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ʄʝʜʠʮʠʥʩʢʘʷ ʛʣʠʢʦʙʠʦʣʦʛʠʷ

ɹʦʣʝʟʥʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʫʛʣʝʚʦʜʦʚ
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Åʕʢʟʦ-ʛʣʠʢʦʟʠʜʘʟʳ(Fuc-, Gal-, Neu5Ac- etc.)

Åʕʥʜʦ-ʬʝʨʤʝʥʪʳ N-ʮʝʧʝʡ (endo-H, endo-F, endo-D, etc.):

ɻʣʠʢʦʘʤʠʜʘʟʳ(ʩʚʷʟʴ OS-NHĄAsn)

  GlcNAc-ʘʟʳ (ʩʚʷʟʴ GlcNAcĄGlcNAc-Asn)

Gal-ʘʟʳ (ʩʚʷʟʴ Gal1Ą4GlcNAc ʢʦʤʧʣʝʢʩʥʳʭ ʆʉ)

ÅO-ʛʣʠʢʦʧʨʦʪʝʠʥʘʟʳ(ʧʝʧʪʠʜʥʳʝ ʩʚʷʟʠ ʚʙʣʠʟʠ ʠ ʤʝʞʜʫ 

 ʆ-ʮʝʧʷʤʠ)

Åʕʥʜʦ-ʛʣʠʢʦʟʠʜʘʟʳʆ-ʮʝʧʝʡ (ʩʚʷʟʴ GalNAcĄSer/Thr)

ɻʣʠʢʦʧʨʦʪʝʠʥ-ʜʝʛʨʘʜʠʨʫʶʱʠʝ ʬʝʨʤʝʥʪʳ4



ɼʝʛʨʘʜʘʮʠʷ ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʦʚ: 

ʛʣʠʢʦʟʠʜʘʟʳʠ ʛʣʠʢʦʟʠʜʦʟʳ
5



ɼʝʬʝʢʪʳ ʜʝʛʨʘʜʘʮʠʠ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ ʠ 

ʛʣʠʢʦʣʠʧʠʜʦʚ: ʛʣʠʢʦʟʠʜʦʟʳ
6

Disorder Defect
Glyco-

protein

Glyco

-lipid Clinical symptoms

Ŭ-Mannosidosis 

(types I and II)

Ŭ-mannosidase major none type I: infantile onset, progressive mental retardation, 

hepatomegaly, death between 3 and 12 years

type II: juvenile/adult onset, milder, slowly progressive

ɓ-Mannosidosis ɓ-mannosidase major none severe quadriplegia, death by 15 months in most severe cases; 

mild cases have mental retardation, angiokeratoma, facial 

dysmorphism

Aspartylglucosa

minuria

aspartyl-

glucosaminidase

major none progressive, coarse facies, mental retardation

Sialidosis 

(mucolipidosis I)

sialidase major minor progressive, severe mucopolysaccharidosis-like features, mental 

retardation

Schindler (types I 

and II)

Ŭ-N-acetyl-

galactosaminidase

yes ? type I: infantile onset, neuroaxonal dystrophy. severe psychomotor 

and mental retardation, cortical blindness, neurodegeneration

type II: mild intellectual impairment, angiokeratoma, corpus 

diffusum

Galactosialidosis protective 

protein/cathepsin A

major minor coarse facies, skeletal dysplasia, early death

Fucosidosis Ŭ-fucosidase major minor spectrum of severities includes psychomotor retardation, coarse 

facies, growth retardation

GM1 

gangliosidosis

ɓ-galactosidase minor major progressive neurological disease and skeletal dysplasia in severe 

infantile form

GM2 

gangliosidosis

ɓ-hexosaminidase minor major severe form: neurodegeneration with death by 4 years less severe 

form: slower onset of symptoms and variable symptoms, all 

relating to various parts of the central nervous system



ɼʝʬʝʢʪʳ ʜʝʛʨʘʜʘʮʠʠ ʛʣʠʢʦʣʠʧʠʜʦʚ: 

ʛʣʠʢʦʟʠʜʦʟʳ
7

Disease name

Enzyme or protein 

deficiency Clinical symptoms

TayïSachs ɓ-hexosaminidase A severe: neurodegeneration, death by 4 years

less severe: slower onset of symptoms, variable symptoms all relating to parts 

of the nervous system

Sandhoff ɓ-hexosaminidase A 

and B

same as TayïSachs

GM1 gangliosidosis ɓ-galactosidase see Table 41.1

Sialidosis sialidase see Table 41.1

Fabry Ŭ-galactosidase severe pain, angiokeratoma, corneal opacities, death from renal or 

cerebrovascular disease

Gaucherôs ɓ-glucoceramidase severe: childhood or infancy onset, hepatosplenomegaly, neurodegeneration

mild: child/adult onset, no neurodegenerative course

Krabbe ɓ-galactoceramidase early onset with progression to severe mental and motor deterioration

Metachromatic 

leukodystrophy

arylsulfatase A 

(cerebroside sulfatase)

infantile, juvenile, and adult forms can include mental regression, peripheral 

neuropathy, seizures, dementia

Saposin deficiency saposin precursor similar to TayïSachs and Sandhoff



ɼʝʬʝʢʪʳ ʜʝʛʨʘʜʘʮʠʠ ʛʣʠʢʦʟʘʤʠʥʦʛʣʠʢʘʥʦʚ: 

ʤʫʢʦʧʦʣʠʩʘʭʘʨʠʜʦʟʳ
8

Number

Common 

name Enzyme deficiency

Glycosa

mino-

glycan

affected Clinical symptoms

MPS I H Hurler, 

Hurler/Scheie, 

Scheie

Ŭ-L-iduronidase DS, HS Hurler: corneal clouding, organomegaly, heart disease, mental retardation, 

death in childhood

Hurler/Scheie and Scheie: less severe, individuals survive longer

MPS II Hunter iduronate-2-sulfatase DS, HS severe: organomegaly, no corneal clouding, mental retardation, death before 

15 years

less severe: normal intelligence, short stature, survival age 20ï60

MPS III A Sanfilippo A heparan N-sulfatase HS profound mental deterioration, hyperactivity, relatively mild somatic 

manifestations

MPS III B Sanfilippo B Ŭ-N-

acetylglucosaminidase

HS similar to III A

MPS III C Sanfilippo C acetyl CoA: Ŭ-

glucosaminide 

acetyltransferase

HS similar to III A

MPS III D Sanfilippo D N-acetylglucosamine 6-

sulfatase

HS similar to III A

MPS IV A Morquio A galactose-6-sulfatase KS, CS distinctive skeletal abnormalities, corneal clouding, odontoid hypoplasia, 

milder forms known to exist

MPS IV B Morquio B ɓ-galactosidase KS same as IV A

MPS VI Maroteaux-Lamy N-acetylgalactosamine 

4-sulfatase

DS corneal clouding, normal intelligence, survival to teens in severe form; milder 

forms known to exist

MPS VII Sly ɓ-glucuronidase DS, HS, 

CS

wide spectrum of severity, including hydrops fetalis and neonatal form

multiple 

sulfatase 

deficiency

sulfatase modifying 

factor converts 

cysteineŸformyl glycine

all sulfated 

glycans

hypotonia, retarded psychomotor development, quadriplegia



ʄʝʜʠʮʠʥʩʢʘʷ ʛʣʠʢʦʙʠʦʣʦʛʠʷ

ʋʛʣʝʚʦʜʥʳʝ ʣʝʢʘʨʩʪʚʘ: 

ʘʥʪʘʛʦʥʠʩʪʳ ʫʛʣʝʚʦʜ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ

9



ʋʛʣʝʚʦʜʥʳʝ ʣʝʢʘʨʩʪʚʘ 10



ʃʝʢʪʠʥʳ: ʩʠʩʪʝʤʘ ʚʨʦʞʜʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʘʪʦʛʝʥʦʚ ʠ ʢʣʝʪʦʯʥʘʷ ʘʜʛʝʟʠʷ

11



ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʘʢʩʦʥʦʚ ʩʠʛʣʝʢʦʤ-4 (MAG) 12



ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʛʣʝʢʘ-4 (MAG) ʩ GQ1ba 13



ɸʥʪʘʛʦʥʠʩʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʛʣʝʢʘ-4 (MAG) ʩ 

GQ1baïʩʪʠʤʫʣʷʪʦʨʳ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝʡʨʦʥʦʚ

14

RIP: 4

Minimal epitope

IC50 300 nM

RIP: 0.41 Kd 2.8 mM

Kd 500 nM

Kd 180 mM

Kd 143 mM



ʄʦʙʠʣʠʟʘʮʠʷ ʣʝʡʢʦʮʠʪʦʚ ʢ ʩʘʡʪʫ ʚʦʩʧʘʣʝʥʠʷ: 

ʫʯʘʩʪʠʝ ʩʝʣʝʢʪʠʥʦʚ
15



ʀʥʛʠʙʠʪʦʨʳ E-ʩʝʣʝʢʪʠʥʘïʘʥʘʣʦʛʠ SiaLex 16



ɸʥʪʘʛʦʥʠʩʪʳ ʩʝʣʝʢʪʠʥʦʚ 17



ɸʥʪʘʛʦʥʠʩʪʳ ʩʝʣʝʢʪʠʥʦʚ 18



ʄʝʜʠʮʠʥʩʢʘʷ ʛʣʠʢʦʙʠʦʣʦʛʠʷ

ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʘʜʛʝʟʠʷ

ɸʥʪʠ-ʘʜʛʝʟʠʦʥʥʘʷ ʘʥʪʠ-ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʪʝʨʘʧʠʷ

19



ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʘʜʛʝʟʠʷ: ʚʘʨʠʘʥʪʳ20



ʋʛʣʝʚʦʜʳ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ïʩʘʡʪʳ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ  ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʘʪʦʛʝʥʦʚ
21



ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʘʜʛʝʟʠʠ E. coli 22



ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʜʛʝʟʠʠ (ʩʣʝʚʘ) 

ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʘʜʛʝʟʠʠ (ʩʧʨʘʚʘ): E. coli
23



ʋʟʥʘʚʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʢʣʝʪʢʠ-ʭʦʟʷʠʥʘ 

ʣʝʢʪʠʥʦʤ ʙʘʢʪʝʨʠʠ ïʧʝʨʚʳʡ ʵʪʘʧ ʘʜʛʝʟʠʠ
24

ɍɌɖɞɑɜɔɫ

Escherichia coliʈ-ʌʠʤʙʨʠʠïʉ: ʛʘʣʘʙʠʦʟʘ

ʌʠʤʙʨʠʠʪʠʧʘ 1 ïFimH: ʤʘʥʥʦʟʘ

7. Comprehensive Glycoscience. From Chemistry to System Biology, 2007, Ch. 3.28.3.1, p.636 (2346).

22. Glycoscience and Microbial Adhesion. K. Lindhorst, S. Oscarson (Eds.), 2009, 186 pp.

61. A. Bernardi, et al. Multivalent glycoconjugates as anti-pathogenic agents. Chem. Soc. Rev. 2013, 42, 4709. 



ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʩʚʷʟʳʚʘʥʠʷ ʣʝʢʪʠʥʘʙʘʢʪʝʨʠʠ ʩ 

ʫʛʣʝʚʦʜʘʤʠ ʢʣʝʪʢʠ ïʘʥʪʠ-ʘʜʛʝʟʠʦʥʥʘʷ ʪʝʨʘʧʠʷ
25

ɍɌɖɞɑɜɔɫ

Escherichia coliʈ-ʌʠʤʙʨʠʠïPapG: ʛʘʣʘʙʠʦʟʘ

ʌʠʤʙʨʠʠʪʠʧʘ 1 ïFimH: ʤʘʥʥʦʟʘ



ɸʥʪʘʛʦʥʠʩʪʳ FimH: ʤʫʣʴʪʠʚʘʣʝʥʪʥʦʩʪʴ 26



ʄʝʜʠʮʠʥʩʢʘʷ ʛʣʠʢʦʙʠʦʣʦʛʠʷ

ɸʥʪʠ-ʘʜʛʝʟʠʦʥʥʘʷ ʪʝʨʘʧʠʷ

(ʚʠʨʫʩʳ)

27



ʄʝʭʘʥʠʟʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʫ ʭʦʟʷʠʥʘ28



ʅʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʧʦ ʨʝʮʝʧʪʦʨʘʤ ʚʠʨʫʩʦʚ29

ɺʠʨʫʩ ʋʛʣʝʚʦʜ-ʨʝʮʝʧʪʦʨ

REOVIRUSES  (gastroenterites, respiratoric  diseases, 

conjunctivite)      

Sialo-oligosaccharides (sialo-OS)

ORTOMIXOVIRUSES (influenza):

A, B

ʉ

Sialo-OS

Neu5Aca2-6Galb1-4GlcNAcb-

9-O-Ac-Neu5Aca-

PARAMIXOVIRUSES : SEV, NDV (respiratoric diseases) Sialo-OS

ADENOVIRUSES (gastroenterites, respiratoric diseases, 

conjunctivite)      

Sialo-OS

CORONAVIRUSES (gastroenterites, respiratoric diseases) Neu5Aca2-3Galb1-4Glcb-

PAPOVAVIRUSES (oncology) Neu5Aca2-3Galb1-4Glcb-

PHYLOVIRUSES (hemorragic fever) GAGs

HERPESVIRUSES: HSV, EBV, CMV (oncology) GAGs

CALICIVIRUSES : NV (gastroenterites) H (type 1)

RETROVIRUSES: HIV -1, 2 (AIDS) GalCer



ʇʨʠʥʮʠʧ  ʘʥʪʠ-ʘʜʛʝʟʠʦʥʥʦʡ  ʪʝʨʘʧʠʠ ʛʨʠʧʧʘ30

Inhibitors

Viruses

A/NIB/23/89M 

(H1N1)

A/NIB/26/90M 

(H3N2)

Kdiss IC90% Kdiss IC90%

Human tracheal 

mucin

0.1 >10 0.5 >10

Human nasal mucin 0.2 >10 1 >10

6`SLN-PAA 0.01 0.05 0.02 0.5

ȭȳȻȾȼ

ȬȶȹȵȳȻȹȭȫȸȸɆȴ ȭȳȻȾȼ

ȵȶȰȽȵȫ

ȬȶȹȵȫȽȹȻ



ɸʩʩʦʮʠʘʮʠʷ ʛʣʠʢʦʧʝʧʪʠʜʘ,  ʧʨʦʤʦʪʠʨʦʚʘʥʥʘʷ 

ʚʠʨʫʩʦʤ
31

ȭȳȻȾȼ



ɸʩʩʦʮʠʘʮʠʷ ʛʣʠʢʦʧʝʧʪʠʜʘ,  ʧʨʦʤʦʪʠʨʦʚʘʥʥʘʷ 

ʚʠʨʫʩʦʤ
32

ab

a

LiBr

LiBr LiBr



ɺʠʨʫʩ  ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ  ʯʝʣʦʚʝʢʘ: b-GalCer ʠ ʜʨ.33



ɺʀʏ: ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʳ ïʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʠʥʛʠʙʠʪʦʨʳ ʩʚʷʟʳʚʘʥʠʷ ʚʠʨʫʩʘ
34



ʄʝʜʠʮʠʥʩʢʘʷ ʛʣʠʢʦʙʠʦʣʦʛʠʷ

ʆʥʢʦʣʦʛʠʷ

35



ʆʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʘʥʪʠʛʝʥ SiaTn 36

(ʘʥʪʠʛʝʥ SiaTn)

Neu5Aca2-6GalNAca-Ser/Thr

ʅʦʨʤʘʣʴʥʳʡ ʤʫʮʠʥ ʄʫʮʠʥ ʦʥʢʦʙʦʣʴʥʳʭ



}ʇʦʯʝʤʫ çʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝè, ʘ ʥʝ çʩʧʝʮʠʬʠʯʝʩʢʠʝè?

} çʆʧʫʭʦʣʝʚʳʝ ʤʘʨʢʝʨʳè ïʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʜʫʮʠʨʫʶʪʩʷ 

ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ ʠʣʠ ʦʨʛʘʥʠʟʤʦʤ ʚ ʦʪʚʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʦʧʫʭʦʣʠ. 

} ʆʧʫʭʦʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʥʪʠʛʝʥʳ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷʪʦʣʴʢʦ ʢʣʝʪʢʘʤʠ ʦʧʫʭʦʣʠ.

} ʆʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʘʥʪʠʛʝʥʳ ʩʣʘʙʦ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʳʚ ʥʦʨʤʘʣʴʥʳʭ 

ʪʢʘʥʷʭ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʵʢʩʧʨʝʩʩʠʠ ʚ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʢʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤʠ (ʠʣʠ çʥʝ ʚ ʪʦ ʚʨʝʤʷ, ʥʝ ʚ ʪʦʤ ʤʝʩʪʝè). 

}ɿʘʯʝʤ ʢʣʝʪʢʠ ʦʧʫʭʦʣʠ ʤʝʥʷʶʪ ʧʨʦʬʠʣʴ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ?

} ʀʟʤʝʥʝʥʥʦʝ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝʧʦʤʦʛʘʝʪ ʫʭʦʜʠʪʴ ʦʪ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. 

ʅʝʢʦʪʦʨʳʝ ʤʝʭʘʥʠʟʤʳ ʵʪʦʛʦ ʫʭʦʜʘ:

} ʧʝʨʤʘʥʝʥʪʥʘʷ  ʵʢʩʧʨʝʩʩʠʷ ʥʦʚʳʭ ʘʥʪʠʛʝʥʦʚ (ʠʣʠ çʭʦʨʦʰʦ ʟʘʙʳʪʳʭè).

} ʫʚʝʣʠʯʝʥʠʝ ʩʝʢʨʝʮʠʠ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ ʠ ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʦʚ: 

ʬʫʥʢʮʠʠ  çʣʦʞʥʘʷ ʮʝʣʴè ʠ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʷ.

} ɸʜʘʧʪʘʮʠʷ ʢ ʥʦʚʦʤʫ ʩʦʩʝʜʩʪʚʫ.

} ʅʦʚʳʝ ʮʝʧʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʶ (ʣʠʛʘʥʜʳʛʘʣʝʢʪʠʥʦʚ)

} ʅʦʚʳʝ ʮʝʧʠ ʫʯʘʩʪʚʫʶʪ ʚ ʘʥʛʠʦʛʝʥʝʟʝ(SiaLex).

}ʀʟʤʝʥʝʥʥʦʝ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝïʧʨʠʯʠʥʘ ʠʣʠ ʩʣʝʜʩʪʚʠʝ?

ʆʧʫʭʦʣʴ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʫʛʣʝʚʦʜʥʳʝ ʮʝʧʠ37



ʇʨʠʤʝʨʳ ʫʛʣʝʚʦʜʥʳʭ ʦʧʫʭʦʣʴ-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʘʥʪʠʛʝʥʦʚ
38

ʆʙʦʟʥʘʯʝʥʠʝ ʉʪʨʫʢʪʫʨʘ

SiaTn Neu5Aca2-6GalNAca-Ser/Thr

Tn GalNAca-Ser/Thr

TF (T) Galb1-3GalNAca-Ser/Thr

GD3 Neu5Aca2-8Neu5Aca2-3Gal

GD2 GalNAcb1-4(Neu5Aca2-8Neu5Aca2-3)Gal

GM2 GalNAcb1-4(Neu5Aca2-3)Gal

Globo-H Fuca1-2Galb1-3GalNAcb1-3Gala

FucGM1 Fuca1-2Galb1-3GalNAcb1-4(Neu5Aca2-3)Gal

Ley Fuca1-2Galb1-4(Fuca1-3)GlcNAc

Dimeric Lex Galb1-4GlcNAcb1-3Galb1-4GlcNAc

                3                                 3

                |                                   |      

            Fuca1                          Fuca1

Polysialic acid (Neu5Aca2-8)n

SiaLea Neu5Aca2-3Galb1-4 (Fuca1-3)GlcNAc



ʇʨʦʬʠʣʠ ʵʢʩʧʨʝʩʩʠʠ ʫʛʣʝʚʦʜʥʳʭ ʦʧʫʭʦʣʴ-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʘʥʪʠʛʝʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʧʫʭʦʣʷʭ/ʪʢʘʥʷʭ/ʦʨʛʘʥʘʭ

39



ʅʝʟʘʚʝʨʰʝʥʥʦʝ  ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ O-ʮʝʧʝʡ: 

ʘʥʪʠʛʝʥʳ Tn, SiaTn (çʪʫʧʠʢʦʚʘʷè ʩʪʨʫʢʪʫʨʘ) ʠ T
40



ɹʠʦʩʠʥʪʝʟ ʥʝʢʦʪʦʨʳʭ ʆ-ʛʣʠʢʘʥʦʚ ʩ ʢʦʨʘʤʠ 1 ʠ 241



ɻʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʛʘʥʛʣʠʦʟʠʜʦʚ42



}ʇʫʪʴ ʙʠʦʩʠʥʪʝʟʘ Neu5Gc ʫ ʯʝʣʦʚʝʢʘ ʥʝ ʠʟʚʝʩʪʝʥ:

(ʤʫʪʘʮʠʷ ʬʝʨʤʝʥʪʘ ʛʠʜʨʦʢʩʠʣʘʟʳʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʨʠʤʘʪʦʚ 

ʢ ʯʝʣʦʚʝʢʫ)

}ʀʩʪʦʯʥʠʢ ïʞʠʚʦʪʥʘʷ ʧʠʱʘ (Ÿ ʚʝʛʝʪʘʨʠʘʥʩʪʚʦ?) 

}ɺʳʨʘʙʦʪʢʘ ʘʥʪʠʪʝʣ ʧʨʦʪʠʚ Neu5Gc

}ʉʣʘʙʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʚʳʛʦʜʝʥ ʜʣʷ ʦʧʫʭʦʣʠ:

}ʋʩʠʣʠʚʘʝʪ ʭʨʦʥʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ

}ʋʩʠʣʠʚʘʝʪ ʘʥʛʠʦʛʝʥʝʟ

ɻʠʧʝʨʵʢʩʧʨʝʩʩʠʷʥʝʪʠʧʠʯʥʦʡ ʜʣʷ ʯʝʣʦʚʝʢʘ 

N-ʛʣʠʢʦʣʠʣʥʝʡʨʘʤʠʥʦʚʦʡʢʠʩʣʦʪʳ (Neu5Gc)
43



ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ N-ʛʣʠʢʘʥʦʚ ʧʨʠ 

ʦʥʢʦʪʨʘʥʩʬʦʨʤʘʮʠʠ: GNT-III ʠ GNT-V
44



ʄʫʮʠʥʳ ʧʨʠ ʦʥʢʦʪʨʘʥʩʬʦʨʤʘʮʠʠ: 

ʨʘʩʪʚʦʨʠʤʳʝ ʠ ʤʝʤʙʨʘʥʥʳʝ
45



ɺʦʟʤʦʞʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʝʣʝʢʪʠʥʘʤʠ46



ɺʦʟʤʦʞʥʳʝ ʧʫʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʚ 

ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʘ
47



}ɺʳʷʚʣʝʥʠʝ  ʧʦʜʭʦʜʷʱʝʛʦ  ʘʥʪʠʛʝʥʘ

}ɼʠʟʘʡʥ ʠʤʤʫʥʦʛʝʥʘ ʠ ʩʠʥʪʝʟ  ʚʘʢʮʠʥʳ

}ʀʤʤʫʥʠʟʘʮʠʷ:  ʘʥʪʠʪʝʣʴʥʳʡʠ ʊ-ʢʣʝʪʦʯʥʳʡ  ʦʪʚʝʪ

ʆʥʢʦʚʘʢʮʠʥʳ 48

ʙʝʣʦʢ-ʥʦʩʠʪʝʣʴ+ ɌɐɦɪɎɌəɞSiaTn



ʇʦʣʠʚʘʣʝʥʪʥʳʡ ʧʨʦʪʦʪʠʧ ʦʥʢʦʚʘʢʮʠʥʳ49



ʄʝʜʠʮʠʥʩʢʘʷ ʛʣʠʢʦʙʠʦʣʦʛʠʷ

ʋʛʣʝʚʦʜʥʳʝ ʚʘʢʮʠʥʳ

50



ʅʘ ʧʫʪʠ ʢ ʫʛʣʝʚʦʜʥʳʤ ʚʘʢʮʠʥʘʤ: ʘʥʪʠʛʝʥʳ51



ɼʠʟʘʡʥ ʛʣʠʢʦʢʦʥʲʶʛʘʪʥʦʛʦ ʠʤʤʫʥʦʛʝʥʘ52



ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʥʳʝ ʠʤʤʫʥʦʛʝʥʳ ï

ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʘʢʮʠʥʳ
53



ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʥʳʝ ʠʤʤʫʥʦʛʝʥʳ ï

ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʘʢʮʠʥʳ
54



ʉʠʥʪʝʟ ʫʛʣʝʚʦʜʥʦʛʦ ʛʘʧʪʝʥʘ ʜʣʷ ʧʝʨʚʦʡ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ Hib-ʚʘʢʮʠʥʳ (ʂʫʙʘ, 2003)
55



ʃʠʮʝʥʟʠʨʦʚʘʥʥʳʝ ʫʛʣʝʚʦʜʥʳʝ ʚʘʢʮʠʥʳ (ʉʐɸ)56



ʋʛʣʝʚʦʜʥʳʝ ʚʘʢʮʠʥʳ ʚ ʨʘʟʨʘʙʦʪʢʝ57



ʋʛʣʝʚʦʜʥʳʝ ʚʘʢʮʠʥʳ ʚ ʨʘʟʨʘʙʦʪʢʝ58



ʄʝʜʠʮʠʥʩʢʘʷ ʛʣʠʢʦʙʠʦʣʦʛʠʷ

ɸʥʪʠ-ʛʣʠʢʘʥʦʚʳʝ çʝʩʪʝʩʪʚʝʥʥʳʝè ʘʥʪʠʪʝʣʘ

59



}ɽʩʪʴ ʚʩʝʛʜʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʥʝʰʥʝʛʦ ʠʤʤʫʥʦʛʝʥʘ

}ʈʝʧʝʨʪʫʘʨ ʚ ʥʦʨʤʝ ʫ ʚʩʝʭ ʣʶʜʝʡ ʩʭʦʜʝʥ, ʩʪʘʙʠʣʝʥ

}ʅʠʟʢʦʘʬʬʠʥʥʳʝ, ʠʟʦʪʠʧIgM

}ʅʘʜʟʦʨʥʘʷ ʨʦʣʴ ʟʘ:

}ʯʫʞʠʤ

}ʘʙʝʨʨʘʥʪʥʳʤ ʩʚʦʠʤ

} ʈʝʧʝʨʪʫʘʨ ʠ ʫʨʦʚʝʥʴ ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʘʪʦʣʦʛʠʷʭ

ɸʥʪʠ-ʛʣʠʢʘʥʦʚʳʝ çʝʩʪʝʩʪʚʝʥʥʳʝè ʘʥʪʠʪʝʣʘ 

ʯʝʣʦʚʝʢʘ
60



ɻʣʠʢʦʯʠʧ ïʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ61

Åʅʠʟʢʠʡ  ʬʦʥ

Åʂʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ

Åɺʝʣʠʢʦʣʝʧʥʳʡ 

ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʜʠʘʧʘʟʦʥ

Åʉʣʘʙʳʝ ʚʝʣʠʯʠʥʳ 

ʩʚʷʟʳʚʘʥʠʷ ʪʘʢʞʝ 

ʜʦʩʪʦʚʝʨʥʳ 



ʈʝʧʝʨʪʫʘʨ ʘʥʪʠ-ʛʣʠʢʘʥʦʚʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʘʥʪʠʪʝʣ ʯʝʣʦʚʝʢʘ
62
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200 ʛʣʠʢʘʥʦʚ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʤʣʝʢʦʧʠʪʘʶʱʠʭ



}ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ çʫʩʠʣʠʪʝʣʴè:  ʚʦʟʤʦʞʥʘ ʨʘʥʥʷʷ 

ʜʠʘʛʥʦʩʪʠʢʘ

}ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʟʥʘʯʠʤʳ ʩʦʚʩʝʤ ʅɽ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʝ ʦʧʫʭʦʣʴʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʘʥʪʠʛʝʥʳ

ʇʨʦʬʠʣʠ ʘʥʪʠ-ʛʣʠʢʘʥʦʚʳʭʝʩʪʝʩʪʚʝʥʥʳʭ 

ʘʥʪʠʪʝʣ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʠ ʦʥʢʦʙʦʣʴʥʳʭ

ʥʝʠʜʝʥʪʠʯʥʳ
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ɸʥʪʠʪʝʣʘ (IgM) ʢ çʢʦʨʦʚʳʤè ʫʯʘʩʪʢʘʤ ʛʣʠʢʘʥʦʚ64



ɻʠʧʦʪʝʟʘ ʦʙ ʘʥʪʠʪʝʣʘʭ ʢ ʢʦʨʦʚʳʤ  ʫʯʘʩʪʢʘʤ: 

ʵʪʦ çʥʘʜʟʦʨʥʳʝè ʘʥʪʠʪʝʣʘ ʧʨʦʪʠʚ ʩʢʨʳʪʳʭ ʚ 

ʥʦʨʤʝ  ʵʧʠʪʦʧʦʚ

65


