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Table 1 Isolation and diversity of e-poly-L-lysine-producing strains

Strain Reporter Strain source Ref(s)
Streptomyces albulus Shima et al. Japan [1]
Streptomyces mashuense Nishikawa et al. Japan [16]
Sireptomyces lavendulae Nishikawa et al. Japan [16]
Kitasatospora kifunense Nishikawa et al. Japan [16]
Streptomyces roseoverticillatus Nishikawa et al. Japan [17]
Streptomyces celluloflavus Takehara et al. Japan [18]
Streptomyces herbaricolor Hirohara et al. Japan [19]
Streptomyces aureofaciens Hirohara et al. Japan [19]
Kitasatospora sp Zhu et al. China [20]
Streptomyces griseoaurantiacus Duan et al. China [21]
Streptomyces diastatochromogenes Jia et al. China [22]
Streptomyces padenus Li et al. China [23]

# 1 BoR e-PL A& W& B T 5 % W A
( Streptomycetaceae) 1 5% 5 # J& ( Streptomyces ) Al b,
LR R ( Kitasatospora ) , 3¢ B 18 Ff 2 M, A i
X867 TR e-PL 4y T RN R W 2 TE
Y SN Lelysine Xf e-PL 4 ¥ i 45 J7 1 22
SR, TR 77 A T I R R E A AR KW . BT,
7 e-PL B GA: W) 36 TE AN W ML g e B, AR R TR
3% 5 ¥ (methylene blue) 73 B % 4 £k e-PL =42 74 ,
22 EBIEL A 16S rDNA % Hid 1 #f oK
W% JK %% 55 B ( Streptomyces ahygroscopicus ) , J& 16S
rDNA J¥ %] © # & GenBank ( assession number
246524) .

2 e-PL AW & &

2.1 &PL 5 y-PGA ¥ &ML

v-R A & W (y-PGA) 2 2F 4 #F T ( Bacillus
species ) 7= A i —F LA 5T, B D- L-45 24 R i i
V-2 B R A T . e-PL 5 y-PGA Y E &
B TR B2 R B A T AL AT AL 2 A (B AE LR B
7 T AR AN R] - — S A TR 44 U TR] LA A
D A2 SRR Y 0]/ R y-PGA & LA RIS, R AE 78
FFRFEP AT D-glutmate, & 5™ ¥ th L & A D-
glutmate , (K 4 & B 58 P 1) 4% 240 R 53 44 il mT i L-

glutamate 344k K D-glutamatem‘ o 1M e-PL & 3 it
XA R W R — B AT AR Y R BE R L-lysine
A= R & A L-lysine g™ > — 2P &
(R F 1 TR AS ], e-PL 2 B 8 2 — b A1 A2 8 1 ik
H W B Peptide
NRPS) ™ jiij y-PGA £ i i Jt — e K 19 £ i 2 &
i, dE NRPS, &4 v-4% 2 Wt 5% F8 Wl L 1 D-%(
i 5 e L Y R T O I L A TR S R T R SR S Tl
SE S HRIT, e-PL A4 8 B BIF Y 38 S AT 0 7E
v-PGA A=Wy 45 W7 1, WF 58 T A 2 A= 9 & 0 1 9
UL R M i A s LR R T
2.2 ePLEYERER

Shima %" L L-[ " C ] lysine 2 Ji& 4 #E 47 (9 45
B SE 56 % B, L-lysine 20 F H R A & &-PL i,
Hiraki 2" Y6 & 19 S-(2-% 2 3% ) -L-2F R & e (B
MR 25 A 25 L ) 0 H &R S M 2 AR Rk P, 99%
(10 28 A5 Wk 26 I HE O (R ) A P RE T o X BB SR AR BRI R
A TR VAT O P O i LB A R R H &R Y
BRAE . BFIEE K L-lysine 194 B2 K& E R ik
e KA G R R AL G K & R R -B -2 B i 40l i
i B R A R - -1 I, HE M R S B O &
Mz OB S R S, B S, A LAY Lelysine 7 e-PL R
BT B3 e-PLY ) %4 BRI R &
TR TRl R R A B R - B -1 T I 0 ity 2 OC B il , L il

(' Nonribosomal Synthetase ,



720

Qingping Wu et al. /Acta Microbiologica Sinica(2011)51(6)

T 1 52 1) 2% iy 2 L TR 1 A 4

YR AEXT L-lysine 4= 9 % {35 1 7 e-PL 5%
th R B, FE e-PL & BB B 1) 3 5% i rh s — 2 Wk B
() L-lysine fig #2 & e-PL 977 &t , H 7} J5 L-lysine (1)
if A M ATP 55 R S RN (R &k
B .
2.3 MAEREEBFE«PLEMERPHE
A

SO;™ fE e-PL W) & B b & 0 75 B9, B T A 1
NEFBNEM Z 5 L-lysine 1% 46 F0 A S5 8 18000 4 B
5500 A B 0 2R T R T, TR B b Y R R
BIFTRGZEAELEKD -PL 5 E 1Y -2 5
P R R Cott B T REAE UE Kitasatospora
kifunense 4 i, e-PL, T Mn®* HAEF- AR _E AR 3 H A
e-PL, X248 &+ v e o 5 2 WM 5 & H
(ferric uptake regulation protein, Fur) & 4= EF, Xt
e-PL 45 B L I 1 22 1K 77 AR R Y
2.4 e-PL R EEFNIERA

Kawai % § 45 T e-PL ™ A B 09 [7) 40 B B
G310 e-PL G RUE P, 45 8 R AR A B BT T B
i, W] e-PL G NS v-PGA 5 BB AH AL, L & fif
THMNE b WF5EE A B (1) e-PL A BT 1 AR
T ATP, HAZEWERIRE A - RIBEG R MAERDY
W, R e-PL & MR T T A T 85 G
(2) e-PL (45 it it 72 25T UK & AMP, |2 I A& &
L ADP 5 L-lysine Jo SCHK P, #E ] L-lysine 7

e-PL & Wi 2/ L-lysine fif 46 DL SR H 16
L-lysine 1R & A1E AL B%

Yamanaka 227 BB T 72 AR B S, albulus
NBRC1417 W) 6 & & i B 5= K /9 33 kb DNA J Bt
(accession number, AB385841) , fff 35 £ ¥ ¢-PL &
B 1319 A2 IR 5k HE 4 B, 4 F & 130 kDa, J&
— Fp AR B OBE K OBK A R B, B & MR 1k B
(‘adenylation ) . 45 & 1 ( condensation ) 1 #i {1k 1
(‘thiolation) , B 1k e-PL B & B & LA L-lysine =
Yl Bk L-lysine F J 32 &, L-lysine by i f& 22 Z 4
55 RN A R R Y] — 11 e-PL, B M AE1L A Wi
T2 5 B 4 B ( Polyketide synthase, PKS) #H{,
W 7R 7 ] Be R IR T AR R A AR &R AR . B AT, e-PL
WA BT R LR DL B 7 W B i s AL
R HE
2.5 MEBBREREEREE «PLEYERFNIER

e-PL kT vy 5] 7 W B T 63l A 0 4 i < 1 O
KA, SEOM A YT B A K2 M
W KB, e-PL & WG 5 e-PL [ i 36 1 AH ¢
e W A B SR e-PL 7R B OE 2R KRR I BT
o TR, N T ik B fige W AE LR 97 7 2 TR 32 e-PL
XA B4 K T RELE e-PL & b 4R FT, X % i
Jig e 1 A A= W) D e A HEAT T A SE, 3R 2 AN T H R
2 R0 6% fge 3 ) A G 2 80 B i 2 R M, R AN T R TR
(1) 4 figf I A 23 —F RS /DN I 2 G I i A 2 (P D0
AT ) DA B 4 S B R T T 0 5 e S A 2 R

FR2 FEEWEKIRN PL RS

Table 2 Characterization of g-PL-degrading enzyme isolated from different strains

Molecular

Degradation  Metal ion on

Strain Weight/kDa Subunit mode Enzyme activity Location Ref(s)
Streptomyces albulus 54 1 exo-type Zn*" /Ca’" /Mg /Fe’" /activator  cell membrane [9]
Kitasatospora sp. 87 2 exo-type Co®" /activator Ca’* /depressor cell membrane [10]
Sphingobacterium multivorum 80 1 exo-type Co™* /Ca’* /Zn’" / activator cytoplasm [11]
Chryseobacterium sp. 38.4 2 endo-type  Cu’* /Ag" /depressor Extracellular [12]
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Abstract: g-Poly-L-lysine ( &-PL.) is a polymer with strong antimicrobial activity and consists of 25 — 35 L-lysine
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monomers linked via g-amino-a-carboxyl peptide bond. This polymer is one of only two homo-poly ( amino acid) polymers
known in nature. To date, the biosynthesis mechanism of £-PL was remained unclear. Recently, g-PL synthetase was
identified as a nonribosomal peptide synthetase and it utilized L-lysine to synthesize g-PLs of various chain length by
iteratively condensing reaction, which was similar to type I polyketide synthase and was not determined by g-PL-degrading
enzyme. Meanwhile, the shutter vectors pLAEOO1 and pLAEQO3, special for e-PL producer have been constructed, which
is significant for studying e-PL biosynthesis. In this review, the biosynthesis of £-PL and the genetic transformation were
introduced. Also, the study in our group was presented and the views related to g-PL study were raised. Finally, the
prospect of application of combinational biosynthesis in g-PL-producing strain improvement was also discussed considering
g-PL synthetase is a nonribosomal peptide synthetase containing several modules.

Keywords: e-poly-L-lysine, biosynthesis, genetic transformation system, combinational biosynthesis
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