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Abstract; In order to improve the production capacity of Sireptomyces fradiae to tylosin, the engineering strains
with double copy tandem genes tylF, tylE and tylCV of Streptomyces fradiae were constructed. In this study,
Streptomyces fradiae was used as the original strain andwhole genome DNA was used as template to amplify tylF,
tylE , tylCV gene, and the plasmid pSET152 was used as template to amplify the promoter permE , respectively.
The expression vector pSET152 — permE — tylF — tylE — tylCV was constructed and transformed into E. coli
ET12567. The engineered strain was obtained by indirect co — transfer of E. coli and Streptomyces. The results

showed that the shaker titer of the engineering strain (14580 u/mL) was 29% higher than that of the original
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strain (11318 u/mL). The HPLC results showed that the relative peak area of the engineering strain was

significantly higher than that of the original strain (P <<0.05). Increasing the copy number of tylF, tylE and

tylCV of Streptomyces fradiae could effectively improve the yield of tylosin and optimize the composition, providing

reference for the genetic modification of tylosin — producing bacteria.

Key words: tylosin; Streptomyces fradiae; tylE gene; tylF gene; tylCV gene

7% IR R 3 (Tylosin) J& — Pl i 905 1K B 55 B
( Streptomyces fradiae) ;A= [ K I N BS54
2R B A R, O T K, S i T A DLE
), EEERE e E Y Hamill %577 F 1959
AERBL, JEE PR L HAf R SRR
— 0 RIRPH RN L BB e 2 B PRk
R SRR A BT T BB AR R S A A
F, & B S B AR 5 | 1 A s ,
AT LIRITHRI R B R R T R PR
ViR BE (A A I Ah 2% AR TR 2K AR i #  R
HE N & & P A K as i) ek & L & A
K DB R A 2R, B2 b T 7 & A 7=
K BGTT, T LA E PR E N T % R ok
LRI, 76 KB Tl Az 7= v 3 P4 2 PR 28 AR 1
EMFEAFRE ", BRERFERRRER
A ZERWE B RBRHEER C MZEREE D WURh 5>
P, Hoh 2R AR 2 A N B S, AW P
5, Tk A= FESR A 50 i =85% , IR 4 4y
M) =95%

I BT T 2 R T R AR A L A% (191 gene
cluster) NI 1ylB S 2 1rC, 24 85 kb, 7% 43
A~ ORFs $IL3 SR R R A U R SE B M S A 3R 3
Hh oyl F Gl KT 2 - O - F ESE RS il ( Macrocin —
O — Methyltransferase ) i fb. 28 SR % C3 {72 FEA9 H
SRRV AEEFRRIA R C RN RIRTAHE A, &
SRIWE C3 (R H I RO B R AW R EY S
R IG —4 R BRE  B saylE ity 25 F K
W& - 0 - H 35 % i ( Demethylmacrocin — O -
methyltransferase ) fHfb 25 F 36 K1 R 5540 R KR %
(Macrocin, tylosin C) ; tylCV i Bt B 55 Wl 55 5% g
(Mycarosyl transferase ) , £t 57 ¥ ik 2 1% ( Mycarose )
R 3 & B B HT 78 52 B 2 ( Demethyllactinomycin ) ,

A 2= FE KR & ( Demethylmacrocin)

HMEHER R ABE T W T B A PEG /v
(A ST AR AR T A e Rk R
THAWP R )7 G B EER T BB BAb, ib
A DARE A S ME R G , — € PR T RE b IR 2 i 0]
AN DR (4 B 1 A B R AL R R T
o 8% TR A A DA TR 844K pSET152
A RRIREAR, SPARL R b A | fg
WERAA @C31 1Y attB o7 i 5 SR 8 G 3 B 5 T
g 17 R R Ok, ZLE R it
FER R B (permE ) S BV B9 55 75 18 2H i TR 5 3
¥ B TR R W A e H AR () By Rk
KA, DA H B (3R ) BB WS A= &
AL E PRI, DL KR s H bR P i AR W6k
IKAPEE
1 #REFEZE
1.1 WA R IR IRBERE A UL pSET152 (7%
B ABFRPUEILF G 81T permE ) ¥4t 7 5 2 Sy il
25 B9 A BR 2 w8
1.2 iRk IRF I e Ak R SR 4 Bt
& DNA [ & | 4 5k PR A £ BGR) & s
X5 B TakaRa 23],
1.3 FREMGER KBHEMEEFRESN LB
BRFR AL of [CHE 25 TR [ AR 3 R iy i [R— 5 15 5%
B RKIGFFH - SRR WS B 52 520 MS 557
FE T R RN 2 x YT K s 37 ok H
A FIERRE SR

LB TN H % K (Ampicillin, Amp) {# &R
25 pg/ml, %A K (Apramycin, Apr) AR IE R
50 pg/mL, RAF% K (Kanamycin, Kan) f i f i
25 pg/mL, %% BE B B8 ( Naphthylpyruvic acid,
Nap) B9 FH 4 50 pg/mL,
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1.4 HHFEEHIKBR M GenBank T % permE
tylF tylE 1 aylCV (R 55 K P 910 AR e 9 4 T 51 4
BT AE Primer Premier 5 43 %5 i permE | tylF .
tylE F 1ylCV W FE Z LEMf PCR 519 (£ 1), Hp

permE %) LA tylCV 1) R iE 5 B 51 A EcoRV Al

Xbal FEYINL R, LA 31 I 5 73 T 4 ik PR 20 R AR
PCR § M R4 2200 H AR R B 2R & T
_20 oc,f%ﬁ,%};ﬁo

x1 BWEEYESIYREYIAR

Fig 1 Primers and restriction sites for target gene amplification

Elk/EA S SIS —37) (32 EAY
P-f CGGATATCGGTACCAGCCCGACCCG EcoRV
P-r TTCTTCAGCAGCTCGATCCTCCTGCGGCCGCAAATTACCAACCGGCACGATTG
F-f CAATCGTGCCGGTTGGTAATTTGCGGCCGCAGGAGG
F-r TCAGCCGCTGTGCCGCCAATAGGCCTCGGGCGGTGCCGCGTGA
E-f TCACGCGGCACCGCCCGAGG
E-r ATGGCTGTGCAGAAAGAGGCCACTCACCCGGGCGAAGCCCCGCCAC
cV-f GTGGCGGGGCTTCGCCCGGGTG
CV-r TCTAGATTCAGGCCGCGGGGGACAGCAGCCC Xbal

1.5 E 4 B B permE — tylF - tylE — tylCV 4 3% 75
FHE B AL PCR 1514 4% permE (tylF tylE Fl1ylCV
KPR, 52TV N LA permE FI tylF JtsHR , 519
P —f/F —r 9" B93R15: permE — iylF Kl B alidb)5
20 C PR ; LA permE — tylF F1 tylE RHiH, 5]
Vi P-f/E —r P33T permE — tylF — tylE B5H F
B AT - 20 CARE ; LA permE — tylF — tylE JH
W, 51 W P - f/7CV = r 193K 45 permE — tylF —
wlE — wylCV FEH B 4lifb e —20 C K,
1.6 Mz &4 H 1K pSETI52 — permkE — tylF — tylE —
wlCV  ffi JHl EcoRV F1 Xbal W 37 °C, i % i 1)
pSET152 JERiHI permk — tylF — tylE — 1ylCV FE[H A BE,
WISEEDI ™, 2 PSR S8R EE IR LR 7 1
Heglin A Bt U1 55 1) pSET152 JERL Fl permE — tylF —
tylE —tylCV 3 B 16 CHUIRIE N 7E T4 DNA 4%
MV E ] RN, e Ak 2 DHSa K
PG A ET12567 RIGHF T e B o5
1.7 ETI12567(pUZ8002, pSETI52) 5 # Kk 4 & &
WA LT R R R TE LB

HUFE 50 pe/mL W %R R AR, 37 CHE R
b, BB E (0D 7E 0.4 ~0. 6) WA B A ; FH
SERBURT 1Y LB YRS R K IR Ve AR 2K, 0. 1
AR LB BT 2, B GE HE A TS | B it
PR T Sk ek i SRR BBV, 50 C AL 10 min, ¥
B ZRSFINAERFR 2 x YT fiF Wy & 5 57
%5337 °C (180 r/min #&JKIEFE 2 ~4 h,3000 r/min
BT FRIFT 1 mL (3R, T H
TH R IRAESZ T 10: 1(EY 10 1) B4 PR ast fi
fbF i mY M- BWIR G, WA G R M
B2 REFR 21 h 5 B AR ZENE IR R (50 pg/mL)
M E R (50 pg/mL) .

1.8 tylF tylE fn tylCV X E R # N & 58 %
AN K IE I RAE R LR 5 A T W
P22 AR B R ek F BE h 28 °C 230 1/min 44
iR 7 d Ja , B RR BR R Ak 1 b 3 VRORS I 2% AR 1T
BRI RS LSRR

1.9 BATHATATRIE HHEESEST
T 22 B FP BN 5 AT Apr 9 LB 55573k P s 9% 2 0
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AR BRI EERNA, SRILEI P -f/CV -1 bp M ! bp
HE4T PCR 94

2 HBRESW

2.1  permE 1ylF aylE F0 1ylCV ZEF 89473 LIIRIG
R T A B N 2 AR, A3 I B P - f/P -1,
F—f/F—r E—f/E —r.CV—f/CV —r § B35 3 5 1
permE tylF tylE Fl tylCV B[R BEH  BeoR /N 270 bp
(& 1a) 735 bp(1& 1b) 1188 bp([&l 1¢) 11386 bp( &l
1 d) 4 PCR Pyifb /5 2 -20 C# R,

bp M 1

B2 FAEEREKE permE —tylF - tylE - tyICV Bk B

Fig 2 Electrophoretic diagram of recombinant gene

bp M Z fragment permE — tylF - tylE - tylCV

5000
3000
2 000

5000
3000
2 000

bFRFWFHIAEIE, 2, pSETI52 - permE -
- 735 tylF - tylE — tylCV B A EARM HE Ry, vl H T 5 &

-»270 i/ﬂ i
bp M 1 bp
1 b
bp M 3 bp M 4
c d
B 1 permE tylE tylF tyICV EE PCR 45 Rk E 3 pSETI52 — permE — tylF —tylE — tylCV
Fig1 permE, tylE, tylF, tylCV gene PCR EAH{E PCR BiFLEE
results electropherogram Fig 3 PCR verification results of recombinant vector
2.2 EEWA PCR % % # permE  tylF | tylE Fo PSET152 - permE - tylF - tylE - tylCV

wlCVERE Wi EELEM PCR LKA EAL LR A

Bt permE — tylF — tylE — tylCV , K/N2J 5 3500 bp, H,

WA 2 BT, 7E 3500 bp b B2 — T 3 on0<
Sy BT T AL P B B AL B, T TR S e 200
3z BOBRE I F - 20 CARmE H

2.3 BHRE YA E Rk S| —MR PHE S RE T B2

BUsRLgEST PCR S0 0E (&l 3) FIEG )30 0F (& 4)

TE2) 3500 bp Ab4™ 38 i T H 1y 56407, (] EcoRV

1 Xbal WYIH T 25 3500 bp K/NEY F B, 45648 4 pSETI52 - permE - tylF - tylE — tylCV

AR ) WD 45 5 (15 ) 048 3 B pSETIS2 - BARBBIMIESER

permE — ilF — tylE — tylCV T 2 2R 2 B 5 Fig4 Results of enzyme digestion verification of

P Lk R olF iyl I ylCV 3P 5 GenBank recombinant vector pSET152 — permE — tylF — tylE — tyICV

bp M 1 bp

3 500
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Bl 5 pSET152 kB4R
Fig 5 pSET152 vector digestion result

2.4 E4AWHNEMRABLIE MESHBIESR
M AEPkE 1 20 A B JFH Tl AE Rl 8
I, KE 9% 12 d A 13 AR T R by, 4
AR, B E, FBGE A DRI R A
(R T 642 T e B AR R T A T R W S
VIR T d RIER M (GESEE IR 3 L) A RN 2
fis, Hd3.6.7.8.9.10 F1 13 5144 = HEAY5L
i TRaE, B TR R, 70505 h 2 12% |
9% 9% 18% 23% 29% K1 21% , AR gAY
A3HT3.6.7.8.9 .10 I 13 5 BATE V& 14 R R, 4%
M3 fin, Wl 2 n/43,7.8.9.,10 13 5
R PRIREE A NS ELEE(P<0.05)
THAEW, Ko 10 SHRHERKRE R A TE
10.778 mintH U (& 6) , A X W T FH R 59. 07% |, 5
MR 11.66% . [FIFE, 10 5 BB VR (19 28 SR 1A
RCWBWEF(P<0.05)m THE 4 kB Ml &
WL MZ AR R B MIRREER D AR B3,
LRSI eylE TN eylCV 3 PR 35 DL K0T A R0 v
IR R C B, BN oylF R 45 DB B
RRIKER A,

2.5 ITRHEHE PCR BIE  $2HL RTL21 - 10
FRVE I A AL, I LAZ e 3 N AL R B, S 149
P —f/CV -1 ¥ 34 permE — tylF — tylE — tylCV J Bk,
LIRSS AN R 7 BT/ 7 3500 bp Kb B— 3T
et VR IE REE B T 1ylF 1ylE ylCV X% DL T
R

F2 ELEIBMEABEMIMNUERR
Tab 2 Determination of fermentation titer for three
consecutive batches of shaker

LR % S/ A iy K1 V4

S =R

S (u-mL™")  (u-mL7") (u-mL™")
1 11018 £532 11444 +574 11870 +331
2 11494 +681 11274 £754 11054 +244
3 11251 £195 10480 =345 10709 +241
4 11535 £572 11619 +341 11703 +256
5 11420 = 441 11864 467 12307 136
6 12266 £588 12371 +346 12475 + 189
7 12323 367 12149 =863 11975 +383
8 13069 347 13716 +246 13579 =362
9 13975 £478 13796 +211 13954 513
10 14580 £274 14368 314 14845 +113
11 9860 +436 11412 =111 13059 = 156
12 15414 £233 12192 +135 10787 =178
13 13474 462 13702 +313 12987 +319

R T 11318 +268

xR3 BREEREBRAS
Tab 3 Components of fermentation broth of

each single colony
L] A AR I TR %
YV B 414% C 415 D 414y

6 45.27 +0.28° 1.05+0.06 20.10 +0.52" 1.68 +0.02

7 54.81+£0.30" 1.61£0.03 24.65 £0.61*" 2.29 +0.02
8  53.52+0.23" 1.19+0.07 24.78 £0.39*" 2.29 +0.03
9  55.120.61" 1.20+0.06 24.20 +0.52* 2.40+0.05
10 59.07 £+0.55* 1.32+0.01 26.69 £0.49* 1.98 +0.05
13 54.85+0.45" 1.22%0.05 25.70+0.55* 1.96 0.07

AT 52.9+0.58" 1.07 £0.02 23.17 £0.40™ 2.13 £0.08

3 3 it

ARG IR T — AR XU DL eyl E eylF F tyl-
CV LR RS = 28 5 18 R TR bR, DL L = AR
HI 585 3 permE Ji 333k | LA R & T F v T
FRTR RS M, SR AE XUFE DL tylF tylE F1 tylCV F
PRIk, RALL NS AR — bk of [CHE R I T
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6 RTL21 -10 HEERBR KA G IZIEE
Fig 6 Liquid chromatographic peak of fermentation

broth of RTL21 -10 single colony

bp M 1 bp

7 RTL21 -10 SEE% PCR WiE4 R
Fig 7 PCR verification results of RTL21 —10 single colony

FEM, BAETE 9 50 RTL21 — 10, 800 b D & s
tH29% , I WA 35 X RTL21 - 10 SR V5 1 &
BEMCHEAT 73 07, 45 250 3900 T X BB Ak, fR T
U0, 3N 28 R T R A B A R A AR S JE DR G 5 DL %K
AR ST R e, T PR oy . AREFSE )
FHE T = 2 R R TR R , 1% 07 1o I ER A
W st it S AR REENIIRE X,

B A A AR v O B R IR A 5 DO
R A TR E A A TR oyl F SR i
IR - 0 - H R R il 2 B Bl , T i b 28 R
P E C3 ORI AL 0 > SR
ELAT U DL 1yl F 3 DR () 28 5 1 2 R TRE 1A, DA
PZR AR TR 28 R AR ) B R A B 2 TR R AR
IR R MR I B R TR AR 55 32.7% . IR
BSL28) 4 N M T XU DL ayID aylF tyl) LR 28 0
PRI 2% TR DT, 2 AR TR 28 R T P R A58 2+ TR Ak i
BT 28.1% Z B KR tylD iylF iyl] 335K F i T

R IR, O BAE#E AR E 15 3R A B iR B de K
{8, T R Red/ET [F)15 8 4145 A # 2 &
A e R IRTE R AR R R 1 BORL pBAC -
iyl ¥ FORLAE H (U BE RS TR 11074 ( Streptomyces
albus J1074) AT 5 IR R IA , 28 SRR R 1Y K B
HikF] 14.6 mg/L, AL BRICHE D RIHL B RS
PEIL RS 30T permk 1296 RBE R 6 h 5 IR K35 vhb
L 7E SLORRERESRF TS KL, VHD R Y%
KR ERHE T RIRER A RS B AR X PR
PR AEBR A A T, BB ., (HR, 7
TlbAE =R R B AR AR B R R R W
T8 SR 2R A )5 R B 14585 3 (Relomycin)
— MR 2R AR T 2R 7 B A R4, Huang
AU N A B B P Al Ak T 5
1T TR B0E T 28 5K T 2R 300 D g sf g 1 T
WA, 2 2545 B R 5% 45 SR Al UE 52 T 8 T
B JERE AL A R A R

AWFFRIIAG A T R B R R N TR kR,
B 0y lE aylF VA K 1ylCV 3 PRI 3 3K 155 Ol 3 75 1ot
—EWGE, LA ER AR T A o [CHE 5 T TR R AR 11
&R, W, FER R R M T4 7=, —J5
TET P 3 A B G R L R A DU AR i R AR A R
(8774t g — 7 TR P o 400 o) 8 e 4 3 LA
BRRRRRERE M,

B2k
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