Snea253 to enhance nematicidal activity.

Keywords: y-Aminobutyrate transaminase gene gabT, Sreptomyces venezuelae, y-Aminobutyric acid
(GABA), Succinic acid, Nematicidal activity
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fitt (GABA-T) A/FE I T A BE IR 5, B 7E B8
BRI S VR T A B iR , 25459
AR PR, SRR E TR GABA-T
R SRR GABA Mok, Mgz M
RNA TH/KfE GABA-T JEHHE = /K Feish GABA )
i, Simpson ZEUSIFERIE STt FIk T GABA-T
FeDH, BRIET GABA Frit, Renault 2095 w4
FiJTH GABA-T IhfeMlih 2= T3 GABA &t
T M BEIARR & EEFRAIC, SR 1 GABA-T R HEEAEA T
BEIATR . LAY T GABA-T JEAF A AFE IRTFSE
RIEER, HAERMAEYD, JTHXTHERE T GABAT
FERFRIBIIE ARG

7 N i $1 fE 55 B (Sreptomyces  venezuel ae)
Snea253 JEASLKE M 44> B RIS ) HA R LR
T A B R P T R A P g g A A 15 F)
Snea253 Ak HL G AN [F] 158 #E A (Snea253-Q) Fl1 55
IR (Snea253-R)., FJH RNA-Seq JE4 745 s 44,
i 16 2 s A Qg 2o R ) EE S R ——y- B T IR
MK gabT, gabT JEPH7E5m a7k H AR ik
FTESRERE . (HJ2, gabT FERUE A5 T DU i JH#AR
HRZ I Snea253 ARk UG, LKA RIERIEXT gabT
LR FGRA TSR AL, HHRTY gabT FLHE T
Snea253 AT, ABFFLETFE Snea253 55
PRHr I ik galoT J R RIS B AR A K A PR AR
Frill gabT SE [ () FRiA X & I GABA FIBRHIR
B S AR HUGE R, A gabT [ ai;
GABA 7 isiH 4 £ BB Snea253 i it te, LA
1R AR AR PRt — P B AR
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MR N FHIBEE B Snea253 L BHAR L K 2E
b L w5 s pGEM-T Easy #Hi&kIA H
Promega /Al ; Jitk: plB139 Iy [ il 25 R A Wik
HBRAF; KIFGFF I DHS0 B2 24 [ RHAE
LB A BR A Rl . e 7 AR 45 £k L (Meloidogyne
incognita) A P FHA M K 2= Aty 2k U T4t

112 FERFIFLIE

RIGHTH PCR 5| AISLT 98 62 1 PCR 514
B AE TAEY) TAR (R A FRA Al 5 (R 1); A
W 5 E | PEG1000, LB B3R [T
AV TR ()R A R R ALK 2 DNA 2
Bzt 5 (Hi-DNAsecure Plant Kit), DNA 7=4#4iifk
7€ (TIANgel Midi Purification Kit), Bk EGR,
#£:(TIANprep Mini Plasmid Kit) . RNAprep Pure 54
FEAN /AN A RNA $2HUX 7] £ (RNAprep Pure
Cell/Bacteria Kit)l H b 50 KAR A L BH A PR
Al BRAITENDIEE Xoa 1 . Nde 1 1 A 544 T2
AIRAF; GABA FrilliRl &l B g s IRAEDA
FRAF].

HLUKAL, IS —AE PR A PR vl s PCRAY,
Bio-Rad A w]; A AMHIERFEIR, dbntdt iy RIEAEY)
HFARER A BUREDHL, JEERARRAR; Hi
WG, RIS AR RS A R AR &
HIAES, IINEEA R,

1.1.3 REFTAEFEME FR

R — S iR (g/L) . AT PEVE R 20.00,
MgSO,-7H,0 0.50, KNOj; 1.00, K,HPO, 0.50, NaCl
0.50, FeS0,0.0010, Hifig 10.00,

efbm R —S et B Ao, FmA
(NH,);S0,0.50 g/L, fEAE1fF 20.00 /L.

SM KSR (g/L): #i%gHE 10.00, Pk 4.00,
BRI Yy 4.00, K,HPO, 4.00, KH,PO, 0.20,
MgSO, 0.05.

F1 KBRS

Tablel Primersused in thisstudy
BIL R4 519751
Primers name Sequences (5'—3")
RT-PCR-gabT-F1 CGTTCTAGAATCCCCGGTCCGAAG
TCGCAGGA
RT-PCR-gabT-R1 CGTTCTAGAGTGACCCAGGACCTC
TCCAAGA
gRT-PCR-gabT-F2 TTGGCGGTGGTGATGAG
gRT-PCR-gabT-R2 CAACGGCATCGTCTTCGT
16S rRNA-F GCAGGCTAGAGTTCGGTAG
16SrRNA-R CTCCTCAGCGTCAGTATCG
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R2YE B3 (/L) HEME 103.0, Eflg 20.0, &
1Pk 2.0, %8 10.0, BEE-HEEY) 1.0, MgCl,-6H,0
4.0, 100.0 mL 2.78% CaCl,, 2.0 mL {CE Wk -

i LR (Trace element solution, g/L):
ZnCl, 0.04, CuCl,-2H,0 0.01, FeCls-6 H,0 0.20,
MnCl,-4H,0 001 , (NHseM0;04-4H,0 0.01 ,
Na,B,O7-10H,0 0.01,

FBVAT(PB, g/L): M 103.00, K,S0,0.25,
MgCl,-6H,0 2.02, KH,PO, 0.05, 2.00 mL f#&tE
I, 0.25 mol/mL TES & 100.00 mL, 2.78%
CaCl, %% 100.00 mL
12 7%

121 REgHFHERIEN

Snea253 ALk HUEMERGRIN . BEIUE ERIW RS T
HRE5EE L — s 4y () FE AR Ay, FERDLIR
/NILHIA 500 pl A= Bl Snea253 & Mg N2
100 4R Jr4hLk dt 32, LA 500 pl A 37 5L J%of
W, BEAAEEERESR 31k, F 24 hEMER 2 (5t
TGO, AL AT AL AT K

. v rop . SETER B
2 HFET 3 (%) = e
25 B IEBE TR (%) =
ARFRER HBET- R — IR LR BT

1- X HRZR th At T2

BEFAR AL UG AN . IS BRI e AR 2
e 2 RN L, RHSRFARRVES ROV J2 iEA 7%
28 AR PG o 7 DL EC/INIILAR 2351 A 500 L % EE
50, 100, 200, 500. 1 000. 2 000 pg/mL f43E
FARRPRUEH AT 100 A5 7 ARZEZ R 32, DL 500 pL
ddH,O Xt HE, I 7 44bE, B 3Kk, FHE
T 25°C R4, 20T 24, 48 h J5 gLk s
TAHOL, FTEL HIET RAL AT,

1.2.2 %%+ GABA FIEIARL S 2 894EN

FH R R — SR AR R SR SRR SR Ak 5 d A,
K AR & e P GABA FIBEIAMR & 1 . GABA 75
I GABA B S E UL Bk 7.

FH R B0 A I B AR & i, A SR
e B3R A Kromasil C18 faifk):, H:k K 30 °C,

100 ;

XlOO o

TishAH N 100%H EE . 0.02 mol/L KH,PO, (pH 2.5)H
7:93, Vi N 0.5 mL/min, BEREESN 10 uL, Kk
KH 214 nm. FRUESHIE . FREBUGE & 1Y 3E R
B b 43 3 G AR R B 2k B> 2 000, 1500,
1000, 500, 200. 100 pg/mL AYGBFW . FES AL
P Ff 500 mL & EEIEREZE AR 2 5 mL, HISFEA
U IR CBEAEE 31k, [P 2R R TR 4k £ i e
RS ZE 2 mL, TUFLUEMSTNE, WO Al
1.2.3 Fik#K plB139-gabT BIE

A gabT HERFHIEL, #itS Ndel #l
Xba I v 5151913 1), LIABi# Snea253 B4 7l
) DNA mtit, M REEHTT PCR 3. PCR
VA Z « - B Prime STAR HS DNA Polymerase
25uL, gabT JEKA | FFS (445 2 ul (0.2 pmol/L),
2 DNA 4 pL (%950 ng/ul), ddH,0 17 pL. PCR 2
I 4&A: 98°C 2 min; 98°C10s, 55°C15s, 72°C
555s, 35 MEH; 72°C2min, f#ifH] PCR ¥4tk
RGN PCR =i ralifb)s, FH T4 EHRpi 5L
D H BERIZ A pGEM-T Easy 51144 3 h, sl #4
B4 B W54 4k ) Escherichia coli DH5a J#32
YA, 2 50 pg/mL &N E R (Amp) Pk ik,
PRI R T HE 1T V% PCR, B BH P SRR 75 T
B &k BE R 50 pg/mL Amp 1 LB WA
37°C. 180 r/min £57%id %, $-HUTTRL pGEM-gabT,
P15

LW UE RIS, RS DTS Nde T i
Xba I 43 5%t #4H Fiki pGEM-gabT Fl#{A plB139
HATREY), H T4 SRS EA S B R B,
KRG 3 E. coli DH5a &3z 54, 28
MRG0 ng/mL, Apr)bttEdiise, PRI G
BT PCR, H5 B BLRRV& 5 29k 2y 50 pg/ml
Apr 1) LB AR 3738, 37 °C. 200 r/min £ 371
K, PREUTR plB139-gabT, )% .
1.2.4 SBAE Snea253 R4 FRKEIHI & 5451k

LA RR AR AR il 28 T < 100 L
AP Snea253 55 B AL TR HE A 25 mL SM i
Ak, 30 °C. 200 r/min 1535 36 h Ji5, Bt 5 mL
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AR5 0.5%H &R 25 mL SM 53Rk,
30°C. 200 r/min 535 24 h, BU5 mL 2353 59004
tr, 8000 r/min Z.0> 4 min, 3% . JEhA 5 mL
10.3%pEEZE W, 8 000 r/min Z5.0> 4 min, TR A
BE—W., FIA S mL PB AW, #AES5hnARERI
AR, A 5 mg/mL AUV 2 mL, 30 °C {4k
3hJ/EFAA 5 mL PB % ,4 000 r/min #.L> 10 min,
Fr 3. A 5mL PB ¥, susrtics, WEEIR,
4000 r/min &.0> 10 min J5 T | mL PB & H .

Bl & e ar A AN A 10 pL plB139-gabT
Bk, A 1 mL 33% PEG 1000, JRA1E N
A 8mL PB ¥ . 4000 r/min &.0> 10 min, % ki,
PR AT BLE | mL PB TR . Bk 5
AR5 A ] R2YE B53R3E |, 30 °CH53% 12 h
JEAA | mL 3 K 150 pg/mL 1 Apr VA , 7E1H
MR FRAEY 30 °C K5gF 2-3 d. ¥ikfb FiEs &
30 pg/mL Apr )4 5 TR RHE 76 85 R S e i 5T
3R, PRELPETE A TREEE SR, ORAE TR
125 gabT EEEREE RN

FRANTRZH 2SR BORR GG AR AR AT RNA,
XPH S5 5564551 cDNA. 8] CFX96 Redl-Time PCR
System, ##® SYBR Green PCR Master Mix 136813
TS8-St E B PCR, 16S rRNA JLEENB S

A B

bp M 12 bp M

2 000 15 000
5000
2500

1000
750 2 000
1000
500 990
250 500
100 150
100

El 1 plB139-gabT BYEERS XS
Figurel Electrophorestic analysis of plB139-gabT

FER, HE ¥ 5I 3% 1. gPCR [ifk&: SYBR
Green PCR Master Mix 12.5 uL, I 59145 1 il
(0.2 pmol/L), cDNA 1.5 uL (100 ng/pL), ddH,O
9uL, W &fF: 95°C2min; 95°C5s, 60°C
30s, FE—KIDE, 40 MEFR; 72°C5min,
126 ®RiIFEEIA TN Snea253 A2

DL R — S B 3L AR B Ty Sty il e
fp sy, A 8 FICRRIARGRIR : TS PETER |
FoRM . TOKTER . DAETER . RERE. FLRE. W
M. D(HZZ 2, H53% Snea253 Ftk, 28 °C ki
7% 5.d J5 KA B 5 Snea253 B4 H gabT [ 14
XPFRIB R | R BRI R LR R S GABA FIBEHAMR
T
2 ZRG540
21 gabT EEEFRIELER
211 plB139-gabT d Tk KHIHIE

DL A= BB R DNA AR, #E17 PCR 5
7533 BeX/N) 1300 bp Y FR— 4517 (K 1A),
2H 5k pGEM-gabT 28 FR I VE A DI Xba T #1Nde |
Tl ) J5 A5 3] /vl 1300 bp A4 H 9 4541 (18 1B).
FHBRHIME M VIEERT plB139-gabT okt L&, 1%
F|R/NHy 1300 bp 14 1Bz (1 1C), %4 plB139-gabT
I RIR AR NI

C
1 2 bp

15 000
5000

2500
2000

1 000
750

500
150
100

VE: A: gabT 5 PCR™#; M: DL2000 DNA marker; 1: Z5xf#f; 2. PCR). B: T4k pGEM-gabT MUEFHI%E; M.
DL 15000+2000 DNA marker; 1: F§I/=#); 2. PCR“#). C: B4 Fk: plB139-gabT WEFII 4 ; M: DL15000+2000 DNA marker;

1. WEEIF=#; 2: PCR=4).

Note: A: PCR products of gabT gene; M: DL2000 DNA marker; 1: Empty control; 2: PCR products. B: Verification of recombinant plasmid
pGEM-gabT by double enzyme digestion; M: DL15000+2000 DNA marker; 1: Digest products; 2: PCR products. C: Verification of
recombinant plasmid pIB139-gabT by double enzyme digestion; M: DL 15000+2000 DNA marker; 1: Digest products; 2: PCR products.
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T RIEE#k R-pIB139 A gabT EFHIRIEE

FLH R-pIB139 iRk RNA , % RT-gPCR 1],
1T FIRHE Pk R-pIB139 H gabT JE (K (1 Fe ik 1L 55 55
Pk Snea253-R 1 3.69 £i5(/& 2).
2.1.3 Snea253-R #1 R-pIB139 #* GABA. IEIARE
3t owll

28 AN R BE 1 B PR (SA ) b R F Ty iR 45 4 1
2, WS BT AN WE 3 PR, TEHFPL R
24 h i}, BEFARR A M FEAE 50-2 000 pg/ml A2k B
IEFET- % 28.87%i% Wi 15 5] 84.30%; TEHEFIZk

8

Relative quantity
e

I

Snea253-R

R-pIB139
Strains

2 R-pIB139 i gabT EEEMRILE

Figure2 Relative quantity level of gabT genein R-plB139
I *FORE R AE P<0.05 /K257 35

Note: * indicate significant different at P<0.05 level by t test.

E 150,
= B 24 h
= e 48 h
=
=]
E 100} = =
=
L T
2 ;
g =
E 50 oy
B
3
5
Z (-=-
50 100 200 500 1000 2000

Concentration (pug/mlL)
3 IRIAMALIEREAIRGELE 2 WL RREFLTE
Figure3 Thecorrected mortality of Meloidogyne incognita
treated with SA
T AFETREERBEHTRAC B R I A5 LR R 32 78 24, 48 h 2k
HUREIESET .
Note: The corrected mortality of Meloidogyne incognita J2 treated
with different concentrations of SA at 24 h and 48 h.

H1 48 hist, BRFAFRAYHEETE 50-2 000 pg/mL £kt
KEIEAET - % 48.23%i% i =i 51| 98.75%. XIn%k
TR BRI T B T AREE LR B 2 A5 M AR, Hid
A& E PRI B A VA D 3 DR R Ak PR (1] ) S K
T35

FIF GABA {7 & Kl R ¥k Snea253-R il
R-pIB139 KM+ GABA &, Snea253-R
GABA i Fbid IR ik plB139-gabT H GABA
i (B 4A) o FH R RO AR €8 3 9 43 0 X T R
Snea253-R I R-plB139 HABE R & fifbA vk, €2
HEEIGN AC, Do DISFFEME AR, ISR
b, F3EI)7FE) Y=0.388 9X+0.671 4 (R=0.999 8),
BEFARRBRE S ZE MR > 100-2 000 pg/mL JE RN
WA RAF AR PR R . AR R R, 153
Snea253-R il R-pIB139 " g MR % & (& 4B),
Snea253-R HHEHIFR & & b R-pIB139 15 &Ik
214 FERIZEH R-plB139 34k B iE &N

BT ahZk i 02 42 Snea253-R Fil R-plB139 &
BEER AL T 24 hith, R-pIB139 A4k AT IFAET-H 2
66.26%, G HRIFALT R 27.47%0) Snea253-R
FAM, ZORAIESET 2485 T 39% (& 5). 4RE
B, 1235 gabT JE K REHE R Snea253 R4k AR .
2.2 AEEMAFGE Snea253 IS
221 AERRIEX gabT EFEFRiAE RSN

TEffb i R — S e s h, 3 i I E 48 B 0E
Wy, HARE. FLVE. RERE. EZEE. R, B
TER R AT A TE R D IR B SR A B A Snea253.,
WK 6 Bz, 76T HETE R AR TE MM A B R 3
PIRRIRET , gabT SER MR TR, 75 DR HIER
VIR AR TR BRI gabT JEPHh ik &
Ak, HEME. 220, FORMME AR R IE MBI
gabT SR ik w22 B/
222 kB GABA FIIEIAEL A S 240

{1 PRI fre gl it GABA s -4 TR , 4n %]
7 R, WRIEON S ETER . R Y R B
GABA i, Hof 2 >4 8.70 ng/mlL £19.37 ng/mL ;
TG A FORTE R F ] Ve B 1 &2 B R GABA
(R AN, HYR BN 6.21 ng/mL A1 6.11 ng/mL .
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Figure4 TheGABA and SA content of Snea253-R and R-pIB139 strains
TE: A: Bbk Snea253-R il R-pIB139 ' GABA & ft; B: itk Snea253-R il R-pIB139 FSIfife & ft; C: AniEdh HPLC (ailh[&l;

D: I #HES HPLC @i%El. * . P<0.05.

Note: A: The GABA content of Snea253-R and R-pIB139; B: The SA content of Snea253-R and R-pIB139; C: HPLC chromatograms of

standard; D: HPLC chromatograms of SA sample. *: P<0.05.

< 100,
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s 40t

2
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s

=
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Z Snea253-R R-pIB139
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R

Figure 5 Lethal effect of Snea253-R and R-pIB139 on J2
of Meloidogyne incognita

TE: *FORZ LRI TE P<0.05 K- 25 5 35

Note: * Indicate significant different at P<0.05 level by t test.

10 - == Potato starch
= Glucose
- Lactose
8 — Sucrose
== Corn flour
| === Maltose
== Soluble starch
Corn slarcclll

cd bed be

[ T 2

Relative quantity
>

X ) e e S e S
S (OF a0 40 Qo™ O (O 5
o 6\\3‘0 oY %\)C“ o @%\ oS
@2 N O o™
© %o\

Carbon source
B 6 AREEIENTEE gabT tHXtFik 2 HIF M
Figure 6 Effect on gene gabT relative quantity of different
carbon source
H: ANRFEERRE Duncan [CHT R R 2= 1RK 36 7E P<0.05 7K F
ERDE.
Note: Different letters indicate significance at P<0.05 level by
Duncan’s new multiple range test.
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Figure 7 GABA content of Snea253 in different carbon
source
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Note: Different letters indicate significance at P<0.05 level by
Duncan’s new multiple range test.
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Figure8 HPLC chromatograms of SA in different carbon source
Note: A: Potato starch; B: Glucose; C: Lactose; D: Sucrose; E: Corn flour; F: Maltose; G: Soluble starch; H: Corn starch.
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Figure 9 Lethal effect of Snea253 on Meloidogyne
incognita J2 in different carbon source
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