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Maturation of Blasticidin S is catalyzed by extracellular
aminopeptidase N1
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Abstract: [Background] The final step of the peptide nucleoside antibiotic Blasticidin S (BS) biosynthesis
pathway is the leucylblasticidin S (LBS) hydrolyzation to BS. The intact cells of BS native producer
Streptomyces griseochromogenes and the heterologous producer Streptomyces lividans WJ2 can catalyze this
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step. Earlier work showed that both strains encode three PepN homologues, of which PepN1 from each strain
is mainly responsible for the hydrolysis of LBS and leucyldemethylblasticidin S (LDBS) at comparable
catalytic efficiency. However, comparing with the native producer that only synthesizes BS, WJ2 can also
generate LBS and LDBS. This result indicates that the competence of PepNl is different in these two
producers. [Objective] Investigation of the effects of the expression level and localization of PepN1 on the
productivity and components of BS and derivatives in two producers. [Methods] The concentration of
PepN1 in the cell lysate and in the cell culture medium of two BS producers at different growth time were
tracked and compared by Western blot using PepN1 polyclonal antibody. The protein in the culture medium
of the two strains was collected by ammonium sulfate precipitation, and the activity of hydrolyzed LDBS
was assayed in vitro. [Results] On one hand, the content of PepN1 in the native strain didn’t change from the
2" to 6™ day, whereas PepN1 started to diminish from the 4™ day and totally disappeared on the 6™ day in
the heterologous strain. On the other hand, PepN1 was detected in the culture medium of native producer
rather than the heterologous strain, which was consistent with the different activity of two strain’s cell culture
medium in hydrolyzing LDBS. [Conclusion] The BS native producer can continuously express PepN1 and
export part of PepN1 outside of the cell. On the contrary, the heterologous producer WJ2 cease to synthesize
PepN1 from the 4 day and it can’t be detected in the culture medium, leading to the accumulation of
leucylated intermediates. Given that intact cells of two strains are capable of hydrolyzing LDBS and LBS,
PepN1 that diminished from the cell lysate might secrete to the cell wall, but not release into the medium,
this part of activity accounts for the generation of DBS and BS in WJ2.

Keywords: Blasticidin S, Streptomyces griseochromogenes, Streptomyces lividans, Aminopeptidase N,
Protein secretion system
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Figure 1 Comparative analysis of fermentation products
of the native producer Streptomyces griseochromogenes and
heterologous producer Streptomyces lividans WJ2
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Figure 2 Schematic diagram to show excision of L-leucine from LBS and LDBS by PepN to form BS and DBS

7E: A: PepN /Kf# LBS i BS; B: PepN 7Kf# LDBS ji{, DBS.

Note: A: PepN hydrolyzes LBS into BS; B: PepN hydrolyzes LDBS into DBS.
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Figure 3 Activity analysis of hydrolyzing LBS by cells and cell free extracts (CFE) of mutants lacking pepN homologues

genes and wild-type strain WJ2

TE: A: RVERIEUEL AN K AR LBS TS B S7ERRIN CFE /KA LBS iS50 47.
Note: A: Activity analysis of hydrolyzing LBS by cells of mutant strains; B: Activity analysis of hydrolyzing LBS by CFE of mutant strains.
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Figure 4 Similarity analysis of amino acid sequence
between PepN homologous protein and antigen
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Figure 5 Assay of the specificity for PepN1 polyclonal antibody
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Note: A: Blot specificity analysis was performed on the CFE of mutants lacking pepN homologues genes and wild-type strain WJ2 using the
prepared PepN1 polyclonal antibody; B: Blot specificity analysis was performed on the CFE of the strains expressing Streptomyces-derived
PepN homologous protein in E. coli using the prepared PepN1 polyclonal antibody.
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Figure 6 Analysis of the PepN1 expression level by Western blot

H: A: BS RURFIERME S. lividans W12 5P A BS S SEEREIERI B S. lividans W1 1E55 2-6 FAKN PepN1 & AR FHYE
fbs B: BS SRR S. lividans WI2 5JFIR7 L BOR 7 FERE RIESS 2-6 KK PepN1 R 1R KKT-MELL.

Note: A: Analysis of PepN1 expression level in the Blasticidin S heterologous producer S. /ividans WJ2 and S. lividans WJ1 (without BS

biosynthetic gene cluster) from the 2™ to 6™ day; B: Analysis of PepNI expression level in the Blasticidin S heterologous producer S.
lividans WJ2 and the native producer S. griseochromogenes from the 2™ to 6™ day.
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Y11 B N 1Y) PepN T LA K [ 5 76 20 e &1 3¢ 11 1) PepN 1
Fﬁﬁ@

S. lividans WJ2
kD 2d 3d 4d 6d M

S. griseochromogenes
2d 3d 4d 6d

100 — .

=

&

¥

1

7 Western blot D #T#ifEIEFF R P 2 E 2 E PepN1
Figure 7 Western blot analysis of the presence of PepN1
in the cell culture medium

" S, lividans WI2 FESVRBERHAR, B S. lividans W12 £33
TR ITIE W BT IR A5, TR THE SR S e Sk B R4
Western blot #&: M S. lividans WI2 FAER Sy 10 uL, (iR (A7
EER I FRERER S ul.

Note: Due to the low protein concentration of S. lividans WI2
sample, its protein precipitates of culture medium by ammonium
sulfate were dialyzed and concentrated. The sample was
lyophilized to increase the sample concentration. The sample

loaded for S. lividans WJ2 was 10 puL in the Western blot, while
that for S. griseochromogenes is 5 pL.
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2.5 HPLC #& 40 AatE S5 iRk RIS 1%

o TR EOUL L JR B M K e 0 R TR AR
PepN1 SMMASIAAEAN , i FARAR BclIvE SR T 3597
WHIER, SRR A RK % LDBS,
HPLC Al #y i A= BOR A 32 LDBS #y7K
iDL LDBS B4t LBS SRAGINEE [ 7K fif 15
PE). i 8A i, KT AR AL LDBS
LE AL DBS, %5 Western blot 4552 —%k
(1, R EEER MW T —&45> PepN1 7E
NS, T S. lividans WI2 FESLTE 2 h (SR 2
ARG RIK RIS E, SR LT A PepNl £7
1E(% 8B).

3 wWihE4R

FUIKEG ) A T IR MY, K
Sy A KR 4R A, X s UK R L BE Y
AN E AL F AR AL E . 20 97% Y A KTl
FEAET AT b, P iy 65%FF 76 T 4 M 5T
H L 16% A7 AE T8 % [ A T 40 ] ol A~ F B
PETHANMLEE ) 16% B0 B 4 g s, S ikt
WEFMIER, BIAanBEEEEM . AR, PR
WME . S AE YR IR KT

’k . DBS

A

e ba

e N\ Boiteda 24

S. griseochromogenes

8 HPLC &N 4MpaEE IR A+ Mok 2 LDBS i& 14

PepN MNEAHME (7 O A — 2408, BlanfeE B8
BEFE (S, lividans 66)H 1 Feikmf, TEAMMEE TR
HREIE] PepN 457 LA TEVES, FEFLIRFLEkTA
H, SER AN NN AR A PepN BT, 20
MOREFRR P ARAIN S, S SARIC R PepN AT
My U FE R FFE R, T
BARETIEER, AN PepN HEEE T2
S A AN T A AR A A,

AWFFEH ] Western blot 73 1~ BS [ 46 7 A= 141
IR RIS AL TR PepN1 IWAFTE. 455
7R AR 77 AR TR BR A 43 WA — B 4 PepN1 7E 3% FR MK
H, XA BS BA AR B TR R A R
Mo T IR RIBTEARAMIN PepN1 FERGFR )5
WriE sk, HBCATER IR PRI E] , Ul BTE
FIRERT PepN1 ARESFABIREFRWL T, BRI T
BS MR, e BRI KA w R I H AR
HoAth ] =4 4 D AL

WHE 1. RV HER A P PepN1 Y25 . it
Western blot {ll i& 2—6 d P2 N 4 PepN1 /)5 &,
RIS HERE 2] 3—4 d w5 1EA i PepN1, 4d
Z G NAHAE] PepN1, — &MY PepN1

_’k DBS

\_Loss

N 24

N
\_sa

. : N 6d

\__,w\’___wed 2d

S. lividans W1J2

Figure 8 Analysis of LDBS hydrolytic activity of cell culture medium by HPLC

i A: HPLC 7M1 BS SRIRKRIKE K S. lividans WI2 55 2-4 KANH: 6 KEFRHFESH /KM LDBS #5145 B: HPLC 201 BS J5Uf ™=
B R P (AR B AR 2-4 KNS 6 RIFFRMFE L /KA LDBS 3G, W 4544 30 °C 2 h. Boiled 2 d Frm 56 2 FAE S iR e 16 J5 i
ASCNIRZR LA A 7 7 SN 64 S X R

Note: A: Analysis of hydrolyzed LDBS activity of BS heterologous producer S. /ividans WJ2 on day 2—4 and day 6 by HPLC; B: Analysis of

hydrolyzed LDBS activity of BS native producer S. griseochromogenes on day 2—4 and day 6 by HPLC. The reaction conditions were 30 °C
2 h. The boiled protein from supernatant of day 2 culture was used as the negative control.
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ShHEZ AN M A F w0 R IR AT S I B B R
R, N 2-6 d ) WI2 4HAA K fE LBS B9TE
Fi—Ji T, PepN1 Al REA A= F & 5y ) ok & o HoAth 2
FA /K 7 .

16 2. LBS 3% LDBS 7E4R AN KA BT
NZET ), BS WA ke, LDBS /& BS &
B — S SB[ 7, B AN A A R
AMEF: DBS M4nffadEtfn BS AHRL, AUILMIEE
Beta {v 24 5L 77 L 5 2t Ak E B, LDBS Sk AR 4
MR REETY s 58—y T Pl A B R A 5 J e ke
FEM), HA LDBS e H A k%6 4 LBS, 1 DBS
NREEHEH ALIE AL BSMY, 45 PepN1 7E4HHI Y
135 LDBS /K%, A4 DBS My ik & fE
T, ARUREATE DBS AR b AR AR
KA ZIBIFERR, dHMIAZs gOC S, Brld LDBS
(RIK AN K AT RE R AETEAM LN . [RIFE, LBS K
AR A LETEANE N, W2 A 2R BS 520
REAYAE K, A LDBS 1 LBS # /K i st b ()
DBS 1 BS Wiz & AN /A L

THE 3. TP AN K S I S B Uk BER R
—#Ror BS MR R . AR T BE R I WI2 (A s
I W RN 5 F7 5 B A M 2 A W b LT A I AS #)
PepN1, LA #:F] LDBS 5% LBS MK G Pk .
BTSSR RETE WI2 K BEK Th A2 BS #1 DBS. #0471
HED B AT f 240 MU BE SRR THT Y PepN1 7K fi% LBS Fl
LDBS MIERL. o BS JRlh = A4 B K o= o ik
B AR A AR WI2 58 2—-6 Ky veid i 40 it 14
HAKMEE, X505 AN KEBCREAL, W]
B A TR 22 AR R AL T /b T 5% h LDBS =% LBS
YEFRBPLS:, FrLL WI2 2 B -t BEAGIN 2138
BS M4

T 40 P 2 B ) 2] 1 0 MR AR TS Sec I
Tat AR, T8 H AR HA S ke B
SEFYIER . XF PepN1 2K [ 4544 i 0 Hh A5 R BLAE 5
JoR % B S 1 s S 25 A 3, X T PepN 1 1] BT L
HAIRAE I B MRS o HL A (0™ 0 5 R T A
PR B DR R DR A R I 40 M R GEAH DGR, R B

IR A 10 D IEFR gL A R 58
(Type VII secretion system)#5 [, A8V 58 8 A
7 A FEHR G- E R R G . S R AAR I
FEXT, R BRAG 4 XHAH R H REE R A AR DI PEARAIE
Horpr 3 AN JERITE IR A8 (0 5 2 R B R A AR .
0y R G e LT 2003 45 AT T g 2 B,
% R h— RS R B I R &Y 1
Sy BRI 2 % 8 J)/NVE BT Esx A Fll EsxB &
H A I R GE M, XSS AR A AT R Y
Sy UME SRS PepN T 134T AR B KI5 S
JRFF31, 40 PepN1 Y43 IMR AT e 5B - R 52
FHOG, X BRI A T 2 J5 S5 B A THIE . PepN1
ISP INIRRBE 0 BS AV G RHGER, R
X IR R HUAE R AEYA AR, XFFAEYE
BB HETENBINERZ 5 A G S 2 A —
FETRSEE S,
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