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Abstract: The lipopeptide produced by Bacillus amyloliquefaciens has a variety of biological activities such as
antibacterial, anti-tumor, and anti-virus; however, its production is generally very low. To explore better fer-
mentation conditions so as to gain more lipopeptide with easy and fast evaluation methods for lipopeptide pro-
duction that would greatly improve work efficiency, the yield of crude lipopeptide based on the difference of to-
tal organic carbon (TOC) in a liquid before and after lipopeptide separation was calculated using the acid de-
position approach. First, optimal fermentation time for producing lipopeptide by pathogen inhibiting culture on
plates containing a fermentation liquid was determined. Then, a liquid medium with pH 5, 6, and 7, for pro-
ducing different concentrations of lipopeptide, was prepared. Also, CO, emission rates for microbial activity in
the pH 6 and 7 treatments were measured. Results showed that 72 hours was the optimal fermentation time.
The crude yield of lipopeptide calculated from the difference of TOC in liquid before and after lipopeptide sep-
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aration was positive compared to traditional weight methods with the coefficient being 0.563 2 (n = 9). For
both methods, pH 6>pH 7>pH 5. However, for the same pH of the liquid medium, crude yield was lower with
weight methods than the TOC difference methods. Lipopeptide production efficiency and CO, emissions rate
with the WK1 strain were lowest for the pH 5 treatment. However, crude yield of lipopeptide (in a 1 228 mg-
L™ medium) and lipopeptide production efficiency (in a 234 mg-kg™ OC medium) were highest at pH 6. Thus,
the TOC difference method was an easy and fast method for lipopeptide production evaluation. [ Ch, 4 fig, 2
tab. 23 ref. ]

Key words: microbiology; Bacillus amyloliquefaciens; crude yield of lipopeptide; difference methods; weight

methods; substrate carbon utilization efficiency

ZFAUAFTIA Bacillus Z—27 AR M5, IF HYUSSMRAA HLAS A4 i, BA fEA TR 2R
5P eSS SIHARE ), (R B A IR R M B A T AT T O 2 2R AT B R — AR A4 A B
W, IO RS R R EAYUER . WER . AR F TR E A SRR, Hop
RIS R — IR E RIS, BRSSP R B MR AR, Xl . SRR ASS B H A — &
R SZRE D, XTBRE M, AR K SF2MEAMASURT, RUERE—XKRESY I, FIRRIKE
PUER AT LR IR AR . ECR AT, 2 — MR 2R R i A s e IR, N 2 AT RS L)
PRV S G R, B R R IR RIS AE 2R HRTT A AT R 2 A 1, 2R AT R AR
RGBS Z B Z RN RN, UNKGIREE . WIAG pH H . W AR ABRERE BREULAETZ
SEO RE T R NR K B E LR A W AR R AT R RS, Gl AR EE . pH L, R
A RNARAT RIS . FAT, 3220 T A AR G ok At IR IR = i, IR AR
K BUE M AT BHLIZ RN BER hrE oR, ATRULMERE | gk Gk WESEE .
ROYEE . WL DL ROSOKMIE SR 0 BT E, Hoh R UiRaE (MR RRUTTERE ) [ R 2Pk Qi
PR KR T A, RFEBAMIET 1000 mg- L, AAYEEEAR 100 mg- L0, 5k R
%, T BB I A B T B IR 5, M0 8 (5 IR ) MU IR 5 5 (RR UL S ) #1822
PEATEL, SRR B0 0 TARRART R, WO Gk BAR R UL s B X, A
A STHRAR OIS AAS , OREIE AR RR WA 3 T, JF B ZAARIERE S A REREA T4 X 2
HRTH Y L ER T R TER (surfactin) SN R A AL BIPRIERE b o TECARZR VRIS, TR ZAR 2 g7
AOMERR I, B LR R B SR 2 PR IR IR 0™ AR e iR, PRI, fRTER | DR A )™ B 3 326 vl i g
TARRCR . AT E I E A RRILG pH ERIIGIREE | RRERIRDIRERT R A LR i, T DORERT
JEAPUBRIZEE, RHER L B IR ISORR Y &, SRR —Fh g i | PREEPE IR IR 5™ i 1 J7
U5 TR E S B TR | S TR R A B R R R AT L &5 B, RPPT R B A AR . R
PAFNRINEY FUR AR AL H B, (B AR BER R B — Rl P A R RIE Ry o™ e X A4 B 97 2%
T, A EOR A AR e 2 Ak, T AU A rh AR A HR I LU PR R
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1.1 fHtE

R VERD ZE AT Bacillus amyloliquefaciens WK1, AR S . CGMCC 11640, H#iTLE M
FRGEHAGER 5 [ el HE E A SC IR 2 7E-T70 CRY AT T H AR IRAT
1.2 BRERA

275 [E [ 5 O1G B R AR TE R 2F AT T GD P e IR BT LA B SR 4k Landy: #4585 10.0 g, L-%&
IR 5.0 g, MgS0,-7H,0 0.5 g, KC1 0.5 g, KH,PO, 1.0 g, FeS0O,-7H,0 0.15 mg, MnSO, 5.00 mg, CuSO,-
5H;0 0.16 mg, 7&K 1 000 mL; D EH ARG IR (PDA) . KX D8 100 g, #4A5HE 20 g,
BifR 18 g, Z£M#7K 1000 mL, [148 pH fH.
1.3 BEHRFHERURIMEIBRUER

T HbR WK1 el 3%, BefEREFRIRE 2y 37 C2 0 Ry 1 e N RS ) ot fie g 7 6 1Y
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K ERFIR], B0 R A B S R R AR, USRI SRR R R AR K AR L, BAROE IR . ORkE
WK1 B Pl & . EBREME WKL BT, HMT pH 7 19 100 mL PDA WA FRIEH, 78 37 C, #2
G R 180 remin™ 50 FHEESR 14 h, @ R[RIE IR ) &2 BER A H1 45 K WKL B I dERh a 3% (V/
V) o BRI BB 100 mL PDA WIASEFRELR 6 > =it , 37 C, 180 r-min™ FEHIGFE, 4 Il7E
48, 60, 72 h Z k53R, IRIGARIRIEEFRA A0 K B, K4 A B ES O 15 min(6 000 r-min™) KPR
5 I, OF RBERAEEFRER . 2B 100 mL A [ ] 9 & 1% 1 157 5 PDA WA BE 353545 1
1RFIGIR S, A 5.0 g 3K, 115 CCKIE 30 min 5K 6 AN EMI A0 3R 5. @M HIRCR WL
V44973 i DA HT 5 AR JES BT Botryosphaeria dothidea SUPETEFTHE o3 MR B A 8532 56 h (FTHFEAA R 0.5 em),
BN 27 CHYBERIEFAAET:, e 1, 2, 3, 4, 5, 10 REHAM, [FISHNESREE 55, 5
TR 00 2= O e i A 7 LA — A B i T 7 AR ) /0 R i T 9 B 100%
1.4 %k pH E3ESNE

FEAACFRBEE 1 DR FRIEAREUR 200 mL (UFE, TR pH (ERYShZS WM, K532 55040 1.3,
ST RFR 8, 16, 24, 32, 40, 48, 56, 64, 72 h AFHUE 10 mL & BE, FHEREETHNE pH (H, RAFE
ARG TAEGY, kARG Y,
1.5 BERYIR~=ENE

EEA MR I L, EOE pHESHN S, 6, 71 Landy 55553E, LISRIS AR 7= & 69 I8 kY
B, HECRFEITE, [FBSRC pH (B X R RRY) = s i sg i, b B 3 NEE, BRIRIEARE R 300
mL, M 3% (V w/V srew), 37 °C, 180 remin™, FEHE 72 h( ARG G 0015 20 () Fe S R 8] ), 4%
AT, 7 RIIE i S A K BR LA BH I ZE AT B AR S A K B, I A TR, R BRI ARG, R
4 CrKF#
1.5.1 E&% WL 240 mL BFRERALBERT =M, ZEHEIMEE R 6 mol - L7 YRR, HHPk
VW pH (HIR 2 2 DITCTERRIRIE T, BT 4 CHKARER ., #4100 mL 8.0 (BTith W,), 43 3 I
WAL A 100 mL B9 BS.04F, 7F 4 500 ¢ FES.C 30 min, BRRECE 0 FIEWRICE &, T Tam
FE Rl —BE S TR A TRl — B O R IR IR ise , HH pH (B R 2 AR RRVEIRUIIE 2 ¥k, DIBRZ
IREEPEZL T, R ULE B T -70 CHKFE TR, R IR T2 Bk IS A i ISR S, BT i
N FE TN, SR EFIEHREEW,), W, 5 W, H2ZER IR Y i, 115 R
T IR o o R
152 Zmok IRV BT EAE AR RY), BAANRANAIEEY, (A EmREZl
K, FREEE R VR I FH A AR % e WKL AR =) B2 R Cu~Cy 15 R (fengycin), S5 £E
BERRY) L2555 28 1 53 250 S SR WKL B3 IR IR & kR - 19 0.54, PRIMG, 3d 2o 0 5 i TR TR
ik Ok S E LM TS 1 B A VR TR, TR 2E S 2 g ISR Y i . FRUTFERT A
BLBRI SE , W 2 ml SBRERRI R e, 258 FOKFRBE 13 4%, W EA MLER 43 H742 (TOC-L CPN,
L ) R A LB T R FRUTKE S5 A S A LRI 2, TR 2 mL BRUTKEAT H B Ik B I
IEW, HEBE TR 13 A%, FEH TOC 43S0 i h i 7E MLBR B vk . B TR RS T

FIERRIRFUR /N, ATLLZWS AT, B, BERKYI 7= & (mg - L) = (BRUTHT A ALK L v TR TR 5 A
MRS Jo Bk 3 )/0.54

153 JRAp A AR R IO G BSOS AR HRE e FOR LR S PP B SR AL P R W)
BRA R, LR YIRR S AR IR T 2o ey, e 5 7 1 A i A A o S e HE l — AL
BB /B, IR I AR (mg - kg™ ) =M I SO Bk o JEE / Landy B3R SE0 IR i B2, 48—
FTOC SN AE . S ABRARAIC L (mg - kg ™) =(Landy 1537 FEAD Ui 0T i vl I — 75 PRHA A BRI B o
WL ) MMandy FEFREERI AR WL, Gi— HEARIRIMATIE .
1.6 EREMAEERBRENHRRERENE

B A A RO AR IR AN B R, JCEE T TOC 2o e ASCHEAZIAE , - DALl >R B 8 R Bk 0 2 55 T
KBERAT MU TR R 72 h FEFRESHUR , 20 2 miL AN [R) Ak B 5 T A IR T B il R4 T 9
o N TR R RS B R A A MU RO &, [R]IH EEB PR FRIE I Landy 15 F5 BEWI U5 50 i ¥k
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B, N5 769.55 mg-L,
2 HEREHT

21 REFENEZENEHE

T WKL X35 J5 A M R R0, [ RErf 2 WK 7= I K284 o f5e 5 7 8 10 & RS (R4 72 h,
XoF A E A SEAOAT I WKL 55 J5U B8 A B IR 15 32 B, A= 038 o WK ol 22 AR e | 4B st
fifi 0 M S A R, TR 22 AR R 4 6 2 LAk T IR Bacillus dothidea YA HIIE,
PEER TG R B AR A IR 5L vl () A 0 7= e, 38 e R TR I B 10 3 S R 6 T e
R R RN WSS A RIEEMR (48, 60, 72 h)REFRIk b B ps i Ak KAB I (& 1 AR 1) B30 .
KT I B A K S MR, Bl 55 R B) A B0 i S W i, 1~5 d I SR e, 1
R 3, 5~10 d NBEEEARSE | H % 48 5 60 h 3L 2 PMACHEAESS 10 KRB R, X2 A UG RN
FR) - BT Y06 SR, 1 ST P A R B AT B, (L ot o s ] ) ZE 8 T R 5 i AN R o, i AR =4
FIRE IR FEA IR, i LA R B B B IS M 8O 0855 . 2545 1~10 d OS5, WK (19 & 2R (]
ARG, 76 72 h MR R B el SORBABE, BEFE 5 10 d B A3 6 33K 3] 83.3% F1
84.9%, X THiARMEMZORMS, CLRRNBGRNKT, TEMIEH ZEAFTE HAB-7 A E 5
ZARA IS e 35 X2 SR T T AT R 3R ) 78.39%1), RHHBIFST FeMAUST) . T by 2 FLAT 1 1)
PR BERTTAIERTE 72 h LAY, HAEARSZEH 60 h AYHIHI R T 205K 80%, dRSEIG N & ek sl ] X1 il 3 i 412
FERK, HHIMERERA

&1 AERE PDA BFENFREEZEZ FHEMINGZE

Table 1 Mean diameter and inhibition rate of pathogenic bacteria in PDA medium at different time

SRR/ W% HAR/em
2 3 4 5 6 10d
ok 0.5(0.0) 1.0(0.0) 2.0(0.0) 3.5(0.0) 4.8(0.0) 5.8(0.0) 8.6(0.0)
48 0.5(0.0) 0.5(50.0) 0.5(75.0) 0.9(74.3) 1.0(79.2) 1.2(79.3) 2.1(75.6)
60 0.5(0.0) 0.5(50.0) 0.5(75.0) 0.9(74.3) 0.9(81.3) 1.0(82.75) 1.8(79.1)
72 0.5(0.0) 0.5(50.0) 0.5(75.0) 0.8(77.1) 0.8(83.3) 0.9(84.5) 1.3(84.9)

LWL 55 PO R (%)

22 EEEMEBEERILE

WG pH {EXT A& B B0 A K SR A= & nE AR B, NI, SR oE A i)
f pH (EX UE IR SRt BAS U N T2, S A AR FRIAG pH (ER9E53RIELE 72 h S5 IR IR I ) ™=
MR MK pH 6, pH 7, pH S(El 1), #Its pHAEA 6 1 7 2544 T MBR IR BT i 7™ = i K T
pH 5 4bFH(P<<0.05), pH{EN 6 A1 7 (WK BERFRTTMERTDIVE B I pH(E R 5 AR Z , UK IR
pH {E>R 5 B X AE K B A A2 ORI 220 11545 2R [R) A BRTR BR 4 o 7= e 25 S A 5 T vk — 3,
Ey= b ERERE (E 1), WA pHAE RN 5, 6, 7 AbFHAY 22 08I0 & 45 0 591 b B 69.9%, 15.8%
117.0%, XA TOC BERTIN RN A HLR A3 INVE Ak, F1 3k D0 DR A o i R /D JE I A ) 31 A/ VAR
1k, P22 A e sk N R A, 2 RO EE R SS RATAE— @ WAEE, B THRE RN R BT
ik, FEAHXLREIL 0.563 2(n=9),

Bl T A KRR IR Y AW R, v W S 2 WA ™= k2 pH (ER 5 B = BEAIK
() SR R AT B R R R MR AS R T WKL AE K AR B R 0146 pH (AR 5 M E R pH (HIRZALT
6.0(1&l 2), TMiFI4G pH{E R 6 A1 7 (K FER pH (ETERT 24 h 23U TR, ZJE P F, 2] 48~56 h k&
FWURIKE, ZIEdks: BT, SJaik 8.4, KR pH (MY T R £ 2R A v = A A HLIR 5 i
(), FESHIN 24 h 553238 b A A B D it = A I A HILIR , 1T 2 05 X B HILIR St =
fEFIH, WP A PLERE D . AN, SRR R AR R, Bl & I R A R A T A e
i, pH {EZ M R 5t

WIth pH (E R 5 AbFE S BRA A TR %) S HLAS o v B I I 5 T pHL 6 A1 pH 7 ZbFRL(1E] 3), 5] pH
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SO pgas T —pHS
I B Z % a
- 1200 a
on a
g b
8 800 =
% E
g g400F [ B
= =
= =
0 = 4 1 1 1 1 1 I 1 |
5 6 7 8 16 24 32 40 48 56 64 72
pH t/h
AN[R) TR R A BE 2 [ 22 57 W25 (P<<0.05) B2 KREA74% pH 1E49 Landy 3% 7 & A
B 1 3R FlAnde pH ARk 540 69 & pH R 2 B 9] 66 5 5 25 1t
ik Z Rk ERILER Figure 2 Dynamics of liquid pH with increasing time of

Figure 1  Comparison on lipopeptide production measured by fermentationbetween different initial Landy

weight methods and OC difference methods medium pH

R 5 20 F WKIAREHS#ER /D, FRRIERIEG pH (E 0 5 AAFARH]T WKL 4K, i A AL HE A4
IR ML T R B A AR, G E BR, THFER A DL 2
2.3 EFERWHROF ARETMN

Witk pH AN 5 BYEEFR A TR WK1 BERRY) BT A& BURCR feff (162 mg-kg™), HFHUY — A bkt i
1>(205 mg-kg™), WA pH (R 6 F1 7 B35 FRIE PRI WK 36 ShHERO — LA R, 3% & T o146
pH {E4 5 BYALFE(P<0.05), pH 6 REFRILAF MR WK1 JRIKYI & AR T pH 7 8555, Landy B55%
FEA MR T e BB (RN 5 769.55 mg- L, EEEBRER LA TOC 2 Hr AT Landy 1537 3E0 46 HLAK
JR R FE 23R 4 933.30 T 5 252.43 mg- L, A3l R BRISH Y 85.51%A1 90.14%, Vi 2 Fy kAN GE
SEARE IR ) A Aa HLek 38 T S BRI R R BILRG T R B (1] 3) LA S BR TR AT )
BLA T BV B (T 4) W, W0 pH ER 5 450 T A AR T B vk B d 8 v T LA 2 /N Ab B, BH pH A
R 5 T BsEFREE T AR W R R b i . SR G 1, B 3 RN 4 S5 RAS A . WIh pH (E
R 5 SRAERHE AR R B R . A BRI T . HE A AR i

5000 a 6000 a s
4 . a O ﬁx UL A
S 4000f & 8 RILE
g
= § 4000 b
4% 3000 e b b b
X b X
12000 b
‘DE 1 [ ME 2000
E 1000 ESS
= =
0T 6 7 e 5 6 7
pH pH
RNEING PRk s A FE ] 24 5 5. 3% (P<<0.05) ANE/ING FRE: R A B 22 5 B2 (P<0.05)
B3 KRR AT RGBT AR E B 4 7R R AL TR i BRI AT G 0 R AL
R PR JR# R E LR
Figure 3 Comparison of organic carbon content in solution Figure 4  Comparison of total organic carbon in solution
containing WK1 strains at the end of 72 h before and after lipopeptide being separated by
fermentation between treatments acid deposition between treatments

T E A TR AR TOC 1% Al — A E 45 R A e 22 5, DRI, ST 22 (E I L ) —Fh 75 7k
ME AR SRRWI(GR 2) . W1tk pH (ECA 5 IR EE AP AR WKL IR BRP ot & iR e i (162
mg-kg™), TAMBAR R W R (205 mg-kg™); I pH {E4 6 A1 7 BUREFREE P AR WK A9 S0
HEBCELARTR], 358 TRILG pH (EN S AT (P<<0.05), {A#ILG pH Hl 6 MR TR AL ATk WK1 A5 AK
Yy Jsi e AR S TR0 pH (R 7 4038, O, B08h pH (E 6 AERE N eft . i THI4G pH {EN 6
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Ak B S AL HE R A R, RIS TR Ry R 2 BB EUBRALEIERY RA R E
&) pH 5 i pH 6 Z B FiRE WK1 BEREY) & % Table 2 CO, emission and produced lipopeptide from organic

MAEAL, A7 R REHR B S A a HE R, X carbon medium -
\%ﬁﬂﬁﬂﬁﬂ(%}ﬁ%ﬁ&i%% pH 'fﬁ PH :%L%ﬁfﬁﬁffﬁiﬁ/(mg kg_l> HE%%E%&&&%ngkg")
’ ° 5 205 b 162 b
3 btk 6 700 a 2344
7 700 a 219 a

FEDE A ZEAFT R WK ZRAS3 1 7= 5 Mg KW ot VAW /NG 7 R 3o 7 A B 2 50 50 (P<<0.05)
AR RN R 72 h, i 22 O 4RI 19 2R FLAT
P, ANFANE KRR, ARt A 25, mRARZERAT i, AR WA K E
5o ZEIRIR SRS B MR UE M ZEFAT P SABT TR AR B A R BERTRION 26 h, TDAEVR BUAK B ZE AT 1R
Bacillus subtilis G1 /1% 38 h I JRIK™ fEfcimn, LSS5 % AR TE R 2FFAT T HF-01 TERREE SR 48 h XJAf
WEERFEINTA Penicillum digitatum FEPURCRIAE, AHILTT, WK1 A AR B AXT NS , SRAE S i K™
SRR 72 h, SHETER 2FAOAT IR MH17 B iU & BEm Rl AR R 2,

1R pH EA 5 244 T RUZEYIRG KPR A BRI, #04h pH{E N 6 5 7 4
P A ARBRHER (700 mg-kg™)AHIE], {H pH {E R 6 2c0F F IR ™= (1 228 mg- L™ {5373k ) Ffig
KA AR (234 mg-kg )i, HIULATUL . WK1 FRREGE R pH AER 6, AN [ A D A 2EF0FT B4 P
FERR RIS Wi pH AEANIR], 3T 2000 A DA 2R AR TR AR 15-1-1 I3RS iAo R 30 . #I1R pH
80 7 WHZ B 08 B 577 5 LA R 55 35 W D (600 ) 8 fix K, R 80 2% 13 A0 o i T 3 2 96 AT T T bk
SC1150 & B Ak & IS P1 i pH AER 6.5,

A 25 DRI R AN [ A B A R I 5 7 e R AR R] A BRIl pH 6, pH 7, pH S,
Wi BIAI S R BN 0.563 2(n=9), (HAHFERILG pH EA&F T 220805 BT 5 i IR KD = s 24 v T ik
AT UL, 20802 P R ™ ot fr) 3 B RS T A R 0k

4 Bk
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