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5008 K HATTAE iR 7 T bR TLOL JEPR 20 K/
43514 10.1 Mb F1 9.84 Mb., 5 K% 0,55 75 14 ©I(S.
coelicolor 8.67 Mb). F4kskaE (S, avermitilis
9.03 Mb) . JX tafiE 75 (S, griseus 8.55 Mb) . Ffk

85 (S, clavuligerus 6.76 Mb) . [ (4% 25 (S

albus 8.38 Mb)AH LY, HHMIE R AR HAE KL
SERHRIRL, X ATRE ST — SR . RURRIA
SRR, BT T HiAE R i
RIS, A SEE0 e, K B oA ] T sk
BV, REIE AR I EE N . e s EiE L R
PTHFE, [RIBT AT DAREAR IR R 20 1 52 2k, 4R i
PRI & BEMEREDS . (R, AP B Rk, H
T I 0 2 A 0P S s SRR e T Uk P O B
DI, BRI TR BB A 4 R A

7 5 B 2 RS 5 A 2 A e A v P )
T2 (R RN A TS (R X R B X S
PP et F e, RS R AR 2 R B
VU PR SR B G 1) 2 A= OO0 [ AR A B F 8 o o e A1
ANHEN] E R B R B R AT B B B, D
Cre-loxP SRR M7 s 4 5 1 F 20 R 4 ] LAR AT
Hff ik — [al B, fERERE . MY . SRR AL )
W A A TELEAT T2 TS, Fedoryshyn
F1 Lopatniuk Z5:8F55E R Cre-loxP %40 78 il 4
i 7 AT AR O A R A R BB S T R L R A
2 W e

AWFFEH, JE N X 5 R AR R TR R 5008
R HATT A 0 7 bR TLOL Y4 R P i 437
FAT & A TLOL B AR ZE MR i f77E 1.9 Mb (1)
L B RES S DX, IR mT e R 2R K AR TR
XIR. BEJS, (i Cre-loxP ¢S54 R4 %%
XA 1.2 Mb BTk, 48T 1.2 Mb B¢
X XI55 28 7 R R AR A R sg e, JEXS
GREAFMRAHSC T AL A LIRS T T 0025 00 b7 o

1 ArAey ik
1.1 #he

111 AR, BORLR S AW T IR
kLR 5 1 L3R 1.
112 3EFeE:: AR E TR H] LB (Luria-Bertani)
LA Bt BERAIGIR TSBY Wik
5 RIES 7K 30 g, HEME 103 g, BEREEREEUY)
10 g, Z&1#7K 1000 mL; B G PR I BEE (SFM):
W OPRK 20 g, THEEEE 20 g, Bl 20 g, Z&IEK
1000 mL; YMG KrgRdk: Bebk4RIY) 49, 22740
W 109, Hi%HE 49, ZE187K 1000 mL; J X%
RRMERIRHL . KK 95 g, 844 18 g, KoHPO,
0.7 g,NaCl 1.4 g,CaCOs 0.6 g, Z%4# 7K 1000 mL?2,
113 FEER . L irHiAERWH Sigma
N HEAEEER KOD mfAE. DNA RATHI A
TOYOBO 23wl ; PCR 7 #y it & H Omega
vl BREIPEANDIEGEE H Fermentas A F]; RNA
PR BT & B € A A
1.2 loxP o s 38 A AL EE

DL TLOL JLHZH DNA SMidR, FHIRER P4
5147 HEAT R T/ N [RI R R B o LA pdTUA472
57 SuperCosl Mk, F loxP FBt5 |9 1515
F M AN loxP+aac3(1V)Ef neo+loxP FEt, =
Bk pITUL278 J5 15 21 i kL 36 11E 1E A
RIVA loxP 37 55 48 A TR
1.3 Cre HEARKFRIE

PLBURL pUWLCRE hsit, fii 1] cre JERY”
H5 1A 3R B it R BeZ: Nde 1/EcoR | i)
Z IR ERER A pITU968, B Jm i 36 1IE 1E 4
KLH] Mun I/EcoR | XUBFIIAL I, 4 Hoh 1.2 kb #Y Fr
Brif 4% F EcoR | B DIAbBR IS ) 2814 pJTU1278,
55 H i ik pLQ102,
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F 1. AARETANEN. RS
Table 1. Strains, plasmids and primers used in this study

Strains, plasmids
and primers

Related characters and sequences Sources

S. hygroscopicus var. jinggangensis

5008
TLO1
LCY-1
LCY-2
LCY-3

LCY-4
E. coli
DH10B

ET12567(pUZ8002)
Plasmids
pBluescript Il SK(+)
pJTU1278
pUWLCRE

pLQ100

pLQ101

pLQ102

Primers

loxP+aac3(1V)-F-Bgl Il

loxP+aac3(1V)-R-Hind I11

Arm1-F-Spe |
Arm1-R-Bgl Il
Arm2-F-Hind 11
Arm2-R-Kpnl
loxP-A-F

loxP-A-R
neo+loxP-F-BamH |
neo+loxP-R-Hind 111

Arm3-F-Spe |
Arm3-R-BamH |

Wild-type producer of validamycin A Shanghai Jiao Tong
University

Zhejiang Tonglu Huifeng
Biosciences Co., Ltd.
Replacement of 452,301-453,069-bp region with loxP+aac3(IV) cassette in This study

TLO1 (Apr®)

Replacement of 1,610,359-1,610,972-bp region with neo +loxP cassette in This study

LCY-1 (ApriKan®)

Over-expression of the plasmid pLQ102 carrying gene cre in LCY-2 This study
(ApriKanRThiok)

Deletion of 1.2 Mb region in TLO1 (Apr°Kan®Thio®)

High-yielding producer of validamycin A

This study

F'(traA36 laclg proAB lacZAM15) rpsL (strR)thr leu endA thi-1 lacY galK GIBCO
galT ara tonA tsx dcm dam supE44 A(lac-proAB)A(mcrC-mrr)102::Tn10 BRL

(tetR)

recE decm- dam- hsdS Cm" Tet" Str" Km" [20]

Bla lacZ orifl Stratagene
Bla tsr lacZ oriT oriplJ101 oriColE1 [21]
Plasmid with the gene cre [18]

Construct with region (452,301-453,069 bp) replaced by loxP+aac3(IV) This study

cassette

Construct with region (1,610,359-1,610,972 bp) replaced by neo+loxP This study

cassette

Plasmid pJTU1278 carrying gene cre under the control of PermE* promoter ~ This study

5'—3’
ATATAAGATCTATAACTTCGTATAGCATACATTATACGAAGTTATGATATCGAATTCCCCAAT
GT (loxP site in bold)

ATATAAAGCTTGCATGCCGGTCGACTCTAGA

ATATAACTAGTGGCGATGATGATGCTCTC3

ATATAAGATCTCAGCGACCAGATGAAGAC

ATATAAAGCTTGCAGGTACTCGCTCTTGT

TCCTACGTCACCGTGTTG

CTTGACAGCGTTGTCGAG

CGAAGTACAAGAGCGAGTA

ATATAGGATCCCACGCTGCCGCAAGCACTCA
TATAAAGCTTATAACTTCGTATAATGTATGCTATACGAAGTTATGTCCCGCTCAGAAGAACT

CG (loxP site in bold)
ATATAACTAGTTGGAAGGTGATGTCGATGAG

ATATAGGATCCGCTCGGTCAAGACCAATCTC

actamicro@im.ac.cn
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Arm4-F-Hind 111 ATATAAATCTTTGGTCCATGTAGTCGTTGTA
Arm4-R-Kpn | ATATAGGTACCGAGTTCTTCTCACGCCACTA
loxP-B-F CACAGGACGGTCTTGATC

loxP-B-R CTTCACAGGACTGAGTTACA

Cre-F-Nde | ATATATCATATGTCCAACCTGCTGACCGT
Cre-R-EcoR | ATATATGAATTCTCAGTCGCCGTCTTCCAGCA
Cre-RT-F GGAAGAACCTGATGGACAT

Cre-RT-R GGAGGTACAGGAGGTAGTC

loxP-C-F TCTCCAGCAGCGAGTTGA

loxP-C-R CGATTCTCCAGCATCCTTATG

SHJIG0599-F CCTACGACGGGTTGTGGGAACG
SHJG0599-R GCAGCAGCATGTCGCGGAAGA

SHJG1058-F GGTGGTCATCCCGTCCCTGTC

SHJG1058-R CGAGGGTGCCGTGGAAGAAG

SHJG1338-F ACCGGCTCGCCCTGTTGATG

SHJG1338-R TGACGCTGATGCCGTACTTGACG

14 AR RIFEBHRAE

1% pLQ1L00 % A KW FF I ET12567 (pUZ8002)
o, R R AT - R R 4 S R AT
R R EAR TLOL H. 16 h J5 & s R A
SERRERI R U R R RKE 3, £F SFM SFEAIK
T, BIERFE 3-4d Al LIRS T ks
R PRI IR 2 5 LR PR BT R SFM AR
I+ 30 °C K5 3% FHIIES | I iE 4 & 5 B 7R a8
B MRIG K IR 00 B e B Rk AT AR St s 5
WAL UEA TR R R, 15 2 PR EEVE . B JS ] PCR
P17 R A NS B S AR AR
1.5 cre F:EFE FKFRM

FEWRINEEEFER . RINEE M2 RN
YMG }; 5 i35 LCY-348 h 2 )5 , I E #2244k
T3 RNA. ¥l RNA ] DNase-1 {51k 4 h 2
S Ve M, 1 514 cre-RT-Flcre-RT-R #£47 PCR
N, DIRGERLNZA DNA Wik T, B, *t
RNA #4158k, LIS 3R cDNA 1E AR |

cre-RT-F/cre-RT-R M5 1947 PCR Bk, il 2
A cre JEAFE SR B RNA,
1.6 1.2 Mb J B 228 Rk i i 26 A 36 E

W RIS 4T 2 A loxP {37 5 F1 cre FE A R 58 748
WRAETCHT TSBY S iirh 4 2 46, IR IRATTE
TCHUHY SFM BB rh b A s 5 57, WA f i
IR EERR RS, 13 BRIV o T IERT LB 8 R
AR EE R I BUR S Te ke, RS | ) A T 3k
IERRIS 1.2 Mb Jr Beih 2 5878 bk, fn 44  LCY-4,
17 HRBREEEELES BN

B EI A RR LCY-4 5 & FRk TLOL 7
FhFRi 32 3L TSBY A1 30 °C. 220 r/min $E %5555
36-48 h J5, IAFIL 1: 10 A KBRS,
37 °C. 220 r/min &% KB 5 d. HFE 24 h ERf &=
W1 mL R, R i S0 35 (HPLC) ik
M RE AR AN A & B 12000 r/min 2.0 15 min
R, 0.2 pm — A g #R g, LU
Je O RE LR 10 4%, FH HPLC G H: X 25 K =

http://journals.im.ac.cn/actamicrocn
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JIT A M e HE A 1200 2B ERORA G, @
TEH: M Agilent 23 F] ) ZORBAX SB-Cyg #1:(3.5 um,
2.1x150 mm), 34 98%HAY 0.5 mmol/L BEfREh
2% MR 2% i, GECA 0.1 mL/min, FEIR A E
T, AR 210 nm. BREFUERER R 5 uL, K
Mimsa] %y 15 min, MRPEFRHEMZ, THE X E
Eie ¢
1.8 T ENE

AT EMERHE YMG K33k, 37 °C,
220 r/min k%% K BE 4 d, EERE 24 h ERREEC L mL
A RV T C AR ER Y 23008 TR, 8000 r/min B5.00 3¢
i, HRREAKEE 1-2 8, IR AR
B KB RO 70 °C MR, LR IEERRR,
AWK TE,

2 HERMH

21 BETHEFELW, BEFNERTEEHTD
“JETH X I

1 i 5 A S 43 B (Microarray analysis), 3k
ATTECAE T H A3 387 A 11 7 A R T bk 5008 B HoAis
AR TR TLOL 7E & - B R SR A5 1 T 2Rt
YRR 2R 15 (P<0.05) (&1 1)o M HE IR ZE A b
FHRERE 1.9 Mb B IX SN, HAH KRR G
PIFEF—A> 11 B PKS B4 I R e 5

THARE =L i

SORE-{ hr

1.2 Mh

P, HREREH SR T I 1), XM @Ak b X
R ISR, R E TLOL b IX BeflRfe s X
S AT R AR AR AT Y, AT LA 7 il O She el
IR . BRARRE N R . 0 T IR X%
RKAEYEFENE, FATHESE TR 1P 1.2 Mb
(14 DX I A T i 2 PR R R S 58

2.2 FIA Cre-loxP #FFHEAT 1.2 Mb i
(7SN

FATR A Cre-loxP ¢ PEE 4 X KR Bl AT
R (B 2), HARRRRWIT : (1) 78 1.2 Mb XIS
e A 1 BRI i 543 5 A loxP+aac3(1V) Fl
neo+loxP FBt, 1532|5845 ¥k LCY-2; (2) #E Cre &
FAST, 2 ANFEE G loxP {7 =2 18] & A Fr BEER
W SEBLR B S8R RE LCY-4 R B — loxP
P
2.2.1 loxP+aac3(IV) H BEMFEA 1.2 Mb FBeliakif
S S RIS LA )y 2, #4 loxP+aac3(1V)
FBEE i ALtk 452 301-453 069 bp (&, 15
R RMRATZ R LCY-1 (K 2). FIFHEUES 1Y)
loxP-A-F/loxP-A-R X B A2 8 P 1k (1) 3 X 784 A 7
PCR #4530k . DAisg & bk TLO1 A 5L DNA Syt
Me, P85 0.90 kb PABRRAR LCY-1 (8
DNA M#itl, ¥4k 1.60 kb, 5Fl—3%
(I 3-A).

1. AESFEFRELZMET 5008 5 TLO1 £ B ERE K%L (P<0.05)

Figure 1.

actamicro@im.ac.cn

Global gene expression profiling of 5008 and TLO1 in the high-yielding medium. P<0.05.
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Figure 2. Schematic representation of the deletion of 1.2 Mb region via Cre-loxP system.

[
[
=

il b bt | | bp (B} bp M 5 & T B bp

3000 000

e 1600 Toel- .
[ M0 : 1 ] 1 3R
330 W B 200

3. WAEIME loxP i miBidEIREHLBA 1.2 Mb FEZiA R

Figure 3. Schematic representation of the insertion of two loxP sites in the boundaries of 1.2 Mb region. A:
confirmation of LCY-1 by PCR amplification; B: confirmation of LCY-2 by PCR amplification. M: 1 kb ladder
DNA marker. Lane 1-2: PCR product with the genomic DNA of mutant LCY-1 as template and loxP-A-F/loxP-A-R
as primers. Lane 3: PCR product with pLQ100 as template and loxP-A-F/loxP-A-R as primers. Lane 4: PCR
product with the genomic DNA of strain TLO1 as template and loxP-A-F/loxP-A-R as primers. Lane 5-6: PCR
product with the genomic DNA of mutant LCY-2 as template and loxP-B-F/loxP-B-R as primers. Lane 7: PCR
product with pLQ101 as template and loxP-B-F/loxP-B-R as primers. Lane 8: PCR product with the genomic DNA
of strain TLO1 as template and loxP-B-F/loxP-B-R as primers.
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2.2.2 neo+loxP FBEMHA 1.2 Mb Bkl
S ;2 [ 2 RS e e, FE AR R
LCY-1 (LR |, #F neo+loxP i BeiE I A e (n,
A 1610359-1610972 bp fi/ &, 1351k Ar 4
i LCY-2 (Kl 2) I3 UES 4 loxP-B-F/loxP-B-R
X RS AR A B R LA T PCR #3450 IE . LA ™
FER TLOL (9.5 DNA St , #4425 0.70 kb
DL BR LCY-2 B4 DNA W, ¥ 570
1.30 kb, Si—% (/& 3-B).

2.2.3 cre R LCY-3 BAEKRPHEL: N T
K 28 A kR LCY-3 F cre JERER A AR5, 3,
1185 LCY-3 FRHHL) RNA B §h #EF T DNase 1 {41k
ZIEVE R, #5149 cre-RT-Flcre-RT-R 1E4
S19iE17 PCR 9744, T DNA REMAREH
RNA VE R siAl , BBt JC3:45 21 150 bp /) HARSRH
ZJ5 LA RNA i 438 1Y) cDNA 1E R, i
cre-RT-F/cre-RT-R {ER5 |9 iE4T PCR ¢34, 153
150 bp iy HARA (B 4-A), ULEHAEZEERE LCY-3
W ocre JLN 2 &5 5%

2.2.4 1.2 Mb SRR RAKR LCY-4 BT LEFNLEIE -
B, FIHAKIES4) loxP-C-F/loxP-C-R X} 575 #k
4T PCR P HATIE (] 2) 0 DA ik TLOL [
DNA b, HF HARF&H KK (2 1.16 Mb),
AR HARARA; DIRASPR LCY-4 192 DNA
Fib, P HE 4577 0.90 kb (& 4-B). X 0.90 kb F B
HEAT T FFUF S 5307, R — B )74 24
& [RUEEF 1 (arm 1)/, Bgl 1 BFYII A, loxP
{375, EcoR V BN S AIEIEES 4 (arm 4)/741), M
JPEE S RBEETIN —2 . [FR, ZEHRIE IR Rf AL
Pt 3 AL (SHIG0599 , SHIG1058 il SHIG1338),
BEHNTRS [t T PCR, LUE P itk TLOL
DNA i, 3 12547435124 0.45 .0.40 1 0.45 kb
DL R LCY-4 15 DNA SRR, Tt X e

actamicro@im.ac.cn

B4 piige, Wy R HbrscAr, 5 —
#H (A 4-D).
2.3 1.2 Mb BB RAHE LCY-4 B kK BEREL

231 12Mb FBEEAEMHINERTE: f
FH Cre-loxP ¥t B R 58, WHAATF T 1.2 Mb
BB A RR LCY-4, K5 R HiRR TLOL F
LCY-4 1) 3 M PATKRIEARRI S N AT R I,
4 aANELE, M REEAELL, 1.2 Mb 6E 548
Pk LCY-4 PR A W A2k, 1.2 Mb Jr Bk
XS X185 R 7 it i WA (R EE FH (B 5-A)
232 12Mb FBBRERHBEEREYERR: K
fITI5E T R bk TLO1 FIZe A8tk LCY-4 iyA: K
B IEUEI TS, 78RR LCY-4 B W e T
I 24 h A RIR B ATt AH L & Tidk TLOL
EFT AT 44%, FE 48 hk BN, A & ARG
T 26%. ZJEAYIRAE 72 h R TR R,
HR S A I R i — AT, 72K 96 h B
RARKE LCY-4 WA Wy s ml B s, R R TE
s in 24% (& 5-B).

3 Wb

bifi 5 4 S LA e i R R, Ok B 22 1 Bk B
P S DR 2L B AR I Pl S DR s mT LAY 24
AR, RERAA I TT, FRARIEN ARy I,
e e b A B A B B fGEm
DR 56 W 2 8 9 7 TR AR B 4
o T B 7 T S X 2 4 R ) Bl
ST ST, AL B BRI R
pep 19237284 (R TR DR 2 A B, Al A RO
RE AR A KT XA R — AN Al fEASCH, R
R FiT G S 2 T Bk AR A 1 0 8 3
(IG5 S IR, 2 B0 3 5 I 7 DX IR (R X 40)
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3y bp

2N —
-:'.I‘l.l - 1R300 =
ALHDN = (] LR
) = R5 ”
JiHE =
{_ Arml sequence Ee 1l site Fax " site Fiied 111 site Armd sequence
iCh samann annmin
A TEEAT BT CAR T COAC AT TATAT AL AT ETATALE T FOBTATAOCATACLY TATACOALE T TAY AL gCT THCAT REC ORI CRAL T TUBLERRTCCOCTE
1 { ! ST R i ] Ik A 1 I |
i i | _:.I'| |-‘-_| [l Will] J|I| | " IL|.| II-"._I!. Ir--I.J_'I L Il-u | BATRLLLN III_I; Wi
Al seguenoe Higr 1 sale fom ™ sl Hiimd 11 sine Armd seguenis
CTTGCATELC TECAGGTCGE CGATTATATA AGRTCTATAA CTTCGTATAS CATACATTAT ATGAASTTAT AMGCTTGOAT GOOGOTOGAT TCTAGASGGAT

GLACTTACDS ACUTOCRGET QCTAATATAT TCTAGATATT GRAGCRTATC OTATGTAATA TOCTTCAARTR TTCGRRDCOTA COOCCASCTU AOATCTCCTA

inj

bp M 10 10 02 bp M 13 14 13 (Y T
f:f;.lj_' Uil 4N
. — i1 — il bp  4iH0 —
-I-III: 30 bp K F kT
L | h| F. L) A
~i 1 = 1K) =

4. 1.2 Mb FESRERTHRIFIELIE

Figure 4. Confirmation of mutant LCY-4 with 1.2 Mb region deletion. A: expression of gene cre via reverse-transcription
PCR (RT-PCR); B: confirmation of LCY-4 by PCR amplification using primers loxP-C-F/loxP-C-R; C: sequencing
and data analysis of PCR products; D: confirmation of LCY-4 by PCR amplification using primers designed in the
1.2 Mb large region. M: 1 kb ladder DNA marker. Lane 1-2: PCR product with the DNase I-digested RNA of
mutant LCY-3 as template and cre-RT-F/cre-RT-R as primers. Lane 3 and 7: PCR product with pLQ102 as template
and cre-RT-F/cre-RT-R as primers. Lane 4: PCR product with the genomic DNA of strain TLO1 as template and
cre-RT-F/cre-RT-R as primers. Lane 5-6: PCR product with the cDNA of mutant LCY-3 as template and
cre-RT-F/cre-RT-R as primers. Lane 8: PCR product with the genomic DNA of strain TLO1 as template and
loxP-C-F/loxP-C-R as primers. Lane 9: PCR product with the genomic DNA of mutant LCY-4 as template and
loxP-C-F/loxP-C-R as primers. Lane 10: PCR product with the genomic DNA of mutant LCY-4 as template and
SHJG0599-C-F/SHIG0599-C-R as primers. Lane 11: PCR product with the genomic DNA of strain TLO1 as
template and SHJG0599-C-F/SHJG0599-C-R as primers. Lane 12: PCR product with the water as template and
SHJG0599-C-F/SHJG0599-C-R as primers. Lane 13: PCR product with the genomic DNA of mutant LCY-4 as
template and SHJG1058-C-F/SHJG1058-C-R as primers. Lane 14: PCR product with the genomic DNA of strain
TLO1 as template and SHJG1058-C-F/SHJG1058-C-R as primers. Lane 15: PCR product with the water as template
and SHJG1058-C-F/SHJG1058-C-R as primers. Lane 16: PCR product with the genomic DNA of mutant LCY-4 as
template and SHJG1338-C-F/SHJG1338-C-R as primers. Lane 17: PCR product with the genomic DNA of strain
TLO1 as template and SHJG1338-C-F/R as primers. Lane 18: PCR product with the water as template and
SHJG1338-C-F/SHJG1338-C-R as primers.
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Figure 5. Effects of 1.2 Mb region deletion on validamycin A production and cell growth. A: validamycin A

production of TLO1 and LCY-4; B: dry cell weight of TLO1 and LCY-4.
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Effect of transcriptome-based large region deletion on
validamycin A overproduction by Streptomyces hygroscopicus
var. jinggangensis TLO1
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Abstract: [Objective] The effect of continuous low-expression region on validamycin A titer and biomass was
evaluated through gene deletion experiments. [Methods] The deletion boundaries of large chromosome region were
identified via transcriptome analysis. Meanwhile, deletion mutant was obtained via Cre-loxP system, titer of
validamycin A was detected by HPLC and, biomass was represented by dry cell weight. [Results] The 1.2 Mb large
region identified via transcriptome analysis was successfully deleted by Cre-loxP system. In comparison with
parent strain TLO1, deletion of 1.2 Mb region increased the biomass by 44% and showed no effect on validamycin
A titer. [Conclusion] The strategy developed here can be applied to identify deletion boundaries of large
chromosome region, and mutant of 1.2 Mb region deletion showed potential as host for heterologous expression of
aminocyclitol biosynthetic gene clusters.
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