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ɹʠʦʩʠʥʪʝʟ ʛʣʠʢʦʢʦʥʲʶʛʘʪʦʚ ʚ ʵʫʢʘʨʠʦʪʘʭ3



GPI-ɿʘʷʢʦʨʝʥʥʳʝ ʙʝʣʢʠ

4



ɻʣʠʢʦʧʨʦʪʝʠʥ Thy-1

(THYmocyte differentiation antigen 1)

ʇʨʠʤʝʨ GPI-ʟʘʷʢʦʨʝʥʥʦʛʦ ʙʝʣʢʘ5



ʆʙʱʘʷ ʩʭʝʤʘ ʩʪʨʦʝʥʠʷ GPI-ʷʢʦʨʷ (ʢʦʨ) 6

GPI = ʛʣʠʢʦʟʠʣ-

ʬʦʩʬʘʪʠʜʠʣ-ʠʥʦʟʠʪ 

GPI =

Glycosyl Phosphatidyl Inositol

GPI-ʟʘʷʢʦʨʝʥʥʳʡ ʙʝʣʦʢ



7ɺʘʨʠʘʥʪʳ ʩʪʨʫʢʪʫʨ GPI-ʷʢʦʨʷ



ɹʠʦʩʠʥʪʝʟ GPI-ʷʢʦʨʷ 8ʕʇʈ



ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʙʝʣʢʘ ʢ GPI-ʷʢʦʨʶ + ʧʨʦʮʝʩʩʠʥʛ9



ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʙʝʣʢʘ ʢ GPI-ʷʢʦʨʶ + ʧʨʦʮʝʩʩʠʥʛ10

ʕʇʈ



ʇʨʦʪʝʦʛʣʠʢʘʥʳ ʠ 

ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʳ

11



ʇʨʦʪʝʦʛʣʠʢʘʥʂʦʨ 

(ʢɼʘ)

ʏʠʩʣʦ 

ʮʝʧʝʡ ɻɸɻ

ɸʛʛʨʝʢʘʥ208ï220 ~100

ʇʝʨʣʝʢʘʥ 400 1ï3

ɻʣʠʧʠʢʘʥʳ1ï6 ~60 1ï3

ʉʠʥʜʝʢʘʥʳ1ï4 31ï45 1ï3

ɹʠʛʣʠʢʘʥ 38 1ï2

ɼʝʢʦʨʠʥ 36 1

ʇʨʠʤʝʨʳ ʧʨʦʪʝʦʛʣʠʢʘʥʦʚ: ʘʨʭʠʪʝʢʪʫʨʘ12

ʂʦʨ (ʧʦʣʠʧʝʧʪʠʜ)

ɻʝʧʘʨʘʥʩʫʣʴʬʘʪ

ʍʦʥʜʨʦʠʪʠʥʩʫʣʴʬʘʪ

/ʜʝʨʤʘʪʘʥʩʫʣʴʬʘʪ

ɻʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʳ (ɻɸɻ):



ɻʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʳ (ɻɸɻ) ʧʦʟʚʦʥʦʯʥʳʭ13

ʅɽ ʩʚʷʟʘʥ 

ʢʦʚʘʣʝʥʪʥʦʩ 

ʙʝʣʢʦʤ

~80 ʦʩʪʘʪʢʦʚ ʚ 

ʮʝʧʠ ɻɸɻ 

(20 ʢɼʘ)

ʉʨ.: 10ï12 

ʦʩʪʘʪʢʦʚ ʚ 

ʪʠʧʠʯʥʦʤ 2-ʭ-

ʘʥʪʝʥʥʦʤ N-

ʛʣʠʢʘʥʝɻʇ



Characteristics Heparan sulfate Heparin

Soluble in 2 M potassium 

acetate (pH 5.7, 4ÁC)

yes no

Size 10ï70 kD 7ï20 kD

Sulfate/hexosamine ratio 0.8ï1.8 1.8ï2.6

GlcNSO3 40ï60% Ó80%

Iduronic Acid 30ï50% Ó70%

Binding to antithrombin 0ï0.3% ~30%

Site of synthesis virtually all cells Heparin is made solely 

as serglycin 

proteoglycan by 

connective-tissue-type 

mast cells

ɻʝʧʘʨʘʥʩʫʣʴʬʘʪ ʠ ʛʝʧʘʨʠʥ ïçʨʦʜʩʪʚʝʥʥʠʢʠè14



15ɸʛʨʝʛʘʪ ʭʨʷʱʝʚʦʛʦ ʧʨʦʪʝʦʛʣʠʢʘʥʘ (ʘʛʛʨʝʢʘʥʘ) 

ʩ ʛʠʘʣʫʨʦʥʘʥʦʤ ʠ ʩʚʷʟʫʶʱʠʤ ʙʝʣʢʦʤ



ɸʛʨʝʛʘʪ ʭʨʷʱʝʚʦʛʦ ʧʨʦʪʝʦʛʣʠʢʘʥʘ (ʘʛʛʨʝʢʘʥʘ) 

ʩ ʛʠʘʣʫʨʦʥʘʥʦʤ ʠ ʩʚʷʟʫʶʱʠʤ ʙʝʣʢʦʤ
16



17ʂʝʨʘʪʘʥʩʫʣʴʬʘʪʳ (ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʝ ʧʦʣʠ-

N-ʘʮʝʪʠʣʣʘʢʪʦʟʘʤʠʥʳ)



ʉʠʥʪʝʟ ʢʝʨʘʪʘʥʩʫʣʴʬʘʪʘ: 

ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʩʫʣʴʬʦʪʨʘʥʩʬʝʨʘʟʳ

18



ʀʥʠʮʠʘʮʠʷ ʙʠʦʩʠʥʪʝʟʘ 

ʭʦʥʜʨʦʠʪʠʥʩʫʣʴʬʘʪʘ ʠ 

ʛʝʧʘʨʘʥʩʫʣʴʬʘʪʘ: 

ʩʠʥʪʝʟ ʣʠʥʢʝʨʥʦʛʦ 

ʪʝʪʨʘʩʘʭʘʨʠʜʘ

19



20ɹʠʦʩʠʥʪʝʟ ʮʝʧʝʡ 

ʭʦʥʜʨʦʠʪʠʥʩʫʣʴʬʘʪʘ/ʜʝʨʤʘʪʘʥʩʫʣʴʬʘʪʘ



21ɹʠʦʩʠʥʪʝʟ ʮʝʧʝʡ ʛʝʧʘʨʘʥʩʫʣʴʬʘʪʘ/ʛʝʧʘʨʠʥʘ



ʄʦʜʠʬʠʢʘʮʠʷ ʮʝʧʝʡ ʛʝʧʘʨʘʥʩʫʣʴʬʘʪʘ/ʛʝʧʘʨʠʥʘ22



23ɼʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʝʧʘʨʘʥʩʫʣʴʬʘʪʘ/ʛʝʧʘʨʠʥʘ: 

ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ



Essentials of Glycobiology 

Second Edition

24

Chapter  35, Table 35.3

ʇʨʠʤʝʨʳ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʫʟʥʘʶʪʩʷ ɻɸɻ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʙʝʣʢʘʤʠ

Antithrombin heparin/heparan sulfate

Fibroblast growth factor 2 heparin/heparan sulfate

Lipoproteinlipase heparin/heparan sulfate

Heparin cofactor II dermatan sulfate

Herpes simplex virus heparin/heparan sulfate

Glycoprotein gD 

Protein  Glycosaminoglycan  Oligosaccharide

  partner  

Essentials of Glycobiology 

Second Edition



ʇʝʥʪʘʩʘʭʘʨʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʛʝʧʘʨʠʥʘ ï

ʧʦʣʥʦʩʪʴʶ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʥʪʠʢʦʘʛʫʣʷʥʪ  

ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ

25

ʊʦʨʛʦʚʘʷ ʤʘʨʢʘ çɸʨʠʢʩʪʨʘè (Arixtra)

ʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ïʬʦʥʜʘʧʘʨʠʥʫʢʩʥʘʪʨʠʷ (fondaparinux sodium )

ɸʥʪʠʪʨʦʤʙʦʪʠʯʝʩʢʘʷʘʢʪʠʚʥʦʩʪʴʷʚʣʷʝʪʩʷʨʝʟʫʣʴʪʘʪʦʤʩʝʣʝʢʪʠʚʥʦʛʦʫʛʥʝʪʝʥʠʷ

ʬʘʢʪʦʨʘXa, ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦʘʥʪʠʪʨʦʤʙʠʥʦʤIII. ʀʟʙʠʨʘʪʝʣʴʥʦʩʚʷʟʳʚʘʷʩʴʩ

ʘʥʪʠʪʨʦʤʙʠʥʦʤIII, ʬʦʥʜʘʧʘʨʠʥʫʢʩʥʘʪʨʠʷʧʦʪʝʥʮʠʨʫʝʪ(ʧʨʠʤʝʨʥʦʚ 300 ʨʘʟ)

ʠʩʭʦʜʥʫʶʥʝʡʪʨʘʣʠʟʘʮʠʶʬʘʢʪʦʨʘʍʘʘʥʪʠʪʨʦʤʙʠʥʦʤIII. ʅʝʡʪʨʘʣʠʟʘʮʠʷʬʘʢʪʦʨʘʍʘ

ʧʨʝʨʳʚʘʝʪʮʝʧʦʯʢʫʢʦʘʛʫʣʷʮʠʠʠ ʠʥʛʠʙʠʨʫʝʪʢʘʢʦʙʨʘʟʦʚʘʥʠʝʪʨʦʤʙʠʥʘ,ʪʘʢʠ

ʬʦʨʤʠʨʦʚʘʥʠʝʪʨʦʤʙʦʚ.



ʂʦʤʧʣʝʢʩ ʘʥʪʠʪʨʦʤʙʠʥʘ ʩ ʧʝʥʪʘʩʘʭʘʨʠʜʥʳʤ 

ʬʨʘʛʤʝʥʪʦʤ ʛʝʧʘʨʠʥʘ
26

ʧʨʦʪʝʦʛʣʠʢʘʥ



ʂʦʥʬʦʨʤʘʮʠʠ ʛʝʧʘʨʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʗʄʈ)27



ʇʦʣʠʩʘʭʘʨʠʜʳ

28



ʇʨʠʤʝʨʳ  ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ
29

Hyaluronic acid

(GlcNAcb1-4GlcAb1-3)n



ɻʠʘʣʫʨʦʥʘʥ (ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) ïʩʘʤʳʡ 

ʢʨʫʧʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ ʧʦʟʚʦʥʦʯʥʳʭ 

(~3.7 Ĭ106ɼʘ)

30



ɹʠʦʩʠʥʪʝʟ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ31



ʇʦʣʠʩʠʘʣʦʚʘʷ ʢʠʩʣʦʪʘ ʥʘ N-ʛʣʠʢʘʥʝ 32



ʇʝʢʪʠʥʦʚʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʨʘʩʪʝʥʠʡ: 

ʛʦʤʦʛʘʣʘʢʪʫʨʦʥʘʥ (HG), ʨʘʤʥʦʛʘʣʘʢʪʫʨʦʥʘʥ I 

(RG-I), ʨʘʤʥʦʛʘʣʘʢʪʫʨʦʥʘʥ II (RG-II), 

ʢʩʠʣʦʛʘʣʘʢʪʫʨʦʥʘʥ (XGA)

33



ʇʦʣʠʩʘʭʘʨʠʜʳ ʢʨʘʩʥʳʭ ʚʦʜʦʨʦʩʣʝʡ34

ɸʛʘʨʦʟʘ

ʂʘʨʨʘʛʠʥʘʥ



ɻʣʠʢʘʥʳ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ 

ʙʘʢʪʝʨʠʡ

ʇʝʧʪʠʜʦʛʣʠʢʘʥ 

ʃʠʧʦʧʦʣʠʩʘʭʘʨʠʜʳ

36



ʇʝʧʪʠʜʦʛʣʠʢʘʥ

37



ʂʣʝʪʦʯʥʘʷ ʩʪʝʥʢʘ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʙʘʢʪʝʨʠʡ
38



ʉʪʨʫʢʪʫʨʘ ʧʝʧʪʠʜʦʛʣʠʢʘʥʘ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ39

Å b-ʃʘʢʪʘʤʥʳʝʘʥʪʠʙʠʦʪʠʢʠ ʙʣʦʢʠʨʫʶʪ ʩʙʦʨʢʫ ʧʝʥʪʘʧʝʧʪʠʜʘ

Å ɺʘʥʢʦʤʠʮʠʥʙʣʦʢʠʨʫʝʪ ʩʰʠʚʢʫ ʛʣʠʢʘʥʦʚʳʭʮʝʧʝʡ, ʢʦʪʦʨʦʡ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʫʜʘʣʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʦʩʪʘʪʢʘ D-Ala

ʄʝʩʪʦ 

ʩʰʠʚʢʠ 



40ʇʝʧʪʠʜʦʛʣʠʢʘʥ Streptococcus pyogenesʩ 

ʧʨʠʚʷʟʘʥʥʦʡ ʪʝʡʭʦʝʚʦʡ ʢʠʩʣʦʪʦʡ



41ɹʠʦʩʠʥʪʝʟ ʧʝʧʪʠʜʦʛʣʠʢʘʥʘ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ



ʃʠʧʦʧʦʣʠʩʘʭʘʨʠʜʳ ʙʘʢʪʝʨʠʡ

42



43ʂʣʝʪʦʯʥʘʷ ʩʪʝʥʢʘ ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʙʘʢʪʝʨʠʡ



44

S-ʬʦʨʤʘ



45

S-ʬʦʨʤʘ



46

S-ʬʦʨʤʘ



47

SR-ʬʦʨʤʘ



48

R-ʬʦʨʤʘ



ʃʠʧʦʧʦʣʠʩʘʭʘʨʠʜʳ: ʣʠʧʠʜ A + ʯʘʩʪʴ ʢʦʨʘ49

ʕʥʜʦʪʦʢʩʠʥ E. coli



ʉʙʦʨʢʘ Kdo2ïʣʠʧʠʜ A ʚ E. coli 50



ʇʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨ ʢʦʨʘ ʃʇʉ51



ʄʦʥʦʩʘʭʘʨʠʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ O-ʧʦʣʠʩʘʭʘʨʠʜʦʚ52



ʃʇʉ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ  TLR4 53



ɻʣʠʢʦʣʠʧʠʜʳ

54



ɻʣʠʢʦʣʠʧʠʜʳ: 

ʛʣʠʢʦʛʣʠʮʝʨʦʣʠʧʠʜʳ ʠ ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʳ 

55



Cʬʠʥʛʦʣʠʧʠʜʳ 56



ɻʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʳ 57



ɻʣʠʢʦʛʣʠʮʝʨʦʣʠʧʠʜʳ ʠ ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʳ 58

SQDGʉʝʤʠʥʦʣʠʧʠʜɻʘʣʘʢʪʦʟʠʣʮʝʨʘʤʠʜ



ʉʫʣʴʬʘʪʠʜ (3-O-ʩʫʣʴʬʦ-b-D-

ʛʘʣʘʢʪʦʟʠʣʮʝʨʘʤʠʜ) ʠ SQDG

(ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜ ʠ ʛʣʠʢʦʛʣʠʮʝʨʦʣʠʧʠʜ)

59

SQDG

ʉʫʣʴʬʘʪʠʜ



ɻʘʥʛʣʠʦʟʠʜ GM1 (ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜ)60



ɻʘʥʛʣʠʦʟʠʜ GT1b (ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜ)61



62ɸʛʣʠʢʦʥʳ ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʦʚ

ʎʝʨʘʤʠʜ

ʉʬʠʥʛʦʟʠʥ

ʉʬʠʥʛʘʥʠʥ

ʌʠʪʦʩʬʠʥʛʦʟʠʥ



ʆʩʥʦʚʥʳʝ ñʩʝʨʠʠò (ʢʦʨʳ) ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʦʚ63



ʉʪʨʫʢʪʫʨʳ, ʪʨʠʚʠʘʣʴʥʳʝ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ 

ʥʘʟʚʘʥʠʷ: ñoseò-ʥʦʤʝʥʢʣʘʪʫʨʘ

64

(root name)(root size)osylceramide



çʇʨʦʜʚʠʥʫʪʘʷè ñoseò-ʥʦʤʝʥʢʣʘʪʫʨʘ
65



ʅʦʤʝʥʢʣʘʪʫʨʘ ʉʚʝʥʥʝʨʭʦʣʴʤʘ

(ʜʣʷ ʛʘʥʛʣʠʦʟʠʜʦʚ)
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ʅʦʤʝʥʢʣʘʪʫʨʘ ʉʚʝʥʥʝʨʭʦʣʴʤʘ

(ʛʘʥʛʣʠʦʟʠʜʳGM1, GM2, GM3)
67



}ʈɸɿʃʀʏʀʗ:

}ʇʨʠʩʫʪʩʪʚʠʝ ʛʣʶʢʦʟʳ (Glc):

}ʚ ɻʉʃ ʧʦʯʪʠ ʚʩʝʛʜʘ ʝʩʪʴ Glc

}ʚ N-ʮʝʧʷʭ ɻʇ Glc ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚʨʝʤʝʥʥʦ

}ʇʨʠʩʫʪʩʪʚʠʝ ʤʘʥʥʦʟʳ (Man):

}ʚ ɻʉʃ ʥʠʢʦʛʜʘ ʥʝʪ Man

}ʚ N-ʮʝʧʷʭ ɻʇ Man ʝʩʪʴ ʚʩʝʛʜʘ

}ʌʨʘʛʤʝʥʪ Neu5Aca2-8Neu5Aca

}ʚ ɻʉʃ ʪʠʧʠʯʥʳ ʦʣʠʛʦʤʝʨʳ Neu5Ac (ʜʦ ʪʨʠʤʝʨʘ ʚʢʣʶʯʠʪʝʣʴʥʦ)

}ʥʘ ʮʝʧʷʭ ɻʇ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʧʦʣʠʩʠʘʣʦʚʘʷ ʢʠʩʣʦʪʘ

}ʉʍʆɼʉʊɺʆ:

}ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʟʥʘʯʠʤʳʝ ʪʝʨʤʠʥʘʮʠʠ ʯʘʩʪʦ ʙʳʚʘʶʪ 

ʦʜʠʥʘʢʦʚʳʤʠ ʚ ɻʉʃ ʠ ʚ N- ʠ O-ʮʝʧʷʭ ɻʇ (ʩʤ. ʧʨʠʤʝʨʳ)

ʉʦʩʪʘʚ ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʦʚ (ɻʉʃ):

ʩʨʘʚʥʝʥʠʝ ʩ N- ʠ O-ʮʝʧʷʤʠ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ (ɻʇ)
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ʇʦʣʠʣʘʢʪʦʟʘʤʠʥʥʳʝ ʮʝʧʠ ʚ ɻʇ ʠ ɻʃ69



ɸʥʪʠʛʝʥʳ H, A ʠ B (ʪʠʧ 4), ʷʚʣʷʶʱʠʝʩʷ 

ʜʝʪʝʨʤʠʥʘʥʪʘʤʠ ʛʨʫʧʧ ʢʨʦʚʠ H (0), A ʠ B
70



ʉʠʥʪʝʟ ʘʥʪʠʛʝʥʘ Sda(ʯʝʣʦʚʝʢ) ʠʣʠ CT (ʤʳʰʴ) 

ʠ ʛʣʠʢʦʣʠʧʠʜʘGM2
71



ʉʠʥʪʝʟ ʮʝʧʝʡ ɻʇ ʠ ɻʃ, ʩʦʜʝʨʞʘʱʠʭ Ŭ2ï6-

ʩʚʷʟʘʥʥʫʶ ʩʠʘʣʦʚʫʶ ʢʠʩʣʦʪʫ (Neu5Ac)

72



ʉʠʥʪʝʟ ʮʝʧʝʡ ɻʇ ʠ ɻʃ, ʩʦʜʝʨʞʘʱʠʭ Ŭ2ï3-

ʩʚʷʟʘʥʥʫʶ ʩʠʘʣʦʚʫʶ ʢʠʩʣʦʪʫ (Neu5Ac)
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ʆʣʠʛʦʩʠʘʣʦʚʘʷ ʢʠʩʣʦʪʘ ʥʘ ʛʣʠʢʦʣʠʧʠʜʘʭ74



ʇʦʣʠʩʠʘʣʦʚʘʷ ʢʠʩʣʦʪʘ (PolySia) ʥʘ N-ʛʣʠʢʘʥʝ75



ɹʠʦʩʠʥʪʝʟ ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʦʚ 

(ʥʘ ʧʨʠʤʝʨʝ ʛʘʥʛʣʠʦʟʠʜʦʚ)
76



ʄʦʜʝʣʠ ʯʝʪʳʨʝʭ ʢʦʨʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ɻʉʃ77

Gg (ʛʘʥʛʣʠʦ) Gb (ʛʣʦʙʦ)

Lc (ʣʘʢʪʦ) nLc (ʥʝʦʣʘʢʪʦ)


