£om T R % MRS %R S BRI A
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn November 25, 2016, 32(11): 1549-1563

DOI: 10.13345/j.cjb.160126 ©2016 Chin J Biotech, All rights reserved

BFEYHRAR

BEE, gR wRE 2Rz Fag' RES kEsg, Fa

1 200237
2 200237

> > o o . , 2016, 32(11): 1549-1563.

Gu KB, Guan C, Xu JH, et al. Pilot-scale purification of lipopeptide from marine-derived Bacillus marinus. Chin J Biotech,
2016, 32(11): 1549-1563.

H OE: KRR SRR TATH A F IR RIS RIS 6 P XA T T, 2 IR .
VERAR . AR, AT, FIR. BB HZ806 KILBHAEA M T A A KT AR RA LT T i

ATR AR, HRBERENES DA T ERIE LT L GFrn, PG SR AR H 22T BT 2R
RN, A4 ER BT T B AT HATRIRAnsbAl, FRAKF LA, T TETA L tEEF
FoATH Bacillus marinus B-9987 69 X B ¥, VAT U2 R HALH] & 87.51%100%4L & 69 g I EALE- A% 5,
KE>81.73%. AR BREINT HAEGEFFTRTHRIBRENES ST LRI E&; AFRABAEFTNE
A RRIBIRE, EMRTIEIRT HE A ZF T i KA A 6T, BEEALTEINBTIBKRENSY
TR FLAAL 0 Fr T2 0 RAIRBRKIE R AL RYE . M TR RTAT, BF4HE.

c B FRAE, IR, TR, TELTL, KK

Received: March 29, 2016; Accepted: September 12, 2016
Supported by: Key Technologies Research and Development Program of China (No. 2011BAE06B04-16).
Corresponding authors: Yuanguang Li. Tel/Fax: +86-21-64250964; E-mail: ygli@ecust.edu.cn
Daojing Zhang. Tel/Fax: +86-21-64252104; E-mail: djz@ecust.edu.cn
(No. 2011BAE06B04-16)

2016-09-26 http://www.cnki.net/kcms/detail/11.1998.Q.20160926.1420.001.html



1550 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech November 25,2016 Vol.32 No.ll

Pilot-scale purification of lipopeptide from marine-derived
Bacillus marinus
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Abstract:  This research was aimed at establishing the pilot-scale purification technology of lipopeptide from
marine-derived Bacillus marinus. We studied lipopeptide surfactivity interferences on scale-up unit technologies including
acid precipitation, methanol extraction, solvent precipitation, salting out, extraction, silica gel column chromatography and
HZ806 macroporous absorption resin column chromatography. Then, the unit technologies were combined in a certain
order, to remove the impurities gradually, and to gain purified lipopeptide finally, with high recovery rate throughout the
whole process. The novel pilot-scale purification technology could effectively isolate and purify lipopeptide with 87.51% to
100% purity in hectograms from 1 ton of Bacillus marinus B-9987 fermentation broth with more than 81.73% recovery rate.
The first practical hectogram production of highly purified lipopeptide derived from Bacillus marinus was achieved. With
this new purification method, using complex media became possible in fermentation process to reduce the fermentation cost
and scale-up the purification for lipopeptide production. For practicability and economy, foaming problem resulting from

massive water evaporation was avoided in this technology.

Keywords: Bacillus marinus, lipopeptide, pilot-scale purification, hectogram, scale-up
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F1 BRUETEIZHR
Table 1 Recovery rate of acid precipitation
Final Recovery rates' of precipitating BM samples with different purities (%)
pH 0.15%’ 40.01%’ 75.53%" 87.51%"
pH 2.5 100.00+0.00 d 40.65+1.53 ¢ 20.65+1.93 b 5.06+0.18 a
pH 3.0 100.00+0.00 d 39.25+1.71 ¢ 19.97+0.27 b 3.99+0.13 a
pH 3.5 100.00+0.00 d 41.15+4.17 ¢ 22.31+0.43 b 3.88+0.48 a

! SPSS (ver. 17.0) statistical analysis using Duncan's multiple range test at P=0.05 were expressed with the lowercase
letters following data. When the lowercase letters behind data were different, it meant the statistically significant difference

between the data.

% Free cell broth. And the BM purity of the distillate was only 0.15%.
3 Acid precipitate derived from free cell broth treated with MeOH extraction, solvent precipitation, silica gel column
chromatography, and HZ806 macroporous absorption resin column chromatography.
* Sample with a purity of 40.01% treated with silica gel column chromatography.

> Sample with a purity of 75.53% treated with HZ806 macroporous absorption resin column chromatography.

28 kg ()
60-70 BM
100% 0.011%
0.43%
0.15% BM
BM

2.1.2

BM

8
110-120 L 25-28 kg
0.11 L/kg
BM
BM 1
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Table 2 Result of solvent precipitation test
Solvents' Permittivities' Effects and conclusions
MeOH 32.7 BM sample was completely dissolved.

n-BuOH could extract BM, so its permittivity was regarded
as an upper limit for reference.
Efficiency of solid-liquid mass transfer was extremely low

n-BuOH 17.5

PhH, (Et),0, TCM, EtOAc, MF or 23-9.1

DCM extracting precipitate directly to further raise the sample’s purity.
MeOH/PhH (1:6, V/V) 4.0 BM was dissolved and no precipitate formed.
MeOH/EtOACc/PE (2:5:5, VIV) 6.0 BM was dissolved and no precipitate formed.
MeOH/TCM (1:6, V/V) 7.0 BM was dissolved and no precipitate formed.
Purit ised fi 2.22% to 6.90° ith 1009
MeOH/(Ef),0 (1:6, V/7) 6.4 urity was 2ralse rom % to % Wi %
recovery rate".
Purit ised fi 6.90% to 9.089 ith 99.809
MeOH/EtOAc (1:6, /) 8.6 urity was raised from 6.90% to 9.08% wi %
recovery rate after MeOH/(Et),0O precipitation”.
MeOH/MF (1:6, V1) 107 Purity was raised from 9.08% to '11..06'% 2with 100%
recovery rate after MeOH/EtOAc precipitation”.
MeOH/DCM (1:6, V/V) 11.3 BM was dissolved and no precipitate formed.

! Abbreviations and permittivities (dielectric constants) of organic solvents were: PE (petroleum ether, 1.8), PhH (benzene,
2.3), (Et),0 (diethyl ether, 4.4), TCM (trichloromethane, 4.9), EtOAc (ethyl acetate, 6.4), MF (methyl formate, 8.5), DCM
(dichloromethane, 9.1), n-BuOH (n-butanol, 17.5), and MeOH (methanol, 32.7), respectively.

% The effect of the MeOH/EtOAc mixture was poor when the process was performed as the first step after acid precipitation
and MeOH extraction. However, better result would be obtained when this process was performed as the second step
following the MeOH/(Et),0 precipitation. A similar phenomenon occurred in the MeOH/MF mixture.

http://journals.im.ac.cn/cjben
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40%—-80% BM BM 1.20
3 3 >90% BM
BM 1.0 g/L
BM (BM <300 mg/L)
(2.1.6 BM
2.1.7 )
1t
40% 243 kg BM
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Table 3 Recovery rate of salting out
Saturation Recovery rates” of salting out BM samples with different purities (%)
Degree' 0.15%> 40.01%’ 75.53% 87.51%
40% 99.77+0.25% 99.96+0.07* 99.63+0.25" 99.57+0.25%
60% 99.57+0.50* 99.75+0.23* 99.67+0.15" 99.50+0.13*
80% 99.70+0.10% 99.82+0.07% 99.50+0.36% 99.74+0.18*

! Under room temperature (about 25 °C), the addition amount of (NH,4),SO, for saturation degrees of 40%, 60%, and 80%

were 243 g/L, 390 g/L, and 561 g/L, respectively.
2 Statistical analysis using Duncan’s multiple range test at P=0.05 were expressed with the lowercase letters following data.

And no significant difference was detected.

3 Same samples mentioned in Table 1.
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F4 HEREERRER

Table 4 Purification effect of silica gel column chromatography

Mobile Purification effects' on BM samples with different purities (%)
Classification
phase 2.22% 9.08%’ 40.01%"
MeOH/TCM 2.22+0.01 e 11.02+£0.98 d 75.53£1.99 a 11 /v
No effect. No effect. More effective.
MeOH/DCM 2.22+0.01 e 10.97+£0.91 d 75.49£1.49 a /v
No effect. No effect. More effective.
MeOH/EtOAc 2.22+0.01 e 20.86£4.02 ¢ 69.68+0.89 b 1T/VIa
No effect. Effective. More effective.
MeOH/(Et),0 2.22+0.01 e 20.92£1.21 ¢ 78.36£1.64 a /1
No effect. Effective. Most effective.
MeOH/PhH 2.22+0.01 e 10.55+£0.97 d 70.43+£3.45 b T /VI
No effect. No effect. More effective.

! Bold characters signify that the samples were purified after corresponding treatments. And statistical analysis using

Duncan's multiple range test at P=0.05 were expressed with the lowercase letters following data.

2 MeOH extraction derived from acid precipitate.

3 MeOH extraction derived from acid precipitate treated with solvent precipitation.
* Sample with 9.08% purity treated with silica gel column chromatography and HZ806 macroporous absorption resin

column chromatography.

BM
9.08%
2.4 g BM/kg /
35%—-80%
BM BM 20.86%
96.30% 40.01%
/ 7.2 g BM/kg
50%—-70%
BM BM
75.53% 95.50%
2.1.7
[35]
BM ( 20.86%)
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Fig. 2 Absorption capacities, water evaporation volumes,

and purification effects of different BM samples treated

with HZ806 macroporous absorption resin.
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2.1)

Centrifugation and
collection of
supernatant

High-speed tubular centrifuge was
utilized to collect the supernatant
with the bacterial pellets abandoned.

All BM was present in
the supernatant.

Acid
precipitation

12 mol/L HCI was used to adjust the
pH of the supernatant to 3.0. 1t of
fermentation broth required 8 L of
HCL

All BM was soon precipitated.
Purity was raised from 0.011%
to 0.43% with 100% recovery
rate.

Centrifugation
and
MeOH extraction

Tubular centrifugewas utilized again to
collect the precipitate. After 8 rounds
of extraction with MeOH, more than
95% BM was extracted. Concentration
followed.

Purity was raised from 0.43% to
2.22% with 95.30% recovery rate.
BM was transferred from 1 t of the
fermentation broth into about a
dozen liters of MeOH solution.

Organic solvent
precipitation

BM MeOH solution and (Et),O were mixed
in a ratio of 1:6 (J/V). Precipitate was
collected using vacuum suction filtration and
dissolved with MeOH again. Subsequently,
new BM MeOH solution was precipitated

Purity was raised from 2.22%
to 9.08% with 99.80% recovery
rate. This treatment was necessary,
without which further purification|
might fail.

with EtOAc similarly.

Silica gel column

chromatography

MeOH/EtOAc was utilized as mobile phase. BM
could not be eluted until the gradient reached
35%, and not until the gradient reached 80%
could BM be completely eluted from silica gel
column.

Purity was raised from
9.08% to 20.86% with
96.30% recovery rate.

HZ806
macroporous
absorption resin
(hyphenated with
salting out and
extraction)

|

After BM sample had been applied with water
solution, 25% EtOH solution removed impurities,
and 50% EtOH eluent eluted BM compounds.
4.0 BV was necessary for each gradient. [The
salting out with (NH,),SO, and extraction with
n-BuOH could isolate and concentrate BM without
water evaporation. |

Purity was raised from
20.86% to 40.01% with
96.02% recovery rate.

Second
silica gel column

MeOH/TCM mobile phase was utilized. BM could
only be eluted at the gradient of 50%—70%, which
differed from the behavior of former silica gel

Purity was raised from
40.01% to 75.53% with

absorption resin

chromati)graphy column chromatography. 95.50% recovery rate.
Second The operation in this step was not different from . ised f
HZ806 the former treatment with HZ806 but salting out P urltyo was ralsid r(,)Illll
macroporous and extraction were unnecessary for little water 73.:33% 1o 87.51% wit
97.31% recovery rate.

to be evaporated.

3 BMEERAELEMHFRAMELUTZ

Fig. 3 Production process for pilot-scale purification of BM series lipopeptides.
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Fig. 4 HPLC spectrum of BM series lipopeptides with 87.51% purity.
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Fig. 5 HPLC spectrum of BM series lipopeptides with 100% purity.
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