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inhibitors from lead compounds including benzaldehydes (35) (Khan et al., 2014b); 

benzothiazoles (36) (Khan et al., 2011) (Taha, Ismail, Imran, Selvajar, & Rhim, 2016); 

bisindolylmethanes (37) (Khalid Mohammed Khan, Rahim, et al., 2014); 

N-arylidenequinoline-3-carbohydrazides (38) (Taha et al., 2016a); hydrazones (39) 

(Taha et al., 2016b); benzimidazoles (40) (Taha et al., 2015a); 

3,4,5-trihydroxybenzohydrazones (41) (Taha et al., 2015b); indole hydrazones (42) 

(Baharudin et al., 2017); oxadiazole benzohydrazones (43) (Taha et al., 2015c); 

Dihydropyrimidones (44) (Ali et al., 2016); hydrazide derivatives (45) (Khan et al., 

2002); thiadiazols (46) (Salar et al., 2016); 5-nitroimidazoles (47) (Salar et al., 2016); 

Disulfide and sulfone hybrid analogs (48) (Taha, Ismail, Imran, Wadood, et al., 2016); 

coumarins (49) (Khan et al., 2014c) and thienothiophenes (50) (Mabkhot et al., 2014). 

All of these kinds of synthesized compounds showed potent inhibitory activity (Figure 

3).  

As the vast chemical and biological diversity of natural products, discovery of the 

bioactive natural products has been historically considered as a promising source of 

drug discovery (Nautiyal, 2013). Over the last decades, there has been a surge of focus 

globally on marine derived natural products, as their distinct environments of marine 

life and unique biological diversities of marine organisms (Monaco & Quinlan, 2014). 

Marine algae, which have been traditionally consumed as food or food ingredient and 

medical treatments in many countries, are of the particular interest as they contain 

natural occurring bioactive primary and secondary metabolites, such as pigments, lipids, 

fatty acids, sterols, polysaccharides, proteins, peptides, mycosporine-like amino acids, 

phenolic compounds, and terpenes (Blunt, Copp, Munro, Northcote, & Prinsep, 2006). 

Indeed, bioactivities of these compounds have been described to date ranging from 







9 
 

 

 

 

 

Figure 1. Glucuronidation reaction scheme.  
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1.1.2 Collection of marine algae 

 

Algal samples were collected at three typical coastal sites of Hokkaido, Japan 

during the year 2015~2017 (Figure 1-1). First site was Usujiri Fisheries Station (site A) 

of Field Science Center for Northern Biosphere (FSC) of Hokkaido University in 

Hakodate where the cold Oyashio and warm Tsushima current influenced area. Second 

site was Oshoro Marine Station (site B) of FSC in Otaru where the warm Tsushima 

current influenced area. Third site was Habomai area (site C) in Nemuro where the cold 

Oyashio current influenced area. Samples were identified according to the illustrated 

seaweeds catalogues (Chihara, 2002) and by Prof. Hiroyuki Mizuta, Faculty of Fisheries 

Sciences, Hokkaido University. The voucher specimens of algae were deposited at the 

laboratory of Laboratory of Marine Chemical Resource Development of Hokkaido 

University. 

 

 
 

(http://www.fsc.hokudai.ac.jp/KANRYU/english/field.html) 

 

Figure 1- 1. The path of the Oyashio and Tsushima Current around Hokkaido, Japan. 
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1.1.3 Organic solvent extraction of marine algae 

 

Collected algal samples were brought to the laboratory immediately and washed 

thoroughly by the tap water to remove the epiphytes, sands and other pollution off. After 

air drying overnight, the seaweed samples were weighted, cut into small pieces and 

finally extracted twice with methanol or acetone for 3 or 4 days under room temperature 

in dark. The solvent was decanted, filtered and evaporated under reduced pressure with 

rotary evaporator (<40 °C). The primary and secondary extracts (Tables 1-1 to 1-11) of 

all the algal samples were dissolved in methanol and/or water and/or n-hexane and 

stocked at 4 °C in dark. 
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Table 1-1. Specimens collected in Usujiri, Hakodate on April 21st, 2015 

Specimen Scientific name 
Weight (kg) 

of 
specimen 

Weight 
(g) 
of 

Primary 
extract 

Weight (g) 
of 

secondary 
extract 

Phaeophyceae     

Matsumo Analipus japonicus 0.147 3.569 0.863 

Watamo Colpomenia bullosa 0.166 1.739 1.520 

Kayamonori Scytosiphon lomentaria 0.013 0.538 0.083 

Fushisujimoku Sargassum confusum 0.390 14.459 4.452 

Umitoranoo Sargassum thunbergii 285.7 9.821 2.428 

Akamoku Sargassum horneri 0.034 2.766 0.100 

Rhodophylaceae     

Akaba Neodilsea yendoana 0.007 0.428 0.246 

Hirakotoji Chondrus pinnulatus 0.011 0.806 0.197 

Fukurofunori Gloiopeltis furcata 0.451 14.296 2.166 

Akabaginnansou Mazzaella japonica 0.004 0.028 0.026 

Kurohaginnansou Chondrus yendoi 1.391 42.822 8.401 

Kushibenihiba Ptilota filicina 0.045 2.791 0.330 

Moroitogusa Polysiphonia morrowii 0.007 0.411 0.072 

Fujimatsumo Neorhodomela aculeata 0.112 4.969 0.851 

Hakesakinokogirihiba Odonthalia corymbifera 0.092 6.400 0.800 

Hosobafujimatsumo Rhodomela teres 0.069 3.490 0.502 
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Table 1-2. Specimens collected in Usujiri, Hakodate on June 3rd, 2015 

Specimen Scientific name 

Weight 
(kg) 
of 

specimen 

Weight 
(g) 
of 

Primary 
extract 

Weight (g) 
of 

secondary 
extract 

Chlorophyceae     

Anaaosa Ulva pertusa 0.103 3.105 0.596 

Phaeophyceae     

Matsumo Analipus japonicus 1.700 43.800 17.100 

Nebarimo Leathesia difformis 0.052 1.321 0.156 

Kayamonori Scytosiphon lomentaria 0.047 1.453 0.032 

Chigaiso Alaria crassifolia 0.164 12.529 1.814 

Makonbu Saccharina japonica 0.107 7.618 0.524 

Fushisujimoku Sargassum confusum 4.800 143.400 28.600 

Umitoranoo Sargassum thunbergii 3.500 111.500 35.600 

Rhodophylaceae     

Makusa Gelidium elegans 0.093 4.746 0.743 

Hirakotoji Chondrus pinnulatus 1.340 35.718 17.316 

Kurohaginnansou Chondrus yendoi 1.970 16.877 8.563 

Akabaginnansou Mazzaella japonica 0.610 13.476 2.749 

Kushibenihiba Ptilota filicina 0.025 0.983 0.225 

Fujimatsumo Neorhodomela aculeata 3.000 71.800 16.500 

Hakesakinokogirihiba Odonthalia corymbifera 0.664 28.247 4.932 
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Table 1-3. Specimens collected in Habomai, Nemuro on July 2nd, 2015 

Specimen Scientific name 

Weight 
(kg) 
of 

specimen 

Weight 
(g) 
of 

Primary 
extract 

Weight 
(g) 
of 

secondary 
extract 

Chlorophyceae     

Anaaosa Ulva pertusa 0.048 1.822 0.552 

Ezomiru Codium yezoense 0.900 14.505 7.194 

Phaeophyceae     

Matsumo Analipus japonicus 0.360 8.989 2.842 

Nagamatsumo Chordaria flagelliformis 1.800 32.261 17.683 

Ezofukuro Coilodesme japonica 0.250 5.785 1.220 

Aname Agarum clathratum 1.380 26.700 14.000 

Tororokonbu Saccharina gyrata 0.530 15.547 2.463 

Hibamata Fucus distichus subsp. evanescens 0.970 36.500 17.600 

Nebutomoku Stephanocystis crassipes 2.300 74.300 31.800 

Rhodophylaceae     

Darusu Palmaria palmata 0.020 1.858 0.538 

Hirakotoji Chondrus pinnulatus 0.064 2.412 0.734 

Kurohaginnansou Chondrus yndoi 0.530 13.792 2.961 

Akabaginnansou Mazzaella japonica 0.035 1.208 0.085 

Egonori Campylaephora hypnaeoides 0.950 2.246 2.858 

Igisu Ceramium kondoi 0.089 0.529 0.183 

Fujimatsumo Neorhodomela aculeata 0.160 33.293 4.880 

Hakesakinokogirihiba Odonthalia corymbifera 0.330 4.423 0.338 
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Table 1-4. Specimens collected in Oshoro, Otaru on July 7th, 2015 

Specimen Scientific name 
Weight (kg) 

of 
specimen 

Weight (g) 
of 

Primary 
extract 

Weight 
(g) 
of 

secondary 
extract 

Chlorophyceae     

Bouaonori Ulva intestinalis 0.035 0.442 0.098 

Anaaosa Ulva pertusa 0.026 0.689 0.241 

Sujiaonori Ulva prolifera 0.011 0.118 0.042 

Tsuyanashishiogusa Cladophora opaca 0.127 1.580 0.073 

Phaeophyceae     

Ezoyahazu Dictyopteris divaricata 0.065 4.976 1.132 

Umitoranoo Sargassum thunbergii 1.300 40.617 15.001 

Azumanejimoku Sargussum yamadae 0.240 38.359 6.505 

Rhodophylaceae     

Makusa Gelidium elegans 0.163 9.225 1.921 

Marubatsunomata Chondrus nipponicus 0.232 7.000 1.540 

Hirakotoji Chondrus pinnulatus 0.022 1.182 0.249 

Haneigisu Ceramium japonicum 0.183 6.826 0.657 

Fujimatsumo Neorhodomela aculeata 0.790 37.799 11.351 
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Table 1-5. Specimens collected in Usujiri, Hakodate on May 10th, 2016 

Specimen Scientific name 
Weight (kg) 

of 
specimen 

Weight (g) 
of 

Primary 
extract 

Weight 
(g) 
of 

secondary 
extract 

Phaeophyceae     

Matsumo Analipus japonicus 0.119 4.010 0.410 

Kayamonori Scytosiphon lomentaria 0.582 10.040 1.820 

Chigaiso Alaria crassifolia 0.575 14.219 4.638 

Fushisujimoku Sargassum confusum 2.052 73.529 18.129 

Uminoranoo Sargassum thunbergii 1.099 40.139 10.519 

Rhodophylaceae     

Sangomo Corallina officinalis 0.008 0.080 0.015 

Makusa Gelidium elegans 1.350 45.799 12.633 

Akaba Neodilsea yendoana 0.264 12.520 2.770 

Hirakotoji Chondrus pinnulatus 0.182 12.330 2.520 

Kurohaginnansou Chondrus yndoi 0.161 4.600 0.880 

Akabaginnansou Mazzaella japonica 0.148 3.923 0.627 

Matsunori Polyopes affinis 0.006 0.125 0.024 

Kushibenihiba Ptilota filicina 0.141 4.029 0.603 

Fujimatsumo Neorhodomela aculeata 2.430 51.039 15.109 

Hakesakinogirihiba Odonthalia corymbifera 1.140 69.629 16.220 

Hosobafujimatsumo Rhodomela teres 0.419 19.489 4.749 
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Table 1-6. Specimens collected in Usujiri, Hakodate on May 25th, 2016 

Specimen Scientific name 

Weight 
(kg) 
of 

specimen 

Weight 
(g) 
of 

Primary 
extract 

Weight (g) 
of 

secondary 
extract 

Phaeophyceae     

Matsumo Analipus japonicus 0.239 7.462 1.579 

Ezoyahazu Dictyopteris divaricata 0.232 7.340 1.541 

Kayamonori Scytosiphon lomentaria 0.063 1.262 0.481 

Chigaiso Alaria crassifolia 0.274 7.459 2.810 

Umitoranoo Sargassum thunbergii 0.188 8.147 1.364 

Nebarimo Leathesia difformis 0.007 0.233 0.025 

Makonbu Saccharina japonica 0.069 4.281 0.738 

Rhodophylaceae !  !  !  !  

Makusa Gelidium elegans 0.315 11.057 2.651 

Akaba Neodilsea yendoana 1.470 49.080 14.351 

Fukurofunori Gloiopeltis furcata 0.383 9.338 1.350 

Togetsunomata Chondrus armatus 0.037 1.336 0.357 

Tsunomata Chondrus ocellatus 0.007 0.439 0.113 

Hirahitoji Chondrus pinnulatus 0.213 12.36 2.42 

Kurohaginnansou Chondrus yndoi 0.008 0.185 0.028 

Akabaginnansou Mazzaella japonica 0.041 1.178 0.192 

Karekigusa Tichocarpus crinitus 0.625 32.700 7.540 

Kushibenihiba Ptilota filicina 0.006 0.517 0.040 

Fujimatsumo Neorhodomela aculeata 1.400 36.598 13.420 

Hakesakinogirihiba Odonthalia corymbifera 0.692 30.960 10.430 
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Table 1-7. Specimens collected in Oshoro, Otaru on June 28th, 2016 

Specimen Scientific name 

Weight 
(kg) 
of 

specimen 

Weight 
(g) 
of 

Primary 
extract 

Weight (g) 
of 

secondary 
extract 

Chlorophyceae     

Anaaosa Ulva pertusa 0.009 0.328 0.075 

Fujiaonori Ulva prolifera 0.503 5.280 2.276 

Tamajuzumo Chaetomorpha moniligera 0.007 0.502 0.102 

Phaeophyceae     

Ezoyahazu Dictyopteris divaricata 0.730 31.546 7.119 

Tsurumo Chorda asiatica 0.599 18.220 3.480 

Uganomoku Stephanocystis hakodatensis 0.180 7.019 2.175 

Hondawara Sargassum fulvellum 1.250 39.920 11.790 

Fushisujimoku Sargassum confusum 1.040 38.470 7.680 

Rhodophylaceae !  !  !  !  

Makusa Gelidium elegans 0.293 8.430 1.505 

Akaba Neodilsea yendoana 1.060 35.680 6.975 

Marubatsunomata Chondrus nipponicus 0.564 16.630 3.418 

Hirakotoji Chondrus pinnulatus 0.017 0.569 0.080 

Haneigisu Ceramium japonicum 0.007 9.391 2.640 

Yuna Chondria crassicaulis 0.049 6.128 1.112 

Urasozo Laurencia nipponica 0.840 18.910 3.190 

Mitsudesozo Laurencia okamurae 0.385 0.988 0.072 

Fujimatsumo Neorhodomela aculeata 0.122 1.114 0.253 

Isomurasaki Symphyocladia latiuscula 0.028 9.980 1.567 
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Table 1-8. Specimens collected in Habomai, Nemuro on July 5th, 2016 

Specimen Scientific name 

Weight 
(g) 
of 

specimen 

Weight 
(g) 
of 

Primary 
extract 

Weight 
(g) 
of 

secondary 
extract 

Chlorophyceae     

Anaaosa Ulva pertusa 0.039 2.400 0.520 

Tsuyanashishiogusa Cladophora opaca 0.721 7.932 3.341 

Phaeophyceae !  !  !  !  

Nagamatsumo Chordaria flagelliformis 0.208 3.501 0.401 

Ezofukuro Coilodesme japonica  0.660 8.282 2.831 

Aname Agarum clathratum 1.152 35.834 5.244 

Hibamata Fucus distichus subsp. evanescens 2.172 109.958 29.404 

Nebutomoku Stephanocystis crassipes 3.653 1.000 0.252 

Rhodophylaceae !  !  !  !  

Darusu Palmaria palmata 0.241 6.671 1.276 

Umizoumen Nemalion vermiculare 0.124 2.368 0.716 

Akabaginnansou Mazzaella japonica 0.085 1.724 0.204 

Karekigusa Tichocarpus crinitus 1.832 55.421 28.153 

Katababenihiba Neoptilota asplenioides 0.005 0.221 0.036 

Kushibenihiba Ptilota filicina 0.792 13.044 4.789 

Isomurasaki Symphyocladia latiuscula 0.023 1.171 0.241 
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Table 1-9. Specimens collected in Usujiri, Hakodate on April 27th, 2017 

Specimen Scientific name 

Weight 
(kg) 
of 

specimen 

Weight 
(g) 
of 

Primary 
extract 

Weight 
(g) 
of 

secondary 
extract 

Chlorophyceae     

Anaaosa Ulva pertusa 0.022 0.674 0.096 

Phaeophyceae     

Matsumo Analipus japonicus 0.092 1.914 1.868 

Watamo Colpomenia bullosa 1.512 27.907 7.817 

Kayamonori Scytosiphon lomentaria 1.526 41.588 11.778 

Chigaiso Alaria crassifolia 0.667 13.705 6.190 

Fushisujimoku Sargassum confusum 1.491 3.298 0.637 

Umitoranoo Sargassum thunbergii 0.989 36.571 9.290 

Rhodophylaceae     

Akaba Neodilsea yendoana 0.229 4.314 3.308 

Matsunori Polyopes affinis 0.025 2.338 0.635 

Egonori Campylaephora hypnaeoides 0.127 3.386 0.613 

Kushibenihiba Ptilota filicina 0.005 0.207 0.042 

Fujimatsumo Neorhodomela aculeata 1.948 39.340 32.170 

Hakesakinogirihiba Odonthalia corymbifera 0.108 5.140 0.500 

Hosobafujimatsumo Rhodomela teres 0.272 14.930 3.441 
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Table 1-10. Specimens collected in Habomai, Nemuro on May 26th, 2017 

Specimen Scientific name 

Weight 
(kg) 
of 

specimen 

Weight 
(g) 
of 

Primary 
extract 

Weight 
(g) 
of 

secondary 
extract 

Chlorophyceae     

Ezomiru Codium yezoense 0.211 0.253 0.134 

Phaeophyceae     

Kesorushigusa Desmarestia viridis 0.397 0.193 0.034 

Aname Agarum clathratum 1.054 16.970 3.772 

Sujime Costaria costata 0.112 0.324 0.102 

Hibamata Fucus distichus subsp. evanescens 4.708 0.995 0.288 

Nebutomoku Stephanocystis crassipes 1.700 0.396 0.194 

Rhodophylaceae     

Benifukuronori Halosaccion yendoi  0.489 8.286 1.361 

Darusu Palmaria palmata 0.302 5.805 0.963 

Akabaginnansou Mazzaella japonica 0.487 4.778 0.909 

Kushibenihiba Ptilota filicina 0.106 1.580 0.271 

Fujimatsumo Neorhodomela aculeata 0.334 6.449 1.246 

Hakesakinogirihiba Odonthalia corymbifera 0.100 2.727 0.388 
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Table 1-11. Specimens collected in Usujiri, Hakodate on June 9th, 2017 

Specimen Scientific name 

Weight 
(kg) 
of 

specimen 

Weight (g) 
of 

Primary 
extract 

Weight 
(g) 
of 

secondary 
extract 

Phaeophceae!      

Kayamonori Scytosiphon lomentaria 0.152 0.779 0.080 

Fushisujimoku Sargassum confusum 0.038 1.086 0.262 

Umitoranoo Sargassum thunbergii 0.042 1.866 0.326 

Rhodophylaceae !  !  !  !  

Makusa Gelidium elegans 6.213 0.543 0.213 

Akaba Neodilsea yendonna 0.128 7.075 1.824 

Igisu Ceramium kondoi 6.678 0.751 0.104 

Urasozo Laurencia nipponica 0.056 16.740 1.690 

Fujimatsumo Neorhodomela aculeata 0.156 31.132 11.036 

Hakesakinogirihiba Odonthalia corymbifera 0.091 5.602 1.522 

Isomurasaki Symphyocladia latiuscula 5.850 0.510 0.189 
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Figure 2-1. Separation scheme of the extract of Neorhodomela aculeata collected from Usujiri, Hakodate.
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Figure 2-2. Procedure of organic solvent partitioning of algal extracts. 
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Figure 2-4. RP-18 silica gel thin layer chromatogram of fractions obtained from ethyl 

acetate-soluble fraction separated by silica gel column chromatography. 

Developing solvent, methanol: water = 7: 3 (v/v). 

, Visualized with 5% sulfuric acid reagent. 

, Positive response for potassium ferricyanide-ferric chloride reagent. 
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Figure 2-7. Analytical RP-18 thin layer chromatogram (A) and high performance silica 

gel thin layer chromatogram (B) of compound F1. 

Developing solvent: (A) methanol: water = 7: 3 (v/v);  

 (B) toluene: ethyl acetate: acetic acid = 7: 2: 1 (v/v/v). 

, Positive response for potassium ferricyanide-ferric chloride. 

 

 

 

Figure 2-8. Profile of the preparative TLC of fraction C5. 

Developing solvent, toluene: ethyl acetate: acetic acid = 7: 2: 1 (v/v/v). 

, Visualized with 5% sulfuric acid reagent. 

, Positive response for potassium ferricyanide-ferric chloride reagent. 

Abbreviations designate color of the spots: Br, brown. 
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Figure 2-10. Analytical RP-18 thin layer chromatogram (A) and high performance silica 

gel thin layer chromatogram (B) of compound F2. 

Developing solvent: (A) methanol: water = 7: 3 (v/v);  

 (B) toluene: ethyl acetate: acetic acid = 7: 2: 1 (v/v/v). 

, Positive response for potassium ferricyanide-ferric chloride reagent. 

 

 

Figure 2-11. Profile of the preparative TLC of fraction C6. 

Developing solvent, toluene: ethyl acetate: acetic acid = 7: 3: 2 (v/v/v). 

, Visualized with 5% sulfuric acid reagent. 

, Positive response for potassium ferricyanide-ferric chloride reagent. 

Abbreviations designate color of the spots: Br, brown; S, quenching spot under short 

wave UV lamp; W, white under long wave UV lamp. 
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Figure 2-14. FD-MS spectrum of compound F1. 
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Figure 2-15. 1H-NMR spectrum of compound F1. 
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Figure 2-16. 13C-NMR spectrum of compound F1. 
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Figure 2-17. HSQC spectrum of compound F1. 
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Figure 2-18. HMBC spectrum of compound F1. 
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Figure 2-19. Expanded HMBC spectrum of compound F1. 
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Figure 2-20. Structure of compound F1. 
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Figure 2-21. FD-MS spectrum of compound F2.  
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Figure 2-22. 1H-NMR spectrum of compound F2.  
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Figure 2-23. 13C-NMR spectrum of compound F2.! !
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Figure 2-24. HSQC spectrum of compound F2.! !
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Figure 2-25. HMBC spectrum of compound F2.  
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Figure 2-26. Expanded HMBC spectrum (1) of compound F2.! !
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Figure 2-27. Expanded HMBC spectrum (2) of compound F2.!
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Figure 2-28. Structure of compound F2. 
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Figure 2-29. FD-MS spectrum of compound F3.  
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Figure 2-30. 1H-NMR spectrum of compound F3.  
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Figure 2-31. 13C-NMR spectrum of compound F3.  
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Figure 2-32. HSQC spectrum of compound F3.   
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Figure 2-33. Expanded HSQC spectrum of compound F3.  
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Figure 2-34. HMBC spectrum of compound F3.  
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Figure 2-35. Expanded HMBC spectrum of compound F3.  
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Figure 2-36. Structure of compound F3. 
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Figure 2-37. Separation scheme of the extract of N. yendoana.
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Figure 2-39. Silica gel thin layer chromatogram of fractions obtained from ethyl 

acetate-soluble fraction separated by silica gel column chromatography. 

Developing solvent, chloroform: methanol = 5: 1 (v/v). 

, Visualized with 5% sulfuric acid reagent. 

, Blue color after detection of 5% sulfuric acid reagent 

, Positive response for 0.2% ninhydrin reagent. 

, Yellow color after detection of 0.2% ninhydrin reagent. 

Abbreviations designate color of the spots: Br, brown; Y, yellow; G, green; R, red 

color under long wave UV lamp; B, blue color under long wave UV lamp; S, 

quenching spot under short wave UV lamp. 

  





101 
 

Figure 2-48). Fraction E4S3 which showed an orange color spot after detection by 0.2% 

ninhydrin reagent was further separated on Sephadex LH-20 (Table 2-26) and eluted 

with 100% methanol to afford fractions E4S3-1 to E4S3-9 (Table 2-27, Figure 2-49). 

Among them, fraction E4S3-4 (7.29 mg) was performed for the finally separation by 

RP-18 HPLC (Table 2-28, Figure 2-50) to give compound A6 (1.43 mg, 1.0 ppm 

based on air-dried alga) (Table 2-29, Figure 2-51).  

  







104 
 

 

 

Figure 2-42. Analytical RP-18 thin layer chromatogram (A) and high performance 

silica gel thin layer chromatogram (B) of fraction A1. 

Developing solvent: (A) acetonitrile: water = 9: 1 (v/v);  

 (B) n-hexane: ethyl acetate = 19: 1 (v/v). 

, Visualized with 5% sulfuric acid reagent. 

Abbreviation designates color of the spots: Br, brown. 

 

 

Figure 2-43. Profile of the preparative TLC of fraction E3. 

Developing solvent, n-hexane: acetone = 6: 1 (v/v). 

, Visualized with 5% sulfuric acid reagent. 

Abbreviations designate color of the spots: Br, brown; G, green; S, quenching spot 

under short wave UV lamp; R, red under long wave UV lamp; B, blue under long 

wave UV lamp. 
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Figure 2-47. Analytical RP-18 thin layer chromatogram (A) and high performance 

silica gel thin layer chromatogram (B) of compounds A4 and A5. 

Developing solvent: (A) methanol: water = 9: 1 (v/v);  

 (B) n-hexane: acetone = 6: 1 (v/v). 

, Visualized with 5% sulfuric acid reagent. 

 
  













114 
 

 
Figure 2-52. FI-MS spectrum of compound A1. 
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Figure 2-53. 1H-NMR spectrum of compound A1.  
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Figure 2-54. 13C-NMR spectrum of compound A1.  
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Figure 2-55. HSQC spectrum of compound A1.  
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Figure 2-56. Expanded HSQC spectrum of compound A1.  
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Figure 2-57. HMBC spectrum of compound A1.  
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Figure 2-58. Expanded HMBC spectrum (1) of compound A1.  
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Figure 2-59. Expanded HMBC spectrum (2) of compound A1.  
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Figure 2-60. Expanded HMBC spectrum (3) of compound A1.  
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Figure 2-61. COSY spectrum of compound A1.! !
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Figure 2-62. Expanded COSY spectrum of compound A1. 
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Figure 2-63. Structure of compound A1.  
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Figure 2-64. FI-MS total ion chromatogram of E3P5-1.  
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Figure 2-65. FI-MS spectrum of compound A2.! !
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Figure 2-66. FI-MS spectrum of compound A3. 
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Figure 2-67. 1H-NMR spectrum of compounds A2 and A3.  
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Figure 2-68. 13C-NMR spectrum of compounds A2 and A3.  



133 
 

 

Figure 2-69. HSQC spectrum of compounds A2 and A3.  
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Figure 2-70. Expanded HSQC spectrum (1) of compounds A2 and A3.  
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Figure 2-71. Expanded HSQC spectrum (2) of compounds A2 and A3.  



136 
 

 

Figure 2-72. Expanded HSQC spectrum (3) of compounds A2 and A3. 
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Figure 2-73. Expanded HSQC spectrum (4) of compounds A2 and A3.  
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Figure 2-74. Expanded HSQC spectrum (5) of compounds A2 and A3.  
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Figure 2-75. HMBC spectrum of compounds A2 and A3.  



140 
 

 

Figure 2-76. Expanded HMBC spectrum (1) of compounds A2 and A3.  
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Figure 2-77. Expanded HMBC spectrum (2) of compounds A2 and A3.  
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Figure 2-78. Expanded HMBC spectrum (3) of compounds A2 and A3.  
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Figure 2-79. Expanded HMBC spectrum (4) of compounds A2 and A3.  
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Figure 2-80. Expanded HMBC spectrum (5) of compounds A2 and A3.  
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Figure 2-81. Expanded HMBC spectrum (6) of compounds A2 and A3.  
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Figure 2-82. Expanded HMBC spectrum (7) of compounds A2 and A3.  



147 
 

 

Figure 2-83. Expanded HMBC spectrum (8) of compounds A2 and A3.  
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Figure 2-84. Expanded HMBC spectrum (9) of compounds A2 and A3.  
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Figure 2-85. Expanded HMBC spectrum (10) of compounds A2 and A3.   
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Figure 2-86. COSY spectrum of compounds A2 and A3.  
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Figure 2-87. Expanded COSY spectrum (1) of compounds A2 and A3.! !
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Figure 2-88. Expanded COSY spectrum (2) of compounds A2 and A3.! !
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Figure 2-89. NOESY spectrum of compounds A2 and A3.! !
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Figure 2-90. Expanded NOESY spectrum (1) of compounds A2 and A3.! !
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Figure 2-91. Expanded NOESY spectrum (2) of compounds A2 and A3.!
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Figure 2-92. Structure of compound A2.
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Table 2-32. Comparison of NMR data between compound A3a and literatureb 

 1H NMR 13C NMR 

Position A3 Literature data A3 Literature data 

1 2.19 (m, 1H); 1.93 (m, 1H) 2.14(m, 1H); 1.90 (m, 1H) 36.2 35.5 

2 2.32 (m, 1H); 2.55 (m, 1H) 2.46 (m, 1H); 2.55 (m, 1H) 34.4 34.0 

3   199.2 199.5 

4 5.95 (d, 1H) 6.15 (d, 1H) 125.5 125.5 

5   161.9 162.8 

6   202.0 202.3 

7 2.55 (m, 1H); 2.13 (m, 1H) 2.66 (m, 1H); 2.02 (m, 1H) 47.0 46.8 

8 1.98 (m, 1H) 2.02 (m, 1H) 34.8 34.2 

9 1.29 (m, 1H) 1.37 (m, 1H) 51.4 50.9 

10   40.4 39.0 

11 1.69 (m, 1H); 1.57 (m, 1H) 1.64 (m, 1H); 1.68 (m, 1H) 21.6 20.8 

12 1.74 (m, 1H); 1.34 (m, 1H) 2.11 (m, 1H); 1.23 (m, 1H) 29.3 29.7 

13   43.1 41.9 

14 1.29 (m, 1H) 1.12 (m, 1H) 57.3 56.6 

15 1.62 (m, 1H); 1.19 (m, 1H) 1.14 (m, 1H); 1.59 (m, 1H) 24.5 23.9 

16 2.08 (m, 1H); 1.32 (m, 1H) 1.88 (m, 1H); 1.35 (m, 1H) 40.0 39.8 

17 1.23 (m, 1H) 1.14 (m, 1H) 56.6 55.8 

18 0.78 (s, 3H) 0.70 (s, 3H) 12.4 12.0 

19 1.20 (s, 3H) 1.18 (s, 3H) 17.6 17.0 

20 2.10 (m, 1H) 1.37 (m, 1H) 40.9 39.0 

21 1.03 (d, 6.6, 2H) 0.91 (d, 6.5, 3H) 21.2 20.8 

22 5.25 (d, 1H) 5.17 (d, 1H) 138.8 137.6 

(To be continued) 

  





160 
 

 
 

Figure 2-93. Structure of compound A3.
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Figure 2-94. FD-MS spectrum of compound A4.  
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Figure 2-95. 1H-NMR spectrum of compound A4.! !
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Figure 2-96. 13C-NMR spectrum of compound A4.  
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Figure 2-97. HSQC spectrum of compound A4.  
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Figure 2-98. Expanded HSQC spectrum (1) of compound A4.  
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Figure 2-99. Expanded HSQC spectrum (2) of compound A4.  
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Figure 2-100. Expanded HSQC spectrum (3) of compound A4.  
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Figure 2-101. Expanded HSQC spectrum (4) of compound A4. 
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Figure 2-102. HMBC spectrum of compound A4.  
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Figure 2-103. Expanded HMBC spectrum (1) of compound A4.  
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Figure 2-104. Expanded HMBC spectrum (2) of compound A4. 
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Figure 2-105. Expanded HMBC spectrum (3) of compound A4.  
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Figure 2-106. Expanded HMBC spectrum (4) of compound A4.  
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Figure 2-107. Expanded HMBC spectrum (5) of compound A4.  
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Figure 2-108. COSY spectrum of compound A4. 
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Figure 2-109.Expanded COSY spectrum (1) of compound A4.  
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Figure 2-110. Expanded COSY spectrum (2) of compound A4.  
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Figure 2-111. NOESY spectrum of compound A4.  
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Figure 2-112. Expanded NOESY spectrum (1) of compound A4. 
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Figure 2-113. Expanded NOESY spectrum (2) of compound A4. 
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Table 2-33. Comparison of NMR data between compound A4a and literatureb 

 1H NMR 13C NMR 

Position A4 A4 Literature data  

1 1.82 (m, 1H); 1.04 (m, 1H) 38.2 37.2 

2 1.43 (m, 1H); 1.75 (m, 1H) 32.5 31.6 

3 3.38 (m, 1H) 71.7 71.8 

4 2.17 (m, 2H) 43.3 42.2 

5  142.3 140.8 

6 5.30 (d, 6.8, 1H) 121.5 121.7 

7 1.94 (m, 1H); 1.52 (m, 1H) 32.6 31.9 

8 1.51 (m, 1H) 32.8 31.9 

9 0.92 (m, 1H) 51.2 50.2 

10  37.3 36.4 

11 1.47 (m, 1H); 1.50 (m, 1H) 21.8 21.1 

12 1.84 (m, 1H); 1.27 (m, 1H) 28.9 28.2 

13  43.1 42.3 

14 1.01 (m, 1H) 57.7 56.8 

15 1.58 (m, 1H); 1.06 (m, 1H) 25.0 24.2 

16 2.04 (m, 1H); 1.06 (m, 1H) 40.7 39.8 

17 1.11 (m, 1H) 57.0 56.1 

18 0.71 (s, 3H) 12.2 12.0 

19 1.00 (s, 3H) 19.8 19.3 

20 1.42 (m, 1H) 36.6 35.8 

(To be continued) 
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Figure 2-114. Structure of compound A4.
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Figure 2-115. FD-MS spectrum of compound A5. 
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Figure 2-116. 1H-NMR spectrum of compound A5. 
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Figure 2-117. 13C-NMR spectrum of compound A5.  
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Figure 2-118. HSQC spectrum of compound A5.! !
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Figure 2-119. Expanded HSQC spectrum (1) of compound A5.! !
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Figure 2-120. Expanded HSQC spectrum (2) of compound A5.! !
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Figure 2-121. Expanded HSQC spectrum (3) of compound A5.! !
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Figure 2-122. HMBC spectrum of compound A5.! !
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Figure 2-123. Expanded HMBC spectrum (1) of compound A5.! !
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Figure 2-124. Expanded HMBC spectrum (2) of compound A5. 
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Figure 2-125. Expanded HMBC spectrum (3) of compound A5.! !
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Figure 2-126. Expanded HMBC spectrum (4) of compound A5.! !



198 
 

 

Figure 2-127. Expanded HMBC spectrum (5) of compound A5.! !
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Figure 2-128. COSY spectrum of compound A5.! !
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Figure 2-129. Expanded COSY spectrum (1) of compound A5.! !
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Figure 2-130. Expanded COSY spectrum (2) of compound A5.! !
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Figure 2-131. Expanded COSY spectrum (3) of compound A5.!
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Table 2-34. Comparison of NMR data between compound A5a and literatureb 

 1H NMR 13C NMR 

Position A5 A5 Literature data 

1 1.82 (m, 1H); 1.05 (m, 1H) 38.2 37.2 

2 1.49 (m, 1H); 1.76 (m, 1H) 32.5 31.6 

3 3.38 (m, 1H) 71.7 71.8 

4 2.21 (m, 2H) 43.3 42.2 

5  142.3 140.8 

6 5.30 (t, 1H) 121.5 121.7 

7 1.96 (m, 1H); 1.55 (m, 1H) 32.6 31.9 

8 1.48 (m, 1H) 32.7 31.9 

9 0.94 (m, 1H) 51.2 50.2 

10  37.3 36.4 

11 1.54 (m, 1H); 1.51 (m, 1H) 21.8 21.1 

12 1.69 (m, 1H); 1.29 (m, 1H) 29.5 28.2 

13  43.0 42.2 

14 1.04 (m, 1H) 57.7 56.8 

15 1.57 (m, 1H); 1.09 (m, 1H) 24.9 24.2 

16 2.02 (m, 1H); 1.22 (m, 1H) 40.5 39.7 

17 1.16 (m, 1H) 56.8 55.9 

18 0.73 (s, 3H) 12.4 11.8 

19 1.01 (s, 3H) 19.8 19.3 

20 2.07 (m, 1H) 41.0 40.1 

(To be continued) 
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Figure 2-132. Structure of compound A5.







208 
 

 

 

Figure 2-133. UV-Vis spectrum of compound A6. 
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Figure 2-134. FD-MS spectrum of compound A6.  
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Figure 2-135. 1H-NMR spectrum of compound A6.  
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Figure 2-136. 13C-NMR spectrum of compound A6.   
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Figure 2-137. HSQC spectrum of compound A6.  
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Figure 2-138. HMBC spectrum of compound A6.  
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Figure 2-139. Expanded HMBC spectrum of compound A6.  
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Figure 2-140. DQF-COSY spectrum of compound A6.
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Figure 2-141. Key HMBC correlations (arrows) and 1H-1H COSY correlations (bold 

lines) of compound A6. 

 

 

 

Figure 2-142. Structure of compound A6 and gloiosiphone B.
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Table 2-36. Amount and yield of purified acetal by different solvent extractions 

Extraction 
solvent 

Dried amount 
of alga(g) 

Primary extract 
(g) 

Secondary extract 
(g) 

n-Hexane soluble 
fraction (mg) 

Ethyl acetate soluble 
fraction (mg) 

Amount 
(mg) 

Yield 
(ppm) 

Methanol 338.82 10.895 1.957 341.0 785.7 1.68 5.0 

Ethanol 303.19 9.592 0.916 230.6 778.8 3.46 11.4 

Acetone 313.17 6.124 0.155 181.1 890.1 11.62 37.1 

 

 

    Table 2-37. 1H-NMR data of purified acetal by different solvent extractions 

 1H NMR data for purified acetal 

Position Methanol extraction (Ethanol extraction) Acetone extraction 

4 2.55 (m, 2H) 2.53 (m, 2H) 2.52 (m, 2H) 

5 4.27 (m, 1H); 4.33 (m, 1H)  4.23 (m, 1H); 4.31 (m, 1H) 4.28 (m, 1H); 4.32 (m, 1H) 

6 3.60 (d, 6.1, 2H) 3.60 (d, 5.7, 2H) 3.60 (d, 6.2, 2H) 

-OCH3 3.12 (s, 3H) 3.19 (s, 3H) 3.18 (s, 3H) 

-OH 3.86 (t, 6.3, 1H) 3.85 (t, 6.2, 1H) 3.85 (t, 6.3, 1H) 
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Figure 2-143. 1H-NMR spectra of compounds A6 by different solvent extractions. 

 

Methanol extraction 

Ethanol extraction 

Acetone extraction 
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activity among the obtained fractions was developed with 100% n-hexane on the 

preparative TLC plate to obtain fractions FH3-1 to FH3-3 (Figure 3-4). The pure 

fraction FH3-2 (5.0 mg, 10 ppm on the basis of air-dried alga) which exhibited high 

inhibitory activity (Table 3-3, Figure 3-5) was named as compound J1.
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Figure 3-1. Separation scheme of the extract of S. confusum collected from Usujiri, Hakodate.
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Figure 3-3. Silica gel thin layer chromatogram of fractions obtained from 

n-hexane-soluble fraction separated by silica gel column chromatography. 

Developing solvent, n-hexane: ethyl acetate = 4: 1 (v/v). 

, Visualized with 5% sulfuric acid reagent. 

Abbreviations designate color of the spots: B, blue; S, quenching spot under short wave. 

 

 

Figure 3-4. Profile of the preparative TLC of fraction FH3. 

Developing solvent, n-hexane. 

, Visualized with 5% sulfuric acid reagent. 

  







233 
 

 

Figure 3-6. FI-MS spectrum of compound J1.! !
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Figure 3-7. 1H-NMR spectrum of compound J1.! !
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Figure 3-8. 13C-NMR spectrum of compound J1. 
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Figure 3-9. HSQC spectrum of compound J1.! !
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Figure 3-10. Expanded HSQC spectrum (1) of compound J1.! !
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!

Figure 3-11. Expanded HSQC spectrum (2) of compound J1.! !
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Figure 3-12. COSY spectrum of compound J1.
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Figure 3-13. Structure of compound J1.
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chromatography and eluted by n-hexane/ethyl acetate/methanol to afford 13 fractions 

(Fraction H-1~H-13) (Table 3-6, Figure 3-16). Among them, fraction H-3 (22.6 mg, 

19.2 ppm on the basis of air-dried alga) was determined as pure compound depended on 

the high performance silica gel TLC profile (Figure 3-17). MS and NMR spectra 

(Figures 3-19 to 3-21) were identical to those of compound J1 purified from S. 

confusum.  

Besides, fraction H-4 (1334.0 mg) which showed similar TLC profile as fraction 

H-3 (Figure 3-17) was determined to perform the further separation. 

 

3.3.1.2  Silica gel column chromatography of fraction H-4 

 

Fraction H-4 (1334.0 mg) was rechromatographed over Wakogel C-100 silica gel 

and eluted with a gradient increasing ethyl acetate (0-100%) in n-hexane to obtain 

fractions H4-1~H4-11 (Table 3-7). Among them, fraction H4-4 (53.8 mg, 45.7 ppm on 

the basis of air-dried alga) showed one single spot on high performance silica gel TLC 

(Figure 3-18) and named as compound U2. 
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Figure 3-14. Separation scheme for the extract of S. thunbergii collected at Usujiri.







247 
 

 

Figure 3-16. Silica gel thin layer chromatogram of fractions obtained from 

n-hexane-soluble fraction separated by silica gel column chromatography. 

Developing solvent, n-hexane: ethyl acetate = 3: 1 (v/v). 

, Visualized with 5% sulfuric acid reagent. 

Abbreviations designate color of the spots: B, blue; Or, orange; P, purple; S, 

quenching spot under short wave UV lamp. 

!

 

Figure 3-17. High performance silica gel thin layer chromatogram of fractions H-3 

and H-4. 

Developing solvent, n-hexane. 

, Visualized with 5% sulfuric acid reagent. 

Abbreviation designates color of the spot: B, blue.  
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3.3.1.3  MS and NMR data of compound J1 obtained from S. thunbergii 

 

Physicochemical data for compound J1 obtained from S. thunbergii were identical 

with compound J1 obtained from S. confusum as follow: FI-MS: m/z 286.27[M]+; 

FI-HR-MS: m/z 286.26726 (calculated 286.26605 for C21H34); 1H NMR (500 MHz, 

CDCl3) ppm: 5.80 (m, 8H, H-6, 7, 9, 10, 12, 13, 15, 16), 5.00 (dd, J = 1.4, 17.0 Hz, 1H, 

H-1), 4.90 (dd, J = 1.4, 10.0 Hz, 1H, H-1), 2.80 (m, 6H, H-8, 11, 14), 2.05 (m, 6H, H-3, 

5, 17), 1.45 (m, 2H, H-4), 1.28 (m, 6H, H-18, 19, 20), 0.87 (t, J = 6.8 Hz, 3H, H-21); 

13C NMR (125 MHz, CDCl3) ppm: 138.8 (C-2), 130.6, 130.0, 128.6, 128.5, 128.1, 

128.1, 128.0, 127.6, 114.6 (C-6, 7, 9, 10, 12, 13, 15, 16), 33.4 (C-3), 31.6 (C-19), 29.4 

(C-18), 28.9 (C-4), 27.3 (C-17), 26.8 (C-5), 25.7, 25.7, 25.7 (C-8, 11, 14), 22.7 (C-20), 

14.1 (C-21) (Figures 3-19 to 3-21).  
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Figure 3-19. FI-MS spectrum of compound J1 obtained from S. thunbergii.! !
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Figure 3-20. 1H-NMR spectrum of compound J1 obtained from S. thunbergii. 
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Figure 3-21. 13C-NMR spectrum of compound J1 obtained from S. thunbergii. 
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Figure 3-22. FI-MS spectrum of compound U2. 
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Figure 3-23. 1H-NMR spectrum of compound U2. 
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Figure 3-24. 13C-NMR spectrum of compound U2.
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Figure 3-25. Structure of compound U2. 
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Figure 3-26. Separation scheme for the extract of A. clathratum collected at Habomai, Nemuro.
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Figure 3-28. Silica gel thin layer chromatogram of fractions obtained from 

n-hexane-soluble fraction separated by silica gel column chromatography. 

Developing solvent, n-hexane: ethyl acetate = 4:1 (v/v). 

, Visualized with 5% sulfuric acid reagent. 

Abbreviations designate color of the spots: B, blue; G, green; R, red color under long 

wave UV lamp. 
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Figure 3-30. Silica gel thin layer chromatogram of fractions obtained from fraction 

AH1 separated by silica gel column chromatography. 

Developing solvent, n-hexane. 

, Visualized with 5% sulfuric acid reagent. 

Abbreviations designate color of the spots: B, blue; R, red color under long wave UV 

lamp. 

 

 

Figure 3-31. High performance silica gel thin layer chromatogram of fractions 

AH1-3~AH1-5 and compounds J1, U2 obtained previously from S. thunbergii. 

Developing solvent, n-hexane. 

, Visualized with 5% sulfuric acid reagent.! !
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Figure 3-32. Silica gel thin layer chromatogram of fractions obtained from ethyl 

acetate-soluble fraction separated by silica gel column chromatography. 

Developing solvent, chloroform: methanol = 9: 1 (v/v). 

, Visualized with 5% sulfuric acid reagent and DMBA reagent. 

Abbreviations designate color of the spots: Br, brown; Y, yellow; S, quenching spot 

under short wave UV lamp; R, red under long wave UV lamp. 
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Figure 3-39. FD-MS spectrum of compound C3. 
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Figure 3-40. 1H-NMR spectrum of compound C3. 
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Figure 3-41. 13C-NMR spectrum of compound C3.! !
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Figure 3-42. 13C/DEPT (135) NMR spectrum of compound C3. 
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Figure 3-43. HSQC spectrum of compound C3. 
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Figure 3-44. COSY spectrum of compound C3.





282 
 

 

 

 

 

 
 

 

Figure 3-45. Structure of compound C3
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Figure 3-46. FD-MS spectrum of compound G2. 
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Figure 3-47. 1H-NMR spectrum of compound G2. 
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Figure 3-48. 13C-NMR spectrum of compound G2.
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Figure 3-50. High performance thin layer chromatogram of compound G2 and 

phloroglucinol. 

Developing solvent, chloroform: methanol= 6: 1 (v/v). 

, Visualized with 5% sulfuric acid reagent and DMBA reagent. 

Abbreviations designate color of the spots: Y, yellow; D-R, positive response for 

DMBA reagent. 
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Figure 4-1. Lineweaver-Burk plot (A) and Dixon plot (B) of bromophenol monomer F1. 
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Figure 4-2. Lineweaver-Burk plot (A) and Dixon plot (B) of bromophenol dimer F2.! !
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Figure 4-3. Lineweaver-Burk plot (A) and Dixon plot (B) of bromophenol dimer F3.  



299 
 

 

 

Figure 4-4. Lineweaver-Burk plot (A) and Dixon plot (B) of phytal (A1).! !
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Figure 4-5. Lineweaver-Burk plot (A) and Dixon plot (B) of cholesterol (A4).! !
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Figure 4-6. Lineweaver-Burk plot (A) and Dixon plot (B) of 22-dehydrocholesterol (A5). 
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Figure 4-7. Lineweaver-Burk plot (A) and Dixon plot (B) of isogloiosiphone B (A6). 
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Figure 4-8. Lineweaver-Burk plot (A) and Dixon plot (B) of henicosapentaene (J1).! !
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Figure 4-9. Lineweaver-Burk plot (A) and Dixon plot (B) of henicosahexaene (U2).! !
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Figure 4-10. Lineweaver-Burk plot (A) and Dixon plot (B) of squalene (C3).!
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Figure 4-11. Lineweaver-Burk plot (A) and Dixon plot (B) of phloroglucinol (G2).! !
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4-21(A)). Binding score of compound A6 was -5.28 kcal/mol. Two hydrogen bonds 

were generated after molecular docking stimulations with Lys304 dominated in chain 

A at a distance of 2.87 Å and Gly305 situated in chain B at a distance of 2.56 Å. 

Hydrophobic interactions were observed at residues of His296, Glu297, Asp298, 

Phe307, Asp307 and Leu310 of chain A(Figure 4-21(B)). 
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Figure 4-14 (A). Binding mode between bromophenol monomer (F1) and substrate 

active site of 3LPG. Interacting residues of 3LPG are displayed in gray surface mode. 

Compound F1 is presented in balls and sticks. Atoms of F1 are color-coded as follows: 

C, yellow; H, white; O, red; Br, brown. 
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Figure 4-14 (B). Intermolecular interactions of bromophenol monomer (F1) with 

3LPG showing by Ligplot+ (schematic 2D plot). !
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Figure 4-15 (A). Binding mode between bromophenol dimer (F2) and substrate active 

site of 3LPG. Interacting residues of 3LPG are displayed in gray surface mode. 

Compound F2 is presented in balls and sticks. Atoms of F2 are color-coded as follows: 

C, yellow; H, white; O, red; Br, brown. 
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Figure 4-15 (B). Intermolecular interactions of bromophenol dimer (F2) with 3LPG 

showing by Ligplot+ (schematic 2D plot). 
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Figure 4-16 (A). Binding mode between bromophenol dimer (F3) and substrate active 

site of 3LPG. Interacting residues of 3LPG are displayed in gray surface mode. 

Compound F3 is presented in balls and sticks. Atoms of F3 are color-coded as follows: 

C, yellow; H, white; O, red; Br, brown. 
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(B)!

Figure 4-16 (B). Intermolecular interactions of bromophenol dimer (F3) with 3LPG 

showing by Ligplot+ (schematic 2D plot).  
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Figure 4-17 (A). Binding mode between phytal (A1) and substrate active site of 3LPG. 

Interacting residues of 3LPG are displayed in gray surface mode. Compound A1 is 

presented in balls and sticks. Atoms of A1 are color-coded as follows: C, yellow; O, 

red. 
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Figure 4-17 (B). Intermolecular interactions of phytal (A1) with 3LPG showing by 

Ligplot+ (schematic 2D plot).  

! !
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Figure 4-18 (A). Binding mode between phytol (A2), cholesta-4,22-diene-3,6-dione 

(A3) and substrate active site of 3LPG. Interacting residues of 3LPG are displayed in 

gray surface mode. Compounds A2 and A3 are presented in balls and sticks. Atoms of 

A2 are color-coded as follows: C, yellow; O, red. Atoms of A3 are color-coded as 

follows: C, magenta; O, red. 
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Figure 4-18 (B). Intermolecular interactions of phytol (A2) with 3LPG showing by 

Ligplot+ (schematic 2D plot).  
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Figure 4-18 (C). Intermolecular interactions of cholesta-4,22-diene-3,6-dione (A3) 

with 3LPG showing by Ligplot+ (schematic 2D plot).  
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Figure 4-19 (A). Binding mode between cholesterol (A4) and substrate active site of 

3LPG. Interacting residues of 3LPG are displayed in gray surface mode. Compound 

A4 is presented in balls and sticks. Atoms of A4 are color-coded as follows: C, yellow; 

H, white; O, red. 
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Figure 4-19 (B). Intermolecular interactions of compound cholesterol (A4) with 3LPG 

showing by Ligplot+ (schematic 2D plot).  
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Figure 4-20 (A). Binding mode between 22-dehydrocholesterol (A5) and substrate 

active site of 3LPG. Interacting residues of 3LPG are displayed in gray surface mode. 

Compound A5 is presented in balls and sticks. Atoms of A5 are color-coded as follows: 

C, yellow; H, white; O, red. 
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Figure 4-20 (B). Intermolecular interactions of compound A5 with 3LPG showing by 

Ligplot+ (schematic 2D plot).  
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Figure 4-21 (A). Binding mode between isogloiosiphone B (A6) and substrate active 

site of 3LPG. Interacting residues of 3LPG are displayed in gray surface mode. 

Compound A6 is presented in balls and sticks. Atoms of A6 are color-coded as follows: 

C, yellow; H, white; O, red. 
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Figure 4-21 (B). Intermolecular interactions of isogloiosiphone B (A6) with 3LPG 

showing by Ligplot+ (schematic 2D plot).  
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Figure 4-22 (A). Binding mode between henicosapentaene (J1) and substrate active 

site of 3LPG. Interacting residues of 3LPG are displayed in gray surface mode. 

Compound J1 is presented in balls and sticks. Atoms of J1 are color-coded as follow: 

C, yellow. 
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Figure 4-22 (B). Intermolecular interactions of henicosapentaene (J1) with 3LPG 

showing by Ligplot+ (schematic 2D plot).  
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Figure 4-23 (A). Binding mode between henicosahexaene (U2) and substrate active 

site of 3LPG. Interacting residues of 3LPG are displayed in gray surface mode. 

Compound U2 is presented in balls and sticks. Atoms of U2 are color-coded as follow: 

C, yellow. 
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Figure 4-23 (B). Intermolecular interactions of henicosahexaene (U2) with 3LPG 

showing by Ligplot+ (schematic 2D plot).  
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Figure 4-24 (A). Binding mode between squalene (C3) and substrate active site of 

3LPG. Interacting residues of 3LPG are displayed in gray surface mode. Compound 

C3 is presented in balls and sticks. Atoms of C3 are color-coded as follows: C, yellow. 
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Figure 4-24 (B). Intermolecular interactions of squalene (C3) in the active cavity of 

3LPG showing by Ligplot+ (schematic 2D plot).  
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Figure 4-25 (A). Binding mode between phloroglucinol (G2) and substrate active site 

of 3LPG. Interacting residues of 3LPG are displayed in gray surface mode. Compound 

G2 is presented in balls and sticks. Atoms of G2 are color-coded as follows: C, yellow; 

H, white; O, red. 
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Figure 4-25 (B). Intermolecular interactions of phloroglucinol (G2) with 3LPG 

showing by Ligplot+ (schematic 2D plot).  
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Figure 4-26 (A). Binding mode between D-glucaro-1,4-lactone and substrate active site 

of 3LPG. Interacting residues of 3LPG are displayed in gray surface mode. 

D-Glucaro-1,4-lactone is presented in balls and sticks. Atoms are color-coded as 

follows: C, yellow; H, white; O, red. 
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Figure 4-26 (B). Intermolecular interactions of D-glucaro-1,4-lactone with 3LPG 

showing by Ligplot+ (schematic 2D plot).  
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