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Global function characterization of an Aco-like autoregulator
synthase ScyAl in Streptomyces cyaneogriseus
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Abstract: [Objective] To investigate the effects of deletion of an Aco-like autoregulator
synthase gene, scyA1l, on the physiological metabolism and regulatory network of cells, and
thus to reveal the global roles of ScyAl in cellular activities. [Methods] Dry cell weight was
measured to determine the effect of scyAl deletion on the growth of cells in liquid
fermentation. Comparative RNA-Seq analysis between the scy4A/ mutant and the wild type
NMWTI was performed to explore the genome-wide differentially expressed genes after 3 and
6 days of fermentation. [Results] The deletion of scy4/ did not affect the biomass of cells in
liquid fermentation. After the deletion of scyAl, the expression of the genes involved in
glycolysis and tricarboxylic acid cycle showed significant bidirectional differences, and the
expression levels of the genes involved in the pathway from L-galactose to UDP-glucose, the
pentose phosphate pathway, amino acid (L-valine, L-isoleucine, and L-tryptophan) biosynthesis,
and purine nucleotide degradation were significantly upregulated. Moreover, the expression
levels of a variety of gene clusters for the biosynthesis of secondary metabolites and the genes
encoding conserved transcriptional regulators and mycelium structural proteins were
significantly downregulated, while those of a few were significantly upregulated. [Conclusion]
ScyAl affected primary metabolism, secondary metabolism, and expression of conserved
regulatory factors and mycelium structure-related genes of the test strain. The results of this
study demonstrated new details of the global function of the Aco-like autoregulator synthase in
Streptomyces.
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Figure 1

Effects of scyA4l deletion on cell growth, nemadectin production and oligomycin production. A:

Growth curves of strains NMWT1 and AscyAl. B: Comparative nemadectin production in strains NMWT1
and AscyAl. C: Comparative oligomycin production in strains NMWT1 and AscyAl. Error bars show
standard deviations. P-value was determined by Student’s ¢-test. ***: P<0.001.
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Figure 2 Preliminary transcriptome analysis of strains NMWT]1 and AscyAl. A: Comparative transcriptome

analysis of the signifcantly differentially expressed

genes (SDEGs) between strains NMWT1 and AscyAl

after cultivation for 3 and 6 days. B: Functional categories of annotated signifcantly differentially expressed
genes between NMWT1 and AscyAl according to the KEGG pathway.
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X2 AMIRARRIB I, 20EH 1A TRR
Filil- A2 b A B (polyketides-nonribosomal peptides,
PKS-NRPS)AE W& WL K (1u94_00740-01005)
1 A~ 25 (terpene) A WA W 3k R #5 (1u 94 01425
01535)F1 1 /1> NRPS Y5 AL R (119432305~
32425), B, HE—25 400 T S A
B4 PKS., NRPS. PKS-NRPS. T2 Al
IR PN =AW IEHAE seyAl BR G
FIRAMEN . R 1 PR, BB T M
HRAEYARIERR, DA FWEBIIRAE
K 3 AN YA SRS, B 13 MK
G AR W 05 U DR (8 ) AR K K- kA i 2
A Hp 10 MER BB T M 3 A
R K B2 B X 10 MEBKEEE T
I E RS T WM AR K PKS .,
NRPS. PKS-NRPS Fliii Kb &9 G midk B 2L &
FEYI S5 K I HE 1) 961 €8 % (spore pigment) . PUE
W% BE (ectoine) Al + I 2 (geosmin) 1L & W1 & A%,
HA . 3 A FIEFRIB IR (w94 _02935-
03130 .tu94_04235-04320 F1 tu94_29680-29690)
)73 5 2wt NRPS F1 PKS-NRPS Kb&%, X
Sezk LR B ScyAl J& i K aE & T S R4 P IR 2
IR RARS = WA 3 PR R 1 B G -, {HLTH]
Bt 2 DB AU ™ ) B DR 1 7 R 9
T, XMET ScyAl XF AR HACHHAE YA
SRR ) 22 AR AT R o
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Table 1 Secondary metabolic biosynthetic gene clusters with significant expression change after deletion of
scyAl
Biosynthetic genes Product type log, (fold change) of AscyAl/NMWT1

3d 6d
nemR—A4 Nemadectin -7.9to 4.3 -2.1t0-5.9
tu94 22445-22505 Oligomycin —-23to-1.1 -
tu94_00740-01005 Type I PKS-NRPS —24.0 to -8.6 -26.0 to —6.5
tu94 01425-01535 Terpene —23.4t0-13.3 -21.2t0o-10.4
tu94 02315-02345 Spore pigment —-2.1t0o-1.0 -
tu94_02935-03130 Type I PKS-NRPS 1.2 t0 6.1 1.2 t0 8.3
tu94_04235-04320 NRPS 1.7t05.1 1.1to 1.5
w94 _04875-04945 Type III PKS —8.5t0-1.1 —39t0—1.5
tu94_07915-07930 Ectoine -33t0-1.9 -1.4
tu94_11780-11860 Melanin —6.1to-1.4 -3.0to-1.4
w94 12170-12185 Siderophore 1.1 -2.0to-2.4
tu94 _24590-24595 Siderophore -2.8to 2.1 -
tu94 25990 Geosmin -6.3 —4.4
tu94_27830-27875 Type I PKS -8.9to—4.2 -3.0to-1.7
tu94_29680-29690 PKS-NRPS 1.6 1.0to 1.5
tu94 31215 NRPS —4.3 -3.2
tu94_31805-31845 Type II PKS -29to-1.2 -1.7to-1.2
tu94 32305-32425 NRPS -20.4to —-14.8 -21.0to -9.6

—: Not significant.

2.7 scyAl RERVEREESHEFAH—
L RTIAEERRIEF NG

TEXT Ascy A1 FIEF A4 BRI NMWT1 BE474H 245
P LB AT, R A A A P — R B R
SR B g L R 1) 8 KO R A B AR
fbo FEXECTIPEE I, A A YRS R
THERREE A SR PRI E &
RN IR (R 2). Hean, fEAscyAl Wik
KB EFRAYIEN w94 19815, tu94_15145
w94 12220 43 5] 588 2T AR R i 60 5 T
bldM . bldG F adpA & FERIIE, T 3 PR
5 DR S % o VAT R O T 22 ) R R 2 A
PR R S i R 0 e T AR R
SEARAEWLID 74, I 7 2R
TR, RN, — 25T A LY UK

A 1 O PR PR L I FE Ascy Al i R B
KK EETMH, MREREFEIILERL
Ay BRSO BN 194 24715 (whiH), W77
LI 1194 19810 (whiD) . 2 i B JIk 3R Wi il
BT tw94_06385 Fl tu94_16730 (ssgd),
DA B 607 240 e B o J R 9 - €2 R T B 4 75 1
FEH w94 21880 (sigF) (% 2). Wbl (WhiB-like)
KW VA1 T WHIE gRid3EIN w94 21865 1
AscyAl HERIBAKF-BETRGEE 2). TEMYEsE
B8 1, WHIE BIESE R K B 430 i DB R 425 [
T ek ] ScyAl i K BE R A
MR 22 B AR 22, B2 TY U AE 1
TR A AT B F 1 Rk .

TEASE S BERS I TK24 th, whbll 3 35 7]
fRERER R M+ e R R A,
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Table 2 Conserved regulatory genes with significant expression change after deletion of scyA1

Gene ID Product type Reported homolog log, (fold change) of AscyAl/NMWT1
3d 6d
w94 06385 SsgA SsgA -2.3 -
twu94 08185 ArsR Unknown -3.1 -
w94 12220 AraC AdpA - -1.7
tu94 14785 Lsr2 Lsr2 1.4 1.2
w94 15145 Anti-anti-c factor BldG -1.3 -
tu94 16730 SsgA SsgA —6.8 -1.6
twu94 16755 Lacl Unknown 4.9 4.9
tu94_ 17140 MarR Unknown 6.3 1.9
tu94 17590 TetR AtrA 2.8 3.1
tu94 17830 TCS GInR 1.5 -1.1
tu94 18600 DeoR Unknown -1.7 1.2
tu94 19810 Wbl WhiD - -1.4
94 19815 TCS BldM -1.4 -
tu94 20590 DeoR FruR -33 -
w94 21050 Wbl Whbll 2.4 2.1
94 21865 Wbl WbIE 2.4 -
tu94 21880 o factor SigF -3.3 -
tu94 21885 Anti-c factor RsbW -34 -
w94 21910 Crp/Fnr Unknown -6.7 -1.7
94 24715 GntR WhiH —6.5 -2.6
w94 28710 DNA-binding Unknown 3.2 -

—: Not significant.

[ei s 900 1) 8 s L R R R A AU, SR
WII 22 5 Ak 5% i AR 85 75 5 85 o R R At i 7
o TEARRGEH, scyAl 7878 T WhIT ifid L
9421050 FKik/KV-BE TIRER 2), KW ScyAl
TE R W K B B T T wbll AR SE R B Rk .

H IR AscyAl H AN S 7 Rk R
PR NS, Ay DB R R IR R
RS, AN S A R 1 (Lsr2) g i 3 [
tu94_14785 Fl TetR FZIEIAYEE 1 AtrA bt
w94 17590 (3% 2), Lsr2 %4475 # 3R H £
BOR AL R T2 Ml e S,
M AtrA U] DUVE 06§ 3om i 13 8 2 5
WA B AR, X LE R ScyAl
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TS T W KEEEE T T Isr2 F1 atrA [RVESEIR Y
Fik,

i LA 20 A 0 B R R AN, Hifh
Re vl B p PR SF R T bt o IF RsbW
Gt I w94 21885 . A AW & FbE 2
GInR ZRbS LN 94 17830 LI K —SEIhfE R A
B 1 8 3 I T (19408185 . tu94 16755 .
94 17140 .1u94_18600 .1u94 21910 F1 1u94_28710)
WP B DS TR B 2). mitn]
U, ScyAl VERIES G A F2 540 m T i
IR A% B DR R 22 R DR AT B S R R TR P Y R
i, RIRATHEMR ScyAl PEah 195G S I 45 4
T Z R EEAE S .
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2.8 scydl BRERMELIKEHEER R
- gesk:bA

6 2] A B g — 2 o b, AT &
PR — S T 22 S5 A6 P B 11 G R R DR G g e <A T
24 N4 7 55 K AN Y chaplin JE R (tu94_07045 .
w94_07050 F w94 _11800) Fl 240 I 73 2L 6 A
DivIVA 2% 3L R (tu94_22680)1 3¢ 15t #R B
D I R SRIR MG DL 3). XS
()3 25 R R IR AR AT BB ) B 22 AR T i .
ST, OfE [ AR T AR SR S R, B A T bk
NMWTI1 A &S, AscyAl AMUS AR 225/,
W=, HUE VR S A R B W — 2P
SR, scyA ] BRI TFAFE M AR A B 25 A 4 e
AYRRERE, MR EWT . H5E, Chaplin
AR 5 D 0T T 22 G [ (R 355 % L 3R T 7k
T4 S A TR 24 b TE K e B, HER
IR R 3 25T B AT B I AN 52 M YRR B v TR AA 1Y
A HR, DivIVA X B 22 R T A= K AR &
B, RMELK A FAAAEE ThRRTUAR B,
w94 12730 Fl 94 21345, EATHIFBKFEAE
AscyAl FAEALA K, X AT REIRUE T 1R AR5 57 4%
4 Ascy Al AR IE & A K

R 3 scpdl RRRRIEKFEREREZZUNE
LG ERRIBER

Table 3 Mycelium structural protein genes with
significant expression change after deletion of

scyAl
Gene ID Homolog  log, (fold change) of
AscyA1/NMWT1
3d 6d
w94 07045 Chaplin  —6.7 2.2
w94_07050 Chaplin  -7.8 2.1
w94_11800 Chaplin  —4.1 -3.0
w94 22680 DivIVA -1.6 -

—: Not significant.

3 WREER

Aco KRB AE 5 A eI T4k
KB —FOH G50 T D, 7ERER K
A A B it AR R A R R T
FEAER . BT, XD aR Mo U R F IR %
R I, B2 R A AR AT LA
A 2R HURI 8 S50 T ) R B R A 4 R B R
NMWT1 iR, T % i — A5 e
v T E R R B ML) Aco RG50T6
il ScyAl Jefli |, JE— R L 4 0 4 ik
RIT ScyAl X B RRAE AT AR 45 19 4 R
PESZOA . LU SR T 45 SRR, O R A
%3 85 6 K, scydl WERIER AT T3 2 000 42
A R AR B Ay, JF A B2 TR
KRBT 8 LAMEREE . KEGG %
SYHT BN ScyAl T IZFEM T B kR IRI AR 662
Fa b A U AR . — R TR G I R SO B 1R
W) BEMROC-HEAR . L-FoARM -0
TR ) W AT I W A% R R AR A7 5 LUk, Sey Al
22 FAC I T B 2 R 2 IR AR A
FEHFEM IR ; 4, ScyAl MREEZE R
M) 24 2 3% 08 47 T 45 e il 2 DR (4 SR e ) TR 4
N FHyFeik; fJn, ScyAl 2 hLobd g
IRZERIPEZE 43 (40 Chaplin F1 DivIVA)RY IF 4425
Fo VLR RATEMIANN ScyAl DI RETR
BT AR TR E B

R T P O 2 A PR ST A R 2 B IR
G A R IR A B 22 Ak
Frr, B a e R s B S TR B 2 RNR
G 8 TR — Ak B S TR] A R AR
W B PT RE S SS th RT RE S AR FHRY, e,
TEREA TR R i AR R A, DR JR IR+
WbIA f -+ — b3 R B 21 &K (undecylprodigiosin,
Red) Fll i £k 45 £1. 2% (actinorhodin, ACT) 41 il
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7, Hiid F ik FERed FIACT 74 B F 2,
T 7E B A4 7 (04 25 T Y, WBLA W BB 08 A #52330G
TER, HRWESFBUE & RIRA LR, &%
FL W 4 4 Sy P I 98 X A (] 45 3 TR K
RACE A L 22 SRR T o . BB T s
B e REEERLE adpd BRG] LLIREL
AR MIEA A5 ARMAEZ R, X
AR ) 1 — T Y B A% BT 22 TGP M T 1 T )
R F=#¥)——oviedomycin, B AdpA BE1F 1
28 v B R W77 4 LREWS 11 #% oviedomycin
(7= A 23 R e e — b 4 SR R 4 R o [R] —
PR TE A [l G A 7 0 A 1 25 M AR AT
Ko sabA R VeI 05 B TR SRV AR 540
AR, B HRDEER R L e &E R E
RE 1 SR, AW 85 SR B v R 5 b H R iy
R B A HE, sabA AR BE 8 K &7 A4
oviedomycin; ¥4 H1 &P oviedomycin K&
PR, XN A R R R R R K
= B, X R sabA i O bR AE T 2 B SR A YA
M T RENS IS R oviedomycin A ) Al Ik
R % () 26 A FE e UE oviedomycin fif = Az 24,
FHUC AT L, 4 JmPE a4 (40 AdpA Fil SabA)
25 AL M IR A R L, ISR E 4 R T
RS R 228 8 s A s 66 DR AR R A 5 v i
HFB o TEARMTH, scydl SRR FEE S T
MG R B KIE N, JfH ScyAl iLRERS
IEPEE KR 13 ANRPAH AR S E
LLyE | ORI R R)JE R R By A M R4 3 NIk
RACH YRR R R IL, X R ScyAl EIX
FACEH A R FE R EROEEN, EXx b
R FACH B A MR, AT ScyAl (1)
Ze AL RE S AR, TEAERR Y, BRI
il i 2 A B R B 3 ARG SRk - B 2 B
AR FAC FE R, AE I A DU 2158 i Ik AR
WP A, RN AT BB A Bl = HoAh N K (E
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m¥EFREM), SBURRIE NS 2GR IAHE
WEVIIRARE AR 4. BZ, T SabA
PLRATCH SeyAl IUEEARBESE, AT LAIA i XA
JBRVAT 5 57 6 B L R A T st A R AR AT VR
Btk U A S RO 8 TRz —

AU, 3R G2 UL AR 22 1 B DR AT A7 AE 1R
SRR DR S B R T O AR A A I 25 114 32 2
B o SR AT IZ R I 2% B S IR 97 TR - 22 [] A
HAER R KA BT PR AR R 4 0 2 A
AT, BEREOVAR 5505 B RR 8 7 A 5
54> F (autoregulator), J=A MG S F1ER T
5 Z VG Bt /) £ 11 52 1K (autoregulator receptor,
ArpA), TEMER ArpA XF T #FHE & 5 3 11X
L 2 o S B8O P — R 40 4 A i B
T REPT R, ArpA AR A A FE L R mT
DLBR R A5 5 o0 16 B4 i 0 BE L D o AT TR
&% 4 W2 ie i R FOR 7 K (U 55 55
@, GBL EKfF50 4 AfsA il fElR
ArpA X 4 Jry P JE 45 5L ) adpA Ja 3 i3]
G adpA WIFRK, FREM AdpA HEmHAE S
TE 28 70 AL IR G A AR 0 6 UAH DG JE TR 1Y) 3R
BB gt R A K (B R T P AfsA 1t B
il adpA (/)32 35 T 55 BT 25 20 A6 F R A5
M., B AEERETES S 40
SabA & A butenolide 15 54> T AE % Bk 2 1A
SabR1 X cprB JA 8RNl , oF Wi is
CprB-AdpA-SanG {551 I J5 Je vl 25 R 1Y
HHP X2 AN IER R G S 0 T AT
DA 3 3 572 Wi 2 S 145 0 2% v 1) 22 3508 4 SR 1
P RIAT A IIRE . TEAME T,
TR scyAl R T 2E 520 1 8 2500 1) U 6e
LN SR A 4 A R RSP R AR I P ERL )T
ARSI B SRR AR 4, 3 Sy FRATT R A
B TR SR RS D 2 1 A A R AR T R 2 B
IR PSS
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