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Abstract . Phospholipids are important signaling molecules, and their metabolism is closely re-

lated to various diseases, such as neurodegenerative diseases and cancers. Phospholipids are
typically characterized with extreme complexity and structural diversity. For example, phos-
pholipids present in many different forms, such as sn position isomers, double-bond position
isomers, double-bond stereochemical isomers, and enantiomers. Therefore, further research on
novel separation and analytical techniques for phospholipids is of great importance. As an am-
phiphilic alternating copolymer, styrene-maleic anhydride copolymer (SMA) can be inserted in-
to the phospholipid bilayer of biofilms to form lipid nanodisks with membrane proteins as the
centers, thereby solubilizing membrane proteins and phospholipids. Thus, the introduction of
SMA into a chromatographic stationary phase can potentially improve the separation and analy-
sis of phospholipids. In this paper, SMA was successfully grafted onto the surface of silica gel

via the “click” reaction and free radical polymerization. After further ring-opening modification
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of SMA with methyl methionine hydrochloride ( MME - HCI) , a novel SMA-modified stationary
phase material ( Sil-SMA-MME ) was fabricated. The Sil-SMA-MME stationary phase was char-
acterized using thermogravimetric analysis and Fourier transform infrared spectroscopy ( FT-
IR), and the results indicated the successful fabrication of the target material. The retention
mechanism of the packed Sil-SMA-MME chromatographic column was investigated using hydro-
philic nucleosides and nucleic acid bases via high performance liquid chromatography ( HPLC)
and UV detection. According to the retention characteristics of the nucleosides and nucleic acid
bases in different mobile phases, the Sil-SMA-MME chromatographic column exhibited a typical
hydrophilic-interaction-based retention mechanism, similar to that of a commercially available
amino (SiO,-NH,) column. The separation performance of the Sil-SMA-MME column was eval-
uated using three types of small-molecule substances, including amides, nucleoside/nucleic
acid bases, and phenols. Cyanoacetamide, 2-iodoacetamide, benzamide, p-aminobenzamide,
and nicotinamide were used to evaluate the chromatographic performance of the developed Sil-
SMA-MME column. When acetonitrile-H,O (96:4, v/v) was used as the mobile phase, the five
compounds exhibited good peak shapes and could be baseline-separated within 8 min. The high-
est column efficiency achieved was 90 900 N/m. By contrast, under the same chromatographic
conditions, the test substances were not separated effectively on the SiO,-NH, column. Regard-
less of the mobile phase ratio, the peaks of benzamide and 2-iodoacetamide overlapped. These
results demonstrate that the developed Sil-SMA-MME column has good separation selectivity.
The separation performance of the Sil-SMA-MME column for phospholipid samples was also in-
vestigated by HPLC and evaporative light scattering detection ( ELSD) to explore its feasibility
for phospholipid separation and analysis. Different phospholipid standards were used to evalu-
ate the separation performance of the column. Under certain mobile phase conditions, baseline
separation could be achieved for dipalmityl phosphatidyl serine sodium ( DPPS), diolyl phos-
phatidyl choline (DOPC), and dipalmityl phosphatidyl ethanolamine ( DPPE), as well as four
phosphatidyl choline (PC) standards, namely, lysophosphatidylcholine (LysoPC) , dimyristoyl
phosphatidyl choline (DMPC) , distearyl phosphatidyl choline ( DSPC), and dipalmitoyl phos-
phatidyl choline (DPPC). The separation potential of the developed Sil-SMA-MME column was
further evaluated by separating and analyzing phospholipid extracts from Antarctic krill oil and
human serum. The results showed that the developed Sil-SMA-MME column has good potential
for phospholipid separation and analysis.

Key words: styrene-maleic anhydride copolymer; chromatographic stationary phase; phospho-

lipid; “click” reaction; free radical polymerization
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Fig. 1 Schematic diagram for preparation of Sil-SMA-MME stationary phase
MPS. 3-mercaptopropyltriethoxysilane; DMF; N, N-dimethylformamide; TsOH: p-toluenesulfonic acid.
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Fig. 2 (a) Thermogravimetric curves and (b) FT-IR spectra of SiO,, Sil-SH, Sil-SMA and Sil-SMA-MME
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Fig. 3 Effect of ACN volume fractions in mobile phase
on chromatographic retention for amide com-
pounds
Chromatographic conditions; mobile phase, ACN-H,O; flow

rate, 1.0 mL/min; detection wavelength, 214 nm.
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Fig. 4 Separation chromatograms of amides on (a) the
Sil-SMA-MME column and (b, ¢) commercial
amino column (SiO,-NH,)

Chromatographic conditions: mobile phase, ACN-H,O (96
4, v/v) for a and b, 100% ACN for c¢; UV detection wave-
length, 214 nm; flow rate, 1. 0 mL/min.

Analytes: 1. cyanoacetamide; 2. 2-iodoacetamide; 3.
benzamide; 4. p-aminobenzamide; 5. nicotinamide.
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FUANAR, e L 5 H AR Sil-SMA-MME 4315 41

2
1
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1
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12 3
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e :
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t/ min

5 EH/GEREELYRTE(a) Sil-SMA-MME & &0
(b, ¢)SiO,-NH, HH 5B aiEkE
Fig. 5 Separation chromatograms of nucleosides and
nucleic acid bases on (a) the Sil-SMA-MME
column and (b, ¢) SiO,-NH, column
Chromatographic conditions: mobile phase, ACN-H,0O (94 :
6, v/v) for a and b, ACN-H,O (60:40, v/v) for c; UV detec-
tion wavelength, 214 nm; flow rate, 1.0 mL/min.
Analytes: 1. uracil; 2. uridine; 3. inosine.

K Si0,-NH, X} I 4 Fppy it 4755 2, 2E AR TR )
TR, Si0,-NH, (A% X T4 B 24 i 1Y
TR EA T 55, Horr it 2 Bk S 35 1 A FR T A 0 3 1 5
S T FEORI N 4- 50 FE R B TG 7k 38 B S 2R
SYES (& 6b) o VAT IR AR HL A fili O B8 A e A Y
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i) — 2, B 4 Fh 4 o AT DLk ) 3 2k 4 B (R
6¢) , H b A R B0 TS [ 0 4 B e Bk

2
3y
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1+2
34
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12
3 4
a UA A Sil-SMA-MME
=S ————a————
0 2 4 6 8 10

t/ min

B 6 ZEEEYWFELE(a)Sil-SMA-MME &iZ4EF1(b, c)
SiO,-NH, S EaiEE
Fig. 6 Separation chromatograms of phenols on (a) the
Sil-SMA-MME column and (b, ¢) SiO,-NH, col-
umn
Chromatographic conditions: mobile phase, ACN-H,O (40:
60, v/v) for a and b, ACN-H,0 (97:3, v/v) for c; UV detec-
tion wavelength, 214 nm; flow rate, 1.0 mL/min.
Analytes: 1. acetaminophen; 2. p-cresol; 3. p-chlorophenol;
4. 4-tert-octylphenol.
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Fig. 7 Separation chromatograms of (a) different
phospholipid classes and (b) different PC
molecules on the Sil-SMA-MME column

Chromatographic conditions: mobile phase for a, A-B (80:
20, v/v) (A: n-hexane-isopropanol-H, O-glacial acetic acid-tri-
ethylamine (5:81:14:1.5:0.08, v/v/v/v/v); B; MeOH) ; mo-
bile phase for b, A-B (25:75, v/v) (A: H,0; B: MeOH-ACN
(8:1, v/v)); flow rate, 1.0 mL/min; evaporative light-scat-
tering detector.

Analytes for a: 1. dipalmityl phosphatidyl serine sodium
(DPPS) ; 2. dipalmityl phosphatidyl ethanolamine ( DPPE) ; 3.
diolyl phosphatidyl choline (DOPC). Analytes for b: 1. lysoph-
osphatidylcholine ( LysoPC) ; 2. dimyristoyl phosphatidyl cho-
line (DMPC) ; 3. distearyl phosphatidyl choline (DSPC) ; 4. di-
palmitoyl phosphatidyl choline (DPPC).
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Fig. 8 Separation chromatograms of (a) phospholipid
extracts from Antarctic krill oil and (b) human
serum phospholipid extracts on the Sil-SMA-
MME column
Chromatographic conditions; mobile phase, A-B (25:75, v/
v) (A: H,0; B: MeOH-ACN (8:1, v/v)); flow rate, 1.0

mL/min; evaporative light-scattering detector.
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