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Abstract: A novel e-polylysine (e-PL) producer with 0.846 g/L yield, designated strain Str-8, was
screened from the soil collected from Guangdong, China, by using Nishikawa’s method with some im-
provement. Taxonomic identification of the strain, including morphology, culture characteristics,
physiological and biochemical characters were performed and phylogenetic tree was constructed based
on the 16S rDNA sequences, which indicated that it belongs to Streptomyces ahygroscopic. The purified
fermentation product of this strain was identified as e-PL by characteristic analysis, hydrolysate analy-

sis, mass spectrum and UV spectrum.
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i B @1 VAR A5, Bk R EAR 94 A 4 78 5 S
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e-PL P2 AE R T Tk o0 2, DME 2
T 53 W A VR R0 R A, X R 1 D7 M D X R i
AR AT . EH R 2002 4F, SR FH—FR R YL sk
Poly R-478 37 B4 i BE 77 i A SE BN e-PL 7= A 1R
0 KB e 1), 2005 4F, T [ 2 2 1O 3 o e % 9
FEFS IR B SN e-PL PR A B HEA TR, IR
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Poly R-478 BLE{5)™, WH AW A RN, EAES
JE 5 R 5L b e R T LA . teAh, BETA T
WFFEIN e-PL 7= A i 22 M sk B, HEweif
il . ASCEAEMEA S e-PL A R I I L 7k,
SEHL A B R R, T IR R R S EA
FER WA AR, AW E e-PL R,
RIEF e-PL 7 WAREE AL B A9 R & Wbk o
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1.1 ##

e-PL FRyfEM (WHTAR R A TRA RAF); H
BRI A e AR 2EERT ).

K — 5 A U 9 3 (g/L): FTIEHETER 20,
KNO; 1, NaCl 0.5, K,HPO, 0.5, MgSO, 0.5, FeSO,
0.01, ZfE 20, pH 7.1-7.5, 1x10° Pa K 20 min,

M3G BigE5k(g/L): FiAgHE 50, BERHIZ HK S,
(NH4),SO, 10, K,HPO, 0.8, KH,PO, 1.36,
MgS0,-7H,0 0.5, ZnSO,7H,O 0.04, FeSO,7H,O
0.5, pH 6.8, 1x10° Pa K& 20 min,

1.2 &-PL A E Rk

MRS Hc A 3, AART 3-10 d, BERE,
50°CHt 1-3 hoJL 1 g BRI %] 10 mL 0.85%%h /K,
30 °C J&3% 10 min J5 & 8 30 min, WCHC B3, & 24H
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FSAM T 54 50 mg/L KoCrOF B & [C— 54 i
Federh, 30 °C B335 7 d.

UG R ITEA, 120 SRR %, e
TETA 0.002% M H L 1) i G — 5 i 4k 2 1
I, PRI RS BB I B TS o K BT AR B R TR
MRS, BRSO, B 5, ] Dragendorff
SRR, AR T TE ) K TR R A T B i D
TE ™ R Y B R IR AT & T T B B Al Ak 7
HEATRE RS AT, i T O 5 P R MR A5 R e-PL 7 AR
[EL 738
1.3 REEFHRYAL

W O e R R AT R R R R, R BRI
8 000 r/min E5.[> 10 min, | NaOH 5 pH &
8.5, Ff 12 000 r/min &.[> 10 min, FHRAHE T
(HOse A A5 (D152)MBHE, 4301 0.2 mol/L fiiiR
F10.1 mol/L FRFRHAT vhye ANV, WML H NaOH
AT E pH 6.5, 12 000 r/min 20> 10 min, F¥5RE%
ABHTAE 3000 FRiEMNT 1-2 do
14 EEFYMEMNED
141 FEYEERSHE: HZEN 1 mL LR
WRAEALFE i in A SR BERE T, A SR 6 mol/L HCI,
120 °C 7K fif% 24 h, F)Z 200 B LA BUR 47

WE: BERR

JEITF): 1T P DK SR L E - /K =4:1:1:2;

A 0.2%E = £ A
142 #HEMSTFENE: FiEET,

1.5 H#HEE

1.5.1 EHRESEE. £IBE LIS E: KaifknymE
PRUEATIE SRR AE B FR AR | AR B0 AR A R 0 s 10,
i i L BE AL o S s O

1.5.2 16S rDNA FIIMNEMRFE LB R HIME:
FIFHAHTEHE R 4] DNA PR S UL G (7 M AR B A
PB4 B FDIZEUR K B DNA, LLEL DNA s
M, RMWEHASIY 8F (5'-AGAGTTTGATCCTGG
CTCAG-3)/1492R (5'-GGTTACCTTGTTACGACT
T-3")#t 4T PCR ¥4, PCR 4lifk =4 ZFCIRYI1E K I
HIBFE B, itk 16S rDNA JFH4 K4 1 431 kb,

© PERFERMEDA AT SHESE http://journals. im. ac. cn



PR e SRR ™ M TR R PR 19 7 8 A A 2 4 2 873

GenBank W T 55 HM246524, XF HE K1Y
16S tDNA J#4I3E4T BLAST XfH, BEHURILLIFES,
k20K B ClustalX X e [8] I 51 #5147 22 )7 91 3% i
30, FIFH MEGA 3.1 804 I N-J i R R 4t
KEW ., WIEREEIEAS 4B AELERE R 16S rDNA
FEBN ST 3, B0 BT 43 5 I TR R 43 AT
1.6 ¢-PL 2EHINE

FAMGIE Y Ttzhaki 51 e-PL b o il 28 A4 00 :
B 0.2 mL e-RBATRIRE K 0-0.4 g/L WIARERS
0.8 mL 500 pmol/L HIAERHAIR S, T30 CIIEL & wmmmases rmEERs
¥ 30 min, 12 000 r/min 250> 3 min, K 37 % H#5RR Fig. 1 The morphology of base-producting strains on me-
PR O R 8 4, B ACHETT 464 nm abplzEE 4
JLAHL, ABRRRER VMRS AR RO 2 X gy 3 e opL GbRORME: JEOHEEI 00 P~ bR

Bt o B E L TG, RWORE LT E 200 uL E3H, A

) mm 3 ji% Dragendorff {5, 9 ANEEREA & B s W e
F1 Dragendorff i 7 & A= VT U &N o P FH el i 19

2.1 7F e-PL BE#KIFIZ Ttzhaki J7 752X 9 BRI e-PL =i, 25 W% 2,

211 BR-SEMRFRDERMERERE: i su-s w7 WKIERT, 55 0.846 0 g/L.
BT b AU, AR TARETEIIL e o b g1 Dragendortr it ALk Y 2

XV, FTRARIR PSRRI AN MYy o pr vt o bl O = 45 5
. SR EH R S0 mgL (8 1D, e
S e 498 BRCAL T,

#1 ESR—SEFEPMARERE K,Cr,0, ) £2 TePLEKNABER

Table 2 The fermentation result of esilon-PL-producing
strains

MEHR

Table 1 The inhibitory effects of K;Cr,07 S
KoCr,0, T T H e e REM YR I
Concentration Colony forming units (CFU/ disg The number of strains esil(c:> zillsg?;{;;?lg ?é/L)

of K>Cr,07 EA) i) E
(mg/L) Streptomycetes Bacteria Funguses © 0.2532
0 29 50 4 Str-3 0.550 3
50 25 22 ) Str-5 0.256 9
100 21 11 0 Str-6 0.615 6
150 10 6 0 Str-8 0.846 0
200 3 0 0 Str-9 0.434 2
300 0 0 0 Str-10 0.723 6
400 0 0 0 Str-19 0.737 6
Str-40 0.804 1

2.1.2 FREKGE: WE 1 R, PR
FRMETE A 0.002% W H M IR —S5 8558 22 AEEMEE

3 3-5 d G, PR R EFIEREE R 2.2 FEMIRSYE: b Tk Str-8 k4l
R, P nT DU P B TR AR O ok . IR AR EE R, 3N Ste-8 K RS Ak ) Y K fiF
M\ 498 P 18 43 B bk v 0 2 31 204 AR R AR W e-PL AR i i K A7 BRI 3 s o it R A 732
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J2HT, SR 2 FioR, Str-8 HRkalif W M e-PL
{18 7K fige 7 30 R 2 1R s A ot A AR SO B — 3
&, H ReEAHSE, mtbfs hghie, St-8 K7Wl
AR R

2 Str-8 HikKBEYRBERERER

Fig. 2 The TCL results of Str-8 product

A B RBRUE S B: Str-8 4L AE S KR FEY); C:e-PL AR HE
P

Note: A: Lysine standard; B: Hydrolyzed products of Str-8; C:
Hydrolyzed products of standard &-PL.

222 MRS FEMNE: KA MALDI-TOF-MS
WE e-PL AHXT A>T B 204, 4550 mE 3 Fiw,
Str-8 J= A 1 e-PL AHXT 43 F & T 434 3 600—
4551 D, HEZEENLE 4112 D, M2 /R 104

i, AP R G B 25-30, FESh 28, 5
SCHR R E DA A

2.3 BEHEE

2.3.1 16S rDNA £F 7R AZLE 5
£ PCR #'3%. BLAST LXf/5, KB Str-8 5%
WIRMZAF A 168 tDNA FFFIAH I 5 5] 99%,
WERFE K BWE 4), FEk Str-8 5IEM ™ 6
B 75 B Streptomyces diastatochromogenes . % K5k
TE W Streptomyces albogriseus . /W /K 1 4% 55 B
Streptomyces ahygroscopicus FE[R]—4~4 3% I, Al UL
EATRRIER, BRI Ste-8 B AR A LA I 557
W& P —

2.3.2 Bk Str-8 FEASFHFAE: Wk St-8 HYE IR
22K B, RSO FPIRIR, PR R R 22, ff
TEIE R, 76 555 W8 (Streptomyces) Rk . 7E
BE B IR, REW 2 K6, 77 LR OB E,
55 7 TR WM RS TR 4 (R EAR DL, f6 5~ 2230
SHIEUE I, 85 KA B8 ZHERDE, 17 B
SMERPRY), RN —, il 5 B R JE A O 2
Pt #, & B E B S8 5 OA WK B A
Streptomyces ahygroscopicus RITEZSALLE 5).

<
r @ 090604-05-2-09-6-04\0_D8\1\1SRef
L e
[\l
F =
r b
o o~
(N
3000 2=
3| e
S
ol [T
o~
- <t
3 || |0
=~ 2000 all g
=} <r_l\ N
2 ) >
g ey 3
x <+ o —
[sa) | <t
IIERE :
— o N —_ =)
1000 - g 2ol o2 =
= © XD " —
o RIS i \ 00
N S B @
— ~ «‘-} |
| N
| !
o W
1 IR [ TN TN TN TN Y TN TN TN SN N N TN SN SN NN NN N SN TN NN TN T N SO N TN TN TN TN AN SN S T O |
1000 2000 3000 4000 5000 6 000 7000 8 000
mlz
3 @R RILE

Fig.3 The mass spectrum of purified polymer
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Streptomyces libani subsp. libani (AB184414)
99 ! Streptomyces tubercidicus (AB184304)
Streptomyces atrolaccus (AB184450)

Streptomyces sioyaensis (DQ026654)

Streptomyces platensis (AB184564)
24 Streptomyces fasiculatus (AB184128)
Streptomyces roseocinereus (AB184513)
| Streptomyces chrestomyceticus (EU741199)
46 S. rimosus subsp. paromomycinu (AB184680)

100' Streptomyces coelicolor (FJ406046)
— Streptomyces gilvosporeus (FJ196597)
99 L Streptomyces natalensis (AB184356)

64 3 Streptomyces atrolaccus (AB184450)
55 [ Streptomyces chattanoogensis (FJ171335)
30 Streptomyces lydicus (NR 026444)

Streptomyces microsporus (AB184459)
95— Streptomyces noursei (AB184678)
L Streptomyces yunnanensis (AF346818)
Streptomyces albulus (AB024443)

Streptomyces lunalinharesii (HM447593)
34 Streptomyces mycarofaciens (EF063483)
46 Streptomyces albogriseus (AF513222)

P 1- Streptomyces diastatochromogenes (EF371419)
Streptomyces griseolus (EF371430)
Streptomyces ahygroscopicus (EU285475)

@ Str-8 (HM246524)

9

=)

0.001

4 IR¥E 16S rDNA £ FHMEB R RE L B
Fig. 4 The phylogenetic tree based on partial 16S rDNA sequence
W 433 FRBUE A Bootstrap A6 56 1 SCRF B 40K FPUE 44 5 1985 21X 1 1 16S rDNA 341 #E GenBank H [1))7 51 5.
Note: Numbers on the branchers were the bootstrap value generated from 1 000 pseudoreplicates. Accession numbers of the 16S rDNA from
these strains in GenBank were listed after species names.

-

WD 49 Al 25.0kv

5 Str-8 W B ERE K (x12 000)
Fig. 5 Morphology of strain Str-8 (x12 000)

233 EFYFEFERE LR Su-8 WAL JRMRRIE . H ETMEEIRARIEGR 3), A A fb 4y
KT EE & L-DAP (2,6- &P ), RA1 HEGR 45 ABUKEERHBEAMIE . BEIE, 254 L
i BE K 3 B0 M A BT O A I R B Y T T AEAE L TR T A R, B B RE St-8 R
ARAEPERE, JBT 1 AR R SRR R RUKEERIE S ahygroscopicus
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33 Str-8 EIRIZFIFE

Table 3 Cultural characteristscs of strain Str-8

iRk FENTH 22 AW R
Culture medium Substrate mycelium Aerial mycelium Soluble pigment
12 R A i ARk HE, KR IR WIBA, HAREG
Gause’s synthetic medium
2 IWBRNIR H 77 Ak TR, HRIR, A 3 BeA
Czapek dox agar
W R4 KDl KA, R R KA Beh
Glucose asparagine
HHl-R & =il F, Bk, A K R EY =k Beh
Glycerin asparagine
MBI KA, ek, 4K R, BoE KA Beh
Oatemeal agar
DR B, AR KA R
Potato agar
VR BEER DI B, EREL, 20 KA Beh
Starch reveal salt agar
(RN B, AR He Beh

Emerson agar

R4 Str-8 EHRAUE A LIFE B - EERREE, BEREFA W] W2 B Rl X
Table 4 The physiological characterristics of strain Str-8 T /0 X T T A A ) B, ACHIFSY 2 5k
D \ ¥ o 3 S, Z
RHIE S. ah j . . .

it Sud IS fRAIIER, RILBTE S e S R KA,
B L Gelatin liquefaction + + 5 2L 5 ﬁ’/ﬁ‘%ﬂ ﬁﬁ% 5 RS i F %% REZE N >
4 g5 Milk solidification + - XL A — YR 2 ), e-PL P /E R PR L
e L henaton ’ g GYUE oL, HEFR B4R 610 9 PR, 0 2

¥y 7K fift Amylohydrolysis + + PR N Sy A PT HE
£ 4 B AI Collulase \ ) A, B R T XA R
HiS B8R S Test / i BSR4 R S 5 B A B B F 2
M4 % Melanin _ _ e-PL B 2N E4E I, FEWEY Dragendorff i 7] Al el =
WIHL{EHE Arabinose - - P R AGL N, B AR PR, (ELAR S 56 A B A1 P P
Al Xylose - - B R4 M O — YK M 5 5 RO,
WM Glucose + + . NN .
s Bekf MRS T R
ructose + +

S Rhammose ) ) K e-PL R HE AR T A LR 2, (A
MEM Sucrose = - Eﬁgﬁrﬁ%iﬁT’f/EﬁﬁEj(, @E—ﬁ‘f?ﬁ@ﬁﬁ?’ﬁﬁ E]/‘Jffﬁ‘i:ifj_ﬁ
#is Tk Raffinose - - T AS U B A SO A X 8 ik ) ekt
HG I Mannitol : + A0 R H A 4 o 5] A 9 56 380 T 4 K e 25
JLEE Inositol 4 o

TENIL 8 #k e-PL P4, HETEWRIER e-PL =4
BN T, AL TR | R R
" TR 7 (B 0, TR K 7 00 e L
3 e WL, 2 N A0 LB e-PL A B LA e

RS R AR B R TRy 0204 gL, iRk AR E BT
T AN, MR RIS L PR 0.846 /L, RTINSk o-PL R

- P+ B

Note: —: Negative; +: Positive.
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