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Fig.1 Three-dimensional structure of bovine lactofer-
rin (BLF) (low abundance)
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Fig.2 Total ion chromatography of volatile organic compounds (PVOCs) of 9 pomelo peels before (A) and after

adsorption with BLF (B). S1-S3, S4-S6 and S7-S9: the first, second and third grade Guanxi pomelo (S1-S3), South African
grapefruit (S4-S6) and Israel green pomelo (S7-S9), respectively; R: contrast fingerprint of volatile compounds in pomelo peels.

Tab.1 Identification results of peaks of PVOCs in 9 pomelo peels in Fig.2A

Peak number  Retention time/min  Ingredient CAS No. Similarity/%
1 4.53 (3R,4E)-3,7-Dimethyl-1,4,6-octatriene 13877-91-3 80
2 5.27 Limonene 5989-27-5 83
3 5.90 4-Methylidene-1-(propan-2-yDbicyclo[ 3.1.0 Jhexane 3387-41-5 83
4 6.86 Beta-myrcene 123-35-3 86
5 714 (3R,6S5)-6-Isopropenyl-3-methyl-1-cyclohexen-1-ol 5113-87-1 53
6 7.32 1-Methyl-4-(1-methylethyD-1,4-cyclohexadiene 99-85-4 78
7 7.80 1-Methyl-4-(1-methylethylidene)-cyclohexene 586-62-9 90
8 8.35 3,7-Dimethyl-1, 6-octadiene-3-acetate 115-95-7 59
9 8.51 3-Carene 13466-78-9 47

10 8.83 3,7,7-Trimethylbicyclo[ 4.1.0]-2-heptene 84304-13-2 80

11 9.15 4-(1-MethylethenyD-1-cyclohexene-1-methanol 536-59-4 72

12 9.38 3,7-Dimethyl-1, 6-octadien-3-ol (linalool) 78-70-6 83

13 10.34 (2)-3,7-Dimethyl-2, 6-octadien-1-ol (nerol) 106-25-2 43

14 10.89 Camphene 79-92-5 47

15 11.05 2,2-Dimethyl-3-methylene dicyclic [2.2.1] heptane 5794-03-6 64

16 11.47 Dihydrocelery acetate 57287-13-5 86

17 11.57 (+/-)-Lavandulol acetate 50373-59-6 72

18 11.89 (45, 4aR,6S)-6-Isopropenyl-4 , 4a-dimethyl-4 , 4a, 5,6, 7, 8-hexahydro- 4674-50-4 83

3H-naphthalen-2-one

19 12.21 2,5-Dimethyl-3-methylene-1,5-heptadiene 74663-83-5 50

20 12.40 2-Methyl-5-(1-methylethenyl cyclohexanol 20549-47-7 47

21 12.70 2,6-Dimethyl-1, 8-naphthylidene 26488-98-2 80

3 H— M =LA AF) FH Al (S7~S9)PVOC /&
B2 — M — Y g 4 i (S4~S6) PVOC
R — M = R E & M (S1~S3) PVOC
WSS =2 MRAER 2531155 328 PVOC 5 BLF
A 8% T 435 45 B R, 2 B3R 1R Al PVOC 5 BLF
4 W B 435 5 T BB A o R 27.492, FL YRR LA 8,51 75
(21.856) Filr A #i %t (17.280) .

2.2 PVOC /54 5 BLF & &4 FHE8Y

i #5719 PVOC ¥ B 41 5 BLF 45 & 1 43 4
(& 4) 7] %0, 3F PVOC #1431 Dt, La #l Nt ) 5
BLF I A4 36 1457 5 Trp560 17 78 &5 I AN [R] 2 A 1
KR F1 (E 4B~D) o Bk PE LA Nt Bk 3L 42 L)
4.54 AWYHE B 5 BLF L1 Thre36 7= 4= S s /E 1 ,
Jt- 8% BLF %) Trp560, Asp508, Asp509, Glu521,
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Tab.2 Digital fingerprint of adsorption and binding degree of common aroma between BLF and PVOCs of 9

pomelo peels

System Amount of compound corresponding to each peak adsorbed by buffer or BLF solution
Peak 2 Peak3 Peak8 Peak 11 Peak 13 Peak 14 Peak 15 Peak 16 Peak 17 Peak 18 Peak 19 Peak 20 Peak 21

Buffer+S1 0.035 0.080 0.165 0.130 0.148 0.038 0.192 0.048 0.291 0.142 0.128 0.169 0.190
BLF+S1 0.142 0.123 0.771 0.886 0.576 0.800 0.890 0.931 0.960 0.840 0.847 0.930 0.960
BLF+S2 0.131 0.134 0671 0936 0.510 0.683 0.854 0915 0.907 0.827 0.840 0.900 0.902
BLF+S3 0.105 0.141 0420 0967 0.473 0577 0.809 0872 0.892 0.896 0.798 0.826 0.850
Buffer+S4  0.046  0.091 0.191 0.175 0.074 0.072 0.103 0.187 0.099 0.180 0.138 0.107 0.113
BLF+S4 0.157 0.227 0.316 0.775 0427 0.456 0.485 0.523 0.549 0.786 0.494 0.491 0.423
BLF+S5 0.113 0.225 0.193 0879 0418 0.385 0.252 0.487 0.362 0.559 0.491 0.371 0.437
BLF+S6 0.096 0.188 0.493 0.789 0.520 0.324 0526 0.471 0.514 0.489 0.615 0.454  0.520
Buffer+S7  0.040 0.166 0.026 0.142 0.114 0.166 0.101 0.150 0.170 0.181 0.057 0.064 0.046
BLF+S7 0599 0416 0.921 0.683 0.928 0.765 0.585 0.647 0.457 0529 0.500 0.468 0.569
BLF+S8 0.551 0433 0910 0918 0478 0418 0.397 0.267 0.390 0.490 0.509 0.480 0.593
BLF+S9 0.585 0.454 0.837 0.904 0.502 0.455 0462 0.371 0.287 0.579 0.492 0443 0.584

The data in Tab.2 were peak area rations of corresponding peaks in Fig.2A and Fig.2B.

A pedigree diagram using average join (between groups)
rescaled distance clustering combinations
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Fig. 3 Systematic cluster analysis tree of degree of
common aroma adsorption and binding between BLF
and PVOCs of 9 pomelo peels
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Fig.4 Optimal conformation of BLF combined with PVOCs. A: distribution of PVOCs on BLF; B, C and D: molecular
docking model of PYOCs monomolecular Dt, La and Nt binding with BLF, respectively.
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Fig.5 Fluorescence spectra and Hill equation fitting curve of BLF combined with Nt and PVOCs mix. A and B: the
fluorescence spectra of BLF combined with Nt and PVOCs at 298 K; C and D: fitting curves of Hill equation for BLF+Nt system and BLF+
PVOCs system at 298 and 310 K. Curves 1—10 correspond to different concentrations of PVOCs (0-8.64x107° mol-L™", pH 7.4). The
variation of fluorescence spectra at 310 K is similar to that at 298 K, not given in the figure.
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Tab.3 Binding characteristics of BLF with Dt, La, Nt and PVOCs mix at 298 K by fitting fluorescence quenching
data with Stern-Volmer and double logarithmic model and Hill model

Stern-Volmer and double logarithmic model

Binding parameters of Hill model

System

K, /L-mol-s™ K,/L-mol-s™ R? n ny, K,,/L-mol™ R?
BLF+Dt 3.09%x10* 3.09x10% 0.9582 0.81 1.64 1.04x10° 0.9667
BLF+La 5.67x10* 5.67x10" 0.9763 1.41 1.38 5.83x10* 0.9054
BLF+Nt 9.64x10° 9.64x10" 0.9836 0.87 2.03 9.45x10* 0.9547
PVOCs mix+BLF 3.56x10° 3.56%x10" 0.9829 1.38 2.23 1.42x10* 0.9806

K,,: the Stern-Volmer quenching constant; K,: the bimolecular quenching rate constant; R?: the correlation coefficient; n: the number
of binding sites; n,: the Hill coefficient; K,,: Hill binding constant obtained by fluorescence spectroscopy.

Tab.4 Spontaneous tendency and main binding force types of Dt, La, Nt and PVOCs mix with BLF

AH/ AS/ . AGAJ-mol™ by eking score/
System » “+ - Main force type 4 r/inm
kd -mol J-mol™-K 298 K 310 K kd-mol
Dt+BLF -3.35 —84.81 Hydrogen bonds and van der Waals forces -28.62 -29.64 -3.35 3.99
La+BLF -30.68 11.71 Hydrophobic force and van der Waals force -27.19 -27.05 -5.14 4.76
Nt+BLF -7.79 -69.09 Hydrogen bonds and van der Waals forces -28.38 —29.21 -4.18 1.27
PVOCs mix+BLF  -10.52 -63.33 Hydrogen bonds and van der Waals forces -29.39 -30.15 -5.31 1.64

r: the binding distance.
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Fig.6 Fluorescence-UV overlapping spectra of Dt(A), La(B), Nt(C) and PVOCs(D) combined with BLF.
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structure in BLF.
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Fig.8 3D contour spectra of BLF combined with Nt (A) and PVOCs mix (B)

Tab.5 Three-dimensional fluorescence spectra of BLF before and after combination with Nt and PVOCs mix

Sample Peak1 DI/nm Intensity Peak2 DI/nm Intensity
BLF 280/335 55 4125 230/251 21 9.96
Nt+BLF 280/341 61 318.4 230/278 48 5.13
BLF 280/335 55 411.8 230/251 21 22.67
PVOCs mix+BLF 280/337 57 298.4 230/398 168 5.13

PVOCs mix represent the mixed pharmacodynamic activity of PVOCs group; Peak1 means the peak at A,,=280 nm; Peak2 means the

peak at A, =230 nm; DI=A,, - Ag,.
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Molecular mechanism and fingerprint of interactions of whole matter
group of volatile organic compounds in pomelo peels
binding with bovine lactoferrin

GENG Zhao-ming', ZHOU Qing-teng', GUO Ming', HU Zhi-yan? ZHU Jie-I?
(1. College of Chemistry and Materials Engineering, Zhejiang Agriculture and Forestry University,
Hangzhou 311300, China; 2. Zhejiang Academy of Forestry, Hangzhou 310023, China)

Abstract: OBJECTIVE To explore the molecular mechanism and interaction fingerprint between
volatile organic compounds in pomelo peels (PVOCs) and bovine lactoferrin (BLF). METHODS Head-
space solid phase microextraction gas chromatography-mass spectrometry (HS-SPME/GC-MS) was
used to obtain the interaction fingerprint of PVOCs from Guanxi honey pomelo, South African grape-
fruit and Israel green pomelo (3 samples for each kind, S1-S9) with BLF, and the active PVOCs substances
were screened. A molecular model of PVOCs binding with BLF was established by molecular docking
technology, and the molecular mechanism of the interactions between PVOCs and BLF was cross-veri-
fied by combining fluorescence emission, synchronous fluorescence, three-dimensional fluorescence,
circular dichroism spectroscopy and kinetic simulation. RESULTS Twenty-one common components
of PVOCs in S1-S9 were identified by HS-SPME/GC-MS, and D-limonene (Dt), linalool acetate (La)
and naringone (Nt) were confirmed as the characteristic components. The molecular docking model of
PVOCs interacting with BLF showed that the double bond and cyclohexene on Dt combined with
Trp560 and Ala558 on BLF to produce cross-hydrophobic interaction. At the same time, amino acids
Thre36, Thr527, Arg531 and other amino acids were bound to them by van der Waals forces. La molecule
was encapsulated in hydrophobic pockets formed by Trp560, Thr636, Ser519, Thr527, Leu639,
Gly525, Tyr524, Gly528, Glu521, Lys522, Arg531 and Ala558. The Nt molecule was wrapped in the hydro-
phobic pockets composed of Asp509, Glu521, Asp508, Trp560, Ser519, Lys520, Gly528, Thr527,
Lys637, Glu635, Thr636, Ala558, Arg531, Glu353 and Lys522. The spectral results showed that
PVOCs could cause endogenous fluorescence quenching of BLF. Dt and La had independent binding
sites of BLF to form a complex , which was a static quenching mechanism. Nt had multiple binding
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sites in BLF and there was a synergistic relationship. The interactions between Dt, La, Nt, PVOCs and
BLF were non-radiation energy transfer, and the secondary structure change of BLF. CONCLUSION
The binding strength of BLF and pomelo peel PVOCs group depends on the structure and content of
PVOC molecules, and BLF is more inclined to select aldehyde and ketone PVOC molecules containing
carbonyl oxygen structure. The introduction of the pharmacodynamically active PVOCs group causes
the loosening and stretching of the BLF secondary structure, and the conformational change is the result of
the combined action of van der Waals force, hydrophobic force and hydrogen bonding.

Key words: pomelo volatile organic compounds; bovine lactoferrin; headspace solid phase microex-
traction gas chromatography-mass spectrometry (HS-SPME/GC-MS); multispectral; molecular modeling
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