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ʇʦʣʷʨʥʦʩʪʴ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ (ʪʦʧʦʣʦʛʠʷ)4



ɻʣʠʢʦʧʨʦʪʝʠʥʳ
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N-ʎʝʧʠ ʠ O-ʮʝʧʠ 



ɼʚʘ ʛʣʘʚʥʳʭ ʪʠʧʘ ʮʝʧʝʡ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ

(ʧʨʠʤʝʨʳ) ʠ ʫʟʣʳ ʠʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʙʝʣʢʫ
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N-ʮʝʧʠ

O-ʮʝʧʠ

ÅN-ʛʣʠʢʦʟʠʜʥʳʝ: ïGlcNAcbïAsn

Åʆ-ʛʣʠʢʦʟʠʜʥʳʝ: ïGalNAcaïSer/Thr



N-ʎʝʧʠ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ
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ʉʪʨʫʢʪʫʨʘ



N-ʎʝʧʠ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ: ʩʝʢʚʦʥAsn-X-Ser/Thr 8



ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʩʘʡʪʳ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ9

X Í Pro

ʇʦʯʝʤʫ ʛʣʠʢʘʥʧʨʠʩʦʝʜʠʥʝʥ ʢ Asn-X-Ser/Thr?
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Ser, R1 = H; Thr, R1 = CH3. B - ʦʩʥʦʚʥʦʡ ʦʩʪʘʪʦʢ  

ʦʣʠʛʦʩʘʭʘʨʠʣʪʨʘʥʩʬʝʨʘʟʳ.  
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ʦʣʠʛʦʩʘʭʘʨʠʣ-

ʪʨʘʥʩʬʝʨʘʟʳ 

ï OST)

Asn       HNCH(R)CO    Ser (ʠʣʠ Thr)

Glc3ïMan9ïGlcNAc2ïPPïDol



ʄʝʭʘʥʠʟʤʳ ʘʢʪʠʚʘʮʠʠ Asn ʜʣʷ ʨʝʘʢʮʠʠ ʩ OST 10



N-ʎʝʧʠ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ

}70% ʙʝʣʢʦʚ ʠʤʝʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʩʘʡʪ 

N-ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ

}ʫ  50% ʙʝʣʢʦʚ (ʠʟʫʯʝʥʥʳʭ) ʫʛʣʝʚʦʜʥʘʷ ʮʝʧʴ 

ʚʣʠʷʝʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ

ʥʦ:

}ʪʦʣʴʢʦ 5% ʙʝʣʢʦʚ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ 

çʛʣʠʢʦʧʨʦʪʝʠʥʳè
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ʄʝʩʪʦ ʩʚʷʟʠ ʩ ʙʝʣʢʦʤ ʠ ʜʚʘ ʪʠʧʘ N-ʮʝʧʝʡ 12

çʫʟʝʣè ʩʚʷʟʠ

Asn

ʆʣʠʛʦʤʘʥʥʦʟʥʳʝ= 
ʤʘʥʥʦʟʦ-ʙʦʛʘʪʳʝ = 
ʚʳʩʦʢʦ-ʤʘʥʥʦʟʥʳʝ:

ʂʦʤʧʣʝʢʩʥʳʝ:

ʅʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʤ ʢʦʥʮʝ ïGlcNAc

ʂʦʨ (ʧʝʥʪʘʩʘʭʘʨʠʜ)



çɸʥʪʝʥʥʦʩʪʴè N-ʮʝʧʝʡ (ʢʦʤʧʣʝʢʩʥʳʝ ʮʝʧʠ)13

ʜʚʫʭʘʥʪʝʥʥʳʝ

ʪʨʝʭʘʥʪʝʥʥʳʝ

ʯʝʪʳʨʝʭʘʥʪʝʥʥʳʝ



... ʠ ʝʱʸ ʙʦʣʴʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ14

... ʧʣʶʩ ʜʝʢʦʨʠʨʦʚʘʥʠʝ

ʩʫʣʴʬʘʪʦʤ, ʬʦʩʬʘʪʦʤ,

ʘʮʝʪʘʪʦʤ ʠ ʪ.ʜ.

ɻʠʙʨʠʜʥʘʷ ʮʝʧʴ

Neu5Aca2-3/6

Neu5Gc

(Neu5Ac)0-1

ʙʠʩʝʢʪʥʘʷʮʝʧʴ ʬʫʢʦʟʘʚ ʢʦʨʝ



ʉʠʤʚʦʣʳ ʤʦʥʦʩʘʭʘʨʠʜʦʚ (ʥʦʚʘʷ ʩʠʩʪʝʤʘ)15

Chapter 1, Figure  5
Essentials of Glycobiology 

Second Edition



ɹʘʟʦʚʳʝ ʪʠʧʳ N-ʮʝʧʝʡ ʛʣʠʢʘʥʦʚ 16

ɻʠʙʨʠʜʥʳʝʆʣʠʛʦʤʘʥʥʦʟʥʳʝ ʂʦʤʧʣʝʢʩʥʳʝ



çɺʩʝè ʪʠʧʳ N-ʮʝʧʝʡ ʛʣʠʢʘʥʦʚ 17



ɺʘʨʠʘʥʪʳ N-ʮʝʧʝʡ ʛʣʠʢʘʥʦʚ (ʨʘʟʣʠʯʠʷ) 18



ʌʦʩʬʦʜʠʵʬʠʨʥʘʷ ʤʝʞʩʘʭʘʨʠʜʥʘʷ ʩʚʷʟʴ (ʜʨʦʞʞʠ)
19



ʏʝʤ ʯʝʣʦʚʝʢ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʞʠʚʦʪʥʳʭ? 

Neu5Ac, ʥʦ ʥʝ Neu5Gc
20

Ac = CH3COï Gc = HOCH2COï 



ɻʝʪʝʨʦʛʝʥʥʦʩʪʴ ʮʝʧʝʡ ʥʘ ʧʨʠʤʝʨʝ ʦʚʘʣʴʙʫʤʠʥʘ: 

ʛʣʠʢʦʬʦʨʤʳ ʙʝʣʢʘ
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ʊʦʣʴʢʦ ʦʜʠʥʩʘʡʪ 

ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ

ɺ ʪʦ ʞʝ ʚʨʝʤʷ

ʢʨʳʩʠʥʳʡ ʧʦʜʯʝʣʶʩʪʥʦʡ ʤʫʮʠʥ (2Ŀ106

ɼʘ) ʠʤʝʝʪ 1419 ʩʘʡʪʦʚ 

ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ:

Å 1342 ʆ-ʛʣʠʢʘʥʘʦʜʥʦʛʦ ʚʠʜʘ ʠ 

Å 77 N-ʛʣʠʢʘʥʦʚʦʜʠʥʘʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ



N-ʮʝʧʠ a1-ʢʠʩʣʦʛʦ ʛʣʠʢʦʧʨʦʪʝʠʥʘ

(ʧʦʢʘʟʘʥʳ ʜʝʩʠʘʣʠʣʠʨʦʚʘʥʥʳʝ ʛʣʠʢʘʥʳ)
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ɻʝʪʝʨʦʛʝʥʥʦʩʪʴ GP120  ɺʀʏ (HIV-1) 23
ʙʦʣʝʝ 90 ʚʠʜʦʚ ʮʝʧʝʡ



N-ʎʝʧʠ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ IgG ʯʝʣʦʚʝʢʘ 24
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N-ʮʝʧʠ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ  IgG ʯʝʣʦʚʝʢʘ 25

ʇʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ Neu5Ac-ʚʘʨʠʘʥʪʘ

ʊʦʣʴʢʦ ʚʘʨʠʘʥʪ ʙʝʟ ʬʫʢʦʟʳ  

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʮʠʪʦʪʦʢʩʠʯʥʳʤʠ  ʢʣʝʪʢʘʤʠ



ʅʝʦʙʳʯʥʘʷ ʪʦʧʦʛʨʘʬʠʷ N-ʮʝʧʝʡ IgG ʯʝʣʦʚʝʢʘ26



ʆʙʳʯʥʘʷ ʪʦʧʦʛʨʘʬʠʷ ʛʣʠʢʘʥʦʚ: ʞʝʣʘʪʠʥʘʟʘ27



N-ʎʝʧʠ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ

28

ɹʠʦʩʠʥʪʝʟ

ʉʙʦʨʢʘ 14-ʩʘʭʘʨʠʜʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ



ʉʠʥʪʝʟ 14-OS ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ N-ʛʣʠʢʘʥʘ ʚ ʕʇʈ: 

ʩʫʤʘʩʰʝʜʰʠʡ çʬʣʠʧ-ʬʣʦʧè
29

ʬʣʠʧʧʘʟʘ

ʕʇʈ

ʎʠʪʦʧʣʘʟʤʘ

ʎʠʪʦʧʣʘʟʤʘ



ɼʝʪʘʣʠ ʙʠʦʩʠʥʪʝʟʘ Glc3ïMan9ïGlcNAc2ïPPïDol 30

Tunicamycin:

ʇʦʣʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ 

ʙʠʦʩʠʥʪʝʟʘ N-ʛʣʠʢʘʥʦʚ



ʇʨʝʜʰʝʩʪʚʝʥʥʠʢ N-ʮʝʧʠ (14-OS) ʧʝʨʝʥʦʩʠʪʩʷ 

ʥʘ Asn ʨʘʩʪʫʱʝʡ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ ʮʝʣʠʢʦʤ
31
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N-ʎʝʧʠ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ

32

ɹʠʦʩʠʥʪʝʟ

ʇʨʦʮʝʩʩʠʥʛ 14-ʩʘʭʘʨʠʜʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ



ɻʜʝ ʠ ʢʘʢ ʠʜʝʪ ʩʠʥʪʝʟ N-ʮʝʧʝʡ? 33

ʕʇʈ ɸʧʧʘʨʘʪ 

ɻʦʣʴʜʞʠ
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ʇʨʦʮʝʩʩʠʥʛ 14-ʩʘʭʘʨʠʜʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ N-ʮʝʧʝʡ

ɻʣʠʢʦʟʠʜʘʟʳ

ɻʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟʳ

a-Man II



ʇʨʦʮʝʩʩʠʥʛ 14-

ʩʘʭʘʨʠʜʥʦʛʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

N-ʮʝʧʝʡ 

(ʧʦʜʨʦʙʥʦ) 
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ɺʚʝʜʝʥʠʝ ʨʘʟʚʝʪʚʣʝʥʠʡ ʚ Man5GlcNAc2(ʜʝʪʘʣʠ)38

Man5GlcNAc2



ʄʦʜʠʬʠʢʘʮʠʠ ʢʦʨʘ N-ʛʣʠʢʘʥʦʚ 39



ʋʜʣʠʥʝʥʠʝ ʮʝʧʠ ʥʘ ʦʩʪʘʪʢʘʭ GlcNAc N-ʛʣʠʢʘʥʦʚ40



ʊʠʧʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ N-ʮʝʧʝʡ çʟʨʝʣʳʭè ɻʇ41



ɻʨʫʧʧʦʩʧʝʮʠʬʠʯʝʩʢʠʝ ɸ- ʠ ɺ-ʪʨʘʥʩʬʝʨʘʟʳ

ɻʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟʳ, ʦʧʨʝʜʝʣʷʶʱʠʝʛʨʫʧʧʫʢʨʦʚʠ:

ʀʟʚʝʩʪʥʘʷʢʣʘʩʩʠʬʠʢʘʮʠʷʛʨʫʧʧʢʨʦʚʠɸɺ0 ʦʩʥʦʚʘʥʘʥʘʦʧʨʝʜʝʣʝʥʠʠ

ʛʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟʪʨʸʭʘʣʣʝʣʴʥʳʭʬʦʨʤ: ɸ,ɺʠ0. ɸʣʣʝʣʴɸʢʦʜʠʨʫʝʪ

ʬʝʨʤʝʥʪ,ʢʦʪʦʨʳʡʧʝʨʝʥʦʩʠʪN-ʘʮʝʪʠʣʛʘʣʘʢʪʦʟʘʤʠʥ, ʘʣʣʝʣɺɹ ð

ʛʘʣʘʢʪʦʟʫ,ʘ ʘʣʣʝʣʴ0 ʩʦʜʝʨʞʠʪʜʝʣʝʮʠʶ, ʜʝʣʘʶʱʫʶʬʝʨʤʝʥʪ

ʥʝʘʢʪʠʚʥʳʤ. ʇʦʩʢʦʣʴʢʫʫʢʘʞʜʦʛʦʯʝʣʦʚʝʢʘʠʤʝʶʪʩʷʜʚʘʘʣʣʝʣʷʵʪʦʛʦ

ʛʝʥʘ,ʦʙʨʘʟʫʶʪʩʷʯʝʪʳʨʝʛʨʫʧʧʳʢʨʦʚʠ: 00 (ʧʝʨʚʘʷ),ɸ0 ʠɸɸ(ʚʪʦʨʘʷ),ɺ0

ʠɺɺ(ʪʨʝʪʴʷ)ʠɸɺ(ʯʝʪʚʝʨʪʘʷ).
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ɻʨʫʧʧʦʩʧʝʮʠʬʠʯʝʩʢʠʝ ɸ- ʠ ɺ-ʪʨʘʥʩʬʝʨʘʟʳ

ɻʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟʳ,ʦʧʨʝʜʝʣʷʶʱʠʝʛʨʫʧʧʫʢʨʦʚʠ:

ʀʟʚʝʩʪʥʘʷʢʣʘʩʩʠʬʠʢʘʮʠʷʛʨʫʧʧʢʨʦʚʠɸɺ0 ʦʩʥʦʚʘʥʘʥʘʦʧʨʝʜʝʣʝʥʠʠ

ʛʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟʪʨʸʭʘʣʣʝʣʴʥʳʭʬʦʨʤ: ɸ,ɺʠ0. ɸʣʣʝʣʴɸʢʦʜʠʨʫʝʪ

ʬʝʨʤʝʥʪ,ʢʦʪʦʨʳʡʧʝʨʝʥʦʩʠʪN-ʘʮʝʪʠʣʛʘʣʘʢʪʦʟʘʤʠʥ,ʘʣʣʝʣɺɹ ð

ʛʘʣʘʢʪʦʟʫ,ʘ ʘʣʣʝʣʴ0 ʩʦʜʝʨʞʠʪʜʝʣʝʮʠʶ,ʜʝʣʘʶʱʫʶʬʝʨʤʝʥʪ

ʥʝʘʢʪʠʚʥʳʤ. ʇʦʩʢʦʣʴʢʫʫʢʘʞʜʦʛʦʯʝʣʦʚʝʢʘʠʤʝʶʪʩʷʜʚʘʘʣʣʝʣʷʵʪʦʛʦ

ʛʝʥʘ,ʦʙʨʘʟʫʶʪʩʷʯʝʪʳʨʝʛʨʫʧʧʳʢʨʦʚʠ: 00 (ʧʝʨʚʘʷ), ɸ0 ʠɸɸ(ʚʪʦʨʘʷ), ɺ0

ʠɺɺ(ʪʨʝʪʴʷ) ʠɸɺ(ʯʝʪʚʝʨʪʘʷ).
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ɸʥʪʠʛʝʥʳ H, A ʠ B (ʪʠʧʳ 1 ʠ 2), ʷʚʣʷʶʱʠʝʩʷ 

ʜʝʪʝʨʤʠʥʘʥʪʘʤʠ ʛʨʫʧʧ ʢʨʦʚʠ H (0), A ʠ B
44



ʉʠʥʪʝʟ ʜʝʪʝʨʤʠʥʘʥʪ ʛʨʫʧʧ ʢʨʦʚʠ H (0), A ʠ B 45

ñOne enzymeïone linkageò hypothesis:

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʛʣʠʢʦʟʠʜʥʦʡ

ʩʚʷʟʠ ʥʫʞʝʥ ʩʚʦʡ ʬʝʨʤʝʥʪ



a1ï3-ɻʘʣʘʢʪʦʟʠʣʪʨʘʥʩʬʝʨʘʟʘ ʛʨʫʧʧʳ ʢʨʦʚʠ B 46

ñOne enzymeïone linkageò hypothesis:

ʉʫʙʩʪʨʘʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʛʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟ



ʉʫʙʩʪʨʘʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ a1ï2- ʠ a1ï3-

ʬʫʢʦʟʠʣ-ʪʨʘʥʩʬʝʨʘʟ (Fuc-T) (ʠʩʢʣʶʯʝʥʠʝ?)
47

Åʆʜʥʫ ʠ ʪʫ ʞʝ ʛʣʠʢʦʟʠʜʥʫʶʩʚʷʟʴ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʛʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟ

Åʆʜʥʘ ʛʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟʘʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʛʣʠʢʦʟʠʜʥʳʭʩʚʷʟʝʡ



ɼʚʘ ʪʠʧʘ ʛʣʠʢʦʟʠʣ-ʜʦʥʦʨʦʚ (Glc, Man) 48

UDPïGlc 

DolïPïGlc 

n = 14ï19



ʉʪʨʫʢʪʫʨʘ ʛʣʠʢʦʟʠʣ-ʜʦʥʦʨʦʚ: ʥʫʢʣʝʦʪʠʜʩʘʭʘʨʘ 49

ɸ ʪʘʢʞʝ: 

UDP-Glc, UDP-GalNAc, UDP-GlcA, UDP-Xyl,

GDP-Fuc

ʆʜʠʥʠʪʦʪʞʝa-ʜʦʥʦʨ

ʠʩʧʦʣʴʟʫʝʪʩʷʜʣʩ̫ʠʥʪʝʟʘ

ʢʘʢb-, ʪʘʢʠa-ʛʣʠʢʦʟʠʜʦʚ



ɹʠʦʩʠʥʪʝʟ ʤʦʥʦʩʘʭʘʨʠʜʥʳʭ ʜʦʥʦʨʦʚ50



ɼʚʘ ʪʠʧʘ ʛʣʠʢʦʟʠʣ-ʪʨʘʥʩʬʝʨʘʟ ʠ ʛʣʠʢʦʟʠʜʘʟ52

ʆʙʨʘʱʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ C(1)

ʉʦʭʨʘʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ C(1)

Inverting

Retaining



b1ï4-ɻʘʣʘʢʪʦʟʠʣ-ʪʨʘʥʩʬʝʨʘʟʘ (Gal-T) + ʜʦʥʦʨ 

(UDP-a-Gal) + ʘʢʮʝʧʪʦʨ (GlcNAcb1ï4GlcNAc)
53

Gal-T: ʩʫʙʩʪʨʘʪ ï GlcNAc, ʧʨʦʜʫʢʪ ï LacNAc

Gal-T + a-ʣʘʢʪʘʣʴʙʫʤʠʥ = ʩʠʥʪʝʪʘʟʘʣʘʢʪʦʟʳ: 

ʩʫʙʩʪʨʘʪ ï Glc, ʧʨʦʜʫʢʪ ï Lac



ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʨʝʟʫʣʴʪʘʪ ʙʠʦʩʠʥʪʝʟʘ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʛʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟʘʤʠ?

}ʇʨʠʨʦʜʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʥʦʨʘ

}ʇʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʢʮʝʧʪʦʨʘ (Fuc-T, ʩʤ. ʨʘʥʝʝ)

}ʂʦʥʬʦʨʤʘʮʠʷʫʛʣʝʚʦʜʥʦʡ ʮʝʧʠ ʠ ʙʝʣʢʦʚʦʡ ʮʝʧʠ

}ʂʦʤʧʘʨʪʤʝʥʪ

}Mn2+ / Mg2+

}PP-ʘʟʘ

}ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʢʪʠʚʘʪʦʨʳ (ʥʘʧʨʠʤʝʨ, 

ʩʠʥʪʝʟ ʣʘʢʪʦʟʳ), ʠʥʛʠʙʠʪʦʨʳ (ʥʘʧʨʠʤʝʨ, 

ʠʥʛʠʙʠʪʦʨ aGal-ʪʨʘʥʩʬʝʨʘʟʳ), ʘ ʪʘʢʞʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʙʝʣʢʠ-ʪʨʘʥʩʧʦʨʪʝʨʳ.
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ʊʦʧʦʣʦʛʠʷ  ʙʠʦʩʠʥʪʝʟʘ ʦʧʨʝʜʝʣʷʝʪ ʦʨʠʝʥʪʘʮʠʶ 

ʫʛʣʝʚʦʜʥʳʭ ʮʝʧʝʡ
55



ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʚʦʨʘʯʠʚʘʥʠʷ ʙʝʣʢʦʚ ʚ ʕʇʈ56



ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʚʦʨʘʯʠʚʘʥʠʷ ʙʝʣʢʦʚ ʚ ʕʇʈ 

(ʢʨʘʪʢʦ)
57



Cʚʦʨʘʯʠʚʘʥʠʝ ʙʝʣʢʦʚ ʚ ʕʇʈ: ʣʝʢʪʠʥʳ-ʰʘʧʝʨʦʥʳ58



N-ʎʝʧʠ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ 59



O-ʎʝʧʠ ʤʫʮʠʥʦʚʳʭ 

ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ

60

ʉʪʨʫʢʪʫʨʘ



ɼʚʘ ʛʣʘʚʥʳʭ ʪʠʧʘ ʮʝʧʝʡ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ

(ʧʨʠʤʝʨʳ) ʠ ʫʟʣʳ ʠʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʙʝʣʢʫ
61

N-ʮʝʧʠ

O-ʮʝʧʠ

ÅN-ʛʣʠʢʦʟʠʜʥʳʝ: ïGlcNAcbïAsn

Åʆ-ʛʣʠʢʦʟʠʜʥʳʝ: ïGalNAcaïSer/Thr



ʉʪʨʫʢʪʫʨʘ  O-ʮʝʧʝʡ  ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ: ʚʩʝ ʢʦʨʳ

GalNAca-Ser (Tn-ʘʥʪʠʛʝʥ)

Galb1-3GalNAca-Ser (ʢʦʨ 1 = T-ʘʥʪʠʛʝʥ)

(GlcNAcb1-6)(Galb1-3)GalNAca-Ser (ʢʦʨ 2)

GlcNAcb1-3GalNAca-Ser (ʢʦʨ 3)

(GlcNAcb1-6)(GlcNAcb1-3)GalNAca-Ser (ʢʦʨ 4)

GalNAca1-3GalNAca-Ser (ʢʦʨ 5)

GlcNAcb1-6GalNAca-Ser (ʢʦʨ 6)

GalNAca1-6GalNAca-Ser (ʢʦʨ 7)

Gala1-3GalNAca-Ser (ʢʦʨ 8)
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ɸʥʪʠʛʝʥʥʳʝ ʵʧʠʪʦʧʳ ʚ ʤʫʮʠʥʘʭ

Sialyl-Tn antigen SiaŬ2-6GalNAcŬ-Ser/Thr

Blood groups O, H FucŬ1-2Gal-

Blood group A GalNAcŬ1-3(FucŬ1-2)Gal-

Blood group B GalŬ1-3(FucŬ1-2)Gal-

Linear B GalŬ1-3Gal-

Blood group I Galɓ1-4GlcNAcɓ1-3Gal-

Blood group I

Galɓ1-4GlcNAcɓ1-6(Galɓ1-

4GlcNAcɓ1-3)Gal-

Blood group Sd(a), Cad GalNAcɓ1-4(SiaŬ2-3)Gal-

Blood group Lewisa Galɓ1-3(FucŬ1-4)GlcNAc-

Blood group Lewisx Galɓ1-4(FucŬ1-3)GlcNAc-

Blood group sialyl-Lewisx SiaŬ2-3Galɓ1-4(FucŬ1-3)GlcNAc-

Blood group Lewisy FucŬ1-2Galɓ1-4(FucŬ1-3)GlcNAc-
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ɸʥʪʠʛʝʥʳ H, A ʠ B (ʪʠʧ 3), ʷʚʣʷʶʱʠʝʩʷ 

ʜʝʪʝʨʤʠʥʘʥʪʘʤʠ ʛʨʫʧʧ ʢʨʦʚʠ H (0), A ʠ B
64



ʉʣʦʞʥʳʝ O-ʛʣʠʢʘʥʳ ʩ ʨʘʟʥʳʤʠ ʢʦʨʘʤʠ
65



ɹʠʦʩʠʥʪʝʟ ʥʝʢʦʪʦʨʳʭ ʆ-ʛʣʠʢʘʥʦʚ ʩ ʢʦʨʘʤʠ 1 ʠ 266



ɹʠʦʩʠʥʪʝʟ ʥʝʢʦʪʦʨʳʭ ʆ-ʛʣʠʢʘʥʦʚ ʩ ʢʦʨʘʤʠ 3 ʠ 467



ʄʦʜʝʣʴ ʩʝʢʨʝʪʠʨʫʝʤʦʛʦ ʤʫʮʠʥʘ69

VNTR = variable number of tandem repeat 



ɽʩʪʴ ʣʠ ʢʦʥʩʝʨʚʘʪʠʚʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʘʤʠʥʦʢʠʩʣʦʪ?
70

ʅʝʫʥʠʢʘʣʴʥʦʩʪʴʘʤʠʥʦ-

ʢʠʩʣʦʪʥʦʡʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠʠʦʙʠʣʠʝʫʛʣʝʚʦʜʥʳʭ

ʮʝʧʝʡʛʦʚʦʨʷʪʦʙʦʪʩʫʪʩʪʚʠʠ

ʩʧʝʮʠʬʠʯʝʩʢʠʭʬʫʥʢʮʠʡ

ʧʝʧʪʠʜʥʦʡʯʘʩʪʠʤʫʮʠʥʦʚ



ʇʨʠʤʝʨʳ çʪʷʞʝʣʦ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʥʳʭè ʙʝʣʢʦʚ71



ɻʣʠʢʦʧʨʦʪʝʠʥʳ ʤʫʮʠʥʦʚʦʛʦ ʪʠʧʘ

}ʤʝʤʙʨʘʥʥʳʝ ʠ ʩʝʢʨʝʪʠʨʫʝʤʳʝ

}ʚʳʩʦʢʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ

}ʤʥʦʛʦ SïS ʩʚʷʟʝʡ

}ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ: -COOH, -OSO3H

}ʯʝʨʝʜʦʚʘʥʠʝ ʩʠʣʴʥʦ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʥʳʭ

(ʢʣʘʩʪʝʨʳ) ʠ çʛʦʣʳʭè ʫʯʘʩʪʢʦʚ

}ʥʝʦʙʳʯʥʦ ʚʳʩʦʢʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʆʉ  (ʟʘʯʝʤ?)

}ʭʘʨʘʢʪʝʨʥʳʝ ʧʝʧʪʠʜʥʳʝ ʤʦʪʠʚʳ (ʪʘʥʜʝʤʥʳʝ 

ʧʦʚʪʦʨʳ)

}ʨʘʟʚʝʨʥʫʪʘʷ ʢʦʥʬʦʨʤʘʮʠʷ

}ʭʘʨʘʢʪʝʨʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ
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ʄʫʮʠʥʳ ïʧʝʨʠʬʝʨʠʷ ʛʣʠʢʦʢʘʣʠʢʩʘ73



ɸʥʪʠʛʝʥʥʳʝ ʵʧʠʪʦʧʳ ʚ ʤʫʮʠʥʘʭ

Blood groups 0, H FucŬ1-2Gal-

Blood group A GalNAcŬ1-3(FucŬ1-2)Gal-

Blood group B GalŬ1-3(FucŬ1-2)Gal-

Linear B GalŬ1-3Gal-

Blood group I Galɓ1-4GlcNAcɓ1-3Gal-

Blood group I

Galɓ1-4GlcNAcɓ1-6(Galɓ1-

4GlcNAcɓ1-3)Gal-

Blood group Sd(a), Cad GalNAcɓ1-4(SiaŬ2-3)Gal-

Blood group Lewisa Galɓ1-3(FucŬ1-4)GlcNAc-

Blood group Lewisx Galɓ1-4(FucŬ1-3)GlcNAc-

Blood group sialyl-Lewisx SiaŬ2-3Galɓ1-4(FucŬ1-3)GlcNAc-

Blood group Lewisy FucŬ1-2Galɓ1-4(FucŬ1-3)GlcNAc-
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ɹʠʦʩʠʥʪʝʟ ʛʣʠʢʦʢʦʥʲʶʛʘʪʦʚ ʚ ʵʫʢʘʨʠʦʪʘʭ75
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