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I e-PL Xt 7 MRAE /RO BTGP . [ 2558 ] 3/15 3 BRBENE ™ /E e-PL MR, Hb X-18 1 e-PL
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AT SR ARRE N

1E e-PL JER, ZLEERIEAN T, TH
h 4% R (Streptomyces albulus)™, (BHABFFE
HARIE T HA AR, B AE R — ™ e-PL
PR IR ¥ 4% B3 T (Streptomyces  griseoaurantiacus)® s
Li &% 0 % 2] — Pk K 0 55 5 § (Streptomyces
griseofuscus)“o]; Ouyang %5 M\ - 3 HE i 0 2] — kk
77 e-PL M JL AN WAMAH RS T . 9B
WE B . AU | AR A R S A BE
FPHE e-PLo X e-PL HFFEAE H A A TR I 1L
BOR A, Kahar S5 F) 0 645 2 59 11 655 5 5
S410 it BRI FANEL A TE, il e-PL 7 i ik
48.3 g/LI™, 30 B AR GBI S0 b BeMe , TR R
AR TR | Rl R IR I R 45 B
TE e-RIAMR A FRATE . B2 TR
BN SR A PAE T REREDY, B HA
AR —E 20, JF HBA B ER3HE A
MR o ASCEEIE N AP EREAE A2 7 e-PL
MR AR, SR A FRA AL RFAE . 16S rRNA J
IR gyrB 5 [R p Ar AR A 45 B 5 VA R ARG B8 T PR itk
e, P AR Yty e, t—%
M5 T % e-PL X AR P AR IR RE T, A
SCHFFE AR L AR R E— DA SE R 7 A2 e-PL
R FH 245 e LA

1 B %

L1 MR

TRER AR WAL, IR DM
o b | Sebe b, BUER)ZE 515 em i 1% 30 ¢
Fih, BHRT 3-7d, BHERTRIEIS 0% .
1.2 BE5EE

SG W ARF IR B HE) (g/L): Hl 10,
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B%EEE 0.10, NaH,PO, 0.68, MgS0,-7H,0 0.25,
(NH,),S0, 0.66, pH 7.0,

LB 35573 (g/L): AR 10, BEEE 5, NaCl
5, pH7.0.

MG R IERE SR I (S i 5 3R k) (g/L) . %A
50, (NH4)2SO4 10, BEREE 5, MgSO47H,0 0.5,
ZnS047H,0 0.04, FeSO,-7H,0 0.03, K,HPO, 0.8,
KH,PO, 1.36, 7K 1L, pH 6.8 [#j%jtH, BEEE,
(NH4),SO4 73 K T ]
1.3 ST
1.3.1 BERS. B 2.5g LFE, BT 25mL SG
EAERFEH 30 °C 220 v/min fEIRIR %55 2 d.
1.3.2  FIFRAIE R XS R IR TR TR R
AR MR 02 mL 259 % 4 T insa
0.02 g/L AV H L5 1Y SG 43 B B FR 5L (& 1.8%3
JE#), 30 °C fHIRNEFE, BEEKH; WERR
AR, XPIEGE VI e, R Zeslift,
H 2 FARLER

PRI TE M T LB Rl i sk,
30 °C. 220 r/min }55% 24 h, PR KA AR FI
it 6% IR E] MyG R IR FE 2, 30 °C.220 r/min
K96 h, FAFKEE Y.
1.3.3  &PL WEMFEERN : & AN : ePL
SRRV, TSR B PR IRR] (dragendorff) S
HELT A TINE o o) & I IS T i in i dragendorff
A, AAGAETES I, RN, #*
A e-PL P74,

SERAI . S 08 Ttzhaki Jik,
1.3.4 WEREEWEMEREMRERINE: &
WL EWES: EFIR-IA 2.5%% [ —4 °C
A E —PBS W ITE Ut — & I B2 K — B TR
S TR B A — T — B ISR U AR — W5
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A= A AV RFIE DU E 2 IR R LA TR R e %
EFME) U
135 S FAEWREEE: PORE K WAk ol
I, H&IR Ezup HEAHTR L 40 DNA fli B 0]
MR R 2 HU DNA, 1T PCR 714 16S rRNA
JEER 31 PCR 43 % F 41 58 FH 5 |4 27F (5'-AGT
TTGATCMTGGCTCAG-3")#l 1492R (5'-GGTTAC
CTTGTTACGACTT-3"); 7F (5-CAGAGTTTGATC
CTGGCT-3")Hl 1540R (5-AGGAGGTGATCCAGC
CGCA-3"),DNA {¢Jiéfii B V. F3EIL K (gyrB) 741 PCR
PRSI YN 5-ATCGTGCCGTCCGAGA
ACAA-3'fl 5'-CTTCACGAAGTCGACGATGC-3',,
PCR 434k ] PCR /¥ i £ TAE W) TR (i) %
A B W 58 N Y, B TR P S 7E. NCBI
Ko Hr EF 7 BLAST HoXt, J## ] MEGA 6.0 %%
FHERGE LB R
1.3.6 =YIKE: (1) KBRS maifk . &
W3 10000 r/min 250> 10 min BRZFEA, B iR
pH JE % 3.0, 70 °C 4bF 30 min, ZEBRUTIEMIZLE
F1, USSR YERH 2R IE D152 #E4 77 Wi ff
W R FHZE0E 7K K 0.2 mol/L il R Bk 25 A W Wk 4 2
i, SRJEH 0.1 mol/L FHERVEM =4y, VEM T
2 mol/L NaOH ¥ i *F M1 % pH 7.0 J5 ¥4 78 2% &
Wedi, TGRS BT bR AR, R AR N
WAARTFVR VR T M, URTR F T 454 0 A T 0%
Yo T

(2) KI5y FHE . R P15 T
P14 0 P 5 J5 4l B VRO A B AT B T B
(MALDI-TOF-MS), L5 E, 5 ePL
LIS ELTD S N A P =R s A

(3) FHEE M CTE I E < W R T W) A T2 A

SRR, RAEERE 190-1100 nm, SRAEEHE IR
1 nm, SEH L WIERFAE , 355 e-PL AR ST o

(4) FEPILLAMETEINE - BGE B 784 T4 L
Y1, R KBr Hr ik, e RAE 4000-
400 cm ' JE RN AL AN O, PR Lem,
I 5 e-PL ARAES XS L

(5) AZMEILPRBETEI E < P38 o TR K
=Wy T DO H, fd 400 MHz B G 4R i 1%
05 H: "H-NMR F1 *C-NMR, 315 e-PL FrifE i
X o
1.3.7 IEEHIRE . BRI S R HHATE KW
FROE . PITTICHE . 8 OAA RIS . Al R 2R AT
PR BRIERERE . R Z0MhE), HURETE R
oA o 10°-107 A~/mL AR, BU1 mL
B KB, AR5 FINAREIE 45-50 °C 1)
B 30 mL, HIBLE TR AR, SRAFTFLIE LR
5 mm)IE e-PL XA A Sl A= P4 AT BE ) -

2 ERFAH

2.1 ePL™HEERTEHLE

PR e-PL 435 A IE LT, 500 R ki R
EENTITASA SE 2 IS e” SIS AR Y S NN T
A E W, TEARRY, BEENERESH
0.02 g/L W.HIBLWEAY SG B B3RP 95 5-7 d
J& . 1€ e-PL AR TE B R B GE Bk, 4521
WE 1 R, XERITE R B REIES T A,
HX-3, X-7, X-18 =HKHE ™ e-PL, X 3 MRETER
K5 ARSI R 5 d, 45K 2, alld
BB REEIES, WKER, B/NmsracE
R, NEIE, BYIRAIEHE, REkE—ZHRZ
K, RIMEEEHGR, 755 RERHE
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1. P e-PLEMAESTREER SG EkEFEL
#4155 FA [
Figure 1. The transparent zone of the e-PL-producing

strain on SG solid medium with methylene blue.

El2. PePLEMESK—SEFRELHESOERS D)
Figure 2. The colony of e-PL-producing strains on
Gauze’s medium for 5 days. A: X-3; B: X-7; C: X-18.
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X-3. X-7 Fl X-18 4 MG K Wb 52 Ak
I 96 h Ji , & TR i Ttzhaki J7 ¥k @ KGN, e-PL
FEEEMIN 013, 0.2, 0.8 g/L, RN
X-18 ST HFI S LA S H =) 450 25

X-18 B AT AEANTE & [—5 [ ARG FR e (55
F% 5 d)Fl MyG KRG FR AL (557 3 O, Al
SR TR LY S R F R RAE . AL 3 RTLUA
HHZKEAL 0.5 um, BN, He2m
i FHEME L, MERLNES, KRRBEFHE
FEW 22 by ARG SRIE T, T2, SRmng
AR, WIS IEH

(A)

SED20.0 KV WD L1fmm P.C.50 HV.#x 10,000 ﬂ s

Apr 25,2019

B3 X-18 BESK—SEREFEG )1 M3G &
BEFREG OMELPAEBERE

Figure 3. Scanning electron micrograph of strain
X-18. A: The strain X-18 was cultured on Gauze’s
medium for 5 days and the mycelium was observed by
scanning electron microscope (5000x); B: The strain
X-18 was cultured on M3G medium for 3 days and the
mycelium was observed by scanning electron
microscope (10000x).
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2.2 X-18 FRRA A BA AL RRAE

X-18 BARR Y A B AR AL R 06 00 55 42 M A
A2 YR . BRI AL IS . VR KR
FRERFI RIS, R 1 AT, X-18 kA
22 B, FEVREE K 15-40 °C. pH 2.0-10.0 2]
BreA K, HEiAL . R . R
S DRSS K A 06 A R, V-P B8 RN 2T 2 25
TS I, et R A0 . D-1 g8 B
FAZ 4

R 1. X-18 kAR LA

Table 1. Physiological and biochemical characteristics
of strain X-18

Objects Results [Objects Results
15 °C growth + V-P test -

40 °C growth + Nitrite reduction test +

pH 2.0 growth + Utilization of cellulose  —

pH 10.0 growth  + Starch hydrolysis test +
Catalase test + Utilization of glucose +
Gram stain + Utilization of D-mannitol +
Gelatin + Utilization of maltose +
liquefaction test

+: positive reaction; —: negative reaction.

2.3 X-18 Witk FAYFLE

X-18 B Pk DNA $2HUR5 & 32 DNA J=,
fEAE 519 PCR &34 H A EE, W i Eig A
TAYARSER . BTk 16S rRNA HEK ¥ 41I7E
GenBank ¥4 E4T BLAST Hoxt, M E RS A
B (& 4), 4558 B8 X-18 FHkk 16S rRNA £:[H 5
BERETH B 55 8 Streptomyces albulus NBRC
134107 (NR112393)/F 5 27~ H 99% AR .

DNA fiefigli§ B MEHEEE D (gyrB)TEHEL A |
168 IRNA JEPP, # T8 N ROk B2k
YWOE, W E AL gyrB HERTE NCBI i
17 BLAST X, Rtk W R Strepromyces
albulus AS 4.1585" [RIAH R FE D 7 40 e BEARAL, 156
BHZ RS Streptomyces albulus AS 4.1585" 4%k
KRB (K 5). LAEWIHIEE . R RAE |
16S rRNA [ 2 gyrB FEREE LR, LR
KR oh A EeE s X-18 (Streptomyces
albulus X-18),

Streptomyces ardus NBRC 134307 (NR041227)

96
97 —:S'treptomyces blastmyceticus NRRL B-5480T (AY999802)

39 ——Streptomyces hiroshimensis NBRC 3839T (NR112499)
féﬁeptomyces griseocarneus NBRC 12776 (NR112271)
61 Streptomyces septatus NRRL 29747 (NR115462)

rep.

60

21

0.005

Streptomyces albogriseolus DSM 40003 (NR042760)
74 Streptomyces albofaciens JCM 43427 (NR112296)

s o,
85 Streptomyces albulus NBRC 134107 (NR112393)

§| Streptomyces albidochromogenes NBRC 101003 (NR041422)
Streptomyces netropsis NRRL 2268T (NR115460)
Streptomyces diastatochromogenes ATCC 12309 (NR025867)
41 1 Streptomyces acidiscabies ATCC 49003T (NR116534)
Streptomyces alboniger DSM 40043T (NR043228)

4. ETHEH X-18 &9 16S rRNA EEHEM AR KL B R
Figure 4. Phylogenetic tree based on the 16S rRNA gene sequence of strain X-18 and reference strains. The
phylogenetic tree was constructed by MEGA 6.0 software using random concatenation of aligned core genes as the
dataset. The numbers at each branch points is the percentage supported by bootstrap; Bar 0.005 at the bottom is the
sequence divergence; Those in parentheses are the accession numbers in GenBank.
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Streptomyces blastmyceticus NRRL B-5480T (KT384837)

80
87 Streptomyces ardus NRRL 28177 (KT384818)

68 Streptomyces hiroshimensis NRRL B-1823T (KT384945)

— %

|
100l

X-18

100 Sprepromyces albulus AS 4.1585 (F1406198)
Streptomyces melanosporofaciens NRRL B-12234T (HQ823597)
Streptomyces albofaciens JCM 4342T (FJ406204)
Streptomyces albogriseolus B-1305T (KT384802)

0.02

Streptomyces acidiscabies NRRL B-16524" (JQ838192)

5. ETEW X-18 ) gyrB EEMEMN AR L EN

Figure 5.

Phylogenetic tree based on the gyrB gene sequence of strain X-18 and reference strains. The numbers at

each branch points is the percentage supported by bootstrap; Bar 0.02 at the bottom is the sequence divergence;
Those in parentheses are the accession numbers in GenBank.

24 YK

241 B PRKER: HaiEE S albulus
X-18 [ % W= T2 K, LI ZEKVEXT A,
FHR AT UL 43 66 B ARG L 2R S i,
SE WKL 190-1100 nm ., £E4M 2 K 25
mE 6 R, PR K IRIOELE 192 nm, %
K5 e-PL ApRIE S IEA —3L,

Absorbance/OD,q,

200 ' 300 ' 400
A/nm

6. AEEFYEIRIKETHE

Figure 6. Full-wavelength scanning of the
fermentation product. UV spectrum was recorded on a
spectrophotometer with the wavelength from 190 nm

to 1100 nm.
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242 LIAMEIEWE . AARIGZ K e W) ) B 1A
SEL, BOETIRE S, albulus X-18 K WEF=H), X
F KBr FER¥E, L0 ERE S0 2 9 s AE
4000400 cm™" L[l A IBOBTE , 43 HE% 1 em ™',
LIAMSERENE 7 iR, B ATLIE i, 3389 cm™!
3258 em ™ ZEA7 K N-H FAS X FR Ao 45 45 50 AT
FrhadRsh, BE—IEX, 1670 cm™ 247 L
ARRIE ISR BERE 1 417, 1510 cm ™' 2454 N-H Z5 i
PR3N (C-N A4 3l ) BV S i R AR 33 4 Tk P 1145
1263 cm ™' 2 C-N iR s (N-H 2 il ik 5h), 7t
JHig (R AR AU 3 2 IR A TR 2360 em ™' A REJE AR BE 4
Rz F PR A, MBS R,
S. albulus X-18 WKW —Fi 2 BL 1R LA
W B A IR E Y, F e-PL FRUESE BILT AN A
AHAFE

243 JRIESHT: N TIRTZ KBTI T2
A E , % MALDI-TOF-MS il 5 1% & 7™
Y B S I SERUESVEXT L o S. albulus X-18
() % T = ST P AN Pl 8 B, NIRRT LB HY
F B A5 IS [M+Na] ' 7E 3370-3883 2
], I HAH SRS Wz [l i iy L AR 22 128, it
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LR 5 1A~ HoO 43T B8 2 R 5% B I ot (B
QRS TN 146.19), T M e-PL BAELE
25-30 MR Z 1] .

2.4.4 BREEFRIIENMRWE : FE = w0 T
W KB YIET D,0 1, i 400 MHz A% 4t
PRI E H "TH-NMR #1 BC-NMR, Ff5HRuE
AERTH . S albulus X-18 B9 % BEF=H 1) "H-NMR
wmiE 9 s, Kl H A0 AR 3 & 4y

100
95

)

Q L
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885
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E Ll |
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I — o o Alfnloo O
701 2 = SkacSe
6sL_. &, o, gnng
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AMem™!
B 7. EZEEMLOINLIER

Figure 7. Infrared spectrum of fermentation product.
The figure was obtained using KBr pressing method.
The adsorption peak was measured from 4000 to

400 cm .
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8. AEF#)#) MALTI-TOF-MS
MALTI-TOF-MS of fermentation product.
The  high-resolution MS was obtained by
MALTI-TOF-MS in the positive ESI mode and
the spectral data were processed by MassLynx 4.1
software.

Figure 8.

WA 81372, 3.09, 1.68. 1.42 1 1.23, Hilbiwi 1
H2h 1:2:2:2:2, W24 iKYl CH® .CH,® .CH,”
CH,’ % CH,' i T, WP iy S K bk
A E S RAE R E S B R . L ERHIEY e-PL
BRI RRAE AR UE AL A TH-NMR 3% B AAT

S. albulus X-18 WK EE=HI “C-NMR 4l
10 iR, C JEFAE2A0 % 50518 8¢ 170.66 ., 53.32.
38.95. 30.89. 27.86 Fll 21.66, MZ:F45435 K
Centicor Ca Co . Cp C, Tl Cs, SARMER AT PC-NMR
T FRRE — 35

4.70
-3.72
-3.09
,1.68

1.42
M.23

|
_/

O

7065605550454035
)

9. EEFYRY 'H-NMR

Figure 9. 'H-NMR of fermentation product. The data
of '"H-NMR was detected with 400 MHz varian inova
in D,0.

-170.66

mMmmewmmma Y R —

200 180 160 140 120 100 80 60 40 20 0

B 10. %EEF=HH "C-NMR %E

Figure 10. "C-NMR spectrum of fermentation
product. The data of C-NMR was detected with
400 MHz varian inova in D,O.

http://journals.im.ac.cn/actamicrocn



894

Peng Xu et al. | Acta Microbiologica Sinica, 2020, 60(5)

2.5 MEMERRE
Kl e-PL X AS [6) i 2304 W0 H K B0 #0011 BE

71, Z5RN5R 2 PR, e-PL XEUERELE . KT
B B O AERER . VDT PR B F AT R

SEAE AT AR BOR X 2L B A

ST P A A8 ) B 22— (R 2) LI A R R,
e-PL X KIGHFFE . AR ZEAUAT BEAIVD T IR TR 1) B
A He 2 (MIC) Sy 40 mg/L, 45 0 (0,75 4 BK A
MIC 4 20 mg/L, XFERINEEEERY MIC 4 15 mg/L,
X 77 B T A ZL A& MIC 2f 70 mg/L.

#2. ePL MAREKREKRMSER
Table 2. Inhibition effects of €-PL on the growth of different kinds of microbiology

Test organisms Concentration of e-PL/(mg/L)

(Inhibition zone diameter/mm) 10 15 20 30 40 50 60 70 80 100
Escherichia coli + + + + 7.2 10.8 11.6 133 - -
Salmonella + + + + 6.5 9.2 10.9 13.0 - -
Staphylococcus aureus + + 6.0 8.7 11.1 11.8 13.9 - - -
Bacillus subtilis + + + + 5.6 6.7 9.1 11.2 - -
Saccharomyces cerevisiae + 5.8 7.2 9.1 12.6 13.4 14.8 - - -
Penicillium chrysogenum + + + + + + + 5.6 6.8 8.1
Monascus + + + + + + + 6.3 83 9.4

The diameter of the pore was 5 mm. +: no inhibition zone; —: the experiment was not performed.

3 Wi

HET, HASFFR FE X e-PL = A W AF s 5 2
R R R A AR EE AR PR A | A
JOFFG . SR AL A B A, (H 7 RS
BT R R ZHO0 H AR H i, AnamHik e
e-PL j7 it 5 IR BR Streptomyces aureofaciern K
HABIFEE Frifie, ks T 4.5 gL, Mk
PRI A I i 2 O TR AR Streptomyces sp. AF3-44
301 /LY NIRRT K A 7 e-PL B RE
NEMER, AIRAR 1 gL, &Rk
4.5 g/L, Wk, A= 1ERE RIFAYRMREIR H e-PL
PR . TEARETE R, LU H BR W 1R R
M-SR E 3 MREAT e-PL AR RETI HUTER
B, Hb X-18 WA e-PL KEE R, °
0.8 g/L, MUY IR 4 T A BRA: AL 4FAIE | 16S TRNA
SEFD gyrB BRI P51 HEX , S8 I T bR O (0 5
B, AW e-PL ¥R S T O RE B

actamicro@im.ac.cn

S. albulus No.410 (0.5 g/L), {HY5 S. albulus NBRC
14147 (2.8 g/LYFHHLATS A 221868

AN6] e-PL 77 A MR FT G I e-PL IERG EEA
7], e-PL A RER/NGMETE RV, 401
HAE 36004300 Da [A]fY e-PL ELA A 15 v,
L4 FH/NTF 1300 Da i, e-PL 48 2 15 12,
WH 25-35 DEFEREHEN ePL ATERMBIE
o FEAMFEH, @ XT S, albulus X-18 K =4
MR EIE . ZDAMEIE . S A R A5 2
FEESEAT 0T, I65 P ARifiEdh L, B 4RAE 3
A—3, YN e-PL, Hix e-PL YR
B EEAE 25-30 ZI0], MMEARE ) L8 R % A
ABAFHITIBRE JT, R 2 T 2 T R TR I )
AR RE Ty Achy, B RAF RN AT R . (HU2
Y e-PL 7t BNIL, 765 BA BB FE ol X A
HEATIE TR , IO LR 357 L2 CRn e s I K 8 2%
4, I Ak FH 255 SEa
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Screening and identification of an g-polylysine-producing
bacterium
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Abstract: [Objective] The aim of this study was to isolate and identify e-polylysine-producing (e-PL)
actinomycetes from the environment, followed by determining the structure of e-PL, and studying its inhibition of
microbial growth. [Methods] Strains were isolated based on the transparent zone formed by themethylene blue and
e-PL. Itzhaki method was used to screen the strains. A bacterium strain was identified by morphological and
physiological characterization and sequence analyses of 16S rRNA and gyrB gene. The structure of &-PL was
studied by spectrum analysis. Its antimicrobial activity was measured by inhibition zone method. [Results] We
isolated 3 actinomycete strains. Strain X-18, with the highest e-PL yield (0.8 g/L), was identified as Streptomyces
albulus. The molecular polymerization degree of e-PL was 25-30 by the spectral data analysis and the comparison
with the e-PL standard. Its antimicrobial effect was better on bacteria than fungi. [Conclusion] An e-PL-producing
strain S. albulus X-18 was successfully isolated to enrich the resources of e-PL producers.
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