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MWE: (B8] hAE KMATHE B4 R &SR WK B A, SEANRAER. &R E AL
BAAN T REEER, HARRENEAR LR LN, #*—FF R AR E R Em R RR, A
Moy s REERKE. [FiE] A ERRBRME KFATHE B4 “REEUANGLXBLA G, TECERR. A
B A4 pH. KBIRE. BME. HHALKEEE, TRAEGFNETILABANEERE, AaRiET
KA U AT N B AR O K B At AR A ALK A ZEBUR fie 4 2R IR A5 R v P 69 MR 4 R B BB B RO
FEALIR 50C. #HHEH 20 pL. ¥k 0.5 olmin. BIFEKH 210 om FHToBAMKEEEAN, FEHHE
M AN AR AT BT A8 R R B S FEVEE 10 plemin’. FAEEE 3.88 kV. HILEEHX 53 V. BTE
B 100C, BEEE 150CAMT, AR CHEXHTAEME, R EA G FREHEE L=/ Rk mEwmmeEs;
AP AR K, BIEZREEEAREENTRT BN RE. IERVTER R ERE, R 4%(v/v)
Hit. 3 oL B4R, 2046 pH 6.0, 6%EAFE. 350C. 200 r/min. KB 96 h hE&MT, KERMETERN THE
24410 N-m, G RME KBRS, EZRAEET, ERREEEANGHZ W~ E5HL 12.14 gL, H”
WIoT (K R K AR 34,14 oNm”'. RSB EREW, KA A EBCRLIR 0 & 4% 8 & M A &
1.62—2.33 min ALK B A W4V, HZA 0N EMEBEEEAAR PN EER L. RO BN E
RV, SAbH £ R EIE MR A A -CH. —CO fn C-0 £ 5 B Hl, HbTH 4 amateh &M EmiE WA, BRBA
AMTERLYW, n/z 701,54 44 IM+Nal®, m/z 723.74 44 IM-H+2Na]", ¥z R mEMR S0 BEFERE, 2
AN Rha—Rha—Ci—Co. BMABELEREHR, §RBEA (CK) fAStAER (ML) LML, ek
T 75 M) B BB P AR ALEE (AAB) HUARE A RIHE A T 79. 59%Fn 32, 90%, € E 4B Au T 43. 03%Fm 23. 98%, 4
HREBEREY, 5 K Av A LLIEA LG, AAB ALk v R F A B0 B4R T 11, 72040 10. 69 %. (&4 1 AR
EXRRBRETERMATE B4 FAMKEEMEARERARLBEL Y, EZAHETEWREEERNTELE 2.07
gL', ABEFERSLEHN AT (Rha—Rha—C,—C), ZH R T8 Z 4 &% N vt @R ROk xR, AR
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Abstract: [Objective] The objective of this study is to optimize the biosurfacants produced by Enterobacter hormaechei B4,

to purify the biosurfacants through organic reagent extraction and high performance liquid chromatography, to identify the
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biosurfacants by HPLC-MS, and to evaluate the efficiency of improving foliar fertilizer absorption, which will provide theoretical
basis for the development of new fertilizers. [Method] The optimization of biosurfacants production by Enterobacter hormaechei
B4 was carried out by orthogonal experiment, and the major parameters were used in this study, including the carbon resources,
nitrogen resources, initial pH, temperature, inoculum amount, revolutions, and incubation time. The evaluation index of different
treatments was the surface tension value of the fermented liquid, and the treatment with the lowest surface tension was the optimum
experimental group. The crude biosurfacants were extracted by extracted by organic regents and then concentrated by using vacuum
rotary evaporation apparatus with water bath at 60 centigrade. Different functional groups contained in the purified biosurfacants
were analyzed by Fourier infrared spectrum, which could provide favorable information for analyzing the structure. The purification
of the biosurfacants was performed by liquid chromatography methods, and the HPLC conditions are: column temperature of 110 °C,
sample size with 20 pL, flow rate of 0.5 mL-min™. The identification of the purified biosurfacants was carried out by HPLC-MS, and
the condition was as following: flow rate of 10 pL-min’", the velocity of capillary voltage of 3.88 kV, cone voltage of 53V, ionization
temperature of 100 °C, dissolution temperature of 150 °C, under the condition of using full scan mode in the center of mass, and the
full scan under centroid model was used to collect the mass spectrometry data, and the biosurfactant structure was identified based on
existing mass spectrometric data. In the end, the purified biosurfactant was used to evaluate the efficiency of improving foliar
fertilizer absorption by cucumber through hydroponic culture and pot experiments. [Result] The results indicated that the optimum
condition for biosurfactant production is listed as follow: 4% (v/v) glycerol, 3 g-L™! sodium nitrate, initial pH 6.0, inoculum of 6%, 35
°C, 200 rpm and 96 h, under which the surface tension value of the fermented liquid decreases to 44.10 mN-m™' and the production of
the crude biosurfacants was 12.14 g-L"'. Meanwhile, the crude biosurfacants extracts could decrease the surface tension value of pure
water to 44.10 mN'm™', and this condition is considered as the optimum fermentation condition. The liquid phase separation results
indicate that the crude biosurfacants extracted by organic reagent have typical characteristic peaks at 1.62-2.33 min, which also
showed that it is the main component in the crude extract of the biosurfactant, and it also could decrease the surface tension value to
47.00 mN'm™ at the concentration of 0.10 g'L™". The FRIR analysis results indicate that the purified biosurfacants contain various
functional groups including -CH,. -CO and C-O, and it is considered as biosurfacants with carbon chains. The HPLC-MS analysis
results show that m/z 701.54 is [M+Na]", and m/z 723.74 was [M-H+2Na]", and the biosurfactant is identified as rhamnolipid, and its
structure is Rha-Rha-C;(-Ci,. By comparing to the CK (Water) and AA (Amino acids) treatments, the plant height in AAB (Amino
acids and biosurfacants) increased by 79.59% and 32.9% and fresh weight increased by 43.03% and 23.98%, respectively. The
chlorophyll contents in AAB increase by 11.72% and 10.69%, respectively, by comparing to the CK and AA, in the pot experiment.

[ Conclusion JIn brief, the condition for the biosurfacants production secreted by Enterobacter hormaeche is optimized, under which
the production of the crude biosurfacants is 12.14 g'L"', and the main component of the biosurfacants produced by Enterobacter
hormaeche is identified as rhamnolipid (Rha-Rha-C,,-C,,), which can enhance foliar penetration and will have a good application
prospect.
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1 #RIERZE

1.1 ##

111 KE AR PTH R B4 VLA BT HLE
TR AR ST 5 S 5 KD i A
VTR L R R IR R AR, IR A O E KA
(Enterobacter hormaechei) , FFE] 16S rRNA KA
J¥4{E NCBI _E{R475 4 KF015738.1,

1.1.2 BHA  REBHTRFRIEYALE 1.05 kgem™.
KB 20 min JEAEHH, RifREun T,

LB 1750k, BERHEE) 5 oL, &AL 10 gL,
BAM 10 gL' B RBER 7E5E: NaN0; 4.0 gL,
CaCl,yH,0 0.1 g¢'L!, Na,HPO,2H,03.0 gL', KH,PO,
3.0 gL', MgSO,7H,0 0.2 gL' I RHEE 2.0 gL,
H 3% (viv) , BETFREERFRIEE 2 mL B TR
W Hh i s 2L T . NaMoO,-2H,0 0.05
gL', FeCl;-6H,0 0.08 gL', ZnSO4-7H,0 0.75 g'L',
CoCl,-6H,0 0.08 gL', FeSO,7H,O 0.5 gL',

CuSO,45H,0 0.075 g-L', MnSO,-H,0 0.75 gL', H;BO;
0.15 gL'V,
1.2 Fik
1.2.1 FFsl 4 250 mL (1= A% 20%9
LB Bigedk. Rt A i) = MRS R IR L85,
BigRgeAt A 37°C, B85 170 t/min, 1535 24 h oA,
1.2.2 R E MR 6 & B B ] f8 46 KR 20 AR 5

(1) REERTEPEA F 250 mL (= ffss:
50 mL FIREERRFREL, B 5% (viv) BT 0ol
KW 24, 48, 72. 96. 120 F1 144 h, ALY 3
REAL, 35°C. 200 r/min £ FREFR. ORI @ A e
W) pHy ODgooo 57745 G, BUE LRI T 50 mL
BEOET, 10 000X gy 4CTEHA R &0 15 min, UL
TR R K (e (GRIK R I e SR F B A
%, 18 23°C L FIED , K esO R ATBIN 105
CHEAARET 24 h RIEE )G, AN 3 REE, W
TP

(2) IEARARES R LM PUKF L6 (4%
HEATIEASREG, Pl . PIUG pH. K IR
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P HMAE BRI 4 MK, 5+ 2g. 3g. 4g.5¢
NaNO; /£ WA IR 4 NKF-, EFE6.0. 6.5, 7.0, 7.5
YEh pH AE Y 4 AR, EFE31°CL 35T, 39°C. 43
CHYERURSEN 4 DNIKP S ERE 1% 2% 4% 6% (V/V)
VE R 4 ANIKF o R R IR R T 7k JEAE N
S, BB 3 KE S IFIIFE.
1.2.3 AEmEEAERERNE B EHR
1 000 mL, 733 TRRUFEE S 8 MR, TR
-80CUKFETIR 4—5 h G, AR ETERCD,
PR IERE 2l R I 9K ) (R A 2 T AR
FERIOC R, 45 20 BT 7= A P 3R TG 1 7 S RO
Nt Fm sk "
1.2.4 AR EEERGERSEZGFEARL KIS
1 GHOJAVAND %512 53k, 4% 13w 1 mol-L™!
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1/2 ARF R R A5 95 700 29 T o K 9 UK 1) A BT 45 T i
B RANAE 40°C R HATIR G, 19 BER CLRH A [l 44 5
e ILHE R

FEth gl /NI 2 Fe MORIKAWA 2530y 54
TGRS AELeh L e B e FIHR S
%150 44 0.1 g R4 TN 50 mL (& 0.01 g B
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1.2.6 AR E ARG 7 2 A4k A= 4 3 1 v o
FHZ I LIN %5 U7k AT M08 M 3% . R H]
RO TR (Agilent 1260) BEAT/r B HR4E, X5
BT K4 Agilent C18 (9.4 mm X 150 mm, 5 pm) .
W FE IO PR A= P R T T R T B Al R . R
AR AT BN A A itkal 405, WaiA B
H 0.1%CBIKAH, WA A BEEERI I, 40 min K
M 50% T3] 100%, i 0.5 mL-min, #:3 50°C,
MR 20 pL, KA 210 nm.

Oy B FE AP AE 2—4 min 43 B HUOR YRR, Bt

T E%.
1.2.7 FWREBEA (HPLC-MS) =43 TN 11 70 5%

HABA 20517 33647 HPLC-MS 4087, IR VRIS 2.
Y REL AR A0 3 T AR BORH 4 B A it >R P VIR FH A
(Z£[H Thermo Scientific, Q-Exactive) , WAHS 4
LG T O S A B B AN e R N T A )
uL-mins B4 HIE 3.88kV, HESLHIEAN 53V, &
TYHHSE 100°C, S 150°C o A3 S A8 b
T, REEEIARIECY 1 s FIEHENRS 0.1 s, m/z
Yl 110—1 000,
1.2.8 B TEEHES  AHFFCR A AL
TR B AR A R m B AL, 2 i T IR
P GRS IR MEERD , 2 HWRIERE R B
1 TR 7K A8t i o A 7 B2 S 1 T IES

BRI K BB K 500 %5, FAIT] KOH
W pH & 7 iy, — o SRR MU AL Al A )
RG], B0 5L R TG M S kA
Fi WAL FE R K T BB 2 R
1.2.9 #/NEKK

(1) JKERARES iR RS 555 DU/KAH
FR45 945 mg L™, iR 506 mg-L™', iliR4% 80 mg-L™',
Wl A4 136 mgL”', L/KBRIREE 493 mg L, 2k
VW 2.5 mL, BEICE S mL, pH=6.0. HA, &k
I KRR WAk 2.78 g, £ &Y 2 FR N 3.73 g,
781K 500 mL, pH=5.5; fdiEInEW: MULBR 0.83
mg-L", W& 6.2 mgL", MiMRER 22.3 mg L', BiMREE

8.6 mgL"', FHEAN 0.25 mg' L', #iF&4T 0.025 mgL',
SAL % 0.025 mg L',

T TUKEARLE T 2016 4F 8—9 H7ER TR K
IR B N A5 S AT, 18 FH 2 IS RO 145 .
BA TR LB T/KZI 3—4 h, B2 51 2%I0
AR EIR L 3—4 min JHRE, JFBCE AR AT 4
WEOKTIREDCE G, K KB — 0T
Botiic 1 1/4 TR B MR UERE M 22 0 5 5 o SR,
PR G B 172 WS ERS 2 IR, R L LIWA
EWRLAAT . AERNIE K S0 S, PRk
[F) (2 HEAT AL R, A CK (RIS K) « AA (Wi
Fii 500 5 IR IEBRKIRABD « AAB (FF AA [HEA
Fhnk 10 gLt AEMRTETERD 3 NeE, A
WEFRAE S REST, BRI 3 R, IETR—
T (FitvE 075 mL &), B BB R 2E TR
2016 4E 8 F 16 BT, 9 H 20 Sigk, A A
FARIOR B 2 SR 8, B L OK
AT B, T EIERRRANES, I
fE 105 CA&AF PR IEE, FREmkER.

() AR )RR T 2016 4 9—10
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2 4R

2.1 REEMEFIE=FHMA
P AEEH T pHy KB ODgoo~ _EIFFBER THITK )
. FRTE 4 DMSEG R E R R EE K A I



4354 goE kW R % 50 %

), &5RANEE 1 PFros. e pH {ERT 6 RARLHA K,
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B T AR, HT 2 K By [T EEH ODgyo #lHRIH
B4, 3 d 5 ODggo BUHIGICHA /N T T HE. B
(R TR SRR Y AR 28 4 R, Ui AR A IR I 18] B
PRI , T AR HF 4 KA IV T1] o

W FASREAAL T E. hormaechei B4 7= 3R M5
PRI A (R ATk 20, IEATIRER 45 R 3k 3

FR 1 E hormaechei B4 FE3REEIEFI A REMA L

7N AT A &5, & ABC,DsE, 1) E
R IR I E B B BAS, HE— B UiWIfE 4%, 3
gL' NaNO;. #J4f pH6.0. 6% %R 8 A 35°C 44T,
E. hormaechei B4 Ji= AV RINTEERRZ . BT
Rp>Ra>Rc>Re>Rg, U W0 14 0] 38 1ty 4 771 7)™
HWECR, T pH #SELE T I Ao I LA
AR K W) Ko<K3<Ky<K,, RHIEEEALT—
SERVEHIA, KT 35°C o PR WA & K.
pH FIB SN BN, AT SRR TS« AE R A& 5 1
Ky<Ko<K<Kj, %45 REWEM a5 YR G 7
PR IFAFAE IR R

Table 1 Optimization on days of biosurfactant production by E.hormaechei B4

T H If 18] Time (d)

Item 1 2 4 5 6 7
pH 5.48 5.49 5.45 543 5.40 5.47 4.93
KR IIMH 55.90+0.26 53.92+0.25 51.11£0.41 49.67+0.09 55.29+0.16 62.4+0.61 56.61+0.12
Surface tension value (mN'm™")

ODs0o 0.159 0.292 0.319 0.332 0.352 0.293 0.298
BIATE Dry cell weight (L") 0.150£0.023  0.313£0.056  0.347+0.016  0.497+0.034  0.50640.054  0.475+0.043  0.483+0.071
F2 L16 (&) EXRWAZRKTEE

Table 2 Table of factors and levels during the optimization process

7K W FE(A) pH(B) NaNO;(C) H-t(D) A EL(E)
Level Temperature (°C) Sodium nitrate (g) Glycerol (%, v/v) Inoculation (%, V/v)
1 31 6.0 2 2 1

2 35 6.5 3 3 2

3 39 7.0 4 4 4

4 43 7.5 5 5 6

2.2 £YFREEETFEREERMER

FERMRAAT T, 1L R A A e G 5
WA EIA 12,14 g, RITTK D B AR PR S R B
M RWE 1 BT, fERRIEN R AT T, ik
Sk SE Ty 72.25 mN-m!, AR R TS AR AR B A
IEF] 50 gL MR IR I B T S RISk 0, B
AR R E T T IR S AR, 1985
RZTH5K 11k 34.14 mN-m™', 7ERL AP s PRk
JE ok 10 mg- L B 2R 15K I E 2] 47 mN-m™, 7850
Wi B T SR T P 0 0 e 2P, HA AR ) Y FH AT 5

N T HE— DRI AR A B AR AR TS PR
P, R A HLGRI A IR AR I b 1 AR R g
PERI, ZEIEEREY, 1 L B 25 i3k

2.07 g AR ARG E R, i FL A LA R
B o Hemh BB /N T E— D R AR g = B
IRIF IR, T LU B 2 A HEh b o 25 53R 0,
1 pL $R4E AR i MR v LA A% 8 em IRHE
b, iR 2 PR, U B4 ) A R i R 7
AR R TS 1 o
2.3 EHEIBER

WA 73 B S AN 3 o, MR 43 2 45 5 T L
(GRS U S IRF S o GO N EEIR G NI S/ EIRR il
FILiE A, IR 1.62—2.33 min, BiHX—
o AR Al S B AR E R A B RS . AR
A R, FAAES W RCR SR 1.62—
2.33 min [¥AA, FHTRE50HT.
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Table 3 The orthogonal experiment results of the biosurfacants production by E. hormaechei B4
IR A B C D E Kk
Test number Surface tension value (mN'm™")
@® 1 1 1 1 1 60.78+0.49
@ 1 2 2 2 2 60.41+0.56
® 1 3 3 3 3 59.94+0.48
@ 1 4 4 4 4 47.24%0.14
® 2 1 2 3 4 44.100.04
® 2 2 1 4 3 50.87+0.42
@ 2 3 4 1 2 49.41+0.27
® 2 4 3 2 1 59.01+0.13
©) 3 1 3 4 2 54.00+0.64
3 2 4 3 1 53.03£0.25
@ 3 3 1 2 4 54.78+0.37
® 3 4 2 1 3 60.45+0.68
® 4 1 4 2 3 58.91+0.49
4 2 3 1 4 57.36+0.46
® 4 3 2 4 1 54.62:0.64
4 4 1 3 2 49.24+0.58
HJ{H K, Mean value K, 57.093 54.832 53.480 55.970 56.140
HJ{H K, Mean value K, 50.847 55.085 53.447 58.225 53.265
HJ{H K3 Mean value K; 52.990 54.250 57.965 50.858 56.510
{1 K4 Mean value K4 55.805 52.568 51.813 51.683 50.820
%% R Range value R 6.246 2.517 6.125 7.367 5.690
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g
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Fig. 1 The relationship between the concentration of crude

biosurfactant and surface tension value

B2 SYRmiE T Hm R
Fig. 2 The graph of the oil-displaced circle
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Fig. 3 HPLC chromatogram of biosurfactant extracts produced

by E. hormaechei B4
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PEF, S5 SR E 4 o B 4 Al 4, AR B 1 770 cm!
AbAT C=C BEM R AEBICTS , I Uk ] 12 3 THI 3 1 77
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Al CH; 2 C-H S 4Rzl ity s 1 045—1 100
em” (ARG IR BN B3R C-O-C IAFELE, UiWi%E
T A P LA L B s 7E 3 410.8 om b f SRR AE
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em™ Ak A 3R 3 D) 2 W A% 3R TG MR o R
T7AE . IXLEHR L) HEY DM A5 21 NS SR 250 TR
PR 45 A — 5

100

X FEJE Relative abundance

B D o] (=3
=] =] =] (=]
T T T

&1L % Transmittance (%)
13
(=)

34108

=]
T

500 1000 1500 2000 2500 3000 3500 4000
J% Wavenumber (cm™)

4 EREHAFREEETLIMIEE
Fig. 4 FTIR-ATR spectra for biosurfactant extracts produced
by E. hormaechei B4

2.5 BRBRAYELS

E. hormaechei B4 FlAYFR HEPERIN B & T
T 5 Fron, 45 FRLE 7—9 min IR B R Z 1)
Hel, GXUBILIE T HEE R T R SR SRR
8o ANV UG F RO R 2 5 ) A
7.58 min AbHIIE, ks 7.58 min [ G FIEAT R
ST Mg R 6 Frow,  ARHE LT AR KR IE
g, HEM m/z 701.54 A[M+Na]®, 1fj m/z 723.74 4
[M-H+2Na]", 4SO PHRIE I 45 58, HEmliZ 0 g
Ziky 354 Rha-Rha-C,o-Cpo 1 A0 2530 B oA 35 A7
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Fig. 5 Total ion current diagram of crude biosurfactant
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Fig. 6 Analysis result of the purified biosurfactant by HPLC-MS
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Fig. 7 The hydroponic experiment results of cucumbers
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Fig. 8 The biomass of hydroponic experiment cucumbers
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Table 4 the basic properties of soil used in this study

pH ALK TERSY FESE B T pLy Gl
Total organic carbon Nitrate Ammonium Total nitrogen Available phosphorus Available potassium
(gke™) (mg'kg") (mg'kg") (gke™) (mg'kg™) (mg'kg™)
6.35 5.51£0.07 251.0+1.1 1.32+0.01 0.7910+0.011 14.72+0.82 93.00+0.78
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Fig. 9 The pot experiment results of cucumbers
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