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e-EHERARIESLENMEYNNTEE LT
Wi MEAF AELR FEE
(LR RFEY TG T AEYEAREERE SIS 15 8 214122)

o E.[898] AR - RURBRL BT 71 mAEDFr L. [7E] RAFFERA X, XK
. RS EFRANT I IR AT R BATIR A o B Stk BT E A A R A%
WIS, ALE4 16SIRNA R B P I 0HT, RS B R ZALF AL, F3t4 B HRE e M
REATZMHATH R, (4R RAEREG REFIT 5 RMAEMG B, BT 16S rRNA AR
JF 5] A S8 2 h —AR Acinetobacter bereziniae, FFiEEZE BBAE S IRE e BB RABREFTAK.

[ 41 Acinetobacter bereziniae % e # REAK BEidA2 o 69 £ B 05 4k ¥, XA B PRET
FERET —EaI8FAER.

X8R #EH, 9B, X, Acinetobacter bereziniae

Isolation and identification of contamination microorganisms in
g-poly-L-lysine fermentation process

TIAN Bo CHEN Xu-Sheng REN Xi-Dong MAO Zhong-Gui"

(The Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology,
Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [Objective] To solve the problem of contamination during e-poly-L-lysine (e-PL)
fermentation, contamination microorganisms were screened and identified in this study. [Methods]
Many strategies, like dilution coated plate, streak plate method, environmental stress method and liquid
nutrient enrichment method, were performed to screen microorganisms from contaminated sample.
Then the phylogenetic position of the isolate was determined through colony and microscopic
morphology observation and 16S rRNA gene sequence analysis. Subsequently, the e-PL tolerance of
the isolate had evaluated. [Results] Contamination microorganisms were screened using liquid nutrient
enrichment method isolated and identified as Acinetobacter bereziniae by 16S rRNA gene sequence
analysis. Meanwhile, this isolate could tolerant high concentration of &-PL. [Conclusion]
Acinetobacter bereziniae was identified as the dominate contamination microorganism in &-PL
fermentation. And this find is helpful for the treatment of contamination microorganism in the process
of &-PL fermentation.
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1977 4, HA3 Shima F7E/ [ HER
(Streptomyces albulus)HIEFFER P ZI T e FH
% (e-Poly-L-lysine, e-PL)!", &M 25-35 /> L-ifi
SRR HAE L a-COOH il e-NH, JBi /K 4 A 1 i1 [+l
RGZIERBE Y e-PL/EN—FhZ IHE TR AW,
X 2 [ B P A4 R R o = T BH 1 40 A A B Y
S PE, TR RS L AR AR A — e
HIAE P, HRG e-PL T2 —FPHE R 1A Y
BRI Iz T HAS . SR L 56 E AR 45 E 5K
4 DX I T80, 2014 4 4 7, 38 LK e-PL
I A £ A I A
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G e Rl pH =T 5.0, MR, 1
UK pH 7E 4.0 BT, #8147 e-PL BYG AL, 7E 96 h
AN AFEFIBRIREL , AT 192 h, 5™ 5k
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M-Z18 WA R, B 7RI B pH 45 &
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S Wt R Y TR IR SR WAEE TV ik o AT
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RBEE T e-PL I HH LY TR )R, DABGEZ oY
M HEAT o X5 Qi Mdh e R LA T
KBS RBA TR, U OR AR RR AT
i i %) i 77 B U i i v s e it A= e A o
B, 15 10 PRADE; B SO UR AR A
LIRE 2 R BER B B 45 MRS YRAnE , Hod 39 Bk
HEZERNTREE . ASCUA 5 L R FERE LA K TG e
FEAR RWFIERT G2, L T —FF Streptomyces sp.
M-Z18 KI5 5 Y = Wi oy B 715 o o Mris il
AEYIRIRE . ORI, IR ETSE . Pl R AR
T TS TS G B Bl i B 5 T G A 10 0 T v ik
J e-PL ML B B
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SR S L KTEREA R EIACGE 5. 6 KF)4L
WFEAR 1, 2. 3 fl 4,
1.2 FERXFIFLES

e-PL FEfh, HAS INC A, 4ifF 98%LU I ;
HoA R34 E 2 4R A 3 Hr 4R . PCR 371584
B S 258, £ E Bio-Rad A7 ; WA MR
i (PCR)T ) DNA R4 . ANTPs, Ki% TaKaRa
AN, FIESIY) 27F : 5'-AGAGTTTGATCGTGGCTC
AG-3', TUiF514 1429R: 5-GGTTACCTTGTTACG
ACTT-3', A TAY TR A BR A& .
1.3 EFEREFEHE

Streptomyces sp. M-Z18 EAKA: KT FE 5545 18
SCHR[6] AR WA RFF PR . Luria-Bertani (LB)
B,
1.4 SRUEVNIBLEURETE
1.4.1 HEARBTRAIE: B TS LRBEEEIE K
WA 15 mL B0, 1 600xg 5.0 4 min R
FREFEREWEER, FIHRT 4 °C R FF. B EIER
HEFT (TR B USRI REAS v s YL f A i
A L2, FIRRESFEA S ePL (7R
M pH 1,
142 SRHEEMDE: 201 mL 4 °C f_4F
) LW E LB WA s h it AT B SR, T
30 °C. 200 r/min }55%. 4340 F 24, 72 h BUE A8
TR, 10 F5H BEAARRE S5 BURE VR AT 224 IR 3 R
K LB B33 b, 34T, R 3IH 4 °C fRA17
) LW 10 5 RaEm R A 2 DLy . 4R
FEAMR . LB KigR3k I, 37 °C H53% 48 h WAL 1R V& v
fikE, FRAPER R AT A,
143 H XL E: W “Bergey’s Manual of
Determinative Bacteriology” (9th edition)! 41432
P, (SIS BAEE . FRHBE X o) B R AR 1Y)
FFRAMI A TS, A Sl ) TRIAL B T A
FERMFE . e SEUEFBKSESR: (1) M
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KOG, ZEH 3% R 2, B
FHEML R E . 2) TR L CmE, WK
sk SRR LR YRR, (3) RSB IE K Z 5,
PR SR, TS A T e
g2, s FIRERIEASRHE, 454 16S rRNA £
PR 43 B A B ) PR RR R T 250

144 DFEE: RAEILF ARG S
MRS DNA; FHANEE S 9 27F F 1492R WA
P24 DNA #FT 16S rRNA #3407 PCR i
i 50 pL fA % : 1 ng DNA #i# 3 uL, 10xPCR mix
25 uL, 5U/uL Tag DNA [ 0.5 uL, F FiF514
2 pmol/L 4% 0.5 pL, ddH,0 20 uL "™, PCR F2/5 K :
95°C 10 min; 94°C30s, 54°C30s, 72°C 105s,
1t 29 MEH; 72 °C 10 min, PCR 45905 235151
BECFL VAR, ARSI ZR 5K 16S TRNA P
A Bk g A TAEYBOR AR AT )Y . R
NCBI ' BLAST 7EZE LUXT PRI R PR 1Y 16S rRNA S
RT3, #4H5 M GenBank $UH 5 vh 3545 (4 HoAth 22
Zx K ZAHIT R E R 16S rRNA KK, KM ClustalX
2.0 BT 22 7 9 DEFCHES ) (Multiple alignments)
FH &G0 Kk AEHEWT 0 MEGA 6.0 T RS LK E o
#r. 7£ Kimura-2-parameter A5 %159 & ml b, F
Neighbor-Joining (N-D)JEFIHES T REGH, HZ0Hr
(Bootstrap) 1 000 YK E &2 73 R G B EAF
BRI R E B AL s e H B Pl g o0

14,5 S BEEKBIEIE: KB Mk S Strrepromyces
sp. M-Z18 $ BB R e T 2SO T 46 9%, 72 h IR
SRR R TSR TR VR FRAE ;. B BT M3G
R AR 24 h 553 RN 3 mL 2[R pH #Y
RSM Hi 7R3k 9210, Ho M pH 24k, 5%
72 h J5 620 nm FIE OD. K& TS Ye—AE K BErh
JE I, MG AT pH 45 HI7E 3.8, e-PL P& 7E 20 g/L
DLl SRk 2PBaiE 3 B B R I SR 2 R T A2k
BT M3G B33t rp 535 24 h, B 3 mL R & 4%
W 12, 24, 36. 48 g/L e-PL pH 3.8 i RSM H5 3¢
SR 72 h, BRI BSOS

BHEEAEK
2 GRG0
2.1 SSHRMEARERMER

2o e, BANT5 YREAS T e-PL B8 7E 30 g/L
Zidi, pH 7E 3.80 Zedy, MAZEEAL AT LIS Yein
YA —E TR e J1FIARSR Y e-PL i 53Z fig
FE BT TSRS AL R LA 1, ATLUE S
BRAFIR 975 YT AE W o L R R T 22
22 BSOS B-HERTERE

IR 1.4.2 Dk, XS5 YMEYIE T e, 4
PR RS FR ik 37 °C 1597 48 h I RTE FRIESS
REE, UMEGEFRY, XA REE SRR R
B, Ao, WEEFHEST, WA
HER IS Y T E Wy T RE 2 AR R Y 5 435k
PR FRAE R /NS — R S (L A i B R 9 T4 A
BRI IR BRI alifh, 37 °C K532 48 h
METEFAE LI 2A, FARTEEIRE G, LI,
1 LB V- FRILAifeshFR 5 d (v FELE 2B
PR, HERIMIEE, AR, 5 HR 2H E
TERAEA—B0; MRS S T T 21 T S e £
VLI 2C, KB o3 B A5 3 B AN B 55 TR AN S 4l %

B 1 SRR RMIERELE400x)

Figure 1 Microscopic examination of the contamination
sample (400%)

W A S8 Y); B: Streptomyces sp. M-Z18 T %4.

Note: A: Contamination microorganisms; B: Mycelium of
Streptomyces sp. M-Z18.
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P pH P EERE A K2 B . AR Hm pH
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IEFRIFHE
Figure 2 Morphological characteristics of colony
E: A ARATEARFRETRY; B: LBFIERY; C. HFYRARLENLS; D: BRYAMLERA.
Note: A: Mixed culture on beef extract peptone plate; B: Cultures on LB plate; C: Microscope observation of contaminated simple cultures
(400x); D: Scanning electron microscope observation of cultures (10 000x).

WA S T5 Yi A A 02
23 BAREEEIBSENED

WEAR A 3G 2 W AE DU RE BB Pl b AR K e
TERY, ZEISYEY) Y Streptomyces sp. M-Z18 3
M AERKERES, WE 3. 78
Streptomyces sp. M-Z18 [0 22 H A KA1 T 55
FY, AR RS aESRY), 55E 15 d 24
AR PR AE R SR YIE L PR IS, ST B2
TS Y E Y E ] T R 22, 228 A,
X5 R G AL e I R 2 W, AR B
IR —2

HIELA 3 )22 3 DR AR G e i rh it
TTEEREFE, 48 h a2 R 10 AR BRUR A EAR i
1385, XA E AR R LA S B 25 7724
X 4 ARG YA E R 3 IREL, 1SR alis S
Yoyl 4ol X-20-1, X-20-2, X-20-3. X-20-4,
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3 SRR NI TR LIS FREHEQS d)
Figure 3 Culture characteristics of pollution samples on
benater agar plate (15 d)

24 HEEHRHEREELR

NEERE SRR VR RAERIAEHE 4 R R TRl
PRI PL X-20-1 BRI TS E . X-20-1 HYBEA
TEAFHEE 4A P, WIS R E, PORAF
ZHH, X X-20-1 47 ] HL g £ b R B IR TE A S AT
R B R MBS R k24 FRBAPE R
VLI 4B B S HBDIER ULIE 4C, A I X-20-1 41
SIS M T  MEA NI X-20-1 SEEE R RS
R FEWHERAES T, SHZal TIRZ 08
T A AT R0 B R R A — 3

25 AMEMSFEE

K or eI 3] 4 BRANEMY 16S rRNA EE[KT51
(X-20-1, X-20-2, X-20-3 Fil X-20-4 A& MK
A KP056314, KP222740, KP222742 Fil KP222741)
5 NCBI $tdls P S RIFP 51 E4 T BLAST LEXT,
Wi S 4 BRIFER RSO RIS Acinetobacter
bereziniae, &R 1.4.4 Frikirik, WHM RS
WA 5 s, 4 BREHY 16S rRNA FEH 5 AZFT
)& Acinetobacter bereziniae ATCC 17924 [{—F ik
K 100%, 7ERGHALH LA TR —7 3.
2.6 DEBEK X-20-1 BIIIE

4 ¥RBEIYI N Acinetobacter bereziniae, H LA
X-20-1 BEATLAR 280 . %M 145 M5k, X
Streptomyces sp. M-Z18 5 X-20-1 LB F= Y -k
4, 1F LB 5URFARAHRIESILE 6, 4R
N, TEPIRRPAR IR G IG5 5 2 ny V5 FFIE 53
S EA TR A TE FAE—35 . [R)BI PIAR T
PRI AL SR A Rt pH {E°M 3.0, &-PL b 1.6 g/L,
MialiFp & B e-PL N 1.74 g/L, /8 X-20-1 #7514
X} Streptomyces sp. M-Z18 4lifh K& WA — € 5200

X X-20-1 BRI pH B R 2 B2 I 52 PR Sk 45
RILE 7, 53 58 X-20-1 7F pH 3.5-9.0 AEIE#4E
K, HoldE K pH 4 5.0, 7EANE] pH &4, X-20-1

o 2 |

B4 X-20-1 FASHEHE
Figure 4 Morphological characteristics of X-20-1
W A: HVEFRHIE@ d); B: F2RYLE(1000%); C: FHAEEIE (25 000%).
Note: A: X-20-1 colony morphology (4 d); B: Gram staining (1 000x); C: Transmission electron microscope observation (25 000x).
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X-20-4 (KP222741)

71} X-20-3 (KP222742)
100 X-20-2 (KP222740)
X-20-1 (KP056314)
Acinetobacter bereziniae ATCC 17924 (NR117625)
100y Acinetobacter baumannii strain KVK UTI1 (JX254649)
Acinetobacter baumannii DSM 30007 (NR117677)
22 71 Acinetobacter junii DSM 6964 (NR 026208)
100 ! Acinetobacter junii strain ATCC 17908 (NR117623)
Acinetobacter haemolyticus strain DSM 6962 (NR026207)
9 Acinetobacter johnsonii ATCC 17909 (293440)

100l Acinetobacter johnsonii DSM 6963 (NR119114)
Acinetobacter Iwoffii DSM 2403 (NR026209)
Acinetobacter lwoffii ATCC 17925 (HE651921)
Acinetobacter calcoaceticus DSM 30009 (X81668)
Acinetobacter calcoaceticus NCCB 22016 (NR042387)
Acinetobacter calcoaceticus DSM 30006 (NR119113)
100' Acinetobacter calcoaceticus ATCC 23055 (NR117619)
Moraxella atlantae strain CCUG 28960 (JF832406)

29
22

0.01

B 5 ET 16S rRNA EE A MEGA 6.0 #3321 N-J #{L#
Figure 5 N-J phylogenetic tree diagram based on 16S rRNA gene sequence

TET 2.4 g/L e-PL M35 P B RE IR H AR K

S ESERER e-PL N2 5 R WL 8, 755 K%
SAHARI ST L X-20-1 ZERINA AEHRE e-PL
(AR A 15 37 5 TR AT B (R Mk P A — 3, B R SRV Dl
M, 455 R X-20-1 AEAE 48 g/L e-PL FIEH
Ak

6 X-20-1 5 M-Z18 R& H1E5F R TR & E % E

», b)
Figure 6 Colony morphology of mixed culture strain 3 'llj‘tﬁ
X-20-1 and M-Z18

VA DUARSBIR TR : B: LB VARSI, RFHRERATTALL | IS0 S5 R BAT S
Note: A: X-20-1 colony morphology on benater ager plate; B: X 8-%%%@22@@31%’5(’3%1&%%%%%, ﬁi}'*ﬁ
X-20-1 colony morphology on LB ager plate. JER ) 75 e A 2 0 20 305 286 () AR 1
0.45¢ B No added e-PL MHEdn, s R E MR R R R 2 T &5
[ Added e-PL FINRA G TIAONE , Bo T
030k & Tr ] RHARENFFHE Acinetobacter bereziniae o 15414
5 VIR RO B e ISR s s a7
8 r R RBG , BRSSP T
o1y h ik I S R R BL AT A L 5 R ik

f I I I I I—L Streptomyces sp. M-Z18 Aif 1) & BEA — xE B2 .
0000 30 40 50 60 70 80 90 r AT LR AT fE A X-20-1 95 B U B AR
pH Streptomyces sp. M-Z18 TR I, S0 PR 22 B 1E 7
Bl7 E#k X-20-1 £7F pH THEKIFR MK, SEELLAE KA, TS

Figure 7 The strain of X-20-1 growth on the grad of
culture medium pH value

JRERR pH 251 PR ZZ A9 [ 5 RIS X-20-1 &5
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8 Tk X-20-1 £ e-PL iR E FEIEKIER(72 h)
Figure 8 Strain of X-20-1 of growth situation under
different concentrations of e-PL (72 h)

Note: A: 12 g/L e-PL; B: 24 g/L ¢-PL; C: 36 g/L &-PL; D: 48 g/L
e-PL.
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RS FHEBE N A Y IR 2 i i th ikt
[l Raad 5T Je B P2ty (s fi i), 45
L Y SN N <13 NI e Rl A 5 O 1 A
Acinetobacter bereziniae 1% pH 3.8 g2 48 g/L
DL SR R AL FTRE R - AR R R AT 1E
ar %) e- SRz BRI M BN A AR |-, T e- SR 2R it
PR ENANANR [, ERREZEAh S B M HR I R
FHBFERET,

2 % 3 Wk
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