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ABC transporter SgnA/B promotes extracellular transport
and efficient production of natamycin

ZONG Gongli"?, CHEN Xi?, ZHANG Zhen’, TU Yu?, CAO Guangxiang’, ZHANG Peipei’,
FU Jiafangz, ZHANG Rongzhen'

1 School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China
2 Biomedical Sciences College & Shandong Medicinal Biotechnology Centre, Shandong First Medical University &
Shandong Academy of Medical Sciences, Jinan 250062, Shandong, China

Abstract: Natamycin is a natural, broad spectrum and highly efficient antifungal compound that belongs
to polyene macrolide antibiotics. It has been used in prevention of food fungal contamination and
treatment of clinical fungal infection. The extracellular transport efficiency of natamycin may be an
important factor hampering the yield of natamycin produced by Streptomyces gilvosporeus. The
extracellular transporter SgnA/B of natamycin was analyzed by bioinformatics tools and molecular
docking techniques. This ATP-binding cassette transporter, consisted of SgnA and SgnB, is a
heterodimers with inward-facing conformation. The difference between the natamycin combining
efficiency of the two drug-binding cavities in SgnA/B is favorable for natamycin extracellular transport.
sgnA/B gene was overexpressed in S. gilvosporeus F607 and the effects of sgnA/B gene overexpression
In F-EX

extracellular/intracellular ratio of natamycin in logarithmic synthesis stage was increased, and the total

on natamycin synthesis and extracellular transport were analyzed. strain, the
fermentation yield at 120 h was increased by 12.5% and reached to 7.38 g/L. Moreover, transcriptome
sequencing analysis showed that sgnA4/B gene overexpression affected the expression of genes involved
in the metabolism of various amino acids, propionate, glucose, C5-branched dibasic acid and TCA cycle.
This research demonstrated that the enhanced extracellular transport increased the synthesis of
natamycin by S. gilvosporeus, and S. gilvosporeus F-EX showed good potential for the industrial

production of natamycin.

Keywords: Streptomyces gilvosporeus; high production of natamycin, ATP-binding cassette transporter;
inward-facing conformation; extracellular transport

ek AR L TR R G B ot L TR 75 G Jgl I A2
e TN S S e B e L7 O S 2
FFRIEAH b E E (natamycin) (X FRIC 55
%, pimaricin) SE—FPRAR . TS BRA 2
KIFNEEEBE R, Ha+FXh C;3HieNO s,
TE i R L T J e S 8 3 97 0B i EL TR T e B
B EAA EEMAE, iR T 2R R
HE R, HAYG BB R EAX IR 91 Je
K B A RS R R
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(Streptomyces gilvosporeus)® . 4N 5 IR 4 55 T
(Streptomyces natalensis)\® | 1A £ 5% il 55 5%
(Streptomyces chattanoogensis)'" 1 | il 4% %5
(Streptomyces Iydicus)™' ¥ 0] L& BN 5 &K
E LR 43 bR N sgn . pim . sen Fl scl, #
T 10155 75 TR (Streptomyces gilvosporeus) F607 &
A S 56 5 5 o iR R AR I AN A R
RS,

S. gilvosporeus AAMEERNLEY) G LH 1 Y
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B (SgnS0-S4) Ak £ B AN TA R TP i
B2RLEY, SgnD 5 SgnG i 5T 4wt A P450 R
AL 5 BN IR PMEM . Sgnd 5 SgnC N 54l
BRI TR A M AR R R A Rz
AR R 22 . mRRE R
¥ PimMU | PimRU R ] (R VYT £
— eV A R R A . AdpAlT XA
Jy %24 (two component system, TCS)!* F
WhiG % Z2 A~ 42 J5) I 48 DX 7 R R AR JB 1 35 5
Yy P A2 5 RENMER AR A,
WEE R B, M — & W B BT PR 40 (reactive
oxygen species, ROS) XJ#Hi 4 KAEY G W EA
HEMEAC, LR R R — 2 W
H,0,, AI$EmaNMhas 2= 1A s B, s n]
A SRR PR 1 PimM 1 PAS 4544 5,
M g S W, T E R R
AR TER Z AN biA R, HEAR
G520 ROS JKF-, HETTASF] T 45 H = K
A6 o

PrA: Z LA s R T A: 2 40 SRR
LAty 7 A O RN B R R A AR R
AHREBEZ Y, RZHRAEYABFEN S
P WK EE ) JadL SR RSN R 28R B ™
SRR, LRI bR R TR A R 37.87%,
R s IR m AR Z R B 1
B ZEEPUER ATP i AaiaEH
(ATP- binding cassette transporter, ABC 441z 5 1)
PP RSNz, . DU HUAE R
MW RLNE RIS ABC FizEAnyitH
nysG Ml nysH RAS )5, il 8 W 2 A K-8 8
AR T E 35%, HRI AR AT 10-5 A
R R,

PifthmE R G IR FE T sgnd B sgnB Ymtd
) ABC §%izE 1 SgnA il SgnB A YI2- T
BT R 2 50 AE R A BT A DA P 1]
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Gz AR, (H HATXT % ABC s
¥z b R AT, HoM R HE Tk
B RCR DA m N R R S . AT
FEAE TSI % Wiy A 18 B AR M A A B 21 5 7 T bk
S. gilvosporeus F607 3&4ili I, MG ermE 5
SUR BT sgnd Fl sgnB ¥ DI EAE, FEoHTr
PO R R, Gl R = R I AR D
WmmptE R R, X T4 ERATRE
49 1 A 1L

I ARSI

1.1 E#R5 R

o B U BEF A F607 . pMS82 JFURL Ay 7R S
BIRAE; KIGFFH (Escherichia coli) DHS5o Ji%
ZAYNM . pMD-18T #ifk, WA E4Y T.14
(Ki%) ARRAF; BERWWRESIT ermE R B
MAE TAEY TR () Bedna BRA F A
1.2 EERXF

PRI R N YIS (Kpn 1 . Hind 111) Wy
H Thermo Fisher Scientific 2\ ; %8 14 12 i
(T4 DNA ligase). Byt WE&E I ISR 7 4
SDS-PAGE e Bie il i 5 & 55 350 B 48 T4
T (i) A RRA R Bk /NME R &
g H TIANGEN A,

Pfu DNA R4l . Tag DNA B4l . ANTPs
W H At XA B YR A RS | DNA 43+
EAREN A FAEY TR (KE) BBRAHR; 5l
YIE s, AT AY TR (R BihA
BN W] 5 25 1 R (R BEAR IR B BB M A Oxoid
Z5w) s A 7 A af 3 1]
1.3 EHFH

LB AR 23 (g/L): BEEHEEM) 5.0,
E W 10.0, 54648 10.0, LB AR 755 . LB
WARRE SR B B Ry 15.0 g MS 7= 46 [i] {4 55
FiH (g/L): #EEH 20.0, HEERE 20.0, CaCOs;
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3.0, LIEKY 15.0. NTZ Fh 735555 (g/L):
ZBE 10.0, BEERPEE 3.0, KEHEAMK 5.0,
ZIFRK 3.0, NTF KR FR%EE (g/L): KEE
FIi% 20.0, BERREEEUY 4.5, @Al 2.0, 455
BREREE 1.0, HZbE 60.0,
1.4 SgnA/B ¥ iEMME RN

WA AT F607 FEN U (GenBank % 5%
51 NZ_CP020569.1) #55, M NCBI 2[5
JEH A 4K SgnA F1 SgnB I ZE LR ¥4 (GenBank
RS WP_016579058.1 Fil WP_014143936.1).
BLAST 73 #r SgnA Y SgnB 1541 [a] P14 .
FIFH TMHMM-2.0 43 A Ho 5 B 45 44 5k . A
SWISS-MODEL [a] i #4544 & SgnA F1 SgnB —
A zEFREAY . F| ] Discovery Studio 73X} 4%
% ABC #izERAS5MMER, ohrHgs
ia )7 I as G J SRR I .
1.5 SgnA/B BRIEFERRIEE
1.5.1 SgnA/B #ZEESEBRAMGE

PLF607 SER A M, Wit Kpn 1 .
Hind TG 5 R 6xHis F5% 540 (5 vk 5|
¥ EX-F fil EX-R (% 1), W {#£ E DNA R4y
14 sgnA/B L FH, EARBE A UK LS , T-A
SL%E 2 pMD-18T ZifAk, MJF . W3 1E 6 ) ks
2 Kpn 1 1 Hind IG5, 5056 SR YT 1)

x1 KHREAAAEIHY

Table | Primers used in this study

pMS82 4z, 13| HAK A pMS82-EX,
ZWEY) . )T 56 UE IE A 1) pMS82-EX kLA fk
F E. coli ET12567 (pUZ8002).

1.5.2 FHERMNIESER F607 LIREHFH
% 1%

WA TS AR (Hyg, 50 pg/mL).
HRNEHFR R (Amp, 100 pg/mL), EFEFHE (Cm,
25 pg/mL) MY LB ¥55R 55 5% E. coli ET12567
(pUZ8002, pMS82-EX) % ODgoo N 0.4-0.6, %5
TR LB #5000 2 Wk, AT 0.1 RN
LB Fi 323 . MS M 5557 S. gilvosporeus F607
3-4.d, HIHAMTFHER TR FIE IR IR R 2
48 h, SRR 2xYT HEFRHEUES 2 Ik, EET
0.1 AT 2xYT Bigedtrp . 200 uL KIGFFE
55200 puL WHLZRIRST, AT TEIN 10 mmol/L
MgCl, () MS B4R |, 30 CHiFF 16-20 h,
1 mL BHEK (& 0.5 mg Z50EEdRR (NDA) F11 mg
Hyg) WA, 4k2k30 CISR, #6FES
A 25 mg ) NDA 1 30 mg 1) Hyg A% 553 rht
Frifie . X s 45 1kt 220 3 fe i alifh
J&, AT, PRI LR, PCR KHIES |9
VI1-F #l VI-R 54 hgy KA, V2-F Fl V2-R §" 14
ermE Fl sgnd @& B TIIE, kS 0L
%1, S T4 R S. gilvosporeus F-EX .,

Primers Sequences (5'—3")

EX-F AAGCTTGGATCCGATGCTGTTGTGGGCACAATCGTGCCGGTTGGTAGGATCAAGCGGAAGAA
GGGAGCGGACATCATCATCACCATCACCATGTGCTGCTCAGCCTTCTGCGAATC

EX-R

VI1-F ATCCCTGTTACTTCTCGACCGTATTG
VI-R GGATCGGTGAAGCCGGAGAG

V2-F CCGATGCTGTTGTGGGCAC

V2-R GGACCAGCAGCACGAGGG
SgnA/B-RT-F CGACAGCGGCTATATCACCC
SgnA/B-RT-R CACATCGTTGACGGTCCGC

16S-RT-F CCGCCTCGTTGCCCTCG

16S-RT-R CAGGGACGCCCATCGGTG

ATGGGTACCCATCATCACCATCACCATTCAGGAAAGACTGGGGGAAATGCC

: 010-64807509

X: cjb@im.ac.cn
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1.6 SgnA/B Rix{ER

S. gilvosporeus F607 F1 S. gilvosporeus
F-EX FMRRRR A BERG 5 , S 290 i R A il
BN (real-time quantitative polymerase chain
reaction, RT-qPCR) 73 #r sgnd/B JEKTE W &
(% S KO BY oy e R R TR (24, 48,
72. 96. 120 h) 10 000 r/min Z5.(> 10 min, W&
P . FRIUE RNA I 5% 5t % cDNA, SR 5 iF
1T RT-qPCR 437 o FHAS A AR B4 s A Ry B
XA, AR FIEA 16S rRNA E A NARE IE
DRURE: (it 0 G A A ) T s B Y 22 57 o sgnd/B 3
A5 SgnA/B-RT-F , SgnA/B-RT-R #1 16S rRNA
K54 16S-RT-F 1 16S-RT-R WL 1., Western
blotting ¥l . %8 72 h 5, Z%H 10 mL &
FZ 10 000 r/min B§.0» 20 min, Fi% TCA ¥ 4i
100 £, AWK, %% PVDF, IR
60 min, ¥ —FHL (CW0286, CWBIO, China) 4 C
B %, —FL (CW0102, CWBIO, China)
37 CHFH 60 min, PBS ¥ I = IR Bd (2 R b e s
3K, AR AT .
17 PHEEEMEABESENE
1.7.1 N BERR IR A& B2

B-80 CLRAEM S. gilvosporeus F607 i
S. gilvosporeus F-EX il ¥, 4 CiE% )5, 1A
B H U 1 mL ¥R AT MS B (TR
B PR T AL BE 25 pg/mL B4 Hyg), 29 CH;
F% 3-4d, (KRGS, SEBGE TR
TEAL R SR AL AT A, 29 °C . 220 r/min 5
F2) 48 h, DL S% i i i g s R W TR
fift Fp 3 IR I, TR R R, 29 C L
220 r/min $5FE4) 24 h, DL S%IK L IHERR T
250 mL 2 o0 30 mL A9 = MR, IE 0
ANLWPE R 6% %M, 29 'C. 220 t/min &
PR % 120 ho KEEWIHG pH (EN 7.5, 4:F% 24 h
N 7 20 b 5 25 L A0 5 L PN 7

http://journals.im.ac.cn/cjben

Mt BEHZ S 2/ HPLC NE

B 1 mL &AW, 10 000 r/min B5.0» 10 min,
FWEWINA 9 mL Jo/K R, 45 B SMER M Ah 1Y
RS E; DUEH 9mL UKHEEER,
AR 20 min, ZKHGR 10 000 r/min .0
10 min, SN PHMER Z . 0.22 pm AL
DR IR EARAEHBOK , AT HPLC I 94 fh 25
RO, DL 1.0 g/L Mg E R bR vE b VR X B
HPLC £l 45 1 . € 3% 4F : Zorbax Eclipse
XDB-C18 #£ (4.6 mmx150 mm, 5 um); i zhAH :
V (0.3% NH,CI, 0.02% NHAc) : V (%) 1V
(PIEWEIR)=75 20  5; Jiik: 1.0 mL/min; £
W 30 °Cs ERERE: 10 uL; AIYE K . 303 nm,
1.7.3 BEA ROS EENE

DT R AR R, B 24 h IR TRIA,
B, RS EERNEAA S EaXR,
S0038) iy ROS . # AR 100 J74i iy
FIA 100-200 pL 52 480 A SR D 224 i ¥k 1% B 4510
AZff, WIS ST B2, 4 CYy
12 000 r/min &5.0> 3-5 min, B 3. WA
B, MAE 560 nm b SERE, 45 MR K1
hras T RE
1.7.4 FERENFF

i FE R A 24, 60, 120 h I, HX 2 mL
KEEW A EP %, 10 000 r/min B.0>, 3+ FiE
W, VIEE TWASHITHE, REET-80 C
UKFEPRAE, 3% 1 16 TR A W AT BR 2 RN
HATRIBZE TN . &R R T, T
1625 e IR B R SR - Rk 22 A5 5K log, fold
change[>1, 3 P-value<0.05,

2 BER54

2.1 SgnA/B A [a F OB &5 XL F
ABC #iz&H
ABC BB HA 2 MRS A X )

1.7.2
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(nucleotide binding domain, NBD) 1 2 4~
Jii 4% 4 X 38 (transmembrane binding domain,
TMD)**?7, SgnA/B f£) ABC iz 811, H/E
Y2 T BE 1 U 5 90 A B R A 1) B A I A
x31. SenA/B WIS Hr & L, SgnA 5 SgnB
) — R 5350 577 S F 651 DR, —F
R IERR 7 A R PR 31.57%, {H SgnA 5 SgnB
8 R oM, Horf Walker-A | Q-loop
ABC signature, Walker-B, Switch £l D-loop %5
ABC ¥z 8 RS RIBR (motif) = BE AR AT,
Horb SgnA Y Walker-A 45y & L2 41
“GSTGAGKS”, SgnB H“GPTGAGKT”, #i4f
PR B T Walker-A 4544 “GxTGxGKx I fR T 7
41, SgnB HELIATFSC (switch) 2R TR 5L I3
B2 GIn528 Hl His591, by i B PR T 2 FE IR 5% Ak
(B 1A). HBL, SgnA/B & 2 B [F] I 3 4 %,
() ABC #eiz 1 o ib— 2L o Wit R4S Fy sk B,
SgnA FlI SgnB %A 6 1~ o #REIE il ABC ¥4iz i
112 AP EELE AL S i S AU 2548 (18] 1B).

F|FH SWISS-MODEL ) Multiple target project
(https://swissmodel.expasy.org/), ¥ SgnA/B #17
[P EASE, = R 2 b AR 5 R ) TR AR
(Thermotoga maritima) "+ TM287/288 (PDB :
3QF4) ABC ¥zt F1RIRIESN 40.33%, JFHAE
UL TR A SgnA/B L5 BRI I, SgnA/B
KA 4 (inward-facing conformation)
) ABC ¥z 511, ZMERE LN 585
A s EE (B 2A). SgnA/B iz EAAH
4 DERIER, 2 A IEEEH B TMD1, TMD2 #
2 AT RS A 45#3 NBD1 .NBD2.2 4> TMD
439 6 AMETELL AL, NBD 4544 M) 455057 F 40
M (B 2A), Switch GIn528 FI His591 N f; T
ZolIE R O E, 5 Walker-A | Walker-B JE
WIRYE iz i d 248 (8 2B). TM287/288

: 010-64807509

HikEM LS ATP M E RN EE,
TMD SR TiE F HEE LA 0 FF 1 #94E (outward-
facing conformation), #RJ5 B ZIKY),
ATP /K fi#J5 , TM287/288 H #7105 e 1y 1) IF 1
5o,
2.2 SgnA/B I EZMINEIEA R

FERGE SgnA/B Feim b E R ALE, R
WX L, 8 T SgnA/B 5 4hfth s
RAGMRME . 458/ ERY, 5 ZRIK SgnA/B
R s @ iE BA 2 M RS A0
(drug-binding cavity) DBC1 il DBC2, 43 #I4i T
NBD #1 TMD Z5#4y3 (&l 3A). s ABC ¥iz
E 44 ATP J5, NBDs — RAIKIE il B %) =
HIG 4549, NBDs KM, (#15 TMDs &EHE, i
1M 2 1 T ik B A8 R A ) i A 42
(ATP FF AT

WE— 08 SgnA/B SN E R ikiE s A
WAL P, MEE RS DBCL ZEJE R LA
B . unfavorable bump 1 alkyl #HHAEMH, Hah
G @HENR Fy SgnB ) GIn347. Ser206. Asn86,
GIn350. Leu93. Leu343. Pro90 1 Glu354,
DBC2 S4fhd = Z M, Wik ufEsE T .
n-alkyl ZFHABAHEAER], W: 5 SgnA &Y
Ser500. Asp503. Thr504 J% SgnB £ Thr433
JE 1%, unfavorable bump M HAEA , 55 SgnA B
Phe499 . Asp507. Leu502 & L&, 5
SgnB HE A Leu629 ¥ i n-alkyl AHEAEH, 5
Thr504 f77E alkyl A EAER (& 3B 1 3C), X
S 1 DBC2 544fthas R4S A ReFAL, %
A, Hit SgnA/B S I N EY) % FlEE
Ji5k, WiES X WOEAE 155, R H Tz
Gh 1) s B 1 I AN is M EE 2R, BRI
PR 40 fth 5 25 BRI ROS B R i 51 & 1Y 7744
s, HAE R E 3D,

X: cjb@im.ac.cn
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A

T™M287

1 10
TS WRREET I N B U 0 B SRR R G 0 Y S B e GPSGSGGGGG]
SEIA « st st ML|'\
TM2B8 o cv e e e e MPEIRRRPHGPIL...... EKPALKNPTAT|L
SgnB MRSCCAPVRRTGKSPGPNSPRSPATTADPARTPRPPRPFRRLSMVSTDSARHARRGE)

a2 3 ad
T™M287 240 £0....0200000000000000000000000000000000000000000000000 Q0Q0Q0 2000000000000000
70 80 90

SgnA BINGVVIK . . . . Sl
TM288 BIVVFVIPRR . FDLLPR

T™287 BEGIER. . . .
SgnB BlLLFD/GIRHTH|GSRGVDEDGIAR

b

190 200
KGNPILERX I[QESTDE
MRP|LIRG V|

T™287

T™M287
SgnA
TM288
SgnB

T™287 2
290

TTINEL M

RJIMF S

3 N E[KP A 1EE
¥|ILMS

TM287
SgnA
TM288
SgnB

TM287 __TT
330 340
TM287 ADNAALP N[V
SgnA [V|T|A(L HR H{gE
TM288
SgnB £ E

T™M287

T™287
SgnA
T™M288
SgnB

T™287

TM287
SgnA
TM288
SgnB

1 SgnA/B S &EF Y REREM D

Figure 1 Sequence alignment and transmembrane structure of SgnA/B. (A) Sequence alignment of SgnA/B
with TM287/288. (B) Topology diagram of SgnA/B. Diagram residues not resolved in the structure are shown
as dashed lines. Out: outer cell membrane; In: inner cell membrane.
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=TI F/ABC HizEH SgnA/B REMthBREIMNEE ST

Walker-A
S f [EALLDTTITTY

In ¢&8% i

Walker-A

B 2 SgnA/B =4 HiEE

Figure 2 Three dimensional structural model of SgnA/B. (A) The overall structure of the SgnA/B. The
N-terminal half (TMD1 and NBD1) is colored in lilac and the C-terminal half (TMD2 and NBD2) in blue. (B)
Structure details of NBD1 and NBD2.

B e ¢ @
@ . o= e , 9 o
0: s ;
" e -
. . = o ! &
H . 1 » o
o o A 2
o 5. 4
X )
o o - « “
. " o. o =F B
# :
8. ¢ ‘
W % " 8
o] [ o (]
B Unfavorable bump [ Carbon hydrogen bond [0 Van der Waals Bl Alkyl
I Conventional hydrogen [ Alkyl B Unfavorable bump [ | Pi-alkyl
bond [~ Carbon hydrogen bond

Outward-facing

Natamycin *‘kk ¥  Natamycin % * * Natamycin ** * Natamycin** *

3 SgnA/BEHEHMBZRAR

Figure 3 Natamycin transport mode mediated by SgnA/B. (A) Drug-binding cavity of SgnA/B. The
inward-facing cavities are shown as a blue mesh. (B—C) Interacting amino acid residues of DBC1 and DBC2
with natamycin. (D) Proposed mechanism of transport in heterodimeric ABC transporters. SgnA and SgnB are
colored in carmine and cyan, respectively. Yellow, green and blue stars are natamycin, ATP and ADP.

=: 010-64807509 X: cjb@im.ac.cn
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2.3 sgnA/B BRIZEREE

Shy iR 55 20 At 2 2 L PN R B AR Y 7 T
RONE, F T AN A EE R MIANL 5 R 1 sgnA/B &
FIRB bR e T pMS82 ks, WA ermE
JR 85 B sgnd/B LA pMS-EX, ]
Bk H ey v B R/ h—20, %2 3 699 bp
(F] 4A). pMS-EX 4 E. coli ET12567 5B E
S. gilvosporeus F607 , {5 2 P i 18 S8 0L FH P %
b, PCR 93 sgnd #5r b Be A B 2 5L 8
B0 R B/ INS e R/IN—3, 735124 809 bp
#1930 bp, K45 ML, B S. gilvosporeus
F-EX (|8 4B f1 4C).,
2.4 sgnA/B @FRix(RH T NHE RN
HiESNMEZN~2

HIIHT sgnA/B L EFIBXN AR A Y&
BCAISIN, RT-qPCR 43T T S. gilvosporeus F-EX
th sgnA/B KL K5 K721, S. gilvosporeus-
pMS82 M HEXTRE . 25 R EB IR, S. gilvosporeus
F-EX Ak sgnd 5 sgnB FEH /KE7E 48-120 h
Hikem (K 5A Al 5B), FRBATE S. gilvosporeus
F-EX Hk sgnd/B BB FR KNI, &K
TP HA — 3, 5 L PR LG S e i — B

AN, 78 24 h B sgnd/B &5 A4 R T
=, ATRE S E Y sgnd/B FEREFLHA |, 2%
T2 SR R R DR TR R T B AT 6

R 2 8 F A AR AE sgnd/B FE R Wi in A T
His #2741, LA T Itk A & sgnd/B (3R
ik sgnA/B L4y 5t 577 1 651 AN IERR .
Western blotting 7EJKiE 2 kI E] SgnA F
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Figure 4 Construction of sgnAd/B overexpression strain. (A) pMS-EX verification by digestion. Lane M:
DNA marker; lane 1: blank control; lane 2-7: S. gilvosporeus F-EX positive transformants 1-6. (B)
Verification of sgnA fragment in sgnAd/B overexpression positive conjugations by PCR. Lane M: DNA marker;
lane 1-8: positive conjugations 1-8; lane 9: F607; lane 10: blank control. (C) Verification of Agy fragment in
sgnA/B overexpression positive conjugations by PCR. Lane M: DNA marker; lane 1-8: positive conjugations
1-8; lane 9: F607; lane 10: blank control.
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Figure 5 sgnA/B overexpression affects natamycin biosynthesis and extracellular transport. (A-B)
Expression levels of sgnd and sgnB gene in different strains. (C) Western blotting of SgnA/B. Lane M:
Western marker; 1-3: S. gilvosporeus strains F607, pMS82 and F-EX. (D) Total natamycin production of
S. gilvosporeus strains F607, pMS82 and F-EX. (E) Ratio of extracellular natamycin and intracellular natamycin.
(F) Intracellular H,O; of S. gilvosporeus strains F607, pMS82 and F-EX.
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Figure 6 Differentially expressed genes of S. gilvosporeus strain F-EX compared with strain F607. (A—C)
Differentially expressed genes at 24 h, 60 h and 120 h. The blue dots represent the down-regulated genes, red
dots represent the up-regulated genes, gray dots indicate genes that are not significantly differentially
expressed.
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