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Adaptive evolution and addition of betaine to promote ansamitocin
production
XU Wen-Long HU Feng-Xian© LIUTing WEI Liu-Jing HUA Qiang’

State Key Laboratory of Bioreactor Engineering, School of Biotechnology, East China University of Science and
Technology, Shanghai 200237, China

Abstract: [Background] Ansamitocins, macrocyclic lactam compounds related to maytansine, are
synthesized by Actinosynnema pretiosum ssp. auranticun. Based on the differences of ester side chain
moieties in C3 position, ansamitocins contain a series of derivatives. Currently, a novel anticancer drug
named Kadcyla (T-DM1), formed from ansamitocin P-3 (AP-3), enters the market. T-DM1 had been
approved by FDA as an antibody-drug for treating breast cancer. However, the low yield of ansamitocins
limits its commercial application. [Objective] To improve AP-3 yield from A. pretiosum ssp. auranticum
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ATCC 31565, we applied adaptive evolution and addition of betaine. [M ethods] The wild-type A. pretiosum
ssp. auranticum was used as starting strain to the adverse stress streptomycin and paromomycin. The evolved
mutants were screened with better production of AP-3. After 0.1% betaine was added into the fermentation
broth of the evolved mutants, the production of AP-3 was further enhanced. Then, gene transcription levels
related to AP-3 biosynthesis were analyzed in evolved mutants and starting strain, to investigate the reasons
for enhancement of ansamitocin. [Results] Two evolved strains Str16-4-4 and Par16-2-1 have been obtained.
After 7 days fermentation, their AP-3 contents were increased by 33.4% and 31.7%, respectively. Addition of
0.1% betaine ultimately resulted in an increase of 54.6% and 47.4% AP-3 production compared to the wild
strain. [Conclusion] Through the adaptive evolution strategy, AP-3 production was improved in A. pretiosum
ssp. auranticum. This study provides a new strategy to improve the production of AP-3, and also gives a new
example for adaptive evolutionary strategy to promote the production of target products.

Keywords: Adaptive evolution, Actinosynnema pretiosum, Ansamitocin P-3, Betaine
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ENiURJE Primers Sequences (5—3) Size (bp)
\ . asmo-F GGCCCCGTTCCCGACAACCT 20

1 MRSTE asmo-R TGCCGTCCTGCTCCACCACC 20
11 M asm10-F CGGACCTGCTGGGGTTCAA 19
1.11 F# asml0-R CACCAGGTCGGCCAAGCAG 19
G S A YL AN asm24-F CAGCAGCAGACCGAC 15
(Actinosynnema  pretiosum  ssp.  auranticum asm24-R EeENeTiIe EAACAIS £
ATCC31565), 3 [ i 38 e T 5o s asmad-F TTCCTGGAGAAGCCGCTGTG 20
112 24 asma4d-R TTGGACCGCACCCAGGACAC 20
. asm8-F CCGCCGTTGGGCTTCTC 17
:%Eﬁﬁﬁﬁfﬂiwﬂi%élo asm8-R CGCACAGCAGCGGAAAGAG 19
113 =2 asm34-F TCGCCCTGCTGGAACTGC 18
BRAREERER | SRR E Jese =, i L TR asm34-R GGTCGGGGAGGGTGAGGC 18
FA BRI F] 5 08k R I e m 5 B IR Al =ik, B asm39-F ACCAGACGCCCGACCCCG 18
IS AR TR A TR AN F] 3 RNA /NERBGR &, asm39-R CCGCCGCAGGAGACGACG 18
M MR A PR ] Fast Quant RT (with relA-F CCCAAGAAGTACGACGAGAT 20
gdnase) it il £, FAHUEALRMEEA A 7 : AceQ relA-R CGATGTAGTCCTTGAACCG 19
APCR SYBR Green Master mix bl . i4EWE 16STRNA-F  CAGAAGAAGCACCGGCTAAC 20
16STRNA-R  TTAAGCCCCAAGTTTTCACG 20

VR AR AR SRR IR, BN
TR A, Lil—fERHE A E]; PCR P74
1. Semf2é e & PCRAY, Bio-Rad 23],
114 EFREREFREH

TSBY #5577 55(g/L): BRESHRR S A 30.0, 1
W 103.0, BEEHEEW) 5.0, T1 R FEFREE(QIL): #5
ZiBE 10.0, T 10.0, BEREEEE) 5.0, 211k 10.0,
pH 7.4, YMG [E{RKEFRIL(gIL): FibEbE 4.0, 2%
PEHLY) 10.0, MEREHEHCY) 4.0, EALEE 1.0, Bilg
1.5%2.0%. fefl kil ekt (gL). 4ok 937, H

7 AR Fz )

Explore the transfer time of strain

> iR R ME R R

M 26.79, AIIETEVERS 3.03, EEEHEEUY 7.0, Fid
# 20.0, LKA HIEREE 0.50, L/K SRR V2R 0.01,
WimR A8 0.25, SfkéZ 1.0, BRFRES 5.0, pH 7.4,
12 ERM#H

DA 5 SR 2L R RIS G Rl R T RR, 43l
DI R R MR 2 MWHE R D), Sk B A%
VDU, USR] TR B K, L 5%
M ELEITE TSBY WRIARE SRR WG4z, H 20k
tH AP-3 7 i i PR (B 1)

AE R

Adaptive evolution

T £ 2 TR R S IR s TR Y

i FE A 2 2 T 2 AV e B2
Explore the addtive concentration of
streptomycin and paromomycin

1 ENMHEEGR
Figurel Scheme of adaptive evolution

Add a constant concentration of streptomycin
and paromomycin to the starting strain
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b ZE 50 mL B9 T1 533k, 98 2d 5—2%
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T1 B iR 1 d, 127 RE10L 1%
HE B — A3 TR R s R 5 R 7 d,
HURERG N AP-3 54t
1.4 K= AP-3 B

UKW FIEWCT EPE D, ZIROHEAEI 31K,
1RA), 12000 r/min 2.0 5min, HefE% kG A BGR %
T, F HPLC iy W By i, U85 A TR 01
FHETERIN, AAAE: WalAh 85%FH fE+15%H
4liyK , s 0.6 mL/min, #:E 30 °C, 54N K 254 nm,
15 SERTRFEE PCR (RT-gPCR)

WA B JFIER T, TFRA TR,
FH RNA /v UG S P2 B A 5 RNA S TR TR
. RNA F gDNase 42 °C ¥ & 3 min, ZBREEH A
DNA, BfJ& i FastQuant RT (with gDNase)ix 7] £ 1l
#% cDNA. LI S @ cDNA it , 1 /H AceQ
gPCR SYBR Green Master Mix (without ROX)iz 7]
BTN E R PCR, BTG W3 1. LA 16S
rRNA HINSFEN, JEHFREAGE L 2749 5

2 HRE55H
21 MHEENMFERIE RIKE KR

JoiAE F (B A 3 0 v R Al 2o A b i R R e
TR IR . Pl , TERRTE S (R TR B
(Minimal inhibitory concentration, MIC) T 2848 % ¢
U R A ST DA PR S R e e T 11
S AR AT B AR Ry o P AR e 0B, 5 1
FA SIS N PR R AE TSBY WA R SR 5L b st
17, DA SR (o s 22 Jil 2k DA AE TR A B 5 2 v S
RRRA, NSRBI OGEETH I E vk TR
ARCRAL, FICRFIE TSBY MRk 522k rh e 4
TE 0 ok 2 H MIC,

e 2 s, B BERE R T e 8 R VR L i
B, WK T EZREEL, 3 K& SFRR

IRRTE 6 d WA K Z B 5E ], FrLs 3 iz
B UASI B AR e B, R, SRS R 1
AR EE MIC (Sr)=10 mg/L, ¥ 75 & 15 fik
N HE MIC (Par)=50 mg/L (/& 2A Fi1 2B). A] WLk
R SR O R 22 B N A e R T, 6
KA e Z IR 53974 10 mg/L 150 mg/L .
P I A SR B AT, BRI 2t ]
SRS E WA AT, 38 76 AR AE R b s 1
SRR A R SR, A BT E
Firt B S AR B RR I L g Btlids I 3 s g 8 77 5
AR, EEERARTEIZE R R T AKX S
W T4
7£ 10 mo/L 5575 = 8% 50 mo/L e 5 &= A%
I, B ot R4 iR ARG R i 55 5 193 A
32-40 h, LRI A AEREE R 36 h 224y
(Kl 2 C #1 2D),
22 #HBRNMEBLERME THUEKRTTE
mE 3 ps, WMEETI R RET, 1l 8 ki
P LRk AP-3 PR T R itk BEAEIE
MR RIREAT, 1. 4 PRLLIERRAY AP-3 P B iR i
PET, BERE R 16 A 24 k), Pe R T A TR,
(BRESam T R, Hrh AP-3 7 5 fi i I R R
SN 16 WA 4 HiHb Ik (Sr16-4), H AP-3
PR T 22.9%. MHaES e RE RN, 24
PEAETRRRT AP-3 =it e T R Dbk, Bl i it
TRRgREA T, B2 ke K e, Bt
A PRI AP-3 7 i T HUERRE, 2 3IES 12 %K
FEREER 2 4 (Par12-2) . 55 16 KBRS 2 4 (Parl6-2)
PIR SR 12 REEREEE 1 4 (Parl2-1), Hib AP-3 775
R RN Parl6-2, A EH & AR S T 22.6%:
M FRIARLEDUE R 1 3R e TR ZAR, W
MRMEREE 2%, FTRAER AP-3 77k i A R AL 58 728
PR(Sr16-4 1 Parl6-2)7EAH N B kA e 7T E4 75
HVETE, B AP-3 P2, KB Str16-4-4
5 Par16-2-1 i) AP-3 " i dieimy , 43 AAHES T K
HRAE S T 33.4%71 31.7% (&l 4).
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Figure2 Thecorrelation between growth and forcing stress of thewild strain
W: A, C: #5%; B. D: BRER.

Note: A, C: Streptomycin; B, D: Paromomycin.
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Figure3 TheAP-3 production of the evolved strains after variousforcing stress
(I A: fﬁ%?y B: Eﬁ%?

Note: A: Streptomycin; B: Paromomycin.
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Note: A: Streptomycin; B: Paromomycin.

23 BREMNZE

BE XU TS 2 MRIEAL TR AR Sr16-4-4
Par16-2-1 ] AP-3 P A iR e MER IRk, % 2 h
B RNk E S 4 WA SR, dHE Rk
Str16-4-4 5 Par16-2-1 i AP-3 j= i HA R K7
FE, UREHIE W P R AR A SRR E 1 AP-3 A
FERES .
2.4 ESERTRIEE PCR 7347

TR RRA) AP-3 =ik, e xhE
DL IR Str16-4-4 5 Parl6-2-1, BEHU T L
PRIR U AR 2o i v 22 22 T 28 AR ) B — e
FEL[H (asm9., asml0. asm24 K asmdd) FiA 1tk
() TF P4 ] (asmB. asmB4 2 asmB39). FH T L
PEEA A0 T RAZRRAR TR SC BT AE R
MERS SRR TGS H T ppGpp M4 K
HH relA (B 5). SH AR, SRR

R 2 HUE AP-3EFREMMNE=E, myl)
Table 2 The stability of AP-3 accumulation in evolved
strains (production, mg/L)

1& 2nd 3rd 4th

Strains
subculture  subculture subculture  subculture

WT 85.1+3.2 87.2+2.8  86.5+3.8 79.5+4.2
Stri6-4-4  1135+4.1 117.8+52 116.4+3.2 105.8+5.2
Par16-2-1 112+2.1 110+3.1 114+3.9 102+5.1

9 L 22 TR 2R M A L B 4 ) i DR S A R 4 S (R
F R B, RUMCTR =W AP-3 1)
WA R FRSE RS FE R (A ke, E—E
T AP-3 (A=, SHEBERRAY rel A LR A K-
KBS, RIFIZFET ppGpp -G A EL
RHMAIHRE, Wl RER e vie Sps (ol 22 ik 4k
IRZACH =P (AP-3) & I a3 A I [H 2 —

S PEAL B RR AN & bR AP-3 4 BRI G JE N 5
SR FUE A AR

(1) KRR A AR e
SERYIEIN TR /K- 18 6 FF asm9, asm10, asm4
F1 asmad 1 5% Sk AR T R TRIAR IS A AN [ FEEE
. Hdh, asmdd it Sa LRI, fEfb et
FERRRRIRIEE— B, | UDPG fy& (L™,
Str16-4-4 5 Par16-2-1 1 asmd4 [R5 s K7l 4
BT 5.4 {5 5.8 £, FAAEFEIHE, R
fERRRG UDPG ALt B i WIS ; asm24 4t
AHBA & Hil, b2 5T R 5 —H
5, B AHBA (94 ™, Str16-4-4 5 Par16-2-1
asm24 [E AT 43 BIE R TRRRY 2.6 f5 51 2.3 4%,
DRI I M & TR PR AP-3 77 B AN 1 1 5 IR AT BE 2
AHBA BN AS 2, dE b 2828 T BOX M I A AL
W s asm ittt AR T PKS i P Tk
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Figure5 Thepathway for AP-3 biosynthesisin A. pretiosum
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WETIZS0. B2, R RISk E
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(3) HBAZHHA TR relA (IR IEKF. ReA
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A RN RN Z —

25 ERTIR, NIRRT E A R i —
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Figure 6 Genes expression relative to AP-3 biosynthesisin
evolved strains

Note: *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 7 Effect of different concentration of betaine on
AP-3 production
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