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Figure 1. Chemical structures of therelated compounds, A: griseoviridin, viridogrisein, virginiamycin S, prisitinamycinl, pyridomycin and the

nikkomycin Z, the 3-hydroxypiolinic acid part and the picolinic acid of nikkomycin Z was denoted by dotted box. B: 3-hydroxypicolinic acid and other

used compounds in feeding assay of mutant AsgvS, including nicotinic acid and related halogen derivatives, picolinic acid and related halogen

derivatives and 2-piperdinecarboxylic acid.
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Table 1. The homologous proteins in biosynthetic gene cluster of four cyclopeptide antibiotics
VGiridogrisein VirginiamycinS Pristinamycin Pyridomycin Function
SgvL VisA HpaA PyrB L-ysine 2-aminotransferase
SegvS VirM SnaO PyrD sarcosine oxidase
SgvD1 VisB SnbA PyrA 3-hydroxypicolinic acid: AMP ligase
HO
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o} O O o
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Figure 2. Mechanism of the reaction catalyzed by VisA, NikC and NikDand the proposed biosynthetic pathway of 3-hydroxypicolinic moiety in viridogrisein.
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(NRRL) , T BR R A7 Rl A% AR AT A8 T W AR TSB 1% 7 4k
ol [ f& MASP4 }5 973, T 30°C K B 9%, A AR
YA S € I B RR A e B 7R 2 . AT H IR AT

cosmid lH10 Sy ASHIF 5 b 44y 5 AR T 50 o A 1T 1) 1
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Table 2. Strains and plasmids used in this study

Strains / plasmids Description

Reference /source

Strains

E. coli LE392 Host strain of cosmid vector SuperCos 1 Stratagene

E. coli DHS5a Host strain for general clone Stratagene

E. coliET12567 /pUZ8002 Host strain for conjugation [21]

E. coli BW25113/p1J790 Host strain for PCR-targeting 1]

S. griseovirids GV and VG biosyntheis stain S. griseovirids NRRL 2427 NRRL
AsgvS sgvS insert deletion mutant This study
AsgvS: :sgvS sgvS trans complementation mutant strain This study

Plasmid

SuperCosl Amp', Kan', cosmid vector Stratagene

pCR2. 1 Amp", Kan", general clone vector Invitrogen

plI773 Apm", source of acc(3) IV and oriT fragment 21]

plJ790 Cml", including \-RED (gam, bet, exo) for PCR-Targeting [21]

pUZ8002 Kan', including tra for conjugation 21]

pSET152AKE Apm', Kan', int®C31, ermE’ [21,22]

pJu5032 sguS insert mutation cosmid This study

pSET152 AKE -sgvS sguS trans complement plasmid This study

1.1.2 EFEMEFEME: (1) LB I HAMK
10 g, B2 BFELEUY 5 g, NaCl 10 g, b1l ddH,0 % 1 L,
pH 7.0;(2) TSB Bi 37 H: KU ANR 5 o0 B A ik
15 g, RERE 100 g, 75 4 B 2.5 ¢, K,HPO, 2.5 g, Il
ddH,0 £ 1 L,pH 7.0; (3) MASP4 £ 35 5L ]y ki
10 g, EEE MR 1 g, BEEFRIUY) 0.5 g, K,HPO,1 g,
MgSO,*7H,0 1 g,NaCl 1 g, (NH,),S0, 2 g, CaCO, 2
g,FeSO, *7H,0 1 mg, MnCl, 1 mg, ZnSO, *7H,0 1
mg, Il ddH,0 F 1 L, pH7.0 - 7.4; (4) 1 ¥k K B2 £
FrHE A PEVER 10 g RE K 2 ¢ BERERE Y S g
EKKr 3 ¢, K,HPO, 1 g, MgS0O,*7H,0 1 g,NaCl5 g,
(NH,),S0, 2 g,CaCO, 2 g,FeS0O,*7H,0 1 mg, MnClI,
1 mg,ZnS0,*7H,0 1 mg, jin ddH,0 £ 1 L,pH 7.2;
C 75 N2 ) BT R 5 IR S N 2% 1 35T A BT T
K #F B 3w Ak DH5a, ET12567 /pUZ8002 H LB
37°C F 8% 3%, 1 BW25113/pIJ790 #H =% B £k fif A
30C K5 7% . S. griseoviridis NRRL 2427 FlAH 5% 1 =
AR TR A 5[] T R H TR P R T 15 7R AR T 28°C R 5 5
5-6 Ko
1L1.3 30 A AL AP R A V)i, DNA
MEFZ MG M DNA Marker 55 ) [ TaKaRa 22w ; 5 ) 2L
) DNA % & Eg i H TransGen 24w ; DNA [R5l

SN BORL SR BOA A &8 H Omega 24 7 o 3FRIEALNE
FR W S A B TR TREAT BR 2 w5 it e 2 -
P MR PR N e 25 ol o AR AT A= 0 W 8 ol 34 4 38 ik 70 A7

eI SR 3 ) SR ES N7 | A PG DS E R 9E- B e
# % % (Ampicillin) 100 pg/mL, K I & %
(Kanamycin) 50 pwg/mL, [ ¥ $ £ & (Apramycin)
50 pg/mL, 50 %% % (Chloramphenicol) 50 pg/mL,
A EMEE (Trimethoprim) 50 pg/mL. PCR 5[#)
AR AR TR R T A G DNA I il E
% Z N A 58 . Eppendorf5331 #f & PCR ¥,
Eppendolf S810R 5 X K& & 2 T f8 ¥ ¥ & 0 L,
Eppendolf 5418 /N A & 2 & # & O Hl, Heidolf
Laborota4000 eco/WB/G3 Ji #% 7% /) 1%, Varian Pro
star 2 1) £ WA €38 s ROBCA 103 AR 4 Prodigy
0ODS=2 43 #fr C48 43 4E (150 mm x4. 6 mm,5 pum) .
1.2 sgvS BEEKIBERLTH AsgvS BT

BEXT sguS FE DA, JATTIE ) cosmid TH10 2 i %,
K] S. griseoviridis NRRL 2427 £ -F N-RED /5119
PCR-Targeting 5¢ 4% J7 % #4 g A OC ¥ ¢ 48 W Ak
AsgoS™ o A1 19 58 28 M bR 31 2 sgvSDelFr (57—
GGCGCCTGGGGCGCGTGCGCGCTGTGGCGCATGGC
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CGACATTCCGGGGATCCGTCGACC3") I sgvS-
DelRe  ( 5-CATCCGGGGGGTCCCGCCGGTGACGA
GGTCGCCCAGCGCTGTAGGCTGGAGCTGCTTC3) .
X N[ 58 78 B 3F 51 4k sgvSHdFr (5°-GGTCGGG
TGAGGCGAAGTCC3") il sgvSddRe (5'-CGGGGCG
AACCATCGAGAAG-3") , 2R WG UIE 5| ) 4 484 7= 4 Y
A BLK /N Ry 1160 by, 1 AH Y. 58 48 8K/ 1539 bp,
1 () [ N 4 h 194°C 4 min;94°C 40 s,60°C 45
$,72°C 1 min,30 MG ;72°C 10 min.
1.3 EREKFRTH AsgvS BRI FE KA E

sguS K&K 4K 1149 bp, AR A G751 e ik T 0
R fF) B b 9 19 8] 4 sgvS-CFr ( CATATGAGCAA
CTGGGACGCCGAAG) Fil sgvS-CRe (TCTAGATCAG
CGCAGGGCCGCCCGGT) , M {0 yx fk iy 1%k F 1) 1 1)
£7 A5, PCR 9 #8425 /2 95°C 4 min;95°C 40 s,60°C
30 s,72°C 1 min,30 MEIH;72°C 10 min. 84 )5 [
B BOE G ONEK pCR2. 1 20 )5 56 3iF 5 » 48 ] Ndel
A Xbal X W VI J5 5 N 2[R FF B D) A B
pSETIS2AKE #¢ 14, ¥ @ sguS e P (1 [8] b 5T KE
pSET152AKE-sgvS, 7 5 A ET12567 /pUZ8002 5, %
MO 1 S. griseoviridis NRRL 2427 ¥ & ¥ 1 77 1%
SN sguS B PR, A X N B[] Ah B Bk AsgeS::
sgvS[m 0
1.4 S. griseoviridis NRRL 2427 5 4 B B #k, RIS
BEHRMRXTEAIEROEENS N RE G L
(HPLC) 9 #f

XA O PR B RR R TR 7 I A BT s SR — 2B R g7
REEFEH L. B2 1 x 107 ¥ 3 Bk 0 7 880 T 50
mL [ 55 75 H b (250 mL = ff i %e) » IF T 28C
T,200 r/min ¥5 3¢5 -6 K. KM )G I FE9 H 100
mL [T W ASH 2 U I FH e e 25 R ACKE T W 25 T 19
B4R J5 10 RE W JF T 500 WL ff) R A AR X 20
pL #f i HPLC 23 #1. &G A H i sl A A Al
15% B9 L5 KWW 54 0.1% 1 1% B M 85%
1 G KRR B 4T 0. 1% [ L/ . BT 4
0 -20 min,0% -80% ] B #1;20 - 21 min,80% -
100% (] B #1;21 — 25 min 100% (] B #H;25 - 30
min, 0% ] B Ao 3% K 1 mL/min, £ % K 4 210
nmo.
1.5 ERKFRETH sgvS AR 7R IR I & B
il

5 35 ] 5 V5 S A Mk sguS FIIT AR 7 1 Bk B R T

50 mL (1) B bk R I BE 7R Ak (250 mL = Sy i %e) » JF
F28°C F,200 r/min ¥ 3 1 - 1.5 KJjg, A 1
mmol /L >4 5 [¥] 358 Hentk ng FHR , DR ie 2 |2, ML e -
2R FUHE R S L& b i ARAT AR ), A 5 97 4 -5
RG> AT I A5 Y 4 e AR R R R R I ) BT U7
PEHURE O HPLC 23 #7 o

2 IR MI

2.1 sgvS RERBZREYENTHILEERE

AR A R AT R IS AT 3R kit
WE FH IR B U 45 M LT IR 4 B BRI BT AR 35 S K8 3%
Yeh &R S, R R TR ne 5 25 1 A9 A st A
e RISy 3 LA AR U K T 60% i (R
1) o 3X LA A7 — 21 1y 8 1 A B A 8 T 3R BL
VEH Ny sarcosine oxidase ) 2 i 5 [K] o

T o XA BRI T gEs FAi) i PCR-
Targeting £ K, LA cosmid 1H10 4y 3Efl, #) 8 T sgvS
L PR N B 9 vy 5 38 Bk ik DRI R 3 1 58 AR TR
pJus5032, ¥ % Jii ki 5 N\ ET12567 /pUZ8002 Ji5 4 4%
R R I PUPE IR B A1 PCR B8 3 5 AR T %
TR AsguS (K] 3) o B T B bk AsgoS I Br 97
P A HPLC 73 At Jo by B A4 B ko LG, & B e
[l — AN 2R 5 G DRI A 45 1 R K 2t 4 31 AR 8 2R
WM 4% K 85 22 0F % A A2 B il 3 N A o8
oS FEIH 1 5 4k S50 B pSETIS2AKE S, J5 34 T
AsgvS 11 2 0] #h B Bk AsgoS: @ sgoS, I 5 B A4 A A
RATER AsguS A HI A [R] 1) 4% 148 BEAT K 9 25 L 53
BT B IRLRR B8 AR R 8 A e g I 3 (1 4) o i itk
HEWT sguS ST 40 K B 28 B W) & A 0 5 R 1A
2.2 sgvS BIBEMIERBEYERILERER

A o DR R 2R v A (B B0 A0 A T sgeS ot Sk
K2 ARG BT T R Rl AR A Ry
s JAT AL SgvS & NikD A — 5 B R L J5 ik
UIPSENIRE S A7/ RE s Wk C R I A L L
WE PR AU T B P G R Y o A X L A T
R LRE 4 MRS, KILENHAEH 3-
FR LML 0E H R 25 0 TR G JRATTHE I sgoS W] BE A2 32
BEntuz FHR 1) AR W R A

MRS T mmol /1 24 58 () 32 KRk 0g HH R 1
RAZBIK sguS I KT B IR WP IR R B IR 4 R, 2
HORH I 14 5 I 7 W) 93 B R A B A I 4 K 5 3R
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T HL e 5 B AR A Y (18] 5) . sguD1 FsguN
i ETICIRE R g S W L R - g = o
R AR SR W) & ) R S A SR A
Wit AT L S K R ER A T L W B D) e R S R
JFaEREEART AR o R XA R

FAZ W R AsguDI FI AsgoN A1 4 5 1 & BRI AL 7%
AR A 5 1 mmol /L 3 FLub g FF R, 4% K 25 3R B AN
2B (BS) o P LU Rk e 4y #r > AT A B sgoS
& A 3FR AR E F R 1K) 2R ) 5 O DR T

(A) sgvS-IdFr sgvS-IdRe (B)
1160 bp PCR product
990 bp
Wild Type
sgvs
bp

—2000

1539 bp —

pJus032 N A 1160 bp —»
bla — 1000

sgvS-1dFr sgvS-IdRe
iy fradio

1539 bp PCR product

Mutant  AsgvS

B 3. sgvS EEKRIFERTHRMEITIE (A) 1 AsgvS REF KA PCR 13 (B)

Figure 3. Inactivation of sgvS. A: Construction of sgvS gene replacement mutant. B: Gel electrophoresis of PCR products. AsgvS:

mutant strain, 1539 bp; WT:S. griseoviridis NRRL 2427,1160 bp; M: DNA molecular ladder.
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Figure 4. HPLC analysis of the fermentaion extract of mutant AsgvS
and AsgvS:: sgvS. I WT, II: AsguS, II: sguS:: sguS. @:

griseoviridin, A : viridogrisein.
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K AP SZBGAUE WA AE S. griseoviridis DSM 40229 H1 5
SgvD1 Tjjfig— 2 352 Btk ng T IR MR 17 V7% 1k g i 8
WU I A A8 i WLk 1 2 R R 0H IR TR e AT i
FEVS DX Pyl 355 KL i BE IR 1) 45 K S AL, BAAE
W AE AL LGSR BT BEANE AR T 3 A4 R A 3,5
PSRRI B 259 B 2 BB FIGLRS 16 fr
AR IR 0 192 S E — 25 7 BT WLt g A 45 4 b 8 AN A7 R
Ry sgm (B 1-8) o (HEE S 5 3 Rt g H R s
TN e 4 RN L, R IK S8 2K 77 B E R (R 2
A A MLk e 2 - 1R R 2 5 34 2 S I e AR AT ZE
RAZWIE sgoS BEABEA BOMH T IR L 4 K55 5 10
A AN R S AR WY TR B IR 2 A S B A
ST K s B A AR R VR B UR BE 2 R
JIPRIERS & S SRR EAN I R R e 7/ R el § N
7) « AI W, S. griseoviridis NRRL 2427 f) 4% K % & 'k
B AR AN B ROR) H I LS 355 kil g B R 110
S5 R AN A k2 46 P T TT R A S I A A R
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Figure 5. HPLC analysis of the fermentaion extract of mutant fed with
Immol /L 3-hydroxypicolinic acid. 1: WT, II: AsgvS, III: AsgvS fed
with  3-hydroxypicolinic  acid, IV: AsgoDI fed with 3-
hydroxypicolinic acid, V: AsgoN feeding with 3-hydroxypicolinic

acid. @ : griseoviridin, A : viridogrisein.
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Figure 6. HPLC analysis of the fermentaion extract of mutant AsgvS. 1:
WT, II: AsgvS, III: AsgoS fed with 1 mmol/L 3-hydroxypicolinic
acid, 1V: AsgpS fed with 1 mmol/L picolinic acid, V: AsgoS fed with
1 mmol/L 2-piperidinecarboxylic acid. VI: AsgvS fed with 1 mmol/L
3—chloropyridinecarboxylic acid. VII: AsgvS fed with 1 mmol/L 4-
chloropyridinecarboxylic acid. VIII: AsgoS fed with 1 mmol/L 3,5-

chloropyridinecarboxylic acid. 4 : griseoviridin, A : viridogrisein.
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Figure 7. HPLC analysis of the fermentaion extract of mutant AsgvS. 1:
WT, II: AsgvS, TII: AsguvS fed with 1 mmol/L 3-hydroxypicolinic
acid, TV: AsgvS fed with 1 mmol/L nicotinic acid, V: AsgvS fed with
1 mmol/L 2-chloronicotinic acid. VI: AsgvS fed with 1 mmol /L 2-
fluoronicotinic acid acid. VII: AsguvS fed with 1 mmol/L 5-
fluoronicotinic acid. VIIT: AsgvS fed with 1 mmol/L 6-fluoronicotinic

acid. @ : griseoviridin, A : viridogrisein.
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Substrate specificity of 3-hydroxypicolinic acid unit in the
viridogriseinbiosynthetic pathway
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Abstract: [Objective] To explore the role of sguv$S in the biosynthesis of 3-hydroxypicolinic acid moiety ofviridogrsein, and
to analyze the substrate specificity of 3-hydroxypicolinic acid moiety in the viridogrsein biosynthetic pathway. [Methods]

Through gene insertion inactivation and in trans complementation strategies, we obtained the gene inactivation mutant sgvS
andits complementation mutant AsgvS:: sgvS. Meanwhile, we fed 3-hydroxypicolinic acid, picolinic acid, 2-
piperidinecarboxylic acid, 3-chloropyridinecarboxylic acid, 4-chloropyridinecarboxylic acid, 3,5-chloropyridinecarboxylic
acid, nicotinic acid, 2-chloronicotinic acid, 2-{luoronicotinic acid acid, 54luoronicotinic acid and 6-fluoronicotinic acid to
the sgpSmutant, respectively. Thefermentation extracts were analyzed by HPLC. [Results] sgvS mutant abolished the
viridogrsein production; viridogrsein production was restored through in trans complementation of sgvS mutant or by feeding
3-hydroxypicolinic acid to the sguS mutant. No new viridogrsein analogues were observed by feeding other above mentioned
3-hydroxypicolinic acid analogues tothe AsgvS mutant. [Conclusion] sgvS is necessary for the biosynthesis of 3-
hydroxypicolinic acid moiety. The biosynthetic protein, SgvDI1, activates 3-hydroxypicolinic acid, showing strict substrate
specificity en route to the viridogrsein biosynthesis.

Keywords: 3-hydroxypicolinic acid, viridogrisein, biosynthesis, specificity
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