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Abstract: In order to further improve the yield of tylosin,we pick out one good strains T19 —805 from production
practice. Four from seven antibiotics were identified with high mutation to the original strain T19 — 805 with
ribosome engineering. So, lincomycin, thiostrepton, streptomycin and geneticin were selected as the resistance
marker of mutagenesis. The highest — yield mutant Tlisg — 69 was generated after three rounds of screening, the
tylosin chemical titer reached 16507 wg/mL, increased 37. 6% than the original strain T19 — 805. After
continuously cultured for 5 generations the strain had basically stable chemical titer and better hereditary stability.
In conclusion, the method of ribosome engineering may be effective as one of the strategies to enhance
productionof tylosin.
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IR E R BRI LI P AR, 7296 Ot
BREPRI  BRWRFEMRRHEE AB.C,
D WA A2, M R AR AR A S F B 5, I
HAYTE RS ZREER A W EIRGH -A
=S T B B E T X S 22 B
TIRRED . BRARERE AT HEENIEAY,
HAD B ML B L BRBERE (RNA A mRNA 85407,
i S E L (RNA ANRESS & ) A7 o5, 1 48 P 2 1 o
AR BIREEXNE S A B MR ERKAE
A, SORE N85 58 Xt 254, 78 37 580l 1l 3 vh
T REEK, Lz R R Y iR R &
i 1A S S RV 0 W L By = I S
57 PR Al T2 R R R F R IRk TR, el
FEE, B TR E R HEOR 3 2E T 40 i 0
WS RNA RA W, UZE Dk BARCH = 9 IF i
i, O ppGpp (S -57 — ZB#R - 37 - 8k
2 ) AW AR B P AR 2R A B M 5 A8 AT 0 A
ppGpp FL K JE S B R =R REES 7,

R R RT3 A 0 UK B AR 7= 1 1 5 LA
ARV R, (8 FH AW A TR 5 AR 0 3o o ) 28 72
B, IR R I TR bt E RN
BRI, AR 1 B hRNA KA 52 1) 28748 S 8UE
LT A CBE 7 A BCAE S 00 3 Fh E 1e) A% B A ok
RNA AR F &S0 245 M 28 28 o 28 T 1 P T A& i
IR B B AR XA A R AR A T
P AR BT 2 47 8 R P4 T L8 AF
Wang %5111 7 55 8 FEG AT 2504 545 74 Tk
I SRR B R P 3 L AR A R AR Y KO
180 A5 AR SO A M AR TR R Ok %
IRIRE o 7 Ok TR AR A R T TR 1 L
SR PGB AR 7 20, B — i 1 5 A8 ik 31 2 E it
PES R, 2R A RBE A TR A3 .

1 #R5HE

1.1 M

1.1 AARR FIREERTAEREK TI9 - 805,
H T B A 25 e A BRA ml R AR Ik
1.1.2 XA B R KKRER RV i fik
WA MAER BEER BER, D Bk

ZEIIT Sigma 3 F]

11,3 BRR e RIS B 37
H(e/L) VR 2.5 M 2.0 S ALEE 0.5 iR
0.1 BEREE 0.1 BiIE 2, W35 pH{E N 7.0 ~
7.2, WEFRIEEE 28 £1 °C B HE0)E 35% ~45% , 8%
FRFEW 9 ~15 d,

P35 52 5 (g/L) « B YR 4 B RERR AR
2.5 K KH 3 kA5 4. U 4, JETY pH HA
7.6~7.8, IR 28 +1 C, W FHFIBIE 35% ~
45% | FERFE T 220 r/min, 1595 ] 46 ~48 h,

REEE SR (/L) : BRTER 15 EKRE K
15 MRFFEE IR 13 BRI AR 0. 62 B A —
B 0.5 EALER 12 EAREN 1L BRIR S 20, TLI
45, P pH{EN 7.6 ~7.8 B R IRIE 28 1 C
BRI R 35% ~45% ,FRIR% 3 220 v/ min £51F
TR 6 ~7 d
1.2 F&

1.2.1 #RFE2&9H& HUREFEK T19 -805
B et R 6L 1, RO A B TR = A R0, i
B BER K, F 28 °C, 150 /min R 15 ~
20 min, ffifi 585050 6L, S WA L U8, H115 PR
TR, FH ko T8, il - vk B o 10° ~
10" cfu/mL 51,

1.2.2  dnAZ s sl R E (MIC) #9 #52 B
1. 2. VI i) 48 g 1) B0 TRV 0. 1 mL 43 SR AR
TEARFRER 7 MR (BERR KRER .
KVGHIR B2 MR M ER B HER Uk
HR) DBV L, ARSI R SRR
AR 28 £1 CHiFE 15 ~18 d, MEEIHIC F AT
B b BT AR ROIRIE , AR T T8 BT A R e/ NI
BRI A 40 A 38 %32 B 1Y B /N 30 41 & B2 ( Minimum
inhibition concentration, MIC) , G TR S IE

HILE (% ) = (X AR IEEL - biAd: R b
Ji BR) T % B50) /% BB VZH TR V% B x 100% , 1E 28 748
(% ) = %M i % BE A I 28 728 B R AR/ T 00 ok
B x100% .,

1.2.3 REHRBHEETHGEFT  PEUEA MIC
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BT FR P B B B 7R 30 bR, JITE B TR 45
FlEPUAE R BRI 28 £1 CHFE9 ~15 d,
WA R SR 1) AR T 60 FH G TR 2 o 7 ) LIS o
Fh TR 159505 28 £ 1 CHEFR 46 ~48 h, VL 15%
(R R e AR RS 92 56 (500 mlL () = A, 26 0
45 mL),28 +1 CHEFFW 6 ~7 d, BORHFEIL
T 7 G D A4, i v 7 S S R AR A8 T
1.2.4 MERBHERTHRGFHiE D123 Tigk
TR B E U = P A T AR R R TR, 1R 1. 2.2
T il A TR R IR, R i A A E B A
JEHAEZ MR 28 +1 CHFE 9 ~15 d, B K
T ED R B BT 288 R 15 T 7 1 U Pk R
e TR 45700 ek (A B AR AR b R R
R 1 1 7 9 AR R AR5 H

1.2.5 2 ERBHERTHRGFE LL1.2.4 3R

A S B i 7 58 AR TR AR byt R TR AR He 1. 2.1
T 6 F A0 DR AR TR, R S kA A 5 DU B I vk
EHAEZE AR 28 +1 CHFE 9 ~15 d, B K Y
TR 7R H Ry DU E BT M S AR Bk, R TR 7 R LS Pk R
P TS5 R ik 0 DU BT AR AR b R R
TR 7 1 e 77 9 AR R AR 25 H

1.2.6 & Al ABEmiXn BREEZS
PR SRR AR 5 AR, R R I S U A 8 AR R R Y
AU B R 75 B s e R

2 BRSH

2.1 WAEFRNMERERH#HE UASTHAER
(149725 B TRV BRI DA 95 UL o R 559 AN [
YA FR B AR BT T EE AN Rl 2k 2k B
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Tab 1 The death and positive variable rate by different antibiotics

AR AR 2R LR AN IE 2 AR R
HEEE/ (pg » mL™!) 1.0 1.4 1.8 2.2 2.6 3.0
HIER/ % 75.5+1.6 83.6 2.4 93.3+1.4 98.0 3.1 100 100
IERARR /% 15.5+1.6 21.6+2.4 25.1+1.8 27.3+2.7 0 0
PRKREZ/(pg - mL™") 1.2 1.6 2.0 2.4 2.8 3.2
HIEH/ % 60.5+1.9 73.5+2.3 85.5+2.5 94.9+1.8 100 100
IERARR /% 14.9+1.6 22.3+2.4 24.5+2.4 23.6+2.1 0 0
KPGHMR/ (g - mL~") 1.5 1.8 2.1 2.4 2.7 3.0
HIEH/ % 65.4+2.2 76.6 +2.4 89.1+1.8 97.4£2.6 100 100
ERASR/ % 13.7£2.7 19.3 2.4 23.4 3.4 24.2%1.5 0 0
M Z2HE/ (pg - mL™") 0.15 0.20 0.25 0.30 0.35 0.40
HIEH/ % 77.7+1.7 83.6+2.1 91.3+1.9 98.2+2.3 100 100
IEZRAEH/ % 16.5+1.8 23.4+2.0 27.1+1.0 28.3 £2.2 0 0
MATREE/ (pg - mL™") 2.0 2.5 3.0 3.5 4.0 4.5
HIER/ % 55.5+1.7 65.3 2.4 84.9 3.4 94.6 +2.5 100 100
IEZRAEH/ % 16.3+1.2 20.6+2.6 24.1+1.1 28.5+2.3 0 0
ML/ (ng - mL™") 0.05 0.10 0.15 0.20 0.25 0.30
HIER/ % 68.4+1.6 75.2£2.4 87.0+1.8 96.4 +1.9 100 100
IERAER/% 15.5+1.6 18.6 +2.4 23.5+1.8 26.1£1.9 0 0
EEEE/ (pg - mL™") 0.10 0.20 0.30 0.40 0.50 0.60
KR/ % 58.3+1.9 69.2 +2.4 87.9+1.3 97.0 2.2 100 100
IERAER/ % 14.4£3.1 18.3 +4.4 21.3+3.7 24.6 £3.8 0 0
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i L ) B i A2 T D TR T A WA 32 AR AL
TEPUAR 3R W B 0/ I 06 T 7 JE 28 5 e /N | T 7%
K GAGHESE ST FEF w50 U3 — R
SO TINAEE 871953 B Bl s R - (WA N A R < -3
JICHL TR 18 Sk Y 3 R S AR — R — A
BT AR FR VR BE TRIVE B BRI R B2 — 2 AN 5 Xl
PR IR 45 F 5 5 DU O R P AE VR B, P H 1 9 TR V%
R T HAR RS, WA AT R, B HKYS
SEANUINKRBUE R R BERT VAR E#A R KB
B, AT, BT R KRG R RV |
WEE 22T R MR R BIEER S RERRK
AN B 4350 R 2. 6.2.8 2.7 .0, 35 .4.0.0. 25,
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24.2% 28.3% 28.5% 26.1% 5 24.6% , MIF%
AR AT HTAN [T AR 28 0 28 O TR PR 7™ A 350 R F e )
SSRYMFARVCH R TT B R R BE 2218 R (B R
R UHER KRR S KRER,
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Fig 1 The selection of high — yield mutants by

different antibiotics

A1 AT, 210 Bk A 3 OBR B R A Ik F
13000 pg/mL DAL, 53R KT 8 R sk 22 R S
HERE R I B P 2 AR AR, TR R 5 BRI 43 S

Tlin —30(13256 wg/mL) Ttsp —24 (13118 pg/mL) .
Tstr — 15 (13077 pg/mL), H & Tin - 30
(13256 pg/mL) B e, 4 & T BE T19 - 805
(12000 pg/mL) #% T 10.5% , LA Tlin - 30 K
IRHEAT W EPAERER .
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Fig 2 The selection of high — yield

mutants by double antibiotics

HY P 2 AT, bRR] R 2R 5 B 22 T R AU T
R P A 3 FRE A I8 F] 14000 peg/mL
PAE, HoA Tl — 52 (14885 pg/mlL) S B iy, 5 20
FHUERARICHE R Tlin -30(13256 pg/mL) $ 1
12.3% A5 I 06 & # R T19 - 805 (12000 pg/mL)
PR T 24.0% . PTLIERIbR Tl - 52 ##47 2 HPiA:
R RI I TE
2.4 ZEHAFMERTHRWFE MEER
FREAS I 38 I, 7 35 AR A5 1) 2 728 PR Tf 24 P 3 7 34
9iR, Fir LAAS B 0 8 (] i Z2 38 T PR LA R HROE
GEAR A 1o BRI 35 FH 4 5 3% 5 5t 1% 25 R W
PR AR 3, BB A FUER RS,
PUPE S AR R i A 1 i S5 LI 4

& 3 W], 7% DU AP AE R AR oA 1
PRTAT RN W 8 25 T A B BR , A5 Tlisg - 69,
RHrikF) 16185 wg/mL, HIFEl 4 AL IR H & T
PR T19 - 805 Stk Al i R L ik RERAL, BN
Rtk 22 M R B R HBHER R, B R R
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Fig 3 The selection of high — yield mutants by

quadruple antibiotic
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Fig4 Hierarchical increase of antibiotic production by
introducing combined drug — resistance mutations
in industrial strain T19 —805, which produces a

high amount of tylosin

RALHR TIpsg-69

B5 HEEK T19 -805 5MEBHRMRITHE Tipsg - 69 FEFF & FIHIE KRN E L ST
Fig 5 Morphological appearance of original strain T19 —805 and quadruple mutant strain Tlpsg — 69

FIERASBIE i, 2E 25Kk Thsg — 69 (16185 pg/mL)
B PR R AR IC B R Tlin - 30 (13256 pg/ml)
PEE T 22. 1% ¥ EHUAE R AR D K The - 52
(14885 pg/mL) #2517 8. 7% , ¥ Ik H & 1 bk
T19 -805 (12000 pg/mL) 5 T 34.9% .

2.5 BAEREMWEEREE SN HTHE
’f‘UE’JmFﬂlzIHET?JrELﬁQ*P?% 4 R, & NRH
Tl 4T 48 M A T 35 7% D0 HG Ak 2= 20t , 45 R I
2,

F2 Titsg -69 Bk EREMESLR
Tab 2 Experimental results on the stability of
strain Tltsg — 69

o o 230 AN B AR XS Fa R %
T MR 2R L
/(pg DR R OB ™M M
Thsg - 69 16185 100 100.1 99.9 99.8 99.5
FHE 2 25 5] B, 28 AE Bk Tlpsg — 69 A PUAL i

P2 RN ARG SE , BAT B s A R E 1 50 T
PO IR TR 22,y T AR UE A 7™ i, — JBe e
AT PIACRH ]

26 BHFEREREGHAEROELYSLE  Fb
TR 22 1 2 2 08 @, DL A, 75 100 %
AR BE T L AR DLIEL 5

H R FERRT19-805

during exponential growth in liquid medium
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Uiy D 22 W JR AT T, ZEASACK % WL 4 T 22 I ol K
YK, MR R T19 - 805 1B 22452 My R4,
ity R 22 B JRAR P 25 4 2R 280, rlh, DO
USSR (1) B 22 FRAF B A T I A Hh % R AR
W22 T 22U A B 2 A I o W S 4 v 19 A
PRBE
2.7 THWMENERLAWEABTENTYH FEL
bR, R B AR AR MR Thsg - 69 19 & ¥
W MR TR 2 R R R TR A
B2 0 AR, T D GG TR AR A I VRO T A R S
4% o JFTLL, HEWT S AR MR X EIM T RERR (T 6) o

17 000

16 000

:15\ 15 000
\éf‘ 14 000
{5/ 13 000
& 12000

11 000
10 000

20 25 30 35 40 45 50 55
Zili(g/L)
O RAFFETIsg-69 B H & FHAET19-805

E6 EHMMEMNRAERABTENII
Fig 6 Effects of different concentration of soybean

oil on tylosin fermentation

H L 6 T, S X A e 7 e e Ak B
Bl A SN R WG K R S T R R
%, SAMAINEE N 30 g/L BFRASFE Tlsg - 69 H7
R 16507 pe/mL, 1 I AR 45 ¢/1 it
R TR PE T19 - 805 Y™ 1 fiw =5 o~ 12000 wg/mlL,
JITLAGE SRR Tltsg — 69 19 & VR HH I $5 325 in 2 Ky
30 g/L, %t G FEI D T 33.3% , X RERLFRAE T
JEAA R A, e 4 T KR Tlisg — 69 7 it ik £
16507 peg/mL, ¥ i b5 i & # bk T19 - 805 (12000
pe/mL) #5137, 6% , A R0 Tolk 4k A 7=
NI
3 NSRS

AWFFILE T 7 Fh C 38 X 558 o AR

ROINPUAER, 7 R iR KRG R CRVTHIR |
W2 W R MR BEERSURER, X7
FhBTAE RN 28 SR R R — 2 I RIVE T . /b
TR E 43 5%k 2. 6.2.8.2.7.0.35.4.0.,0. 25,
0.5 pg/mL, IERAEZFG 2R 27. 3% ,23. 6% .
24.2% 28.3% .28.5% .26. 1% 24. 6% , MIE%R
AR ATHTXS 28 AR TR A W B AR B A
B4R DRI ER M 2ER BEHER.
BIERER,

TEEYUAE R LR PSPk E T 210 BRI, U
Horp 1 BRE P2 28R Tlin —30(13256 pg/mL) A il
R AR T BUE BT A P 28 AR BRI 07 2 , 2R A5 XX
FHAEE F 5 RE Tl - 52(14885 wg/mL) , FELI
FCHEAT U AR R SRR i, 7E & U A AR R
(Y G AR R L FhARAT 1 AR S 978 Bk Tlesg — 69,54
ik 2] 16185 wg/mL, ¥ 55 T A= & broid B bk
Tlin =30( 13256 wg/mL) #2755 T 22. 1% , K A HEH T
R FRICHE AR Ths - 52 (14885 pg/mL) 25 T
8.7% KRG H & BBk T19 - 805 (12000 pg/mL)
PR T 34.9% , ZEAERE Thsg - 69 Fi PUARAYfL 225K
WA R, BB e i et IRl Hs
B K 04 B 22 08 A FRAE 43 A, VO B T 1 5% AR K
Tltsg — 69 P TR 22 B b 47T I 4y 14 % DRI MR 1) 1T 22,
TR 22 T8 25 1 RO R R T 7 i W e R A )
(FN

TN A T R R e M Ak B L B
PN AN O, R i e T e AR, Sl
woA 30 /L Bf RASKE Thsg — 69 HF= m i = N
16507 we/mL, T G AN R 45 /L B H & B Bk
T19 - 805 4= ¢ i oA 12000 pg/ml, JIT LLSEAR
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IMTHFERRAR T 33. 3% , X FESERR AL T JEA RH )
A BT Thsg — 69 P2 iE ik F] 16507 pg/mlL,
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