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infections. As an important secondary metabolite produced by Micromonospora echinospora, its biosynthetic pathway has
been studied for years and scientists have a clear understanding for the biosynthetic gene cluster. In order to increase the titer
of gentamicin, this study used the industrial strain M. echinospora J1-020 to determine the gentamicin synthetic gene cluster
and established a stable genetic manipulation method. On this basis, three promoters with strong (kasOp*), medium (rpsLp-cf'),
and weak (ermE*) strengths were used to evaluate the optimal overexpression level of phosphotransferase GenP, and the
corresponding aftB/attP site integration mutant strains YC002, YCO003, YC001 was then constructed. After shaking flask
fermentation, the results showed that the titer of gentamicin C component of YC001, YC002 and YCO003 strains were
increased by 16.9 % [(1178+39)mg/L], 30.8 % [(1319+29)mg/L] and 18.8%[(1198+46)mg/L] respectively, compared with
the original strain [(1008+57)mg/L]. At the same time, combined with the impurity content, it was determined that the
medium-strength promoter has the best effect on controlling the overexpression of gene genP in the above three strains, so
that the corresponding overexpression strain YC004 of the genP stably integrated in the genome was constructed through
homologous recombination. After shaking flask fermentation, the results showed that the titer of gentamicin C component
increased by 34.5 %[(1427+37)mg/L]. Then, using M. echinospora J1-020 as the chassis, the genQ knockout strain YCO005
was constructed to produce the G418 as the single component. The results showed that the titer of G418 was 460 mg/L.
Finally, the gene genP overexpression strain YC004 as the starting strain, in which genB4 and genK were knocked out, was
used to construct a double knockout mutant YC007 in order to produce sisomicin as a single component. After shaking flask
fermentation, the titer of sisomicin was 1046 mg/L. It is expected that overproduction strains of various aminoglycoside

antibiotics can be readily constructed by rational metabolic engineering strategies in the industrial chassis.
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Fig. 1 The biosynthetic pathway of gentamicin
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Tab. 1 Strains and plasmids used in this study

Strain Description Reference
M. echinospora J1-020 Wild-type This study
DH10B F~ mcrA A(mrr-hsdRMS-mcrBC) Gibco-BRL
ET12567(pUZ8002) dam dem hsdS/pUZ8002, for intergeneric conjugation [21]
ET12567(pUB307) dam dem hsdS/pUB307, for intergeneric conjugation [22]
YCO001 genP gene overexpression strain This study
YC002 genP gene overexpression strain This study
YC003 genP gene overexpression strain This study
YC004 genP gene overexpression strain This study
YCO005 genQ gene knockout strain This study
YC006 genB4 gene knockout strain This study
YC007 genB4 and genK gene knockout strain This study
Plasmid
pWHU77 int, att, tsr, ermE* [18]
pYH7 sti-, rep*, orf85~ , R1°, tsr, aac(3)IV [23]
E.coli-actinomycete integrated shuttle plasmid, .
pXS001 . This study
pWHUT77 carries genP under the control of the ermE* promoter
E.coli-actinomycete integrated shuttle plasmid, .
pXS002 . This study
pWHU?77 carries genP under the control of the kasOp * promoter
E.coli-actinomycete integrated shuttle plasmid, .
pXS003 . This study
pWHU?77 carries genP under the control of the rpsLp-cf promoter
E.coli-actinomycete replicating shuttle plasmid, .
pXS004 . This study
pYH?7 carries genP under the control of the rpsLp-cf promoter
XS005 E.coli-actinomycete replicating shuttle plasmid, genQ gene knockout plasmid This stud
p Ly P g p g g p y
XS006 E.coli-actinomycete replicating shuttle plasmid, genB4 gene knockout plasmid This stud
p Yy P g p g g p y
pXS007 E.coli-actinomycete replicating shuttle plasmid, genK gene knockout plasmid This study

antiSMASH 3.0 #& 4 ¥ I 7% ¢ AR W 7= W & il 3
f]:}% [24] R

1.4 GenPEREEHIIIKE

141 HB&HG

(D =RAESHR (FLENfT)

JORLI IR JE . % AG N DH10B A1 4 A k44
B, [A R 9% vk ET12567 (pUB307) ™, 37 °C
BEFRER, 1010 (RBIEL) #5858 4 mL & AHRPT
4RI LB 9% 4 0D, 2158 0.6~0.8, A 14,
SERFUCPT LB Yo ik AR =X, J5 100 uL EHT LB
HE

R 22 AR USCEE = 50 mL T B R A4 5 97 Bk 85 R ML
echinospora J1-020 &A1, WAER A&, Fk
FALB YRS HAAM R, 5mLEH LB HE, /FA%
(ZNESR

il FUCEE . PR Bf 9% 5L K% 9% M. echinospora
J1-020 9 d, AR A& H 1 NP AR AL+ T 5 mL
TES i H 5 50 °C #4310 min, J5 i1 A 20 pL
5 mol/L CaCL &R AN 5 mL Fil oy & ¥s 724k (BB
B 1%, BEEARRER 1%), 37 °C 220 r/min 1 7
2h, BEFREMIE, HFRWEOWERME, A
| mL LBIAWEE, ERNZHEE. K 100 uL fE 14
B . 100 uL ET12567 (pUB307) A1100 pL 3214 B
(H2ARs) RE, WA T5A 30 mmol/L
Mg> () ABB13Fht, 37 °CH;7%13~16h, 15
227 (12.5 pg/mL) FHETERE (40 pg/mL) i
PR, 37 °C4kEiEsE, 6~9 dKHEA T

() ZRAEAHER (W)

BRI P IR S, AN ET12567 (pUZ8002)
VAR, 37 CCHEFRITR, 1110 (RFILE)
R 4 mL S M NPUE R LB TR % OD, N
0.6~0.8, WA, ARG HT LB BE Mk =
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Tab. 2 Oligonucleotide primers used in this study

Primers Sequence(5' to 3') Restriction site
XS001-genP-F CCACATATGGTGAAGATGGTTGCAGCACC Nde |
XS001-genP-R TACGAATTCTCAGAGAAATTCGTCCAGCAG EcoR 1

XS001-YZ-F GCGAGTGTCCGTTCGAGTGG
XS001-YZ-R TCAGAGAAATTCGTCCAGCAG
XS002-kasOp*-F GCAGGTCGACTCTAGTATGCATTCTAGAGGAACGATCGTTGGCTGTGTTC Xba |
XS002- kasOp*-R GTGCTGCAACCATCTTCATATGGCGTATCCCCTTTCAGATACC
XS002-genP-F TCTGAAAGGGGATACGCCATATGAAGATGGTTGCAGCACC
XS002-genP-R GGAAACAGCTATGACATGATTACGAATTCTCAGAGAAATTCGTCCAGCAG EcoR [
XS002-YZ-F GGAACGATCGTTGGCTGTGTTC
XS003-rpsLp-cf-F AGGTCGACTCTAGTATGCATTCTAGAGGAACGATCGTTGGCTGCCCGCCGCGGGCGCTG Xba |
XS003-rpsLp-cf-R GGTGCTGCAACCATCTTCATATGGCGTATCCCCTTTCAGATAC
XS003-genP-F TCTGAAAGGGGATACGCCATATGAAGATGGTTGCAGCACC
XS003-genP-R TTTCACACAGGAAACAGCTATGACATGATTACGAATTCTCAGAGAAATTCGTCCAGCAG EcoR 1
XS003-YZ-F GGAACGATCGTTGGCTGCCCGCCGCGGGCGCTG
XS004-leftarm-F ACCTGCAGGTCGACTCTAGACACGTCTGAAGCTAGCGCACGTATCCTGGAGAATCCGTC Nhe 1
XS004-leftarm-R CCTCCAGCGCCCGCGGCGGGCAGCCAACGATCGTTCCTCACGCCTTGTGGATCGCCACC
XS004-rpsLp-cf-F CCTGGTGGCGATCCACAAGGCGTGAGGAACGATCGTTGGCTGCCCGCCGCGGGCGCTGG
XS004-genP-R AGACCACCGCGATCGTCGAGCGCCTCTGGGAGGACTGATCAGAGAAATTCGTCCAGCAG
XS004-rightarm-F GCTGACCTACATCCAACTGCTGGACGAATTTCTCTGATCAGTCCTCCCAGAGGCGCTCG
XS004-rightarm-R TAGGCGTATCACGAGGCCCTTTCGTCTTCAAGAATTCAGCGTGGACGGTGTCGAGTGCG EcoR [
XS004-YZ-F CCGTTCACCGTGCCCTGGCTGCGCGAGGTG
XS004-YZ-R CTCGACCCGGCCGTCTGGATCGTGGCGAAG
XS005-leftarm-F CGGCCATCGTGCCTCCCCACTCCTGCAGATCTGACATCGCGTGCGCGCTGAACCCGTTC Hindlll
XS005-leftarm-R GTGCGGCCTTCCGCGAATTCCGGGACCGGGCCCGACTGGAG
XS005-rightarm-F CGGGCCCGGTCCCGGAATTCGCGGAAGGCCGCACCGCCGAAG
XS005-rightarm-R AGCGGAAAAGATCCGTCGACCTGCAGGCATGCAAGCTTCTGGGCGTGCCGTACGTGCTC Bgl1l
XS005-YZ-F TCCGCTCGATTCGTTCCGTTCCGAC
XS005-YZ-R GCACGGGACCACCGGGCAGGTGCTC
XS006-leftarm-F CTGCAGGTCGACTCTAGACACGTCTGAAGCTAGCATGCAGCGGTTCAAGGGTGCCCACG Nhe 1
XS006-leftarm-R AAGCTGACCTACATCCAACTGCTGGACGAATTTCTCTGATCAGCGCTGGTAGGTGCTCG
XS006-rightarm-F AGCGCTGGCGGCTGCGCGCACCTACCAGCGCTGCTAAGAGAAATTCGTCCAGCAGTTGG
XS006-rightarm-R GGCGTATCACGAGGCCCTTTCGTCTTCAAGAATTCTGCGAGCGGTAAGAGTATGCGGAG EcoR |
XS006-YZ-F GGCAGCCGGACTGGGCGACCATCCGGATCG
XS006-YZ-R CCGAGGACGATCTCGTCGTCTGCCACGGTG
XS007-leftarm-F CTGCAGGTCGACTCTAGACACGTCTGAAGCTAGCCGGAATGCCCTCACTGGTCAGGATC Nhe 1
XS007-leftarm-R CCCCCTACTACGAGAGCGCCTACGAGCTGGCCCGGATGATGGCGCAGCTCGACCCGGAG
XS007-rightarm-F GTTCCTCCGGGCTCTCCGGGTCGAGCIGCGCCATCATCCGGGCCAGCTCGAGGCGCTC
XS007-rightarm-R ATAGGCGTATCACGAGGCCCTTTCGTCTTCAAGAATTCGTCCGTCGTCACCACGGTTCG EcoR 1

XS007-YZ-F
XS007-YZ-R

CGTCACGCGATGGGAGCAGGGCGGAGTATC
CCGAGCATCACGCTGCCGAAGGAGTTGGAG
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it Xbal/EcoR1 B VI M #AME H 2 v Br— ik ol
bR S (HEEMRIEARAR, TED 3
ITH%E, 133 pXS002.
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FE R 2H AR . XS003-genP-F/R A 51 ¥4 1 45 51|
003-genP v B¢, rpsLp-cf v Bt 003-genP Jv Bt 5%k
A fd H 5 pXS002 AH [A] (1 77 % dE AT %6, 15 F
pXS003.

ORI 7 IR fE ., 14 SRR R
M. echinospora J1-020 %, & T 15k 22 1 %
(25 pg/mL) [P BB 77 2 1 0 328 I i 266 ] 4 gk
47 PCR E&AIE
143 FRZTHERE bR KF

PLE AL 5 R OB pYHT ™ Ak, DL
pXS003 AR« XS004-rpsLp-cf-F/XS004-genP-R
NE WY A5 B rpsLp-cf-genP Bt , LA M.
echinospora J1-020 K ZH A 154, 43 51l BA XS004-
leftarm-F/R. XS004-rightarm-F/R N 5| #) ¥ % 15 2|
e FEE R B, A RIMI MRS AT
Nhel/EcoR1 B J5 1) pYHT HARAME FH £ 7 B — 203
PUid vr PR S AT A %E, 15 2] pXS004.

BRI PR S, 1RME 140 HIREA R R
M. echinospora 11-020 W', %A 1155 A i B 22 1
% Q5 pg/mL) KPR FRE LR, B LH
SO AR B TR B T AR AR it R, MRRIRARUE K
H RS B2 W & (25 ng/mL) ML
1) ~F A 35 77 kPR B BB RS, I SR HUE A
H AT PCREGIIE .

1.5 genQEREHKIIERE

PLRL pYHT N34k, DL M. echinospora J1-
020 %= K 4 9 B, 43 %l B XS005-leftarm-F/R
XS005-rightarm-F/R 24 5| #4734 15 2| /2 45 [F) U6 8 A
B, ¥ AR 200 4 4 RIS i Bt 4 Hind1T/Bgl 1
g V) 5 0 pYHT7 #ARAE H 2 F Be— Pk Phod e ik
F B HEAT A, 155 pXS005. kI A IE )
T8 1.4.1 TR T H B R AN TR AE R 30 1IE

1.6 genB4# genKEiiREFRAIDEE

AR pYHT N#K, LLM. echinospora J1-020
SENZH AR, 43 51 LL XS006-leftarm-F/R. XS006-
rightarm-F/R 29 51 ¥4 #9453 21 224 [F) U808 v B, 974
RN R A A R B S 208 Nhe 1/ EcoR 1 B§Y) )5
1 pYHT7 BARAE 2 7 B — 20 vk bR v g 1k ) itk
T, 183 pXS006. J5 AL P IE#ffE, 1%
1.4.1 T7VEREAT He 5 e 7 PN R AR BRI 128 30 01E

PUFURL pYH7 A#AK, LLM. echinospora J1-020
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rightarm-F/R 4 51 147 #4645 B /2 4 [RJEE v B, 37
W15 2 1 22 A R v B 5 43 Nhel/EcoRI g 1)
Ja B pYHT BARAE 2 v Be— B ik Do v g 1l &
HATHS:, 93] pXS007. FRLITIER ), &8
1.4.1 TPVEREAT H 5 T A R AR BRI 1 30 0IE

1.7 RERFEEN

I 3% 77 5P R 7R 19 M. echinospora J1-020
AR 1 emx2 cm B T 50 mL & BERS 77 5L
H, 35°C. 250 /min¥572 70 h )&, O 1 mL 38
PEBHES T4 i, JE4k2RR5 97 135 he RIEEZ K5,
{8 F 3 mol/L B B2 i 5 pH %2 2.0, #¢ & 40 min,
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KIEVREBMAE, IWANT7TmL &K GREAKT
5%), BZEE 120, FEEERE—K, —El
FiRE Ja ik i 91247 HPLC-ELSD A&l

(D A& 77 3 A 8 UltimateLP-C,
(Welch, 250 mmx4.6 mm, 5 pL). WzhMl: AM
N 1.5% =8 OBRINKIER, BHNAHFERR, A
A D BHMI=96 : 4, Jii% 0.6 mL/min, Z5EEPEM. i
P& 20 uL; ELSD & I #8535 B 100 °C, AR
2.5 L/min; A5 (8] 24 65 min.

(D EEITE RREZR CHNFrdEm. KK
B 7% C2b bn i 1 B A 1 2 R e Bt AT B
G418 5k 5 W [ biofexx, 7§ K & bR &I A
GLPBIO. i FHAMRE, i 2 i) b #E il Ze xF H

JESN—R
EE‘AO

2 #ig

21 M. echinospora J1-020 £ ER BN FESH

NS TV Ak M. echinospora J1-020 % [R 41
BE. EMRKEREGHEERE, {4 PromethlON
M a7 7T AR RNAN T, HARHE A P4
FHATRIE . 825.95 Mb I 7 4 2H 2% ple — A
7294 917 bp K/NHIER AL, HALE 6260 A T (1)
FTERGGX, P GHCEENT2.41 %, KK
SRR . A A antiSMASH 3.0 T ) 7 — A
55Tk IE ) M. echinospora ATCC15835 [K K% %
A HGE R K (GenBank B 3% 5 : KY971520) P X
K %1 — 8t 8 B 96.08% M 3 K 7%, £ T

2726 320 ~2 768 160 bp, £ 32 N HF A AE
5 M. echinospora ATCC15835 R K5 2 A it [ %
A AR R B R R HE A, T o R A S iR B R OK
2 B LB PE M. echinospora CCTCC M 2018898
R K 25 3R A BRI 12 1 26 18] e 1) — B ik )
99.99 % 2,

2.2 M. echinospora J1-020 &1 E R ZRY
B

FHF Tl A AR 7= 1 Tl B ik B S 56 =5 B A 11
Hbr= - e tmm - RAEE LAk, Hi
FOBAE R AR N A, 2Tk tr, XAV
% TMv B AR T v 38 ok 2 e ) A A O AT
BT SR R BRAE AR . BRI, Tk B bk 2 A
BN EE R TV AL, B e ERe gt AT R, R
AL EE . M. echinospora 11-020 18t A& #:4F &
GURER ST R B TTAE . o DAL R A B TR
pWHU77 (pIB139 AT 4EW, %% %5 25 P 5k K 4
Tk 2 B R AR N & R PUERE RO . iz
52 {H 3845 R FaUE 19 pIlI 101 A7 26 BKL pY HT 1F N 8
i, BEAT TR R AR R, R TR A/ =0k
KGRI AR ER S L. B
IS5 25 A (R 3), m&MfE: pWHUT7 A#EUA
W, TORAM ZORAZE A H R T ARG R 2
G T pYHT ABUARS, R ARG B
FUTHERES T, MM =0 A%E
ISR REERS T ik, BlpYH7 A%
PRI, 8 M. echinospora J1-020 B #kft 1 1247 1
SORAIEA AR T N NE .

R3 M. echinospora J1-020 A 4R
Tab. 3 Exploration of the conjugation conditions of M. echinospora J1-020

Morphology of
Type P & Plasmid

The mixing ratio Incubation time Number of conjugants

actinomycetes (Donor: Receptor) /h (Cultivate to 9d)
Diparental conjugation mycelia pWHU77 10:1.471.1°1 14.16 100~200
mycelia pYH7 20:1.1071 1
Triparental conjugation mycelia pWHU77 4:471.10101 100~200
mycelia pYH7 4:471.1:101 50~100
spore pYH7 1001021417171 13 >200

E AR S 2R HEIRA]: CRARGER D, MEHSZAERAHEYX 1, BN X mL AR (0D, 0.6~0.8) )
100 uL T2, 5 M 50 mL M. echinospora 35577 W) 5 mL B HHH 17100 pL BEWR A —BABRGEE , M5 ZHEES
By x:x 1, BlXmL AW (0D, 0.6~0.8) (X100 uL H & X mL ET12567 (pUB307) il (0D, 0.6~0.8) 7100 uL H&

600

W, 5 M50 mL M. echinospora 37 BT 5 mL H 2R HECH 1 100 pL 8 EBR A .
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2.3 M. echinospora J1-020 # genPHIiZ Fix

gadin L, KRKERNE RIS
FRIBHTIE W, H 2 T A J1-20A F1J1-20B 2| K
HERCHNMERERE, AR EE, A
20134, WFFLEE @IS B AR AME R T, RN
H genP T 5T K KB R CI N IR, RM LR
MOCBERTHRE ™. HIULHEN, GenP [ R IA A {2
BEIR KRB R CHD A K.
2.3.1 aBaddE & ATy K FE I genP #y it KA

RERMERE, AEFESELRERES
BN G USRI ARW 7, 17 R A 5 B T 4% 1) AT
DUAE B A [ 58 B 14 i3 307 SR S Bl . 7E DU T
fER, BV TE M. echinospora HRAE T — RFNA A
SRR RS R BT R, LU R, R R
(kasOp*™ ' GpsLp-c)H~ 55 (ermE*) —Fh5s )
JA Bl 7K BAT genP Wik 3RIE, FIEEXS B attB/attP {ir
A SRARFR YC002. YC003. YC001 [ 2(a)],
DA SE B @ Rk R . W TR IR K =77 b,
KRRKFEHCL. Cla. C2. C2a N EEM Sy, THEXK
B RKERC2O MR KR ERAN LSR5
7N, YC002. YCO003. YCO01 B FkE K&E & C 41y
(Cl. Cla. C2. C2a) 7= & & BF 4 M Btk M.
echinospora J1-020 [ (1008+57) mg/L1 7354
30.8%[ (1319+29) mg/L 1. 18.8%[ (1198+46) mg/L].
16.9% [(1178+39) mg/L], W] W.J5 &) 7 3% 5t i
GenP £iL&E M E, KRKERCHS (Cl. Clas
C2. C2a) PPEIRAEME [K2b)].

2.3.2 @i FREA G X FE I genP #9it KA

A attB/attP A7 i 8519 B (1) RABRAE PR &R
TN A DL F AR AR S [ 2 2 B AR RN T 3 80 &
AT E B2 TR, HBRINPUA = D4R ki
SEAFTF RIS TP, FTbh, FEHE K
RN EAEREGOA L, 25231 FRE
WREI =B B R, genP I RIEH R T R KE
KW= ER T, FE, BTRBEEKERC2bENR
FH o3 85w R TR A7 T PR B R C2 5 C2a 2 ],
JE A B Al ok £ B, BT DR EAE R R
WIHESEEE (PEGHR) ZEREEN (B9
FE<3%) . Ak M. echinospora J1-020. YC002 .
YCO003. YCO001 K K% 3 C2b % & 73 7 4 2.15%
3.15% 2.8%- 3.35%, A] UL H5E S 3T rpsLp-
of il GenP [ R IA B AL, H P KEZE C2b 4R
FEREK. Ctk, 8 E YR E A 7 A
JZ J5 8§ rpsLp-cf ¥ 1] genP 1 3 ik () R AL #k
YC004 [ 3Ca) . (b)], KM K™ &4 KT
N, YC004 B MR IK K% &R C 44 (Cl. Cla.
C2. C2a) =& [ (1427+37) mg/L] % ¥ 4 A 15
Pk M. echinospora J1-020 [ (1061+37) mg/mL ] & &
T 345%, IRRKEZRC2DFE23% FHER [H
3Cc)]. HH, SFHSAS BN, KRKEER
Cla. Ca MPTHZRAKEFERAWE, KXER
Cl. C2. C2b RAMHEZMWN [E3 (d 1, HILH
PLAEIN PR K & Cla. C2a FUFiR 12 AH 5= GenL
1 GenB2 RIEREAL, Kl —DHALKY

. 1400 80
= i erm i &
XSO00L-YZF\geh st XS001-YZ-R 1200 | 1
XS002-YZF e 0 {60
XS003-YZ-F o g 1000 ¢ 1505
£ 800 g
E o0 123
= {305
400 p 420
200 {10
pXS001/2/3 0 0

J1-020

YC001 YC002 YCO003

oriT

(O] v C | g C24+C 2w sisomicinesss C2b == C1a+C1+C2+C2a

(a) genPiL FEiL i B

(a) Schematic diagram of genP overexpression

(b) B AR R R R R KB RCHS B AN & &
(b) The production and percentage of gentamicin C component of
wild type and mutant strains

B2 genPid Fikfr i A BY ARG 1 S Bl i

Fig.2 Construction and production determination of genP overexpression site-integrated strains
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wild-type  XS004-YZ-F } 1017 bp{ XS004-YZ-R

m@ﬁﬂ{mu-

leftarm

rightarm

‘. Double crossover

mutant @m @‘." w!-

XS004-YZ-F F====-2257 bp==---{ x5004-yZ-R
(a) genPiL L EE

(a) Schematic diagram of genP overexpression

100
490
180
170 ¢
ok
}s0
140 8
4130 &
120
110
0

J1-020

YC004
Cla m— (C2+(2a
w== C2b —Cla+C1+C2+C2a
(o) FAE M EHA AR R BERCHN B RE SR

(c) The production and percentage of gentamicin C component
of wild type and mutant strains

w1

m—isomicin

500=

(b) FAEFKPCRYNIEE
(fEFIXS004-YZ-F/R 5| 3t iTPCRY1; M: Takara 1 kb DNA marker;
YC004-1. 2. 39 RS, 4. 5. 6. TS HEMREEEEER)
(b) Confirmation of mutants by PCR
(The PCR products were amplified using XS004-YZ-F/R;

M: Takara 1kb DNA marker; YC004-1, 2, 3 are the target mutant strains,
Strains 4, 5, 6, and 7 are the wild type strains)

600
=]1-020
500 | =YC004
o9
E“ 400
=300
8
E 200
100
O\‘b Q\ C?" C?? (6\&‘& CTP
.
&

(d) FF A BB RAN T AL BRI % IR KB R CAL 7 B B
(d) Comparison of the production of gentamicin C components
between wild type and mutant strains

B3 genP id 323k [R5 HL AL TR R AL K 7 B

Fig. 3 Construction and production determination of genP overexpression homologous recombination strains

2.4 LAM. echinospora J1-020 AIREE =4
Hit S EBERLEY

M. echinospora J1-020 B £ 2 T Tk A4 7= Bk
KREFHAF, HARAN KA TZ, F,
AW E T HARRARGFE, #3577 &St
fEER AR &, (015 H A B AR AR o 1 i £ Bk
HEAT oA 2 2R B B R A S P A R AT
BRI, 34T 7% T k& B — ek (a3
PEHRPIAER) BEIREIE.

24.1 G418 #—o & AR KT

G418 N —Fha FER R P %

TP T I

|

FE 0 d H R R B R e R, R T AR A
T H BRI iR P GAI8 RIK KB R A
B A v i) e R A, AT RLE IS genQ — B IR
KRG — 2 5y 2 IR M. echinospora J1-
020 1 9 Tl Ji& it 7= A Ho A () A () B g, #e 3 T
genQ iR RAMR YC005 [E4Ca) (b ], BLRRALHK
BSEA T A HAR R KRBT R CH o, G418 &M
37 mg/L 25 £ 460 mg/L [ 4(c)].
242 BEREZFZ ML RAGER

PO ZOK B RN H TR T 4 22 IR B T 5
()R B R g Gy . &2 2018 4 FDA B ik (1)
A PR F K B T P AT DL AR IR
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X5 YZ-FL.. - Rios
itigps  TH0OEVZAE feni 8335 g XSOUSNZR

leftarm

rightarm

' Double crossover

mutant

XS005-YZ-FF900 bp] XS005-YZ-R

() genOR i 4
(a) Schematic diagram of the genQ deletion
5

s
10 000 =
5000=
3000-

2000- — 1833 bp

1500=

1000 -
500-

— 900 bp

(b) F2AEPRPCRYGIEE
(fi FIXS005-YZ-F/R 5| ¥ #E{TPCRY 1,
M: Takara 1 kb DNA marker; YC0054 B brg245 k)
(b) Confirmation of mutants by PCR.
(The PCR products were amplified using XS005-YZ-F/R;
M: Takara 1 kb DNA marker; YC005 is the target mutant strain)

mV
1000

750
500

250 Cla
\ 2 C2a Cl1

A o S

gentamicin standard

1000
750

500
Cla

250 e C2a cl

M S

G418 G418 standard

J1-020

750
500
250

0
1000
750
500
250

Gas YC005

0=
11.0 20.0 30.0 40.0 50.0
Time/min

(c) BF A= MR RN 92 AE bR DR B 3 CHLAT ANGA1811Y)
HPLC-ELSD45 #ir
(BF L MEBRM. echinospora J1-020; YC005 genQmi b i #%)
(c) HPLC-ELSD analysis of gentamicin C and G418 from
wild-type and mutant strain
( Gentamicin C standard; Wild-type strain M. echinospora J1-020;
G418 standard; YCO005 is the gene genQ double knockout mutant strain )

60.0 65.0

B4 genQ i bR R M A4 2 2 HPLC-ELSD 737
Fig. 4 Construction and HPLC-ELSD analysis of genQ knockout strain

i % genB4. genK KRG R K EK KEH R
[ 5@ (b 1. BESR M. echinospora J1-020 1
Tl e B AR 77 A A S B S (Rl ) R G
WRe, IEEEAETRAKEMRREN MK genP i K5
B Ak YC004 i % genB4 Fll genK, 3k 43 genB4 i
F& 98 48 ¥k YC006 1 genB4. genK XV i [ 9% A% bk
YC007. 5 B genB4 98 7% Kk YC006 [f) 76 %
KEFEN145 mgL [E5C ], FREIETEE
AN K MM genB4 genK X 1 98 A% ¥k YC007,
AFERKRERCAH D (K51, WRKER
77 EEOX T R PR Y C004 7 B4R T T4 21 %, L F
1046 mg/L [E5C) ], H—UEM T XA
.

3 g

i TR DR K 5 3 1) 771 2 2 T i R VR 9T 5 22 IR
S R =R G e SN N | A SOl I /N 7
echinospora J1-020 [JJR K& 2= C 44 (Cl. Cla.
C2. C2a) = #11000mg/L, N T #t—F &%
JEEAL MR & R OK 8 3 UL AT AR e o, A
TSR T B AR EAT T 3R AT, e T
IRRFERAEY G RFERE, JFEL ZoRA, =58
KGR FMER, @I T =R AL R
R, Hrb, BORLpYH7 1 T HEMEE . B AR
SEME, FEEA TRt AR IR — . AT
DA 26 2 AH N B R AR KR, W pYHT 984
SR AN 10 A% R A A AR AT DU T O T TR PR R AR
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bR R4S . DAL 9 FEGl,  BEAT T J1-20A A T1-
20B it 25 F2 B ) O B JE K] genP [ R AL, B SEAE
Mg (kasOp* « B (rpsLlp-c~ 35 (ermE*) = Ff
5 ) 5 8 134T attB/attP A7 55 8 A 13 30K 1 bk
FItEE, MELZEE-EMaREREGE, e 74
SESE AT HIE S T genP Wit R, MM T
FooE A TR B AR B R B 1 genP ik 3Rk R AR BR

XS006-YZ-F  }-2012 bp-{ XS006-YZ-R

leftarm | rightarm

' Double crossover

m ens2 mﬁ m genB3

XS006-YZ-F |-314bp{ XS006-YZ-R

mutant

YC004. TE#EMAZEE/KF L, RAKE YC004 (1) K
KERCHS (Cl. Cla. C2. Ca) FrEEHA
BB PR M. echinospora J1-020 3215 1 34.5%. [A AT,
KRICHEAT T genQ W bR ALK YC005 (ke ,  BLER
3 G418 L — 45y, G418 =R 37 mg/LiRm &
460 mg/L. fi)i, LhgenP i ik F bk YC004 Jy
RERE, WIKR%: genB4 genK, IR T AR5
XS007-YZ-F }--2729 bp --{ XS007-YZ-R

( genb3 ] ent

YC006 .

leftarm | rightarm
oriT pXS007

‘r Double crossover

mutant
el

XS007-YZ-F [1601 bp| XS007-YZ-R

(a) genB4FgenKii i 4
(a) Schematic diagram of the genB4 and genK deletion

$i666 80 000
5000

5000
o —»2012bp 2000
1200 P 1500
1000 1000
500 —»5l4bp o4

YC007

&
o
s
1 2 3 4 547 ]

—» 2729 bp
—> 1601 bp

(b) FEAEFRPCREGIE
(43 ¥ FHXS006-Y Z-F/R B XS007-YZ-F/R 5| ¥t {TPCRY™ 1)
M—Takara 1 kb DNA marker; YC006—genB455745 kk; YC007—genB4LL FegenK W Fli 4 F 48 ¥k
(b) Confirmation of mutants by PCR
(The PCR products were amplified using XS006-YZ-F/R and XS007-YZ-F/R, respextively.)
M—Takara 1 kb DNA marker; YC006—the genB4 knockout strain;
YC007—the genB4 and genK double knockou strain

1200

800 =

600 =

Titer/(mg/L)

400 =

200 =
0 - -

J1-020 YC004

YC006

YC007

(c) B A= BT PR MR B R

(¢) The production of sisomicin of wild type and mutant strains
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600 =Y

400

200f  (pa 5

C2a C1

—_)\- S

YC004

mV
600

400
Sisomicin
200

sisomicin standard

600

400

200 | Sisomicin

i kA A

YC006

mv
600

Sisomicin
400

200

YC007

0

150 200 30.0

40.0 50.0 60.0

Time/min

(d) BFAEBRAN SR AR % 19 76 3K 2 FIHPLC-ELSD 43t
(genPiT FTETEAEFRY CO04; T4 Z K A7 HE MK EE N 250 mg/L;
genB4T % FEAF R Y C006; genB4Fgen KR ZAFHR Y C007)

(d) HPLC-ELSD analysis of sisomincin from wild-type and mutant strains
(YCO004 is the genP overexpression strain; The concentration of sisomincin
standard is 250 mg/L; YCO006 is the genB4 knockout strain; YCO007 is the
genB4 and genK double knockout mutant strain.)

BI5  genB4 Fl genK it 5% B bR A4 2 X HPLC-ELSD 43 #ir
Fig. 5 Construction and HPLC-ELSD analysis of genB4 and genK knockout strain

AR YCO07 MM 3R 45 51— 2H 43 VG 2 K 2 DA J b
HEHEEMLY), @k, SRER, YC007
PG 28K B (177 = Lk B B AR Y004 7= B4R T T &4
211%, &% 7 1046 mg/L. Ja4k, AR KEHERCH
FEHE PR YC004 Sy SR A, R IE L R A KB GenBl
GenB2. GenB4 [ 33RiA (H 1D, LB RANER
CHl =gt — 42 LLYCO005 Btk Ay JE A,
g5 A AL G BE AL 2 AR R B I AR g TR
CU A A4 i 9 AH SR R 1 ek 3R 08D, A B SE B G418
e, BT Tk A=

BT ORI RO AR AR TR, AWy
S i Rk genP . Wbk genQ+ XL Bk genB4 Al
genK [P RIS B 4% HARE MRS T m = IR KE X C.

G418 DL S 75 2 K 2 B — 2 9 (1) I kAR /N B A
KA. fEARRK, LLM. echinospora J1-020 Tk A=
PR RO AL, Jd I ] B R AR TR SRR A A
o R R A R T A A R A S R T 2R B AR
=, R AR AAE B R A R
TERGE M AR, & REe ), AT
TAE, nvl @it @B genK il genP, 331K NI T
2'-NH, [7] 2'-OH #% 14, 3& [A genR fil genS B, sLHL —
ARE TR RPAE R R KB R R KEZ BT
FACE G R, TR KRR 2 MR E 2 1 45
FIREALTE X ER K %5 25 AR S 85 2 E AT B R A AR
ot B R IE o, R BT & AR DR % o A VR
Z Wy i A RNEYEAR T BRI R T e Ak
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