[DGR7E=(

Acta Microbiologica Sinica

2016, 56(3): 406-417
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20160012

Research Paper

SREZEYE KEE gouCFgouDRI I EER R
FthE”, KEE, LHE, B, FEE

"V R, REEFA Y ERE SR, BK 400715

P EBF BRI T, BRI IR RO R B R AR, dbat 100101
fE: [ B ] A TPRREERE A WA SRR R R LB ERSCR AR, AN IR R B & R
WD SRR R S Al b, B AR SR R (B R TRIM L 146 T BHIBT A [C TR R AE WA B P gou CFN
gouD, WFRHARREREYEBTER, AN RERAED S BGERMEZOE 5. [ k] D&
AR REREYE BEEH BRI D6-4H A 3EA, 813 PCR-targeting ) 151543 5l ¥ gou CFl gouD i 45 3]
H 4 FiRipGOUe-ACHIpGOUe-AD ., i it 45 G F B X W > F 2 5o 3l T A K iR BB R M1 1461
315 gouCHigouD B 2 A HRM 1146-GOUe-ACHIM1146-GOUe-AD, 18 i HPLC/MT BRI A R R
T R RGO, 43 B AL X LA T A5 A S A AE IR R . [ 255 ] gouCHIgouD i 3%
HAREEARRE L, RARABIR TR TR R, Ao Hr & B e v i) 7= Py 4 2k 2
TR A A . [ 458 ] gouCHigouD A IV R AW & A EH BN, 54 [ KIS
SNV RRER L G ARG . AT Sy B R A IR TR R AR & LIS At 1 88 2 A4

Kua]: ASEEER R, IRER, EWSNEENE, e, e

HRERE TR AER, BAHM
L POwREE. PUORMR . SRS AR R,
E—MAAI AN ERHSERbUER, ™
A TR B [CHE RS [F (Streptomyces gougerotii)
IR SE4E 7S i (Streptomyces graminearus)® . 43 [G
PR 2 AR A S P R0 e A A
o PR IR A 11 Ty BE DA BELAS 22 KB A ™ A3 1R
PR A% AR PR o 2, RS 1-(4-

I % B-D- M i e 2 AR IR G I, SR
WV PR-D-22 2818 —JIK, R -5 K oy
D- 22 58 R WY IR H 0 0 20 5 A2 Il I e B R o (11 1-
A)o B IRERIEY G NEENREC 2RI
W SCRERR B, I S PR IR M RS 5E T
Hp R Z AR IS NAUR, 1A
PEFE | 1A Hez 8 1 i A AT 3 S5 A JE ]
(E11-B)o 4 R R A5 IR A A v o — A i 42

EEUH: EEK9731117(2015CB150600); [FEZ [ AR #IL4:(31270110, 31571281)
*BIE{EH . Tel: +86-10-64807467; Fax: +86-10-64807461; E-mail: niugq@im.ac.cn
WS HHEA: 2016-01-08; f&EIHHEA: 2016-01-29; ML BEH: 2016-02-18


http://dx.doi.org/10.13343/j.cnki.wsxb.20160012

FRESF | MEWZR, 2016, 56(3)

407

N gouRM 1 S5/ L R K ¥ ot goul-
gouB 12 8 [ 95 3L DK gou M) 7 sy k5 i 43 [
PR3 AR A o e P AR IR E BT 2 AR ek
53 B AH B 58 A8 Ak b B8R Y v ] 7 ) R L5 A i
B, MR TR RER A s,

B IR R YA B ETA = 25 UDP-#H 4
BE . MRERE . H R R A e H R . LR
gouF . goud. gouHHlgouB54 KR Z A1
A RS, HdgouF . goudMgouH L [FI1EH
WAL T B 2R 4- A E-CGARIE AL, TigouBN|
TR R I . 75 [QTR R B IR IEHE 53 Hh
D-22 &R SN APRA, #HllgouG. goulf
goulZ 5 T D-22 R WIE i, i W 5L 54 78 il
GouN I 171 5 Ak H 2 B N H A0 TP BOIL R o
D-22 A RSERI B A @ 45, ME 242
iR 1) 28 JE 3 43 155 WL B A B A2 G A5 2477 )
HIREE . GouK& A —1 L BAi AL & 451
B, 5K 2 IR H ARG ALY i 22 2 I A il
A HZAMHIEFA, TIN- OB EGoul 1L
AL EER S 96 . IERRERNE
Y& s, gouCtgouD KYEM BRI AT
2 AW E B TR GouC U S 8dE F b &
HHEAM R, BHFIEE A DIRERH,
1 GouD 55 W 3 1 B i A — 72 1 TR R o P 5%
gouCYjgouDIHeH Bl F IR IR R AW &

JEALER], AR AT RE A BLRAT B AT PR 3 K
J5, TR A BT R 5 AR ISP A Rt
A A YA BB E LR,

F T4 PRI R ™ A TR R SR 7 T R 4 1A
IR, RSSO A R R AW 6

R REORBERM 14652 T RIER
ko IS B SR £6AE K W AR R ML 1461 1)
1 gouCHIgouDIW kI 58 Wk S FLAR N 5t 4% BLAb
¥k o HPLCHMT & Bl gouCHlgouDH R 5 5 2047 [
WERARES B, S AR T ANTOR RE R (0] 5 4%
[RE R4, IEHgouCHgouD A [CH R AW
AR A Il X gouCHlgouDBIAR 58
TRk R 2EYC 5L G YD S ET, K
EMNSARERNERENZARZEET 77, Hitk
HeWrgouCHlgouD 545 [T 2 INEL R I LR 15
BRRHOG , T A 3% P A N e DL 20 PR 7 0 43 [
WRMNPMIEIEE R CEZ, AR i — D
HI A TR = A A BROLI D R 5 A A% T RS bt
HERWHG VG RBE T A

1 ARy ik

1.1 #8

L1 R, BRRSIY: ASOITHIRER ., B
RLLL S SE R A R P 5 TR LR 13,

(A) o
H
N
HN N
l/W \HJ\H/%‘
CH; O

CH,OH

B)

(o} NH,
NH,
o C 1
N N
OH OH T
(o]

e e Y e

gouR A B

¢ D EF G H I J K L

M N

1. AREZNUFENREEMEREREE

Figure 1. Chemical structure of gougerotin (A) and organization of the gene cluster for gougerotin biosynthesis (B).
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& 1. KRB ERERR
Table 1. Strains used in this study

Strains Genotype/Description Reference/Source
Streptomyces
S. coelicolor M1146 Aact, Ared, Acpk, Acda [11]
M1146-GOUe S. coelicolor M1146 containing pGOUe This work
M1146-DgouC S. coelicolor M 1146 containing pGOUe-AC This work
M1146-DgouD S. coelicolor M1146 containing pGOUe-AD This work
M1146-gouCc M1146-DgouC containing pIJ10500-gouC This work
M1146-gouDc M1146-DgouD containing plJ10500-gouD This work
Escherichia coli
DH5a F, 980lacZAM15, A(lacZYA-argF) U169, deoR, recAl, Gibco BRL
endAl, hsdR17 (1 mg"), phoA, supE44, X, thi 1, gyrA96, reldl
ET12567/pUZ8002 dam” dem” hsdM /pUZ8002 [12]
BW25113/pKD20 K-12 derivative, AaraBAD, ArhaBAD/pKD20 [13]
DH50/BT340 DH5a derivative containing pCP20 [13]
*® 2. AR ERRIERL
Table 2. Plasmids used in this study
Plasmids Relevant characteristics Reference/Source
plJ10500 int-BT1, attP-BT1, oriT, integrative vector [14]
pSET152 int-6C31, attp-6C31, oriT, integrative vector [12]
D6-4H pCCI1FOS derivate containing the whole gougerotin biosynthesis [6]
gene cluster
pSV152TA pCC1FOS derivates containing a%ram cin and thiostrepton [6]
resistance gene cassettes flanked by FRT sites
pSET152Erm::hA/MN pSET152 derivate containing gouN with Py, part of gouM and [15]
gouA with Py, ;5
D6-4H-Cta D6-4H derivate containing the whole gougerotin biosynthesis gene This work
cluster, with gouC replaced by apramycin and thiostrepton
resistance gene cassettes
D6-4H-Dta D6-4H derivate containing the whole gougerotin biosynthesis gene This work
cluster, with gouD replaced by apramycin and thiostrepton
resistance gene cassettes
D6-4H-AC D6-4H-Cta derivate with apramycin and thiostrepton resistance gene ~ This work
cassettes excised
D6-4H-AD D6-4H-Dta derivate with apramycin and thiostrepton resistance This work
gene cassettes excised
pGOUe pSET152 derivate containing the whole gougerotin biﬁ;ynthesis [15]
gene cluster with engineered promoters for goud, gouM and gouN
pGOUe-AC pGOUe derivate with gouC deleted This work
pGOUe-AD pGOUe derivate with gouD deleted This work
plJ10500-gouC plJ10500 derivate containing gouC with hrdB promoter This work
plJ10500-gouD plJ10500 derivate containing gouD with hrdB promoter This work
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® 3. AARPERASIY
Table 3. Primers used in this study

Primers Sequences (5'—3") Purpose
gouC-dF AGGGCCGGGAGCGGCGCGCCGCGCCCCGT gouC disruption
GCGACGGCTATTCCGGGGATCCGTCGACC
gouC-dR ACGTTTTCGGGGGTGGGCGGACGGGCGG gouC disruption
ACCCCGCGGGTTGTAGGCTGGAGCTGCTTC
gouD-dF CGCCGGCCACCGAGCACCGCCCCGTCGAC gouD disruption
GTCAGCGTCAATTCCGGGGATCCGTCGACC
gouD-dR GGGCGCGGTGCTCGAACCGCACGGCGGTG gouD disruption
TCCACCCATGTGTAGGCTGGAGCTGCTTC
hrdBp-F AATTTCTAGACCGCCTTCCGCCGG PCR of hrdB promoter
hrdBp-R GAACAACCTCTCGGAACGTTG PCR of hrdB promoter
gouC-cF GTGCGACGGCTCGTGTACCTG gouC complementation
gouC-cR AATTAGGCCTTCAGGCGTACCGTCCGAGGTC gouC complementation
gouD-cF ATGACCGAGCACGCCCGGCC gouD complementation
gouD-cR ATTAGGCCTTCACCCGTGGTGGGCCGGCT gouD complementation
gouA-B-F GTTCAGCCTCTCCACGTGGC PCI}?757 bp of goud and
gou
gouA-B-R ACCTGGTGGTGGACGACCCT PCI}?757 bp of goud and
gou
gouG-H-F AGAAGGCAGAGGCGCTGGCG PCI}{748 bp of gouG and
gou
gouG-H-R GGACAGCCCCATCGCGTACG PCI}{748 bp of gouG and
gou
gouM-N-F GAGTCTCGCCGAGACCTGCC PCI}V859 bp of gouM and
gou
gouM-N-R GCAGGGAGAGCAGGAGGAGC PCI}V859 bp of gouM and
gou

1.1.2  EFREMERAMG: LBE M TR
WAEE SR, BRI 30 °Cl37 °C; MSKiFRH:
FMYEMES; 7R THE R R 5 5%, GP AR R
(0 s R, RESRIRE R28 °C,
1.1.3  FEEGA . RGPV ANEBA A,
R EKOD-plus DNARA B HTOYOBOA
F), T4 DNAZERG H Thermo/A 7], Diaion HP-
200 A H A =224k 2% 00 |), BB T 38 # #4 fi
Dowex"50wx2li [ SIGMA-Aldrich/\ 7], 7 54
B Sephadex LH-2004 H GE Healthcare/A 7] .
1.2 DNAEABRIES T

W YA ES W T te ™,
e TR R TR A 0 4R S DL R R R T
PCR-targeting A 4% IR SR 7 14 11
1.3 E4RNMEE

T gouCHEA @R I HE 4 it ApGOUe-ACH

PR N & B (F12) . AR pS V152 TA it
¥, F51H1%F gouC-dF/gouC-dR#EFTPCRY 1415 5]
—~2435 bpfIDNA R Bt, R B & T &S HR
L mist 22 P R IPUESRL I, TR 5 gou CRB 43
FEoRR . JE et B e R Be's A A De6-
AHI K mFF i BW25113/pKD20, 2t KnHr
ENEHAMN FRFRRELS, gouCHEH g4
BRI AR NPT e, 193] T De-
4H-Cta., ¥ D6-4H-Ctat A KW ¥
DH5/BT340H, 38 5 FLP 28 58 JH SI470 P 35k PR 3
(IFRTO A BT SE P R A3 B D6-4H-AC, #%
pSET152Erm::hA/MNZ:EcoR VY], 2t H B b
B, S8 H S A D6-4H-ACH) K
Ak E BW25113/pKD20H, il i< 8 26 fiff 3 1 )
Y5 21 15 3 H 4 R pGOUe-AC., pGOUe-ACHL %
Bl 1 & S ROTE S A IR R AR &
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resistance genes; pSET152Erm::hA/MN EcoR V: EcoR V linearized pSET152Erm::hA/MN.
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Figure 3. Confirmation of deletion mutants and complementary strains by PCR. A: Confirmation of M1146-GOUe-
AC, M1146-GOUe-AD and M1146-GOUe by PCR. M: DNA ladder; lane 1: genomic DNAs from S. coelicolor
M1146 as templates; lane 2—3: genomic DNAs from different M1146-GOUe as templates; lane 4—6: genomic DNAs
from different M1146-GOUe-AD as templates; lane 7-9: genomic DNAs from different M1146-GOUe-AC as
templates. B: Confirmation of M1146-gouCc (left) and M1146-gouDc (right) by PCR. M: DNA ladder; lane 1:
genomic DNAs from S. coelicolor M1146 as templates; lane 2: genomic DNAs from M1146-GOUe as templates; lane
3—6: genomic DNAs from different M1146-gouCc or M1146-gouDc as templates.

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



412

Junhong Wei et al. | Acta Microbiologica Sinica, 2016, 56(3)

PCREHIE, FrAPCRY /=) i Be K /N5 il —
o, RN D) HE A BIM1146-GOUe-
ACHIM1146-GOUe-ADH1([&13-B).

2.2 gouC. gouDFHETXIAREERLEY AR
]

KA EHER(M1146-GOUe-AC .
M1146-GOUe-AD, M1146-GOUe. M1146-
gouCcHIM1146-gouDc) 4 il P F GP & BE R 77
B, REESRIGWAE R BER, T HPLCR I 4 [
WERMTAEEN . 4558% W 5M1146-GOUe N
[@], M1146-GOUe-ACHIM1146-GOUe-AD 2%k
T ERRERWBES, WA 3545 BRI R R
M1146-gouCcHIM1146-gouCcllll fE % [71 52 45 [C
R (E4). #—2Lr & B : M1146-GOUe-
ACHIM1146-GOUe-AD% | ZE 44 B Ht [E] 7.4 min il
4.5 minfNLEA B WS L, XA
W MEEYCFLEYID, LA 25 Rk gouCHl

(A)
v
2 M1146-GOUe
= 200 3
< 150 1
€ 100 |
50 ;
OE""\““!"""—V—'—'—'—\
0 2.5 5.0 7.5
1 M1146-GOUe-AC
5 200 7
<§ 150 1
= 100 3 v
50
0 3 T T T
0 2.5 5.0 75
2 M1146-gouCc M
5 200 7
é 150 3
100 °
50 3
07: T T T
0 2.5 5.0 75

t/min

5 200 7
E 150 7
100 -

- 400
=< 300 |
€ 200 7

gouD 5 IR B A& A B OC R (E4),
2.3 gouC. gouDPHWTZEARR B BEH B =42k
W 5%5E

R T 87 gouCHIgouDTEL [N R AW & ik
A ERT, B X S AR kv AR SR A ] A sk
ITEs %%, Mk, ¥M1146-GOUe-ACHI
M1146-GOUe-ADiFAT | Kim kK EEEFE, KEEREA
KA IEDiaion HP-20, BHES FAcHe (il . 75 b
%l Sephadex LH-20FIHPLCZ:— 2 41| J5 1 73 85 4
fRIE3AS T LAY CTIDRYAL S, FR s SeRE i
TG FAZ B LR 73 BT o 1 0 9 23 o i A
R AEEYICHIANT S F R [M+H] h486.19312,
M HA> T30 C gHyN70g (FIS-A); LA HIDEY
AR TR [M+H] "N472.17774, HEH TN
C17H,sN;09 (15-B). RIS 2 Hr R L &9
CHLBYDMEZATE /> 5 R AR, ik
oA AR T R BB 6), b IRIE R
AURK ST 22 142 Fas A, 454 H (KF7-
(B)

250 “M1146-GOUe
50

09 25 5.0 75

L 4
1TM1146-GOUe-AD

0 25 5.0 ' 75

IM1146-gouDc

0 2.5 5.0 7.5
t/min

[ 4. gouC (A)FgouD (B)ZREMKS BAMALEZRHIHPLC 24T
Figure 4. HPLC analysis of compound C (triangle, figure A), compound D (rhombus, figure B) and gougerotin

(arrow, figure A and B).
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Figure 5. High resolution mass spectrum of compound C (A) and compound D (B).
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Figure 6. Tandem mass spectrum of compound C (A) and compound D (B).
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spectrum of compound C (figure E) and compound D (figure F).
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z 4. WEVCIL S YIDRIZRE LIRS RIE S
Table 4. Summary of 'H and * C NMR data for
compound C and compound D in D,0O

Compound C Compound D
Position
HE)  "CE) 'H() )
2 155.0
4 166.0 164.0
5 6.03
6 7.70 142.0 7.78 142.0
7 5.64 83.0 5.67 83.0
8 3.75 71.0 3.75 71.0
9 3.75 73.0 3.76 73.0
10 3.99 52.9 3.99 53.0
11 4.09 75.5 4.09 75.7
12 171.7 171.6
14 171.9 171.9
15 4.41 55.8 4.41 55.0
16 3.75 61.0 3.74 61.0
18 171.7 171.8
19 4.06 51.3 3.88 42.6
21 175.0 175.0
22 2.07 20.5 1.95 21.6
23 3.03 38.2
0.4 7
0.3 1 +
gom
]
0.1 :
0

compound C compound D gougerotin =~ ddH,O
Treatments

E 8. (&HC, WAaYIDRAREZMNIMEEL S
Figure 8. Antitumor assay of compound C, compound
D and gougerotin. Sterilized ddH,0O was added as
negative control.
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Functional characterization of gouC and gouD in gougerotin
biosynthesis
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Junhong Wei ”, Jihui Zhang", Lingjuan Jiang", Huarong Tan", Guoqing Niu

' State Key Laboratory of Silkworm Genome Biology, Southwest University, Chongging 400715, China

? State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: [Objective] To determine the functions of gouC and gouD in gougerotin biosynthesis, disruption of these
two genes was performed. As gougerotin producing strain Streptomyces graminearus lacks efficient genetic
manipulation system, the gene cluster for gougerotin biosynthesis was heterologously expressed in Streptomyces
coelicolor M1146 to facilitate genetic manipulations of gouC and gouD. [Methods] By using fosmid D6-4H
containing the complete gougerotin biosynthetic gene cluster, gouC and gouD were disrupted by PCR-targeting
method to generate pGOUe-AC and pGOUe-AD. Both pGOUe-AC and pGOUe-AD were introduced into
Streptomyces coelicolor M1146 by intergeneric conjugation, thus gouC and gouD disrpution mutants (M1146-GOUe-
AC and M1146-GOUe-AD) were obtained. The gougerotin production of M1146-GOUe-AC and M1146-GOUe-AD
were assayed by HPLC analysis. The intermediates accumulated in these mutants were purified and subjected to MS
and NMR analyses for structure determinations. Bioassay of these intermediates against tumor cell line were also
carried out. [Results] Disruption mutants of gouC and gouD failed to produce gougerotin and the mutants
accumulated different gougerotin intermediates, which lost their ability to inhibit cancer cell proliferation.
[Conclusion] gouC and gouD are key structual genes in the biosynthesis of gougerotin peptidyl moieties. This study
will pave the way for the elucidation of gougerotin biosynthetic pathway.
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