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Breeding of high-producing L 1-F lipopeptide Paenibacillus
polymyxa by protoplast fusion and differential expression
analysis of fusion strains
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Abstract:  Auxotrophic strains of N1-37 (Phe™) and N2-27 (His"), screened from mutations of Paenibacillus polymyxa JSa-9
previously, were used as the parent strains to screen high-producing LI-F antibacterial lipopeptide fusion strain through protoplast
fusion with polyethylene glycol as a promote agent. Fusion strain F5-15 was obtained. Then the product of LI-F antibacterial
lipopeptide was quantified by HPLC, and the difference of expression of the key genes of lipopeptide synthase between wild
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strain JSa-9 and the fusion strain was analyzed by real-time PCR. LI-F antibacterial lipopeptide yield of the fusion strain F5-15
was 3.1-fold of the original strain JSa9’s, and the expression levels of the target genes were 10.48, 2.48, 2.1 and 11.8 fold of the

initial strain JSa-9, respectively.

Keywords: protoplast preparation, protoplast fusion, real-time PCR
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I AT LATA= 0 B B LA R T e e 4 i), 1974
4E, Ferenczy 2 M i B 0 i S A M
Geotrichum candidum 75 F=HEA Y B RR & A= Al o T
A A R A A B AR R E R4 T AR AR AT A
— KBk, B 2R AT ER TAERE,

FERTHANTSE h, DA K2R 2R IAT 14 Paenibacillus
polymyxa JSa-9 N34S, HLAHIENN (NTG) #5748
BN, RIS T MR A A SRS SRS T AR E B 2
AFHERE N1-37 Fl N2-27, 1ZMAR 2SRk 5 AT
FRAH F 3 B w77 LI-F ZEPT AR 35 Al
Pz PR R RAE N EAR TR, RAIRC
(PEG) fEfLmIA, UG ™ LI-F 20 B Ak
FIRLA B . IR FH AL 26622 /& PCR H AR @A
FRR S RGR EAR T LI-F 28T B KA B G A It A
fusAl, fusA2, fusCl, fusC2 7k /K- 25 Sk
FIRIHAT T

1 MeE77#

11 ##l
111 Efp

LR MIATE JSa-9. N1-37 (Phe”) #il N2-27
(His), LB &HAIRGFRI:L 30 CH&MATAERK 12h; &%
25 ER A Saphylococcus aureus CMCC(B)26003,
LB RHAEFREE 37 CAMFFAK 12 hy HRERERME
Fusarium moniliforme ACCC 30174 , 4441 1% 5 R %
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1£ # Fusarium oxysporum f. sp. cucumerinum
J.H.Owen, ¥J7E PDA R} FRHE | 28 CHRAFT A
K 36 h,

112 FERFH]

VM (Lysozyme), Sigma A w]; B2
(PEG) 6 000, MW T 4 — 2 M A7), EI25 450
RNA $2BGAM & . Trizol 5], iR TR
F RO F 5 S R £ PrimeScriptTM RT Reagent
Kit (Perfect real time), TaKaRa 2> Fl
113 HEFESRR
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FEARREFRAE, R, A RUAES A RS
B, B TG P S ARE R AL, SMM misia ™,
Y RIBHA; PEG6 000 i : PEG6 000 T AW
AT SMM = TR L i AN ] J32 1) PEG6 000 7%
W, I 5 mol/L HCI ¥ #5 PEC6 000 7 A 2 T
& pH.

12 RERERERZ
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PR PE N1-37 Fl1 N2-27 5532 X EUG I, %0
B UV 11 B A i A R A o 5 0 A 3 o 45 33
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122 JFAREHEE
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BTN E Landy $5975:, 30 °C. 180 r/min
ZMFRESE 72 h, 4°C . 12000 r/min &0 20 min,,
B E VW 50 pl SR FHBNE AR LA, D0 PRI
b AR T
125 REF7= LI-F 2EPiE g™ 2l 2

Fl&F Landy &% 12 000 r/min &5.0> 20 min,
BB, #1: L EBIMACIRCES, %R, T
SRR E A . B EEE VU, TEKM
VIARR] 0 77 36 AT R A, PR AS 28 A HLAH
50-55 Cligz& = T, DIAKBERSHEE 50 : 1 (VIV)
FO LB PR B A 3, B B B3, 0.45 pm B
TEJE , 2R AR L,
126 RIEREELE
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KW, PEHCLI-F EPUIRIGF T HPLC MlE (U7
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2 GenBank Z K2 2T E681MY LI-F 2
HUE NG Ik MBS fusA JEPRES), FIFH Primer
premier 5 {5 1 M)F 5 (3R 1)

W3 Trizol BARBUA A RNA KIS 2 RNA
B ET-70 CORASHTEZHA% . kA SYBR
ExScriptTM RT-PCR Kit (Perfect real time) (TaKaRa)
RAEIA 79O E /LK. RT-PCR #fFHN: 95 C

30s, WiAEtk; 95°C5s, ZA5tk; 60 °C 30s, &k
40 MIEH
F1 LI-FEXMERAEEBERSIYRT
Table 1 The primers design of the key genes of LI-F
antimicrobial peptide
Name Primer sequences (5'-3")
F: TGTAGCCTCCAGCGATCTTT

WSS R: CGTTAGGTGTAAGCGGCATT
fusA F: TGAGTATTTAGGGCGGATCG
R: GCTAGAACAACCGCTTCCTG
fuscl F: GCGGCATCAGAAGTATCCAT
us R: CGCACATCATCCAAATCAAC
fusca F: ACCAGGTGACGATGAACACA
R: GTCTGCCCGATACCACACTT
165 DNA T AAGCAACGCGAAGAACCTTA

R: CTGTCTCCTCTGTCCCGAAG

2 BREH

21 R N1-37 R4 RIKFI S FEE £ RER

R 2 PR, WEEEAREES 0.1 mg/mL B A
KR ET 0.2 mg/mL X504 . R BEHER 7 min
B DA B A P A 4 e e o B SRR, SR AT 0.1 mg/mL
RN, 37 CFALIE 7 min A 3k45 100%F J5 AR Ji
M, AR RIRE] 39.529%F1 31.92%.

22 mIERE KRR

R A R RE A RN R R L, ML SCHk[L1],
WIMHS2I 55058 9 pH 9.0, YEFHISE] 10 min.

R SCHk MY, PEG MR IETE 30%-50%
(WIV) BHFIFREG. 3k 3 A, PEG6 000 &
A A0%IT, il Ak B K (. 24 PEG6 000 ¥k
30%IN}, YRIERAL, AFFRICEIRA IR T 750
Befuh e iR A . PEG6 000 ¥ )%l 50%0 , & #GE T
HEBE, RIS AT BN AR A = A s AR, Sl
#%3, PEGE 000 ¥l pH 2 9.0 I, Al T
pH 7.0 #l pH 8.0 iR BG2H, 5 HH K SCikdi s —2M.,
EhABsHE M 10 min F 20 min, 7£ 15 min B}, gi&%
REIRK, ZJEFFRIRGE TR v REIEAE I a) 4E
K, PEG XfJEAff = dt, SEGE AT
T, BERTRE. L, a2 a0y B
WA PR R0 25 Bk PEG.

ZE TR, ST IRA AR A A AR R
PEG6 000 ¥ & 4y 40%, #cfE pH {4 9.0, fefEme
B E] %7 15 min.
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23 METABRNEREER LI-F XRERKSE
B E
LA, A3 B —ARBTRE Y B R R

R 2 T REBEEKEIEEREEEAEEIT N1-37. N2-27 [§

EREBEERMFM
Table 2 Influence on regeneration of N1-37, N2-27

protoplasts by combination between different enzyme
concentration and reaction time

Concentration  Treating Regeneration rate (%)
(mg/mL) time (min) N1-37 N2-27

5 10.67%=0.56°  10.87%3+0.31°

7 39.52%20.41"  31.92%:z0.48'

0 10 29.55%+0.52°  32.40%z0.55'

15 15.38%+0.55"  16.25%=0.38°

5 9.73%+0.47°  9.61 %=0.42°

7 7.47%20.51° 9.48%2+0.50°

02 10 1.35%:0.64° 3.17%%0.27"

15 0.61%+0.31*°  0.33%:0.25°

Note: marked with different letters indicate significant difference
(P<0.05).

x3 FREREARNBS M
Table3 Effect of different experiment factorson fusion rate
Different experiment factors

Fusion rate (%)

30 6.29%x10*+2.51x10°?

E;Gcggt()rgtion %) 40 7.55x10°%+3.06x10*°
50 2.61x10°+2.73x10®

7 3.31x10°+3.79x10*?

PEG6000 pH 8 5.15x10°+4.52x10*"
9 7.25x10°%+1.56x10*°

10 4.31x10°+3.82x10*"

Fusion time (min) 15 7.82x10°+4.91x10*°¢
20 2.96x10°%+3.85x10*?

Note: marked with different letters indicate significant difference
(P<0.05).

x4 RAET F5-15 AEERMIRRE RHIFIRER

WG T, 4~ F5-15, JLE BRI 3 Rl /m 12 1)
MESBCRILE 1 Mk 4, ZpE3ERAE T F5-15
RO 3 s T B IASOR 5 v T B A R AR
JSa-9. FEAHPE N1-37 Fll N2-27,

B 1 BEETF F5-15 REERXTHE R E AIHHI R
Fig. 1 The inhibitiory effect of the broth of the fusion strain
F5-15 on indicator strains.

PRl F5-15 5 oRASTRbR L S B AE B B R
RIS PEE LI-F 2EPTRIAR A, DL 4 R LI-F
KPR 59 k. 88.251, 50.37 ., 123.83 I
273.68 mg/L. HILAIUL, F5-15 KB LI-F 2581
BIRIKAY P N BF2E 1 JSa-9 1Y 3.1 4%, N EAS Ik
N1-37 Fll N2-27 i) 1.82 51 2.21 £, HA BN
FAHME.

24 BAEF F5-15 ERIBEREMLKER

AT F5-15 f£ 10 fREEFRAZE R 2 Fiow,
LI-F BHURE AR - R s/, RV S5
P RG R EAA I R st i e v, IR Tkt
AT RN H
25 REFRE M cDNA fEAERTEEMWER

4l RNA 1 70%-80%~ rRNA, $ZESFIAY
RNA I pHEER LUk 45 5 ILIE 3A, 5S rRNA.
16S rRNA J% 23S rRNA =4I i 2, ml LAt E
RNA 5282078, FHl ODyso/ODygo (Ratio, R)
e 2 T RNA (4B, SCiillE R=1.93, i

Table4 Theinhibitiory effect of the broth of the fusion strain F5-15 on indicator strains

Indicator strain

Diameter of inhibition zone (mm)

Wild strain JSa-9

Mutagenesis strain N1-37

Mutagenesis strain N2-27 Fusant strain F5-15

Saphylococcus aureus 15.03+0.04 * 22.23+0.04 ¢ 21.13+0.04 ¢ 27.76+0.05 ¢
Fusarium moniliforme 14.72+0.082 18.02+0.04 " 17.71+0.04° 21.98+0.03 °
ALEIM @ E T §7. 14.58+0.05 ° 17.45+0.04° 17.1140.04® 20.26+0.04 ¢

cucumerinum J.H.Owen

Note: marked with different letters indicate significant difference (P<0.05).
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HA BT SR EUEY) RNA 2885y, AT LA B — 22 R o
4 1 cDNA B4 .

Fe Fr P2 U RNA HEAT S 345 1 cDNA, 4%
FAE RO 4 A H AL AT PCR 758, HLK &

2 RTERERREN
Fig. 2 Inheritance stability of mutant strains gotten.

&N 3B Fizs, cDNA YRR 18 H 4 AR 3E A
S BT, ULPHA LAY cDNA BT UVE AR ik
ATEERT 9 E 7 PCR A .

26 HATMEFRRENES

X BRI TR bR JSa-9 Rl A A AR F5-15 H Y
16S rDNA F1HBYKEA fusAl, fusA2, fusCl, fusC2
PEATSCHTE & PCR 4714, 3£ 16S IDNA 1EHINZ:
FER TR BT AACT 4307, 455032 5.
ZER R fusAl, fusA2, fusCl. fusC2 fERl4 Ebk
F5-15 H 2k 7l o HAE IR T Pk JSa-9 th ks &
i) 10.48., 2.48. 2.1 F111.8 ff%, LI-F 208k & i
FE R S KF 1284 SRR I s AR A — 3, UiH]
A AR Bl A S B LI-F 2R 18 KA R i) O e it S [A]
fusAl. fusA2. fusCl. fusC2 7&#% /K F-Fik

o

3 ZHEZFRFTE RNA (A)F0 C2 cDNA 1B R I 1440 5 F 551 (B) B ik Bl g
Fig. 3 RNA electrophoresis patterns of Paenibacillus polymyxa (A) and the electrophoresis patterns of cDNA as a template amplifying
the target genes sequence (B). M: marker; Ao: JSa-9; Bo: 5-15; Al: fus Al; A2: fus A2; C1: fusC1; C2: fus C2.

x4 SHEFHENEMSERSREEKRE AACT BN EE ST
Table4 Deta-delta CT relative quantitation analysis of the fused and initial strains of Paenibacillus polymyxa

CTGOICT AACT Relative concent
Replicate name
JSa-9 F5-15 Delta-delta CT JSa-9 F5-15

16S rDNA 17.68+0.49 17.82+0.38 0

fusAl 24.83+0.61 21.59+0.58 —3.39+0.26 1.00 10.48+0.25
fusA2 34.75£0.55 33.59+0.47 -1.31+0.14 1.00 2.48+0.24
fusC1 30.66+0.63 27.68+0.54 -1.42+0.11 1.00 2.10+0.28
fusC2 34.64+0.44 31.23+0.52 -3.56+0.33 1.00 11.80+0.31
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KBRS L A0 M BE (A7 AT, B E MR, B
N B e b B — M TN R R A B
PR W 25 5%, 4 AR SR AR T R RS IR
DA K Bt T KR AR R o i B S5 TE — e i
Bl P, TR P R T A o 1) 0 5 i A Jo A 0 2 Bl i
TEAHDG, T P R 5 DL K B S R, iR A
JRREAREE TR, SRS RS, il
AR, ZERZHHR KL, W PEG 15T 5.
WRE . pH. &I a4, Fhdrh PEG IR F %
HITEE B 2 4, R IR 2 S BUR A R A2,
WP W S AR AR B K . PEG Rl iy [R) 48
AR, 02 5 EUFAE AR R .

SYBR Green [ Jy ij&—Fh i 099 thRid )7
. T SYBR Green [ f85 1A Y AUE DNA Hi%5
G, PTLGE AR ST, I HARRERET RN A% AR
B, PRILAZERMIF At am . (AR, WtAtA
FeBARER, RERMWESAa R, W
IEXF PCR SR A5 |4 — B AR a2 AR S 1l
PR, R RS LA AYER ) BT LR
SIPIBET A RAFRIE R, DARE AR R Y A
Ao EAWIFE R SYBR Green | A&7, 30
MBI N BA SRR, 35 MBS
W) BRI AT LA RE 6 RE B PCR )
BRE, 28T A R R IZ LI-F BRRE A
FEIR G K- AR AL 5 B ™ it i A8 b — 30

LE TR, RSO 2RSS AT R AR AR
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Hilgs . PR BA RRBIT TR, SRR
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