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Abstract

Object: Iturin A is a broad-spectrum antibiotic produced by microbial fermentation. Its fermentation
broth contains other byproducts such as proteins, polysaccharides, and pigments, resulting in a complex
composition. Consequently, the separation and purification of Iturin A are costly, which severely limits its
promotion and application. To address this issue, this study aims to establish an efficient separation and
purification process and to evaluate its antibacterial activity and stability. Furthermore, Iturin A is
combined with sodium alginate to form an easy-to-clean film, and the preservative effect of this
composite film on grapes is investigated, with the goal of enhancing the practical application value of

Iturin A in the field of fruit preservation.

Method: Using Bacillus velezensis ND strain as the fermentation strain, the optimal conditions for acid
precipitation were first determined by examining the acid precipitation pH and time. Then, the optimal
extraction yield of Iturin A was obtained through single-factor experiments to screen the extraction
method, extraction reagent, extraction ratio, extraction temperature, and extraction time, combined with
response surface methodology to optimize the extraction process. The optimal decolorization process
using activated carbon was determined through single-factor experiments screening activated carbon
dosage, decolorization time, decolorization temperature, and decolorization pH, combined with response
surface methodology. Preliminary extraction was performed based on the solubility differences of Iturin
A in different solvents, followed by stepwise purification using macroporous resin column
chromatography and silica gel column chromatography. The concentration of Iturin A was detected by
high-performance liquid chromatography to calculate its purity and recovery rate. The purified Iturin A
was further used to determine its antifungal activity against Fusarium acuminatum, Fusarium oxysporum,
Fusarium tricinctum, Alternaria alternata, Aspergillus niger, Rhizopus nigricans, Penicillium sp., and
Cercospora viticola using the Oxford cup diffusion method, and its stability under different pH levels,
heat treatment temperatures, and ultraviolet irradiation was evaluated. In this study, the composite film of
Iturin A and sodium alginate was applied on the surface of grapes. The weight loss rate, ascorbic acid
content, titratable acidity, and relative electrical conductivity of grapes were measured at different time
points under room temperature conditions, providing a theoretical basis for grape preservation.

Results: (1) Response surface optimization determined the optimal extraction conditions: ethanol:water

o

volume ratio of 7.4:1, temperature 76.5 ° C, time 1.2 h. With three parallel experiments, the optimal
extraction yield was (6.02 X 0.03) g/L. (2) Response surface optimization established the optimal
decolorization process conditions: activated carbon dosage of 1%, decolorization time of 42 min,

temperature of 39.4° C, and pH of 6.9. Under these conditions, the actual decolorization rate was (65.43



+ 0.68)%, and the recovery rate was (89.9 =+ 0.44)%. This study found that a water-to-n-butanol ratio
of 4:1 gave the best extraction effect. High-performance liquid chromatography (HPLC) detection
showed a purity of (19.23 & 0.14)% and a recovery rate of (92.98 =+ 0.48)%. (3) Column
chromatography identified the macroporous resin type HZ816 as optimal, and the elution conditions were
optimized: sample solution pH of 7.8, elution with 90% methanol, water wash of 120 mL, 50% methanol
wash of 120 mL, and 90% methanol elution of 100 mL. HPLC analysis showed that the purity of Iturin A
after purification was (35.36 £ 0.67)%, with a recovery rate of (79.58 =+ 1.19)%. Further purification
using silica gel column chromatography to elute the target product increased the purity of Iturin A to
(84.66 = 0.83)% (by HPLC), with a recovery rate of (70.86 & 0.83)%. (4) Iturin A treatment
increases the cell membrane permeability of fungi (such as Fusarium acuminatum, Fusarium oxysporum,
Fusarium tricinctum, etc.), thereby inhibiting fungal cell growth. In addition, Iturin A exhibits certain
thermal stability, pH stability, and ultraviolet stability. (5) Treatment with the sodium alginate - Iturin A
composite film effectively maintains cell membrane integrity, suppresses the increase in fruit electrical
conductivity, and preserves higher fruit weight, ascorbic acid content, and titratable acidity, thereby

extending the storage period and effectively maintaining the quality and nutritional content of grapes.

Conclusion: This study established a method for the separation and purification of Iturin A from complex
fermentation broth. Using the purified Iturin A, its antifungal activity against Fusarium acuminatum,
Fusarium oxysporum, Fusarium tricinctum, and other fungi, as well as its antifungal stability, were
evaluated. It was found that applying a composite film of Iturin A and sodium alginate onto the surface of

grapes significantly improved grape quality.

Key words: Iturin A; Decolorization; Column chromatography; Sodium alginate; Grape preservation
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L1 RHEER A WMRER

L1l FHEER A NEHSMHR

Tturin A 52 HZFHIATF R (Bacillus spp.) @It AERZBERIE G il (NRPS) XA B
(1 —2KF K Ceyclic lipopeptide) 44 ZR . HAGI2RH 7 AN SK I A ZE R AL 5
GRKHY B -2 S ey W o R e s Be o i, TR PSR 1, il 11 poRBl. &
Jik () 2 82 - 8] 9 (L-) Asn=(D-) Tyr-(D-)Asn-(L-)Gln-(L-)Pro(D) Asn-(L-)Ser, JHh 4 3Lz
FhZEAN R AT B AN [RI R R 20 g IR o i 7 I i A B3 % 0y C14-C17, 1 NRPS i Bt
FERRE (AL S5 M08 AR e M R A G AN [ B 1 B -2 BE IR 0 R i 44
PAVTz, FRRWTRREEM AR, 724 7 WURE R4, 7378 Iturin AL C. D #1 EF,

CH,— CO — L-Asn—D-Tyr,—D-Asn;
CH;—(CHz)n—ClH
NH—L-Ser,—D-Asng—L-Pros—L-Gln,
Bl 1-1 Tturin A 185K 7 2
Fig.1-1 The Structure of Iturin

# 1-1 Iturin ZKHR A R0 2K
Table 1-1 Iturin Family Homologous Species

eyt BRI AR NNR Dy
1 2 3 4 5 6 7
Iturin A Asn Tyr Asn GIn Pro Asn Ser nC14,iC15,aCl15
Iturin C Asn Tyr Asn GIn Pro Asn Ser nCl14,iC15,aCl15
Iturin D Asn Tyr Asp GIn Pro Asp Ser “ H H-COOH
Iturin E Asn Tyr Asp GIn Pro Asp Ser # H H-COOH3

/jf n: R1=H, R2=H; i: RIZCH3; R2=H; a: RIZCH3, R2=H

112 FHERERE AR SER

FERD AL R, T8 B R R R B AT IR, X B AR AT UlvE, R
T ASERACUTE R EENTIE . T Tturin A R PSRMESNT, LA AR BE pH 221k
B, BETTRE 75 A AR T R AR PR . DRI, Tturin A PERRTE S5 A T I AR FEFEAR, A
TITHERT H o 0T RAE vy RPN BE I EBRAR, 7 AR TE, DR DL IR R A R B 7



51 EEW BAFAERLHMRY
Bk, HILEFIAAER S M, I Iturin A FOHERBOR IBRIL TR IE AT, 45
G RO B BART Y, SR R ZE B — R Al o), 7R BA T2,
Whang!' S AERR M S 4F T FH 70% CEEHRIT B I 2R A YD, AETR T R BRI 2 1
(PRI, K 8 R IE e A0 Tturin A 72 2838 ) T 33%, 298 1.95 g/Lo 14, Yulll
ST QRS AR TR 23 R AT BERS mA ), XS TR &
A .

12 RHEER AWReS BT

121 BHEER ANKRERZE

R FH (I 6 7 V2 N PG €, Pyl M e e — PR Bt e B s A kL, T
HF LB R E RN, EEF Tturin A FIRIRIRSTEERIES, GRS TR
FNEMOR R, A GBI IR OETF B EE R, AT SEH it . 450 R4
i FE VR0 K 2 R RO AT I 8, DAL S P25 TR IR 1% i
TREE 50°C Mt 1A] 45 min; A PRIENISELE B 2200 X Stk b, 2R R o S Ty ik —
ARG S 2 IR L C ok, e sl Gk v: & 100 mL 2 RS TER 0.9 g,
INF[A] 32 min, &% 50°C, pH2.2, fEMFMT, MAZFRIAE] 8539 + 2.25%, [HIi®
iLE) 88.57 £ 1.86%. EMER MR EA AN, BRAEFESE A, (HTEPE R RO AT
RES R BETE Tturin A JRBUGRH, AF T 5 4E Ttarin A FIFFARIA . R, i85 4 7 it
— Al Ab

122 RHEEEZR A BYZEE

T 2B B . AR ACEE, BRIZ o iE g m F e, A R IR A
BLAA 7 T 50 i IR K PR LMK 7 B ok, % A NS R . LR LS.
Ol ZEF B =S4 . Chen!"SE R I, AR BUS B K BAI S ORAE UG TR
RIS, FI# 132 Surfactin FIAEE LE f5 3 15 35% /547« Hul' oI55 i A - ) FE L
BT pH N 2,00 7.0~8.0 =R BEHERK, AR W3 o Zhang!! 7S] iR V. I
IR AU 75 Gl K AR AR R 10 pH. T L1228, &5 B Hmali g
Jik

123 FRHEREZ A WHEEN

FAT, R EARETTREARIKA 2B aife b M2, El B Rk
BREAA IR, 2R SO TR A 2 AL R AT 7 iR KSR, OIS Tturin A

2
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SR AL H AR A RORE . AR BTSRRI F % 400 £E 8 € AH -5 R sh A 22 18] 3 BC )
Z RSO B AR, IRETURERA AN, H AL R e i AL AR
FEENT. BRI IEENT B A 20T AR IR BT, X S5 V384 e B A B
A AR I RE

1.2.3.1 KFLMBEHEEAT

KU R T AR AR R e 5 5 IS AR T R PR 03838 00 R e, 3
et AR ORI KA, (A 5 B AU b 44 2L PR VRS RO, Yuan S50 T
92 CLBHURS FT SR, B8 R AB-8 K TLURI b R 4020 2 S, W0t -
AR, T HE 2 RIS, B8 Trurin 20 FESORUIRAZEE 5 5400 Ma 021
A9 TUR IR I SRR 52, AT T Tourin SRFIRIEE . R, KRBT
Tturin {5 423K, 765 A IRAKIE & WU BUBLAL AUALR AL THR S %, A RIS
Toll A 722,

1.2.3.2 BB

B ENT R T RNERSLISE, KT AR NBRFLIR, el A
PR, A0S H s /N4 o DU DRk N LB B e P S B K2 Sephadex
G. TREPVRHERZHT. Hl% 8 R A S BORAENTE— P s aith G, [SEIRAHE
A 5R ZHNHI SL AL 22 8% B 1) Bacillomycin Lo H B84 552 B Sephadex LH-20 kB AT 77
%, BT ES Tturin A2 1 A4 [FR2Y), i Q-TOF-MS ML AR I H 4> &
(1042.5 Da #1 1056.5 Da) K EEHRHIE, ZTTEAMLEEIL T Tturin A &0 &, BN
HALRBRIEYI, REEMER . NERMEMARRME THRSE.

1.2.3.3 BF R

BT AT 4 R AT R ) B S8 4 A S B Ao R I AN (R B IR SR R D AN [F] 5
R A B 4lidk . A FIUSF|H DEAE-52 &1 32 2 M fifil DEAE-52 & 74,
Ve 25 mM PBS 2K pH7.0, PEliidE 4 1.0 mL/min. HPLC il 4 NP EE,
WAETERN 1 FhPLERL, B 2784 1042 Da.

1.2.3.4 MR

HERAEENT 20 E R S5EZENME, B CIEER A e, @i A msim
PR BB P Ao P S B 85 2H 43 ) 20 B iAo AR AN R PO, AR R0 w5 IR AN LE
B S R e =S P b 5 IR SR o o, o T 260485 1 1 E AR R A E AT 3
TR 41 85, R FIAS RV & AT - BRI LS ol Mo 701 25 B 4 5 9 = 45 H AR IR K . ek 45 127)
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KRR E AT IREL/N 28 AT T XILP27 BPRHAR P b 0 i H B — i R 4 70, B el
il #4 RP-HPLC it — DRG4H4lil, BA3RAFH 5 F Iturin A [7] RDE R AIAARIEIL, 46
JERZEIRTT o W g NI & A R SLIR BB IR AR B AT JE AT, A PR F1-63 7y B4l
Wi a k. BFFEAREL, R FLIR BB IR B 25 BRI B A 2 o, B e il A A
MEEMTREAT RG], RIS 2] T 4R B Bacillomycin D

1.3 FHREEZ A ZRBEERESEINA

1.3.1 FHERERZR A HMEHEE

1.3.1.1 EEBIMEIMAARIR

Tturin A BA G, HAREEE AL AR ARV AT B 25 U 32 232, g7k AR
TR B 5 2R /K IR RV IR A LR AR A XUR 38 RS IE VRS 0 L 15 R
22 3RE . T IR KN AR IR S B AN, U0 R TR 224 Tturin A AR H I
O A% A 5 AR, A, Tturin A iSRS (ROS) KU EARR, 5l AR
AR, A (MDA) &EEFET R, BORMREMFENE. WX B SRR,
Iturin-AgNPs & SVl E WAL S ROS /v 3 AIEALNE, SR e B ke ok
R ThREZEAL, M 51 A4 AE TS, Yys Bt B A5, ik Tturin A 7EARIK
JE R BEAT A s i flr 2R 33,

1.3.1.2 FHAREHSEDER K

Tturin A (4B HLAEAG DR SR )P, BEF UM% AR E R, A8 B4 PLAR
AV AR G A BT38 . BARSKRTE, e mT ] RE A SC B g (1 v M ——E P2 ROS
TERREE /K, [EINIHRORS 2R A& B SR R A, X —AF H BRI N oL 1
ANJ1, It e E A B T S AR SR R . DL (0 & 3R 9B, Tturin A RIS
FLE I SRR B R G0 B A, XM B S| R M A AR R VREL TR B DR R PRI
MR N T RS K. Tturin A A] FHETEEAARRNAS 5 F4L16, Befl 40
R 2 BR T AE AR I TE G T PR 20 30%; BB ORI AE YR, EWRESLELA
REIR, 35T 60% M ARG AE T390, 554k, Tturin A AJ 3@ A A8 AR K FEE
H: EREREIRINE M B S &, WREFRINEEIR G IR OVBAI R . Rtk, HI55 7 A
RS ENE, REOGRERERIRE S N IE, AR ARG B R4 B
M2 A, Tturin A IEREFNH epsA tasA SEEYIIERZ OIER ) RIE, E BT R 2 % b
(KB B, 3k — A2 s A= ) R e ) 2 A 5 Y o040,
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1.3.2 MRIRINE S IRV REEIR

1.3.2.1 EEERINAIE AR & /Y

IR P R ARSI U R AR @ 7, R RIS PE.  tT P suiRiE
PR e LR, AR MBI o N T T2 o BARSIOK MR RGR,  (ELE B BR AL 2 I
SR gs EL K VEZE ,  #A IE I AN g B 1 S SRR AR THREK PR RE . B Seife iR B 70
THET A R BRI R F R R TRETE MR, N SR oKk B AK 23T ) s AT
FI73, RIHRER SR BRIl SR EEIST; L o I AN 1 ] 26 2R T TR RSP AR L AT
IRFEZETIRE, AR R, FEARIPIRGRE, RS TRV ek ST AE,
B TH A SR S i ),

1322 BERNESIREKRPHINA

KR PREETIR, A HHR Bramiins ;206 il & iRk E = T RERZY, %%
TG R . L TTVEBE S R U R K S BUR T B R IR, A IR S AP
Je5Es A B A E MR G KA UAR 12 SRS SR, SRR ALEE Al SE 2%
L A JEORE . Al Y AR ILIR & B, TR AR AN 2 By A
W T B — B AR o iR RRE B Jl e B B B T R LA K RN B 7 IR P B 5 TR M
BN T /NKR RS BRI R 5, 45 RR N, TRIRAE S HER RS a2, iy [a)
EFF LR OB, PARK IR, (R R S DR A e B I AR

14 fimAE. BREENX

141 IRAR

AW LA Bacillus velezensis ND N R BERUONTF A %, FEFF R UL TIFA :

(1) 3o 5 PR 2 e 45 S Wi 2 TR 23 B92%, 0 AR IR $2 X Tturin A FRAGITTE
ARSI S 2% A

(2) R FH AT 25 6 5 Ve SO [ 20 AT v, e e 3 A 2 W AL R v R B 3R i e A L
Sk FIRIET MR it 0 J5 S U AT 20, BRI RSLR AR . Ak 2R 4770 2 4
1k, 192 E 4R Tturin Ao

(3) RHAAEMY BUE T Tturin A X ELTIHR TR « S A8k T B8 55 3 B SRR 1)
EIVER, BRI pH. T RSN A TR EE, RNl =
TR R . BRI IR (MIC) S5EARREIRE (MLC) .« # Tturin A
B R TR o A DR 5 I, B I SR S IO B ) R B R L PR LR 25



