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REE L 2 P AR A7 P (n AChRs) Flly- 25 T %
S MW(GABARSs), {HHAHGRZ AAE FHHLEAN T T8
A HEBEZE A B e kA, Hy-m TR %
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IR TR 2R AR AR A UM R I L0 A e 2 1Y) 28 4k
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WRAEY G M E R, KBERIHAR . A7)
A K e BRI 2 AR T R TEA R A 7 B i 3222
JRR o ASBIER R SR 22 A TR B PR A b 3 T
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ik, MRS Z A TP A i e A, A
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1 ARAy &
1.1 EERRABORL

AT E R . Bk 55190k,
1.2 BSRERS- SEEEET &

G BT 455 97 2R FH LB YR AR alg [ 4 85 5 3 (%
Tryptone 1%, Yeast extract 0.5%, NaCl 1%, [®&{4
B SR BN AL.5%3E 05 8r), HEFRIEEEN37T °C;
AR 2 16 T 1 0 AL T 57 R I CSMUS 3R L (7%
TSB 3%, Yeast extract 0.3%, MgSO,-7H,0
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0.2%, Glucose 0.5%, Maltose 0.4%), 4% A
FEHE KRG RHE SR (S TSB 3%)", ML
FIE S WER FIBHI (BHI 3.7%, BAEHKS1.3%).
R6 (¥ M 20%, Dextrin 1%, Casamino acids
0.1%, K,SO, 0.01%, FeSO,-7H,0 0.01%,
MnCl,-4H,0 0.01%, MgSO,-7H,0 0.05%,
ZnSO,4-7H,0 0.01%0, BHI 2.6%, MOPS 0.01
mol/L, CaCl, 0.048 mol/L, L-&A% M 0.065
mol/L, BiE#32%)FIISP-2 (% Glucose 0.04%,
Maltose 1%, Yeast extract 0.4%, IIEHI2%)E {4
FRFRAL, BEFRIRE 30 °C,
1.3 TEHBE. . hiERREFERERE

LA Taqg DNA 2 &1 . Primer Star DNAR &
Bt . BRI VOB . T4 DNAESZRGFSEE A KiETE
Y TREABRAF . 405 2 K 4 DNA$R UK
. DNAF BAIPCR™ ) IR & . Boki /i
PRI £ [ b 5t Bioteke A Fl . PCRI WA %
SO F A T E e . PiAEZR I H Sigma A
A, TAEMRIE A . BRI 4% % (Apramycin),
FHT R B e W B 20 mg/L, FTHIBEZ
JRUTR YT e JEE 2 50 mg/L; &R 75 B (ampicillin,
Amp) FH T [ R85 32 BL 0 B 50 mg/L, ATl
RIS IR AR B 100 mg/L; ZRUERAPR (nalidixic
acid, NA) 25 mg/L; 5% % (streptomycin, Str)
100 mg/L; = H A F & BEIE (trimethoprim, TMP)
100 mg/L.
1.4  pepARITRENKHAE

K W 8 5 5 TR TP pep A SR R R T 51 Wb
i, FIFIBLASTAEZAY ZME 2 i iz 5L K [
TR B, )5 A Clustal X EE X245 X m i 25 14
pepAE"J*H{U\‘ﬁ[”]O
1.5 BiBRAEpO0I260-pep AR
1.5.1 pep AR F By 3 K a7 7 48
T 2 R 20 DN A B Bt 00 & e £l FH U6 I 5 4V E B B
JIbE Z R B, DOZE A i, il
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R 1. B¥k. RRG|H

Table 1. Strains, plasmids and primers used in this study

Strains/Plasmids/Primers Relative description Source
Strains
E. coli GB2005 Host for general cloning This lab
E. coli S17-1 Donor strain for conjugation This lab
S. spinosa Spinosad producing strain This lab
S. sp—ApepA S. spinosa harboring pOJ260-pepA This study
Plasmids
pMD-18T E. coli cloning vector, containing Amp"and LacZ TaKaRa
pMD-pepA pMD-18T harboring partial pepA This study
p0OJ260 E. coli-Streptomyces shuttle expression vector This lab
pOJ260-pepA p0J260 harboring partial pepA This study
Primers Sequence (5'—3")
pepA -F CCAAGCTTGGCGCCGCGTACGACGGAGACC This study
pepA -R CCGATATCGG GCCGCCCTTCGGGGTGTAGC This study
AM-F ATCTACGTCTGTCGAGAAGT This study
AM-R ATGCCGCTGCCGGAGGAGCT This study
AN-F GCCGACCACGAAGTCCACCT This study
AN-R TCTTTATAGTCCTGTCGGGT This study
aac(3)IV-F GTCCAATACGAATGGCGAAAAGC This study
aac(3)IV-R ATAACATTCTTCGCATCCCGCC This study

Restriction enzyme sites were underlined.

Primer Star DNAZK S 5241400 bpfipepAHEH
A B, WK Z20 uL: DNAREH (313 ng/ul)
1 uL, Primer Star DNAJ#(2.5 U/uL) 0.1 pL, 2xGC
buffer 10 uL, dNTPs (10 mmol/L each) 2 uL, I,
TUFSIHI(10 pmol/L, #1)450.5 ul, oK i#
ddH,0%M & ; PCRIZ W FRFUITF : 94 °C 5 min;
94°C30s, 61°C30s, 72°C 105s, 301EH;
72 °C 10 min, 20 °CZ&IEPCRIN . iZPCRI“H4:
DNA F Bt FIPCR ™y [Nt 351 & 4 1o FH 3t B 45 45
YERNR 4lifbpep AR F - BL R, HpMD-18T#E A%
B PAL KA, FHLBREARS 37 Had ek
Tl PRBUR S REELBIR ARG F5 rh ™ K% 525

FBRL /N R GRS P2 ok ;. i Bk 48 Hind
M A EcoR VYIS 5 1% LA T, s
JRZNCBI BLAST Networki#b 7 X437
1.5.2 p0J260-pepARIHEE: /¥ IE#f f5 A pMD-
pepAJitki Z:Hind M F1EcoR V B V15 [Pl pepASE
PRBE, 115 T4 DNAZESEERE1Z m R BS54
i [RIRE U (1 pOJ 26035 1 F Br it i i g2, 15
P52 A p0I260-pepA(K 1),
1.6 TAEBHERS. sp- A pepARIHIEE K p0J260-
pepATEALL R EE

¥ 5 21 ST R pOJ260-pep A Hi s A LA E.
coli S17-1, ZPIMATIERR . BEHR . WA NE
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pepAd PCR
’ Hind lII/EcoR V Digestion
‘Li gation
pepATES
RP4 oriT
pOJ260-pepA
4.9 kb ace(NIV
/

1. REB&EHApOJI260-pepARIHIE RIZE
Figure 1. Construction of pOJ260-pepA.

WENE = B0 3% B L A, SR IUBORLIT FH Hind
MACla 1 #HATREVI 22, HFIGFHATFS17-1/
pOJ260-pepA. it AR W EALTRL T A
L QAckisy )it o oNes I SN g7 = & SR CIE (SEIVER &5 71K i 2
HETE, JEHS 1% taac(3)IV-F/aac(3)IV-R(FE )ik
TR PCRY S BA hrdg =Ptk 5L 7 B LIS e
EMfEEAL T, FIFLA Tag DNA B4HE(5 U/ul)
20 pLARZR (] ) 8 BT 4 85 R ok 5L 5 an
T: 94°C 5 min; 94°C30s, 61°C30s, 72°C
1 min, 307 1F¥; 72 °C 10 min, 20 °CZ |1
PCRIZ N . ¥ H FHEA T pOJ260-pep Ay T
FIREAT 4% M. sp- ApepA. 5 HE BT BRI R
4, HA5I%AM-F/AM-R 5 AN-F/AN-R(F 1) 1%
AR BeARURIE Z A i AL 2 T i R B e A
AL o PCREVFRFUITR : 94 °C 5 min; 94 °C
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30s, 63°C30s, 72°C45s, 30MEFR; 72 °C
10 min, 20 °C#¢ [-PCRIZ) .
1.7 pepAZED BHMTRIB N HINE AU A= K R B BE
y a0 Al

BRTEE : BE200 pL bR Fh AR TR FE D T2 i
20 mL CSMRIAREFEHE250 mLAEN T, 30 °C.
160 r/mind%5 372 d. FIBEZ M ERRARIG R P A K
2 0 o SR PG B HE 1 % e Pl i A AL
T T AP TR 920 mL TSBIRAA S 37 5£A49250 mL
PR, 30°C. 160 v/mind5335 d, 4095 SR
E N ODgo, RIFE IR, BCEFEHIHE T
VEAE R ML o B TR 5 1940 pL R LA B AN T v P
WA 504 TBHI, ROFIISP-2 [ {4k -1,
30 °CEIEREFRT2 h, MEEARFAr b w %A K E
Bl R A EEIE AL S 00 JRER TR 5 TR R P &



W | MUEYIZEAR, 2016, 56(4)

633

20 mL TSBR; 373, 165 r/mindR % 55552 d, FIH
Jt2E B (Olympus BH-2AY B 344858, H 4<Olympus
AR A A,
1.8 TREES. sp-ApepAZRER=EEILA
Wi 53Hr

oy R [R) & e S F T TR RS, sp-
A pepAFNFIRTRES. spinosal?) K BEW 500 uL, 5
SGRTRINERTE Y], EiRIRZ1-2 h, #%, 9000
r/mini 0> 10 min, WH FiE, £0.22 umJE RS
UE, VR LB HEAS 129000 SR 43 M 2 %
HRoHE, Oi%H NSB-Cg, 4.6 mmx150 mm,
5-Micron, FishtH: HEE: N5 2%EERRE(V/IVIV)=
45:45:10, 3#0.5 mL/min, 224M&GIE K250 nm,
PEREIRFRS pL, @It HPLCAMR B R B h £
AHEMNEH,
1.9  pepAFER NI R I HIELHRE R ELEH
FRIR

S 22700 B TR (AR 4 8 11 A B IBCR: FH R A= i
YR . e 1 Yo P i RIS AU I R FD TR i
20 mL TSBRIARKE FRFL(F TSB 3%)119250 mLAE
Wi, 30°C, 160 r/mind5#73 d, 4 BIEAS [F] T B
A SHEAT B A A A (Y 92- T 254 8 75 0 400 JHO R R AL
TUWHZ YR A, B SEN, 53
) T 144 2 19 F) I Bradford ¥ & 2 5 #E4TSDS-
PAGERINH & ik 22 7,
1.10 EFEBBNEHFEN1D-LC-MS/MSXSE

12 M SDS-PAGEfE I 1Y 25 5 8 11 5%y E 17 i
Rt RS A LA YR FH Thermo Scientific LTQ
XA 1) AEWAH (573 F e 55 HR B P i A b 47
Iy, BA R Z XaclbiurdiUd R 48 1 ¥
"
L11  TRERERS. sp- ApepAiRfEFaE M

H4S. sp- A pep AT PR B TR AN OREGR AN Imde 2k
RICSMIB AR R F2 3L T51k48 h, B FERR B S I A

FIP A ZWBHIFH, 30 °CHiFES d; #ES0
BATRR R T & A $7 8 2R (50 mg/L) A BHIE- AR
I, 30°CHiFR3-4d, THEBUE wRERL; IR RE
PLERE20 B 5, FIOPi I CSMIG1k48 hJ i
FIRPCRY KM aac3)1V R Bt o

2 HERFAH

2.1 pepARIVREEH KW E

PR 5 (045 55 B P pep A3 (sco2 1 79) % H R
FESIRbRAE, FIFIBLASTIEL 19 2 fild £ 0 14 b
ZHEHFYE 7B, 5 A Clustal X EEXF 24~
iy & pep ARARRIME(E2), ML HEXT AT A, PRI
FRATRARMINE IR 74%, E I FVEPERS50%.
22 RBREAKPOI260-pep AR K e

VUSRS Z A L R A1 A, IS PpepA-
FAllpepA-R, PCRY HipepAFLHHia] i B, PCRf™
Y12 Hind II/EcoR V W EFY) K Ml E, SRIFEZE
XD M IR pOI2603 4K By i 12, ALK
PAAFea, iR 7ROk, RIS, 15 EIRPR
#HAKp0OI260-pepA(IKI3)., ZEMAM A KT #
pUCK il ¥, #EGHBERIGALN (oriT), FHHIE
EPitIEH (aac3)1V, ] LMENE. colifS. spinosa
FITERRIC) o
23 EAEBMBRTREREKS. sp-ApepAKIGE
R AL K2

WROVA EA 3G i 2 S A h
(50 mg/L)WBHIEAR |, #5420k, PR
% B TSBU ARG IR 5L, $& R N 20 S B Al ik A7
PCR¥E . AT HREHS. sp- A pepASERZH MR ,
1 Phaac(3)IV-F/aac(3)IV-R 5%} PCR ¥ 14773
bpbT A RhuvE N By, 45 R KW (K14-B)
pep AL ] B o) i G 2 i 22 1 v
k. 55k, DUTHRERRS. sp- ApepAFEH Ll H
K, FHAM-F/AM-RHFIAN-F/AN-RA: 5314 3%
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pepA-5.
pepA-5.

pepA-5.
peph-5.

—————————— WTALTLSTAAAPGLRADATVIGVARGAGGPSVAPGARAVDFAYDGRLAAY

RSDPEDDHVTTPELALTDTAVARLTADALVVGTVOGADGLO LAPGADOVAAAYDGD LAY
drdk: otk ok ki, sk ok _ skkdkd: ok kkkd ok &

LETLGASGAREGEVTELPAPSGFEAPVVVAVGLGAEPEEDAGFDPEALRRAAGAAARALAG
LTS LGATGEADEVVELPAGCGELRADVILVAVGLG-EPAANGGVSCEAVRRASGAVARSLSG
* rkkEkik kk kEkkA Pok kokkkEEA 1k 3 Kk, hkikhkkidkk kk:k:k

pepA-5. ARFAAFALPLARAADAGVVARGLLLGAY SFDAYRASAREAREARGARKAKANGHGEAP LAR
pepA-5. VEQAATTMSTVDLSAA---VOGTVMGAYAFTSYKSQS———————————————— GDGPVSE

sl Bd L i We ol s oadkkkeR ko , SERE. LN
pepA-5. ARLLGGEPRDEAYREAATERATAVAREEILNRARDILVNTPPND LDPEAFAAVAQARARFEHGTE

pepA-5.

pepA-5.
pepA-5.

pepA-5.
pepA-5.

pepA-5.
pepA-5.

pepA-5.
peph-5.

pepA-5.
pepA-5.

VDFVVGDAKADANAHALKGAAATGEAVNTARD LTNTPFND LY PASFAERAARFGRTAGLE
e &k & des e o o drdrdrdr s bbb o - oo b . L B

VOVLDERAILVEGGY GGI LGVGAGSASGPRLVELSYTSPEARKS LAFVGEGITYDSGGISL
VEVLDDHAILREDGFGGI LOVGAGSARPPRIVRIRHREGPEAAREVALTIGEGITFDTGGIST
ok kEk k RrAERAAEAAERA  kAkk ok 1 REE ok sk adkkAkd kA

EPAGHNE TMECDMAGAAANFAAVVAAARLGLEVIVTGWLALAENMESGSATRPGDVLEMY

EPAASMEDMT SDMSGAAAVIATMLLAARINYPLDI TATVPMAENMPSGTAYRPGDVLTMY
kkk, h h,  hhhdkkdkk-ok::: RAEK, ::o:k, ckAAkAhAkh Ak E AE

SGETVEVLNTDAREGRLVLADATWAASODEPDATIDVATLTGAMMIALGSRTYGIMANDDA

GGETVEVLNTDAEGRLI LVDAITRACEDEPDY LIETSTLTGAOVVALGERTPGVHG—-SEE
R e Rt A A I N BT T2 T AT TR T T 2 T IR T N T

FREAVHEAARESGEPAWFMP LPEHLREGHMDSPTAD T ANMG-ERMGGGLVAGLF LREFVGE
FRDEVARLSQOAVGEGGWPMPLPEELRGD LD SFLAD LANT TGHRWGGMLAAGIFTIEEFVAD
kd, ok, 11 khk _hkkAkAkEk Ak ckEk  kkikk: ok kk ok Ak:k: hAEk_:

GITWAHLDIAGPAFNEGGFFGY TPEGGTGTAVRT LVEVAELAAAGELG

DVOWAHLDIAGPSYNTSAPWGY TPRGGTGVEVRT LA--AVLADIADRG
Ak kkkhkhhdy 1k | Eokkkk Ak AAkA _kAkE,  k k& &

2. pepAEERISE B RELRMEEL XS

Figure 2. Homology analysis of amino acid residue sequence coded by pepA.

A BEAM(700 bp). T BEAN(920 bp), Z5H3R
B (1 4-C) SELWT Jo 47 A2 SR 22 780 1 4% (14 1 /Y
(E S U2
24  pepARERWHBRIMAESHEEK S
ZREREY SRR

WEL T TRERE KRS, sp- ApepA SRR RES.
splnosaf;ﬁﬁi*?%ﬁqj AR KB B SIESZE
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S, TEBHIFR 5L | ISP-24% 7R SL AR 63 35 3 |35
F72 W5, FREwERC AR Z A AT, mn
FEBME R AR, HAR i & KB K

TR SRR B R I B AR (F5-A); L HOER K55
It Y TR D 5 AR TR TR TR RV T T JCHt BHIAR
Fige, ¥EFR84 hit, JRUURTA AWK A H A1
+, M LAERREACE MR — )2 i1 (#l5-B), TSB
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(A) bp M1 (B)

2000 5000

750
1000

3. p0OJ260-pep ARt IE
Figure 3. Constraction of pOJ260-pepA. A: PCR amplification of the partial pep4 gene. M: DNA marker; 1: the

partial length of pepA gene. B: Endonuclease digestion assay of pOJ260-pepA. M: DNA marker; 1: digestion of Hind
III; 2: digestion of Hind Ill and Cla 1 .

A
(A) pOJ260-pepA
RP4 oriT  pepA PCR ace(3) IV AmR
wild strain chromosome
A pepA PCR B
— I $ $ @4 @@
mutant strain chromosome
pepA PCR acc(3) 1V RP4 oriT pepA PCR B
| AM | IAN]
B) ©) bp
2000 2000
750 750

4. S.sp-ApepARIPCREE
Figure 4. Identification of S. sp-ApepA. A: Diagram of the single-crosscover homologous recombination. B: PCR
amplification of partial aac(3)IV gene. M: DNA marker; lane 1: negative control, using the chromosome of S. spinosa
as template; lane 2: positive control, using pOJ260-pepA as template; lane 3, 4: experimental group, using the
chromosome of S. sp-ApepA as template. C: PCR confirmation of integration site. M: DNA marker; lane 1:
downstream segment AN; lane 2: upstream segment AM.
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(A)

S. sp-ApepA

S. sp-ApepA

(B) S. spinosa

& 5. TIZEHKS. sp-ApepASRIAEHIKS. spinosafiE & SELEE
Figure 5. Phenotypes of S. sp-ApepA and S. spinosa. A: Phenotypes of S. sp-ApepA and S. spinosa (72 h) in
different media; B: Phenotypes of S. sp-ApepA and S. spinosa (84 h) in BHI media.

WA FRIE P FR48 hm , SRHADEY: BB W 4%
2RBRRRMIERS, S5 R B R Ak 22 40 K HL
IRz, M LAERbR R 2280 . ke o Biik
FERER, WAL, BARTASS A TR )™ H(516).

£ v » K AL -
( Ly 2 AR
- / \

6. AFEMBENEITIEEHRA)SREEKRB)IEFR
48 hE 24275

Figure 6. Mycelium observation of S. sp-ApepA (A)
and S. spinosa (B).

FETSBIRARKE 723 IR TR AKS. spinosaliFf
24 W ATEUE RN, 48-60 hiR] XA 1422
K4, AR o B e . TRES.
sp- A pepAtLIEAE K24 hitb AXTECAE K, (HT R
WSS A K AR AR W T R, AR
64-T2hER IR A K R, AR B R AR T
TR DA 40 M 2% B — ELIR T IR ATk, oL R M i
A A ZE AR (ET)
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10 r ——S. sp-A pepA

s | ——S. spnosa
g 6r

3

4 L

2 F

0 8 16 24 32 40 48 56 64 72 80 88 96
t/h

& 7. TiZEHKS. sp-ApepASRIAFH LS. spinosal)E
KL LR
Figure 7. Growth curve of S. sp-ApepA and S. spinosa.

HPLCRHMZE SR on, SIFMRAHL, &
WFRED TREKRZ RERA+DI 7 H1k137.4
mg/L, MHEFEREN112.5 mg/LEEmE3122.1%
(E18), Ui pepAFEH W FHWIE—EFEEE FAEit T
A T 2 R R EY A
2.5 THEENEEEELMT

18 1 SDS-PAGE 47 T 4% B bk 5 J5L 46 11 #k 7
WaEr, KW TREEESEA KW ADE
97.2-200.0 kDalX Ik, =ML X 0 %40 5 pep At
NI ; o, TR R L Rk
SR IR B R SS HB B0 T R AW AR & B .
CERIL I B3 5R(E19).
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[& 8. HPLCHN RIAEHKS. spinosa (A)S LIZEHKS. sp-ApepA B ZRER~=E
Figure 8. HPLC analysis of spinosyn production by S. spinosa (A) and S. sp-ApepA (B).

kDa M 1 2 3 4
200—
97.2 — -, :
66.4— w— f L=
e
44.3— . !
29.0— -
|

| =
201 e !
65— .. '

& 9. TIEEHKSRIGEKEEHSDS-PAGER
Figure 9. SDS-PAGE gel analysis of total proteins. M:
protein marker; lane 1, 3: samples from 60 h and 72 h S.
spinosa cells, respectively; lane 2, 4: samples from 60
and 72 h S. sp-ApepA cells, respectively.

2.6 EREASH
FSDS-PAGEA M 2| ) 22 R HE WA . B,

CHi P it i 32 1D-LC-MS/MS %, R I EA]
S35 A 30SAZ AR SR 11 3ES 11 (RpsK) . T JE i &
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Figure 10. Special peptides of identified proteins. A: RpsK; B: AldH; C: RpsD.
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#* 2. EREALC-MS/MSHHT
Table 2. Proteins identified from SDS-PAGE gel analysis

Band ID Protein description Theoretical Possible function
numbers MW/kDa
A A4FPJ4 30S ribosomal protein S11 (RpsK) Binding RNA Binding rRNA
B A4FGH6 Aldehyde dehydrogenase (AldH) Aldehyde dehydrogenase (NAD) activity
an aldehyde + NAD'+ H,0 = an acid + NADH + H'
C AA4FPJ3 30S ribosomal protein S4 (RpsD) Binding RNA Binding rRNA
3 Wi ApepA, AWy 1 TRE 1 W AR T I A6 TR

I 2T 22 N T R S AR AR AT T
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Disruption of leucyl aminopeptidase gene affects phenotypes and
second metabolite production of Saccharopolyspora spinosa

. . . . . *
Yan Yang, Lingen Luo, Miao Xu, Liqiu Xia
Hunan Provincial Key Laboratory of Microbial Molecular Biology-State Key Laboratory Breeding Base of Microbial Molecular
Biology, College of Life Science, Hunan Normal University, Changsha 410081, Hunan Province, China

Abstract: [Objective] In order to investigate effects of leucyl aminopeptidase on mycelia morphology, growth rate,
spinosad yield and protein expression in Saccharopolyspora spinosa by disrupting its encoding gene pepA and
analyzing the characteristics of engineered S. spinosa. [Methods] The pepA gene of S. spinosa was amplified based on
the conserved sequence and cloned into Escherichia coli-Streptomyces shuttle vector pOJ260 to generate pOJ260-
pepA, which was transformed into S. spinosa by conjugation. Mycelium observation, SDS-PAGE and HPLC were
used to analyze the engineered strain. [Results] Mycelia in S. sp-ApepA displayed a much higher degree of
fragmentation and fewer branches compared to that of parental strain. Meanwhile, the growth rate of S. sp-ApepA was
retarded and its biomass was reduced. Shake-flask fermentation demonstrated that spinosad yield increased by 122%
in S. sp-ApepA strain compared to that of parental strain. SDS-PAGE analysis showed that protein expression profile
of the engineered strain significantly changed. [Conclusion] The pepA gene negatively regulates the biosynthesis of

spinosad and disruption of pepA gene could affect the mycelial morphology and growth of S. spinosa.

Keywords: Saccharopolyspora spinosa, pepA gene, disruption, spinosad, conjugational transfer
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