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SapB-like peptides promote morphological differentiation of
Streptomyces

SHAN Hongjun, WANG Junbo, LIN Baixin, WANG Kehui, DENG Zixin, YOU Delin,
KONG Lingxin”

State Key Laboratory of Microbial Metabolism, School of Life Sciences & Biotechnology, Shanghai Jiao Tong
University, Shanghai 200030, China

Abstract: [Objective] Streptomyces is a genus of Gram-positive aerobic bacteria characterized
by complex morphological differentiation and potent secondary metabolite-producing ability.
SapB, a class III lanthipeptide, promotes the morphological differentiation of Streptomyces
coelicolor, which suggests that SapB-like peptides might be developed as targets for engineering
of morphological differentiation. In this study, we characterized the effects of SapB-like peptides
on the morphological differentiation of multiple Streptomyces species, aiming to provide a
theoretical basis for the engineering of these peptides. [Methods] Bioinformatics tools were used
to analyze the gene clusters for the synthesis of SapB-like peptides in the genomes of
Sreptomyces spp.. The plasmids for heterologous expression were constructed and introduced
into Sreptomyces spp. through conjugation. The colony and mycelial morphology were
compared to reveal the effects of these peptides on the morphological differentiation of
Streptomyces. [Results] SapB-like peptides promoted the differentiation of Streptomyces from
vegetative to aerial mycelia. Specifically, they increased the aerial mycelia and accelerated the
differentiation, thus shortening the morphological differentiation cycle. [Conclusion] SapB-like
peptides can help shorten the morphological differentiation cycle of Streptomyces, demonstrating
the potential for the morphological differentiation engineering of Streptomyces.

Keywords: Streptomyces; morphological differentiation; aerial mycelium; lanthipeptide; SapB

4575 T4 JB (Sreptomyces) & L 41 DNA s RAEASHINFEFHAET:, TR TR | 25

B RS (G) 5 M 1 B (C) 3k ) 4 2% FR B Pk 224K
AN, HA A0 i A5 R A IR A
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4 I TRL A 22 R BR g 40 RS 4 22k
2 T %) 2 i JE SRS B T A (spore) I B 2, 462
A S B S A TR UK 2R A, 2R AR

T o A2 KB 2 0 B 2 4% 19 8 3R I 22 K
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A, TR I & o T8 FoAhis S5 AR 5
FAF UGS FRIRNECT , KR8 IR R 22 40

W R RRFINE B8 K ELE FRY BT, /NS

PRI 22 ) FH X 8858 32 W) I O 4 P 15 9% PR B A 3R
T 5K Sy 1) s ep g A AR I B ST B AR T
224K (aerial mycelium)[4'5]o SAERLWRT TiE5E
T B 75 AR VR ZE A AL , I8 28 kB T8 iU e
L BIRRERFIEAS A 22, XKLL 22 2 J5 1
e EE R DU 1] B 604 B JBE o JH IR i 2 1S4 5, DNA
W FCFNE P B BT, PR R 2R,
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L T 2 R 43 A 1 s U sk A
7 A B AR 3R R S R TR R PR AR T A R
B B T ER SR R R, XS E R
WA R T HE— S R B SR T RE RS, B
B A TEAN [A] B 355 SR RN 458 26 0 T 2 R AN [R] 1)
2203, T 228 25 00 22 S 2 IR A ™ )
(P2 A= L= R AR R 5 P,
BT I 22 AR R AR TR 22 1 I SR
TRE 25 53 Ab ) S SRS 0 o <A T 22 (R T LA
TREZEC R 22 B 38R A Fr b s 1ot
73 (bald)” SN2 ST BE PR A ik 23 7E R )
FEEE ERHAE AW BIE R, A2 1 26T
WEE LB T RAL B T 323 bld ZE5E AR Y
VAR, ALY IR 75 B K ¥ A= Py 2R T
RIS, K s (Sreptomyces codlicolor )
Hr VAR T PE 4 T4 chaplin™>™ rodlin" "™
1 spore-associated polypeptide B (SapB)!'*2"!, %
L 1 ) 3T M R R A e AT AT 7 - 2 AL T A 7
TRy, PREGH AR ER LI AA R Al
Jfi 22 & 1 chaplin (ChpA-H)F rodlin (RAIAB)
S W L R T AL G o, B SRR 2
T B K BRI o 7 7K S RE 8 20 1T 22 3R AL I T
I3, R 22z th AR, SapB FERA:
chaplin (41 ChpE)WTESAE R 228 BT IR Z Hif sk
BT EN LSS, EAT15 A T A A M RS IR R
o, BUEME TRAZFMETRE, JBR—26
IKIRRZERE , ITTRERE ORI IR AL . 135
KGR ZIRR KT, A w222 A
KARME 2122,

SapB 2 — A G N . Zeid LAk 5
PERLH R BIESEM . SAFBmMARDS p-H
BB AR IR B, e PAE KR G5
BRI SapB A AU BOE HMT AU
W2LIE A KA T as 1) bld PR Y 22 J1 9
8, A RS T 22 A Ui 424, H
I 32 27 R B B 25 TR 2 B SapB REME IR 1 T
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BRIGTES LR, R T 7850 FI A48 SapB
KZ R T HIEIEE M TR SGE T EE, 4
WFIE A AR T SapB 28 £ ik 19 A= W14 i ik (R
JPH, MEET SapB KZRRAYFIATRL . TEARHT
T 4 75 i (Sreptomyces lividans) TK24 | 4 B85
[# (Sreptomyces auratus) DSM 41897 . 8l JCAG R
I (Amycolatopsis regifaucium) DSM 45072 Fl4
7% I (Streptomyces sp.) CPCC 204980 H 4 i 4
Ik UER T X e 2 iR B i RATE S S 2
AE, WL SapB AR AT E W 2B
PR T R AT B R

P

1.1 SEIeHH
111 SKIERR. FRAIFNG]4)

AR AR SE R AR ISR 1 fo, B
K 0,55 B 14 (Sreptomyces coelicolor) A3(2).
AR 55 55 T (Streptomyces lividans) TK24 . i
T A 4% 25 1A (Streptomyces |uteosporeus) NRRL
2401, 48557 1H (Streptomyces auratus) DSM
41897 . HAJCAL R i (Amycolatopsis regifaucium)
DSM 45072 . 4% #i (Sreptomyces sp.) CPCC
204980, K} AT (Escherichia coli) DH10B,
E. coli ET12567/pUZ8002 FIAM TRy 8 4
FIRFRB W . AWETER R FORLAT pIB139 .,
pIB139-HEA Fl pIB139-HEB, H:H pIB139 A&
A ermE, oriT, attP, ¢C31lint fll aac(3)IV )%
HRIBORE,  FH TR S K A A K
5 SC 9, pIB139-HEA 1 pIB139-HEB 43
0% A SapB K H ISR AL K 1) pIB139 Bk,
AR AR 5 [k 2 Fios,
H b R A YR A A BR A w5
1.1.2 EELFIFLEE

R4 4%V (polymerase chain reaction,
PCR)FT I E £ H DNA R4 Phanta Master
Mix F1Z i Bi—# w50 & ClonExpress MultiS
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Table 1  Strains used in this study

Strain

Source and relevant characteristic

Sreptomyces coelicolor A3(2)
Sreptomyces luteosporeus NRRL 2401
Sreptomyces lividans TK24
HE1
HE2
Sreptomyces sp. CPCC 204980
HE3
HE4
Sreptomyces auratus DSM 41897
HES
HE6
Amycolatopsis regifaucium DSM 45072
HE7
HES
Escherichia coli DH10B

Escherichia coli ET12567/pUZ8002

Type strains, source of SapB BGC

Wild type strain from NRRL, source of SapB analogues BGC

Type strains

SapB heterologous expression strain derived from TK24

SapB analogues heterologous expression strain derived from TK24

Wild type strain from CPCC

SapB heterologous expression strain derived from CPCC 204980

SapB analogues heterologous expression strain derived from CPCC 204980
Wild type strain from DSMZ

SapB heterologous expression strain derived from DSM 41897

SapB analogues heterologous expression strain derived from DSM 41897
Wild type strain from DSMZ

SapB heterologous expression strain derived from DSM 45072

SapB analogues heterologous expression strain derived from DSM 45072

F~, mcrA, A(mrr-hsdRMS-merBC), ®80dlacZAM15AlacX74, deoR, recAl,
endAl, araD139, A(ara, leu)7697, galU, galK A7, rpsL, nupG
recF, dam, dem, hsdS Cm®, Str¥, Tet®, Km®

x2 AWMRFAAHISIY

Table 2 Primers used in this study

Primer Sequences (5'—3")

HEA-1-F GGTTGGTAGGATCCACATATGGTGACAGCCGCAACTGTCCG
HEA-1-R GCACCCAGGTAGGGCATGGTGCGCCAGCC

HEA-2-F ACCATGCCCTACCTGGGTGCCGGCAGT

HEA-2-R TGCGGCAACCGGCGTACGAAGCCGTCGGC

HEA-3-F TTCGTACGCCGGTTGCCGCACGGCTAC

HEA-3-R AATTCGATATCGCGCGCGGCCGCTCACGAGTTCCAGTGTCC
HEB-1-F GGTTGGTAGGATCCACATATGATGGAGAAGCGGTACGAGGTC
HEB-1-R GCGAGGTAGTCGTCGAGCACCGCGCCAAT

HEB-2-F TCGACGACTACCTCGCCCACCGCCCCGACGA

HEB-2-R CGCCGATCGTCTCCCCCAGCAGCG

HEB-3-F GAGACGATCGGCGACACGATC

HEB-3-R AATTCGATATCGCGCGCGGCCGCCTGTCACTGGCCGCC
MI13-F CGCCAGGGTTTTCCCAGTCACGAC

MI13-R AGCGGATAACAATTTCACACAGGA

HEA-V-R ACTCCGGGATGCGGAA

HEB-V-R GTCGGTGCAGTAGCGG

kT A ME R A W R B A R R
DNA E & Taq PCR Master Mix 4= T A9 T.

Scientific A7 M, 1 kb Plus DNA Ladder K
Invitrogen A 7™ o IRGFEIR N IR HHEAL AR
HIRAA =5, S#EE.OHLN Thermo Fisher

eI A BRZS |l 7= A o ORI HE ORI 3
REAREE I MISGASR & OMEGA A=, R
HilEAZ R N VI EE Nde 141 Not I/ Thermo Fisher

Scientific AR =, EaPH A HHHE T B
% Sirion 200 H1 VEGA3 H 15321 K240 by
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MO
1.1.3 EFEFEFFG

(1) K 5 Yk 1 #8 B 55 5% A (soybean
mannitol medium, SFM 1§ MS) (g/L): K# L
B SRR 20, HEERE 20, Bifg 18, H1Y pH
% 7.2, 121 °CKE 20 min, B #M0
0.01 mol/L & LEE™, (2) [ Prdk 5 i 1T &I
(International Sreptomyces Projects) 4 5 1% 3¢ 3k
(ISP4) (g/L): MAMLRYRIEEVERY 10, LKEH
PREE 1, SAfLEN 1, BilR%ER 2, MRIRYS 2, BiflE
18, I ERIAEW 1 mL/L, #4757 pH & 7.2, 121 °C
K 20 min, (3) Luria-Bertani (LB)55E5E
(gL): JREEFIK 10, BERHEEW 5, Ak 10,
121 °CHE K 20 min, (4) BERFRIY -7 254
B Wy B 77 B (yeast extract malt extract medium,
YEME) (g/L): BeREEEIY) 3, Z 27320 3, 40
PR UM S, AIAGHE 10, HEWE 103, 115 °CEJE
K& 20 min, KEJF£MT 5 mmol/L S LEE
(5) FE W 597 (tryptic soy broth, TSB)1% # Kt
(g/L): BREGR A 30, 121 °CKE 20 min.

S coelicolor A3(2). S lividans TK24, S
luteosporeus NRRL 2401 , S auratus DSM 41897,
A1 A. regifaucium DSM 45072 i i} YEME £ 57 3k
I MS B8R 1 R5 %%, SQreptomyces sp. CPCC
204980 ffi ] LB i F AL MS KR BE kAT 5%
E. coli DH10B A1 E. coli ET12567/ pUZ8002 {ii F
LB 7R Sk A TR 7R 0, B o AN T A R B
MIEFRIEE R 30 °C, KIAHF R KSR
37 °C, WAREEFR ARG HE Hy 200-220 r/min,
1.2 SapB XZRRRIFEREEHEIIE

FI & A R34 pIB139 #47E SapB KK
I SRS R Bk P, e, R BRI
VIl Nde I, Not I§HI7H 1k pIB139, FKH(Z 6 kb
1) pIB139 AEAEIAR, A5, 4rnlikit 3 X2
FB— kg |9, Hr HEA-1/2/3-F/R I T4
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1 Sreptomyces coelicolor A3(2)11 ramCSAB Jt:
, HEB-1/2/3-F/R | T ¥ #4 Sreptomyces
luteosporeus NRRL 2401 1) ramCSAB JL[K (% 1),
Bk, ([# S+ E DNA R4 Phanta Master
Mix 437 HEH 2 2 Kb 1Y 6 M AR BY HEA-1/2/3
F1 HEB-1/2/3, F| FH— va B E 4 ClonExpress
MultiS 435K HEA 1 HEB 4 3 M A H BeAil
pIB139 LMk aikE LA R, B — P FikE Y
Ak 2= KIHATFTE DHI0B B B4, &5,
T B O 1 1 A AL TOR Y B s R, 3 Tk
HEAT PCR HLPK UK, 45 H Dk S8 L 0 114 5
Bk AL SRR A YR A BR A w0, R s A
JoRRE RIS A Y B R 11 35 PR 91 58 42— B
1.3 AKBHERERHZERZLENEEZES
w1

Wi M 10 2k FOR 3R AR AL E A E. coli
ET12567/pUZ8002 (HEAATR), 587 Az Y il 2 i
(ZART A TRGEAR G AR, 1, KK
T PR 11 52 1A T 2 Pl 5 S I ) R R % % 3 P
30 °CHE¥% 48 h, HU 5 mL HFE#H: % 50 mL 1
TSB 75 PR R, B 1 mL VR4 % 3 mL
) TSB F5 7R rh 557 4 h, HIKFEE, K4 H
{14 SR 1) AR TR 4 28 B X M ) LB 8557
Ferp 37 °CHR% a7, B 0.5 mL B 55 3 % 5 mL
) LB Ki 55 3% 3 he SRE, B 2R T AN it
R A AR A2 E EP B, 3 500 r/min &0
10 min WEEBIA, ] TSB R FRILIETERIA 2 K,
P VRS 32 R A AR B # 100:1, 10:1, 1:1
F0.1:1 LLBNR G, ¥WAIUATTIChirk) 1SP4
BeFePpi b, 30 °CHEFE 1620 h, i FIBTIATIES
RAZEEERR I T S5, 30 °CHE3% 5-10d. e,
PRHLISP4 Al A K G F IR 2 50— A
THPIEE R FIZENERRR Y ISP4 SEARd K H 3%, 30 °C
BESE 3 d, HERP 2 S AT BRI A 2R PR NE TR i
FHREFR T 30 °CHRT SR 3 d BIRIARTH, $2HL
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HERZ DA HEA 2] DNA 1T PCR AT E
1.4 B EERIHIE R

W VA VA ) R TR TR L 1) A A i v
30 °Cififk 2 d, #HEFESH MS BRI
12 fLA A, 30 °CHiFF 4 d. i 2.5% 80 1 A
EZ/2h, 0.1 mol/L WEARERZE MRE I 4 1K,
i FHAR R 15122 1.5-2 h, 0.1 mol/L BMRERZE o
WEH 3K, 30%LMAEH 2K, 50%. 70%.
90% L BHRUCE R 1 X, JoK ZBEE#H 3 1K,
UCEAR 10-15 mine FFEERL 12 FLERHEUE,
il CO, I Ft s TR BRI K . i S
e BB AERE L & b o e T2 B RS SORT g
ANFESL A TAE 4 A TR IR ST BE R 30 s, (= 4
P R AL T R Sirion 200 1 VEGA3
XA it PR TR 22 B A A T EE o
1.5 E£HMERZESH

A F antiSMASH bacterial version 6.1.1 X %t
DR 2H 1 26 5 SRR DR A R A7 A Ze o3 B 0000, 0
* F 4 ¥ {5 B .0 (National Center for
Biotechnology Information, NCBI)[#J Basic Local
Alignment Search Tool (BLAST)ZEZ 3 #H7-F 5 X
R A D e B R A T XS 23 A

2 BRS04

2.1 SapB XZREVEMERNWEMER
F oM

SapB JENHFEEBMKZIERNZAK, HPRE
KA 224K (rapid aerial mycelium, ram)k K 7%
b A R, IR S 1 ANH 4 B A
(Kl (ramCSAB) 41 A i #E 9N+ F1 1 A I 25 5L 1A
ramR*Y, 7E ramC. ramS, ramA Fl ramB X
4 AR BRI i AS LuxR KR
PSR ramR [, RamR H A 5
ramCSAB #4011 DNA Ji 35 1 X dsk &5 4, i
B4TE SapB A P YE 1A). ramS 4ifY SapB i

TR, IZHTA R R AT 7 0 R O 7 91 PR 3 241
B, RVESHHE S PR S A 22 (8] A7 A 2 1 B D) AL
Mo ramC i F ram BN i LiF, 4af% ram
FER b — B A LSRR, L 3 A
ANF R A ZE R, 53 e 22 SR /95 A PRV
(Ser/Thr kinase) 45 4 35, , W R 22 Z IR/ TR ) 2 IR
Z4# Wi (pSer/pThr lyase)Zh #43a FIEA Ll (cyclase)
S5k, ramA I ramB {57 F ramS i iE, W
A 4 S ABC #% iz 25 1 (ATP-binding cassette
transporter, ABC transporter), iX 2 /|~ ABC ¥z
AW N i B BRG], C wmBA ATP 45
Gk, v LI SapB iz & #2232 1 I EL
BRI, BRI AL K BB R B
FPHRRBI R, V72 SapB 22 ik g it i 5L A
AT BN S E , X SRR S i HE R T 4 1 B
FAMRLAY SapB S K720, 026 22 R A% 00 IR
Oy HA RSP S-XX-S-XXX-C J ¥, ZHEF ]
DL 1R 1 A A€ 1Y) ik B 1 6 i 24 R (Lan) R 36
45k PN 1B).

J T B UEAERST SapB 2K Z KL HHE &40k
I IhEE, XA R EHMAFEK S coeicolor
A3(2). S luteosporeus NRRL 2401, S auratus
DSM 41897 Fil A. regifaucium DSM 45072 3L [
HIHATIEHN 50T, IR IR A A= G i
WM AE LR antiSMASH 147 U LA 2 48
SapB K Z KA A LR % . 7€ S coelicolor
A3(2)F1 S luteosporeus NRRL 2401 R4,
RILT 15T 4m5 SapB 2R Z KA SERFR (A 1A),
M7E S auratus DSM 41897 #1 A. regifaucium
DSM 45072 - & Bl 5 ramCSAB K U A= 41&
WENS%E ., 7E S luteosporeus NRRL 2401 B bk
Yiifih SapB 248 22 il i 3 AL 2 LI PR 2 ol 56 DT
H1#55 S coelicolor A3(2)H ZtiE SapB 4L [H %
EEHLL(E 1A). fdiF antiSMASH X} 2 4~3E[H
TR T A, PIE AR R 75%. 5L N %
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LER 5 AL ALY, #ie BB HES 5300 5 2 Y Rg
A RS S ramC. ARG i% 3L R ramsS,
ABC ¥z M gmis 5 ramAB Fil i 25 2 A
ramR A1 XF i (& 1A) . f# F Protein Blast
(BLASTP)X} S coelicolor A3(2)#1 S luteosporeus
NRRL 2401 %) ram & & 47 HXT, & 3 RamC
RamS. RamA ., RamB Fl RamR X 5 > [ #BH
A B R B E LRy 51 AH BL 1 (identity) , 4351
57.77%. 46.34%. 54.42%. 52.01%F1 47.06%.
S luteosporeus NRRL 2401 £ fith 1) i 44 ik [R) R
HIPARFIAZO R 2 D2, HAT AR N i
A 1 MESEI) M-X-L-X-DLQ )%, #.0 ik
EE 2 MESFIY S-XX-S-XXX-C R, Ok
WS AL AR . AR ER
XS B 7K PR 2 R AR P B R AR R T K T S5
TR FEAE ] o X S EE DRI 1Y) e IR R SE. SapB 2
Z IR DI RedR AL TS AR
2.2 SapB XZRRIFEFTIXHARMLE

H T HRGF SapB 28 2 W TE A AR50

TG T SapB M HIAERIYI SR FR IR HUA,

VIR s {055 25 4 (S, coelicolor) A3(2) Ik i A4
F4% 75 (S luteosporeus) NRRL 2401 7E X4,
FA TR HUR S SapB 252 ki ramCSAB J& A 1% .
S coelicolor A3(2)Fl1 S. luteosporeus NRRL 2401
MBI ZH H ramCSAB JERI% K/ Nl ok 6 728 bp
6517 bp, T AR1G5E8 1 DNA B, Hhk
DA K EE 249 2 000 bp 4 3 BeE 4l Ef 7 PCR
P, X e B HEA T(2 384 bp) . HEA 11
(2 081 bp). HEA 1II (2 347 bp)Fl HEB I (2 237 bp).,
HEB II (1 907 bp) . HEB 111 (2 449 bp), &EF51
B)_E RIS 15-20 bp MRITEE . KRB
F B 5 Nde I/Not I Z&VEAL Y pIB139 24317 [F]
JREZH, DIor kgt SapB 22 Ik S IR Rk 4
& pIB139-HEA F pIB139-HEB,, X} 15 %] {1 557
AT PCR B ik, HLUK 44521/ PCR 774,
KNS5 963 bp #1767 bp (Bl 2A. 2B), #)
HUFSE T X ST IE R . O TR E S A
BUF A E A FLSEE R L UK B0 TE TE A Y R

1 SapB X ZIKBIEYAE BREEKA)MIEE F 5L 3T (B)

Figure 1
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Biosynthetic gene clusters (A) and amino acid sequence alignment of SapB-like peptides (B).
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A ) B
(@B-GHMI3-F - EER (396-419) MI3-F  ermE
oC31 integrase| - —HEA-1-F (641-681) eciprrr ./ HEA-I-F (641-682)
> _Nde1(657) > P I 5 Ndle 1(657)
F o . . "HEA-V-R (1 340—1 355) i _
/ /
tral-J7 tralJ/";
' _HEA-2-F (2 997-1 355 Y~ | | HEB-2-F (2 862-2 892)
' pIB139-HEA 1. HF.A-l-R((E 988-3 0]5)) , pIB139-HEB "‘__ 7 HEB-1-R (2 849-2 877)
3 12613 bp \ _ 12397 bp L7
g A —rams | AcramS
ApmR ; / ApmR /]
K ! / ‘(
T .l ¥ \THEB-3-F (4 740-4 760
(7 406-7 422) M13-R —~T * ramB ~ \ "HEA-3-F (5 058-5 084) (7202-7225) MI3-R — " " __ramB__— HEB‘EN;( (; 729-4 752) )
(7356-7 396) HEA-3-R HEA-2-R (5 049-5077) (7 143-7 180) HEB-3-R
(7375) Not 1 (7159) Not 1
bp + Marker — 1 2 3 -+ bp + Marker 1 2 3 4 -
2 000
2000 1500
1500
1 000 963 bp | ggg
800 767 bp
500 500
300 300

2 pIB139-HEA (A)% pIB139-HEB (B)#&Y & %I (Bl F1 B3 57K 36 1iE
Figure 2 Plasmid profile and electrophoretic verification of pIB139-HEA (A) and pIB139-HEB (B). +:
Positive control, using genome DNA of wild type strain as template; —: Negative control, using pIB139 vector

as template; 1—4: Different clones carrying pIB139-HEA or pIB139-HEB as template.

TR E YR AT R A R, A5 E DNA T
G115 JF s L 41 5 4 — 20, DB B A T
A ramCSAB LAY B 4L Fk pIB139-HEA Fl
pIB139-HEB,

i T Bk SapB 28 2 IKRE AL i 55 55 1A 1B
Aok, R A R RS BE R (S
lividans) TK24 #ATH0IE, 1Had ROEAE G54
BT, ¥ E L TR pIB139-HEA F1 pIB139-HEB
Iy S lividans TK24 1, FIFFIIAT &R
PUPETHBE A PCR BGHE, 153 7 U0 32 18 B bk
HE1 #ll HE2, ¥ S lividans TK24 N H. 3%k
PPk HE1 F1 HE2 43 576 MS [R5 b RE%
FFILEEIX LR bR B S 0 E 25 570 MK 3A W] LA
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103m )

CPCC 204980 day 4

HE3 day 4

FIEAH MS JiFEER 12 FLBh R R 4 d, 28—
TR - P[] A -4 4 SR W ST B AL el s 0
BE R S H - A Sirion 200 X 1X 2L TR
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W2z, DL/ A B IR 5 ) 1 S R 96 - 22

CPCC 204980 Fll HE4 7855715 4 RN NEEA
R B IERTAEWEL (BRE LOWER BI R 2R
R 22 03 A3 B SR T 22 AR IR S8« axX SE Bk
SRR T REJE LA REP IR T IS SR 221K, 78
BROIR 28 A0 R 11 8 1T U ER 31— 2L B 243 K4k
MR 22, T L O LM B EFRE LR, TR
AR, B AR, K 3C HRTLIE T,
HE4 B4KH CPCC 204980 HA W ZRBRIRGE
MSER 2, T HE3 C2IB K T RS AE R4

HE1 CPCC 204980 HE3 CPCC 204980 HE3 CPCC 204980 HE3

Day 2

3 Streptomyces lividans TK24 #1 Streptomyces sp. CPCC 204980 & HRTHHIE S S

Figure 3 The morphologic observation of Sreptomyces lividans TK24 and Sreptomyces sp. CPCC 204980
carrying the expression plasmid of SapB and its analogue. A: Time course morphology of S lividans TK24 and
its derivative strains HE1 and HE2. B: Time course morphology of Sreptomyces sp. CPCC 204980 and its
derivative strains HE3 and HE4. C: Scanning electron microscope morphology of Sreptomyces sp. CPCC
204980 and its derivative strains HE3 and HE4. All the microscope photographs were taken at 3 000X
magnification with accelerating voltage at 20 kV.
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M MG 10000 View fied 2.3 g 30 pm.
et 38 B 1000

Day 4 HES day 4
DSM 41897 _  HES
= B

HE6
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AT DUV AS TRk ses iy T H. 31
ZE18 1% S auratus DSM 41897 #E1 Tk — 4 145
2. S auratus DSM 41897 & Z 48 24 B AL
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SRR FIE 10 d 2245057, ¥ = 4 ok
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DSM 41897, 142 5JfKILH Pk HES #1 HE6.

MET4A AT IR AR T B A ALY DSM 41897,

DSM 45072

Day 2 DSM 45072 day 4

Day 4 HE7 day 4

S e

HE8"

Day 6 HES day 4

4 Streptomyces auratus DSM 41897 #1 Amycolatopsis regifaucium DSM 45072 & HREHRBFE B S
Figure 4 The morphologic observation of Sreptomyces auratus DSM 41897 and Amycolatopsis regifaucium
DSM 45072 carrying the expression plasmid of SapB and its analogue. A: Time course morphology of S
auratus DSM 41897 and its derivative strains HES and HE6. B: Scanning electron microscope morphology of S
auratus DSM 41897 and its derivative strains HE5 and HE6. C: Time course morphology of A. regifaucium
DSM 45072 and its derivative strains HE7 and HES. D: Scanning electron microscope morphology of A.
regifaucium DSM 45072 and its derivative strains HE7 and HES. All the microscope photographs were taken at

3 000x magnification with accelerating voltage at 20 kV.
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