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Abstract: Objective To explore the effect of macromolecule on the mass transfer process of berberine during membrane separation.
Methods The membrane filtration experiment combined with molecular dynamics simulation were used to analyse and predict the
interaction between micromolecule effective substance and the macromolecule commonly existed in the water extract of Chinese
material medica. Firstly, the mixed simulation solution of berberine and macromolecule was prepared to carry out the membrane

separation experiment. The transmittance and adsorption rate of berberine, the rejection and adsorption rate of macromolecule was
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determined to analyse the effect of macromolecule on the transmittance of berberine in the membrane filtration process. Then, the

molecular dynamics simulation software was used to establish simulation system to calculate the interaction between berberine and

macromolecule, so as to analyse the effect of macromolecule on the mass transfer process of berberine. Results The permeability of

berberine was significantly reduced after being mixed with the macromolecule. The total interaction energy between protein, starch,

pectin and berberine was calculated as —122.723 3, —83.613 0, and —125.815 9 kJ/mol, respectively. The interaction energy between

starch and berberine was minimum, and the interaction energy between protein and berberine was similar as that between pectin and

berberine. Conclusion In membrane separation process, the interaction between the macromolecule and berberine is the main factor

affecting the mass transfer process of berberine, and the strength of the interaction results in the difference in the permeability of

berberine.

Key words: ceramic membrane; macromolecule; berberine; molecular dynamics simulation; interaction; microfiltration; Chinese

material medica; membrane filtration process; protein; starch; pectin; permeability
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Fig. 1 Variation of membrane flux of berberine simulated solution (A) and three kinds of mixed simulated solution (B)
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Table 2 Comparison of transmittance and adsorption rates

of berberine
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NBET 77.8741.40 21.56+1.40
Ml 72.03%+1.19" 21.25+1.04
M2 75.25+0.59" 19.13£1.02
M3 68.58+3.80" 21.71£2.33

N IR RS P L P B /N BB 3 3ot 2 5 /N BERR B ALV M . TP <
0.05 "P<0.01

P <005 P < 001 vs transmittance and adsorption rates of
berberine in different mixed simulated solution were compared with

that of berberine simulated solution

DU L BT, — 7 T o ] S T ot /N Bl e R o
YER, 55— 5 T2 RN /N BERRAE i FE v 5 v 2 7
B IR EAEH . NEE S mr TIRE G, S5/NEE
PR RAR L, R R 8A B E R, H
INEERE I R B ER, Hh M1 5/NBER
(RS RSN ATE A L=t T N0 e P RN
RN AT R E

24 SFHNZEEUTENEBES S FZEB
HEER

241 EREREBEAME RN,
IR JER S RIREA (] 2), H GROMACS 5.1.4

'

oL e SELA WO e A
SRIMA e Oy MR RS
¥y P wl P L .

a-BEET b-UEk oK d-/hEER
a-BSA  b-starch c-pectin  d-berberine
2 3MESFYRKERHERREE

Fig. 2 Diagrammatic sketch of three kinds of macromolecule and berberine models
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Fig. 4 Configuration diagram of No. 1, 2, 5 berberine
adsorbed on BSA
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Table 4 Maximum interaction energy between five berberine and BSA

NEERRSRS WFE/ms  BR/MER/Mmm LI FHEE/(kImol ) Coulomb #fE/(kImol™")  EUAHEAEHAE/(KI-mol )
1 7.80 0.23 —80.751 8 -12.711'5 —93.463 4
2 10.00 0.22 —86.155 2 -36.568 1 -122.723 3
3 8.63 0.74 -0.018 8 —0.001 5 —0.020 3
4 8.18 0.81 —0.001 0 0.002 0 0.001 0
5 8.93 0.25 —44.898 0 —23.748 4 —68.646 4
‘ ® f$£¥

_'- o L ) (R
= - % .
i L S -
i B o

5 5 A NSERE S ) 5 e H R M A B A B

Fig. 5 Configuration diagram of five berberine adsorbed on starch
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Table 5 Maximum interaction energy between five berberine and starch

NEERSR S WFE/ms  B/NEEES/mm LI AE/(kImol™)  Coulomb #EE/(kJ-mol™) M EAEHIBE/(KI-mol )
1 6.16 0.26 —9.619 7 -11.883 8 -21.503 5
2 1.72 0.28 -50.507 3 ~8.849 7 -59.357 1
3 5.77 0.28 ~3.854 5 -9.092 7 ~12.947 1
4 7.05 0.22 —64.431 8 -19.1812 -83.613 0
5 9.46 0.24 ~59.906 2 ~7.8549 —67.761 1

6 5 N/NEER S A 5 RAUR YA B A B ]

Fig. 6 Configuration diagram of five berberine adsorbed on pectin
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Table 6 Maximum interaction energy between five berberine and pectin

NBET SRS WHE/ms A/PEEE/Mmm LT #HA%/(kImol")  Coulomb FHE/(kJ-mol ') S H AR fg/(kI-mol )
1 8.53 0.25 —81.846 9 -19.929 8 -101.776 7
2 9.84 0.23 —80.528 2 —27.045 8 -107.574 0
3 6.04 0.23 —94.5397 —10.845 8 -105.3855
4 7.78 0.30 —11.0352 =7.0619 —18.097 2
5 6.19 0.21 -97.5716 —28.244 3 -125.8159
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