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Abstract Recently, microalgae as feedstock for lipid-based biofuel research has evoked great concern around the world.
Previous lipid analyses focused on fatty acid esters, triglyceride and total lipid content in algae, but ignored the polar lipids
analysis. Here, we present a comprehensive method to cover polar lipids and free fatty acids in Chlamydomonas reinhardtii.
Firstly, lipid extraction was performed by methyl-ters-butyl ether which is well suited for shotgun lipidomics method. After-
wards, we developed a fast detection method in polar lipids analysis of C. reinhardtii by using a chip-based nanoelectrospray
direct infusion with ion trap mass spectrometry (Nanomate-LTQ). A data-dependent MS/MS method acquired tandem mass
spectra in positive and negative mode with a range of 10 minutes infusion time. MS/MS data obtained from Nanomate-LTQ
were searched against automated MS/MS database with a precursor window of 0.4 Da and a product ion search window of
0.8 Da. Hit score represents the level of confidence from the Lipidblast library search which can be achieved by free avail-
ably NIST MS Search GUI. Therefore, thirty-five lipids were annotated by means of mass precursor search and subsequent
in-silico MS/MS mass spectral database (Lipidblast) search, including most polar lipid species which are most common lipid
species reported for C. reinhardtii. Among them, twenty classes of diacylglyceryltrimethylhomoserine that are very special
lipid species in C. reinhardtii belonging to betaine lipids were annotated with in-house Lipidblast database. In order to vali-
date this Lipidblast match, we performed a manual spectral interpretation of every experimental MS/MS spectrum to ensure
authentic ester annotations. Besides, we also applied a gas chromatography tandem mass spectrometric method to detect free
fatty acids in C. reinhardtii and found that linolenic acid, linoleic acid and palmitic acid are most abundant free fatty acids in
C. reinhardtii. This study provides a potential comprehensive lipidomic method for further lipid analysis in algal research.
Keywords polar lipids; Chlamydomonas reinhardtii; direct infusion method; gas chromatography-mass spectrometry; free
fatty acids
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Figure 1 Analytical platform to analyze polar lipids in Chlamydomonas reinhardtii
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Figure 2 Mass spectra under positive and negative mode with full scan method
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Figure 3 Annotation of complex lipid by matching experimental MS/MS data acquired by positive mode against the Lipidblast library
Left: betaine lipids DGTS 34 © 5 (16 : 4/18  1); Right: DGDG 34 : 3 (16 : 0/18 : 3)

%1 Lipidblast & (136 04 4 3 P (A V5 I 2. Reverse dot product f$#45 Lipidblast % 1 (7] {5 F %
Tablel Identified polar lipids in C. reinhardtii by Lipidbalst. The reverse dot product represents the level of confidence from the Lipidblast library search

Experimental mass m/z Library m/z Rev-Dot library Adduct Identified Species
682.583 682.562 883 M+H]" DGTS 30 - 1 (14 2 0/16 + 1)
706.583 706.562 909 M+H]" DGTS 32 « 3(16 - 0/16 + 3)°
708.630 708.578 759 M+H]" DGTS 32 « 2(16 - 0/16 . 2)°
710.583 710.593 891 M+H]" DGTS 32 - 1 (16 - 0/16 + 1)°
712.622 712.609 860 M+H]" DGTS 32 - 0(16 - 0/16 -+ 0)°
730.60 730.562 928 M+H]" DGTS 34 + 5(16 + 4/18 © 1)°
732.616 732.578 906 [M+H]" DGTS 34 « 4(16 - 0/18 . 4)°
734.69 734.68 854 [M+H]" DGTS 34 « 3(16 - 0/18 . 3)°
736.74 736.83 831 [M+H]" DGTS 34 « 2(16 - 0/18 . 2)°
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Experimental mass m/z Library m/z Rev-Dot library Adduct Identified Species

738.67 738.625 672 [M+H]" DGTS 34 - 1(16 - 0/18 - 1)°
740.6 740.64 819 [M+H]" DGTS 34 . 0(16 « 0/18 - 0)"
750.583 750.625 930 [M+H]" DGTS 35 - 2(16 - 0/19 - 2)°
752.67 752.64 908 [M+H]" DGTS 35 - 1(16 - 0/19 - 1)°
754.526 754.562 918 [M+H]" DGTS 36 - 7(18 - 3/18 + 4)°
756.575 756.578 855 [M+H]" DGTS 36 - 6 (18 - 3/18 - 3)°
775.583 775.53 707 [M+Na]* MGDG 34 . 3 (16 - 1/18 + 2)°
776.56 776.547 865 [M+H]" DGTS 37 - 3(16 - 0/21 - 3)°
777.78 777.56 800 [M+Na]* MGDG 34 + 2(16 + 0/18 + 2)°
784.55 784.51 766 M+H]" DGTS 38 + 6 (18 -+ 3/20 .+ 3)°
792.69 792.672 925 [M+H]" DGTS 38 . 2(16 « 0/22 . 2)"
798.546 798.6 857 M+H]" DGTS 39 « 6(18 + 3/21 + 3)°
810.683 810.625 917 M+H]" DGTS40 « 7(18 + 2/22 © 5)°
935.80 935.83 704 [M+Na]* DGDG 34 - 4(16 - 1/18 & 3)"
937.59 937.59 867 [M-+Na]* DGDG 34 . 3(16 . 0/18 . 3)"
939.41 939.52 837 [M+Na]" DGDG 34 . 2(16 - 0/18 . 2)°
942.43 942.45 891 [M+Na]" DGDG 34 . 1(16 - 0/18 + 1)
741.47 741.392 659 [M—H] PG34 . 4(16 . 1/18 + 3)*

743.49 743.35 668 [M—H] PG34 . 3(16 « 1/18 + 2)*

745.49 745.58 662 [M—H] PG34 . 3(16 « 1/18 + 1)

793.50 793.51 649 [M—H] SQDG 32 - 0(16 - 0/16 - 0)**
815.66 815.553 694 [M—H] SQDG 34 - 3(16 - 0/18 « 3)*
817.66 817.67 793 [M—H] SQDG 34 - 2(16 - 0/18 « 2)**
819.53 819.565 895 [M—H] SQDG 34 - 1(16 - 0/18 - 1)
835.53 835.58 813 [M—H] PI34 . 1(16 . 0/18 - 1)*

837.55 837.50 747 [M—H]" PI34 . 0(16 . 0/18 - 0)*

“ Lipids only can be identified by Lipidblast; ” lipids also can be identified by Metlin and Lipidmaps.
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Figure 4 Annotation of complex lipid by matching experimental MS/MS data acquired by negative mode against the Lipidblast library
Left: PI34 : 1 (16 : 0/18 : 1); Right: SQDG 32 : 0 (16 : 0/16 : 0)
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Retention index

Name Retention time/s ~ Peak area
(Binbase)

Pelargonic acid 486.067 144387 398493
Lauric acid 596.611 35894 547162
Palmitoleic acid 716.034 618335 706866
Palmitic acid 721.679 28244340 714610
Heptadecanoic

acid 749.256 39194 751387
Linoleic acid 768.719 11955890 777515
Linolenic acid 770.777 35798620 780147
Oleic acid 771.659 1322372 780313
Stearic acid 776.187 4304235 787954
3 e
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L& B FUR(ED: 70 eV; ARl g 280 C;
WEFREIR: 350 s; JRIERAERSTH]: 1200 s; FIH8 R EEGE
Fil: m/z 85~500; Kl #sHLE: 1650 V.
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