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Abstract: Sansanmycins (SSs), produced by Sreptomyces sp. SS, belong to uridyl peptide antibiotics which
exhibit a good inhibitory effect on Mycobacterium tuberculosis and Pseudomonas aeruginosa. They share a
unique chemical scaffold with a 4',5'-enamide-3'-deoxyuridine attached to DABA (N-methyl-2,3-diaminobutyryl)
which was located in the peptide chain through peptide bond. In order to study the function of related genes and
to employ synthetic biology to gain new SS derivatives, we obtained a complete SS biosynthetic gene cluster
and heterologously expressed it in Sreptomyces coelicolor M1146, M1152 and M1154. Fermentation broth
of the recombinant strains were detected using HPLC and HPLC-MS/MS, and the result showed that SS-A
was successfully produced in the three strains, and its production level in S. coelicolor M1154 was similar to
the original wild type strain. In addition, a potential SS analogue named as SS-1154 was discovered from the
fermentation broth of S. coelicolor M1154.
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SS-MX-1 H Met Trp CH=CH
Pacidamycin 4 m-Tyr Ala Trp CH=CH
Pacidamycin D Ala Ala Trp CH=CH
Pacidamycin S Ala Ala Phe CH=CH
Mureidomycin A m-Tyr Met mTyr CH=CH
Mureidomycin B m-Tyr Met mTyr  CH,-CH;
Napsamycin C Bicyclicb Met mTyr  CH,-CH;

Figure 1 The chemical structures of uridyl peptide antibiotics.
AA: Amino acid; m-Tyr: Meta-tyrosine; Met: Methionine; Trp:
Tryptophan; Ala: Alanine; Phe: Phenylalanine
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S1¥  ACHTFE PCR Y1 51 WL 1.

FEALT REEANVIEEEHA TaKaRa 2
Al 2xQ5 HAEE A HEAI T4 DNA ERREIE H 3£ H
New England Biolabs A w]; pGEM-T J5i kil H 3% [H
Promega s wl; il FEEIE 5 AR AR, ik aik
Jy i K&K Millipore ZifbAX 4tk s, [EAH
ALK (Spe-Pack C18) Fl{tiifik: (Waters X Bridge
C18, 4.6 mmx 150 mm, 5.0 um) ¥ 4 35 [ Waters 24 7 .

DNA EX#BE 7 rAMFEREESRY T
T W S U6 AR Y, T i DN AL 0 R A R
T M,

WEBTEE SS EREEHHENRIL pSET-HF
Bkl 10R-1V01A 35 T SS B R IR E A A K
ssaH-F, (HEANE SS AME ML TR ssaF Fif
FPA, A Scl e vt 5 AR 10R-1 BT Ui P S
J- 370 £ [R5 R AE 4 oK 56 1 = DR A R pF 4, i 3 1 DA
PSET 1520y # 25 A 1 A [ 5 8 Fr) 3 41 5 bk pSET-
HF. Ml fEun~: Bl pGEM-T ki NiitR, F 5l
VXt Amp-F/Amp-R ¥ H %R 5 & R YUk & B,
A Xba I #1 Nde I B U147 s . LA S sp. SS H3E R4
DNA MitR, H5I#%F UP-FIUP-R ¥4 orf-2-ssaH
FBL, & ONETE U, i\ Nde I A1 Kpn T B 47 41,
%) 1 kb; F5I4¥%t F-orfl-F/F-orfl-R 71 ssaF-orf2
R B, % oNEE D, M Kpn I A1 EcoR 1 B§YIAL
M, #417.2 kb BIR 34N B IERA S A Xba |
1 EcoR 1 B3 1) pSET 152 75 31| 8 41 Jifi i pSET-HF,
HOATETHERPUEIEN LR EY & L orf-2-
ssaH F ssaF-orf2.

Tablel Primersfor PCR

HXEMRNEZBSKIETI0 0 R B A
Frbk FREFR 7RG BIA G B AR e AR T SS Rl ¥ 15 7%
HPEATEE %, 28 °C. 200 r-min Y, 48 h )&, LA 5% (VIV)
(iRl B B B R BERE 97 %, T 28°C. 200 r-min*
S N REAT KB B 5 R R T, 425000 r-mint
B0 10 min, BREEARFAAEY . B _EER 1 mL £
Spe-Pack C18 #b#H, L1 mL 60% HEE/K¥Ef, et
W2 0.22 um JEMIEE JE, JEHRAH T HPLC. HPLC-MS
SR .

HPLC 7 Waters 2695 a0l i (£
Waters A #]) . SR P AE A R B L it v,
A KN EE, B AN 0.05% (VIV) B BRAR K IR W -
HPLC #: Ui, A AHZE 40 min Y i 20% (VIV) %
1# 45 80% (V/IV), ik~ 0.7 mL-min™, IR E N
40 C, KKy 254 nm. AR £
SS-A BT R, BAEW T FAAFKER SS-A brik
e BEATHERE, DAMR B AR B I AU MR A,
LE 1 RP>0.99 i, 3 3ok WA B bV A8 3 55 26 4 TR T bR
R SS-A MR .

HPLC-MS #ailll, % H B AHE5E{ Agilent 1100
IS TP 3% 4% Agilent 5630 (3£ H 26 A F]). #E
T AR BE v 25 C, HoAt 5544 A HPLC. Pl il &t 4
WAL 5, [ =% 0 & WSR2 (diode
array detector, DAD) 1 Ji R4S I % o o 25 B o 4 A6
MAAE: WEF IR 45k (V), 8 B (N, #
A 10 L-min B FIREE: 325 C; Rl iERR
Ak mAiEA (He), —Ziil (1D MS)fEH &+
iR, JEEA miz 300~2000. HdEAd A A 8 G
i DataAnalysis, version 3.3 HE4T4b# .

B (HPLC-HRMS/MS) £ LTQ Orbitrap
XL &0 7 #EpaE 1 (32 Thermo Fisher Scientific
Ad) EAR. FEIAEF HPLC, &1FHH N A HH7E
35 min N B 5% (V/IV) & ¥ 28 80% (VIV), HHIEAH

Primer Sequences (5'—3)

Purpose

Amp-F

TATCTAGAACAATTTCGCCTGATGCG

Used for amplifying bla

Amp-R TACATATGTGCAAGCAGCAGATTACG

UP-F TACATATGGTCCCGTACCCCGCTTGA Used for amplifying orf-2-ssaH

UP-R TAGGTACCGAATTCCTGGTGCCCACAACT

F-orf1-F TAGGTACCCGTTCTCCGACGACGACCTG Used for amplifying ssaF-orf2

F-orf1-R TGGAATTCTGCGGCAACCTCATCCAA

orf-1-F ATGAGCAGTCCCGAGAGC Used for verifying the orf-1 in the plasmid pSSA
orf-1-R TCATTCGGACAAGTCGCGC

ssaB-F CG CATATGGGCATCGACTTCACC Used for verifying ssaB in the plasmid pSSA
ssaB-R TAGGATCCTCAGCCCTCCGACCC

ssaG-F TACATATGGTGCAGGCCCTGGCA Used for verifying ssaG in the plasmid pSSA

ssaG-R GTGGATCCTCAGTCGATCCAGGT
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Figure 2 Construction and verification of pSSA. A: Diagram
of sansanmycin biosynthesis cluster and cosmid 10R-1; B:
Schematic diagram of the construction of pSSA. Am’ stands for
apramycin resistance gene; Amp" stands for ampicillin resistance
gene; int(pC31) stands for ¢C31 integrase gene; oriT stands for
origin of transfer from RT2; ori stands for replication origin of
colEl. C: Restriction analysis of pSSA. Digestion of 6 colonies
of pSSA with BamH [, EcoR [ , and Bgl II. M: A-HindIII digest
DNA Marker. D: PCR analysis of pSSA with 10R-1 and pSET-
HF as controls. Primers orf-1-F/R, ssaB-F/R, ssaG-F/R were
used to amplify a 978 bp, 1 180 bp and 831 bp DNA fragment of
orf-1, ssaBand ssaG using 10R-1, pSET152-HF and pSSAas
template. M: 1 kb plus DNA marker. Lane 1. 10R-1; Lane 2:
pSET152-HF; Lane 3 and 4: pSSA; Lane 5: Negative control
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Figure 3 Elucidation of SS-A. A: Comparison of the secondary metabolites in different strains by HPLC. SS-A stands as a control
for structure identification of the main product of M1146/pSSA, M1152/pSSA and M1154/pSSA. Sansanmycin producing strain S, sp.
SS also stands as a control to compare sansanmycin production with other heterologous expression strains.  B: Characteristic ultraviolet
absorption chromatography of SS-A and the main product of M1154/pSSA. C: Analyzing the compound SS-A in the fermentation broth
of M1146/pSET152 (b), M1146/pSSA (c), M1152/pSSA (d) and M1154/pSSA (€) strains using extracted ion chromatography (EIC) of

m/z 864.2 with SS-A (a) standing as a control
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Figure4 Analysis of the secondary metabolitesin M1154/pSSA by HPLC-HRMS/MS.  A: The HPLC-DAD spectrum; B: The MS/IMS
spectrum of SS-A; C: The MS/IMS spectrum of SS-1154. The red lines are the auxiliary lines, while the fragment ions and their lost
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1) C-3;, i 4 fizr, SS-A I 4 % H A7 /E miz 362
FRAE B THE A X T AAg (Met) & C-A Ui #4045
My, 1% BUE miz 671.2847 ) — 24 55 1t g
£, RgHA N SS-A th miz 3624246 miz 304, it
HZLEIHI AA: S SSA AN, TRENHZEIR (Ala);
i%JcA%E@ DABA i3t (mVz 430~304) k™R
FoAh 2K SSs [AHRL G5 HIEE K 14 Da, HEM L2544
RERAFAE—A N-F3E. 254 DL i S HoAth AR 9%
B@ﬁﬁﬁﬁ%% HEMZAL G PRI T RE 459 N-H -3

A 4
8
. 7 i ;
CR N %6 B o~
P 1 § —
@ 5 F x L
‘D /
= 4t
:,':\
= ) +— 8 s5p. 88
(ST *— MI1152/pSSA
| _/ » MI154/pSSA
0 | i i J
0 24 48 72 96 120
Time / h

BRI R pacidamycin 4,
(K 4C).
24 SSAFE9tHh ME3HEESEKILE

fir44 N SS-1154

YrE AN, DR ot B A T PR K % S R Rk T Ak
K== SS-A HE4T HPLC E&4Hr, L SSA hrifk

AHEAT AMRTA E B, bRl 2k, 4t RP=0.9996,
RN ITVETAT B 15 TR — SO B MR DUAH R R A
MR BT R, EAEK M (B 5A) —SUiEN
T, KRB W% Spe-Pack C18 4bFE 53347 HPLC 4

=

Production of $5-A / mg L

S sp. S8 M1152/pSSA M1154/pSSA

Figure5 Comparison of the production level of SS-A in different strains. A: Time courses of cell growth; B: Sansanmycin A production
level of wild type strain and heterologous expression strains. Bars indicate average values of 3 biological replicates and error bars

represent standard deviation
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